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Abstract— In this work, we present a framework
implemented within the EU project MOSAIC, funded under
the FP7 framework, to gather Type 2 Diabetes (T2D) patients'
data coming from three European hospitals and a local health
care agency. A subset of the MOSAIC activities is centered on
the development of Temporal Data Mining models to identify
relevant clinical pathways in patients' histories and will in
particular benefit from the data coming from the medical
centers involved in the project. To best exploit this repository,
the need for creating a common and sharable data model
becomes immediately apparent. This model is the main subject
of this paper. The proposed approach relies on the Informatics
for Integrating Biology and the Bedside (i2b2) and the Shared
Health Research Information Network (SHRINE) open source
software tools. It provides an integrated research setting to
merge clinical and environmental data that will enable
obtaining a broader vision of individual patients’ histories,
which will be then mined with multivariate models to identify
relevant clinical pathways.

I. INTRODUCTION

Clinical data coming from hospital information systems
and collected during routine practice, together with data
recorded for administrative purposes, has been intensively
used in clinical and epidemiological studies in the last years
[1, 2, 3]. The integration of these different streams of data is
fundamental to get the best knowledge out of them and build
complete and rich patients' histories. Patients' and clinicians'
actions can be monitored for several years and involve acute
events, follow-ups, chronic disease management, medications
administration, etc. The activities devoted to the development
of models to identify relevant clinical pathways in such
complex patients' histories can be conveniently supported by
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the availability of an integrated data model, able to store data
coming from heterogeneous sources in a homogeneous way
[4.5.,6,7].

The MOSAIC project is devoted to the development of
models and methodologies to enhance the currently available
tools for the diagnosis and management of diabetic patients.
In particular, the focus is put on the identification of a set of
risk profiles, characterized by clinical and environmental
factors and by specific patterns of care, able to stratify the
population with the objective of delivering a more targeted
and personalized care. Within the project consortium, a
number of data sets has been made available, including data
coming from three hospitals and one local healthcare agency.
To best exploit this repository, the need for creating a
common and sharable data model becomes immediately
apparent. The solution we propose is to build a data
warehouse (DW) to integrate, visualize and query data in an
informative way, considering both their temporal nature and
complexity.

In this paper, we will describe how this strategy has been
implemented within the MOSAIC project.In Section II, we
will introduce the hospital databases available in MOSAIC
and the mapping process that has been carried out to reach a
common parameters representation. In Section III, we will
present the technological solutions selected to provide all the
medical centers with a common substrate to store their data.
Furthermore, we propose a software solution that gives the
possibility of aggregating the database instances under a
common framework, to perform integrated queries while
maintaining the data inside the facilities of each hospital. In
Section IV we present the shared data model, known as the
Core Ontology, which has been developed as a collaboration
of the project partners.

II. HOSPITALS DATA MAPPING

The medical centers participating in the project are: the
Local Healthcare Agency of Pavia in Italy (ASL), the IRCCS
Fondazione Salvatore Maugeri Hospital of Pavia in Italy
(FSM), the Health Department Hospital La Fe in Valencia,
Spain (La Fe) and the Hippokration General Hospital in
Athens, Greece (Hippokration).

As a matter of fact, each hospital database has a different
structure and different variables might potentially be
collected by different centers. On the other hand, though, to
query the data in a consistent way, it is important to share a
common data model with a homogeneous representation of
the collected parameters. To this end, the data available in
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each of the involved medical centers were analyzed, with the
aim of defining the most efficient strategy to gather the data
using a common framework. Hospital clinical partners have
actively participated to these activities, providing detailed
descriptions of their clinical databases and the necessary
medical and scientific knowledge to set up the processes of
data mapping and parameters selection.

The strategy we have adopted to map the data coming
from the medical centers had several objectives:

e Identification of the parameters that are in common
between the different centers;

e For such parameters, share a common representation of
the variables (same units of measurement, same coding
system, same type of representation);

e Define a common data structure to: build a data
warehouse for each hospital, facilitate data sharing for
analysis purposes, allow DWs aggregation.

The data mapping was performed through a multi-step
process: first, each hospital shared a list of the available
variables and parameters. An initial matching was performed
and, after iterative refinement phases, a final agreed version
of the mapping was delivered.

Analyzing the data coming from the medical centers, we
identified a set of macro sections under which we were able
to group the available variables. This is presented in Table L.

TABLE L

Macro-categories of variables
Demographics
Lifestyle-related variables
Variables related to the physical examination performed at
each visit
Laboratory Test Results
Complications/Comorbidities
Therapy Prescriptions
Administrative Information:
- Pharmaceutical Data, related to the purchase of a drug by
7 the patient;
- Hospitalizations details;
- Consumed Outpatient Services.

N h| W N—

As shown in Table I, data can come from different sources:
on the one hand there are clinical data, collected by the
hospitals during their routine medical activities, while on the
other there are administrative data, which are mainly process
data collected for billing purposes. A peculiar example in this
sense is represented by the databases coming from the Pavia
area: the ASL database stores administrative information,
while the FSM database collects clinical data. Being able to
provide an integrated version of these data sources can
deliver a complete view on the clinical histories of diabetes
patients, ranging from their clinical data to the different
accesses they performed to national healthcare services.

While the data collected at the hospital level provide
detailed information about clinical parameters, they have the
intrinsic limit of not supplying complete information about
the history of the patient in terms of time and space. The
reason is that the patient, although assigned to a specific
center for the diabetes pathology, may undergo visits or
laboratory tests elsewhere through the national health care
service. The administrative data allow a broader view of the

patient’s history, supplying information about his/her
treatment pathway, contacts with the regional health services,
drug prescriptions, etc. The integration of these data sources
seems particularly suitable to manage chronic patients’
histories. This wider view of the diabetic population will
represent an added value to the project, and the data analysis
techniques can greatly benefit from it.

IT1I. MgTHODS

The data gathering strategy that has been designed for
collecting hospital data in the MOSAIC project is synthesized
in Figure 1. The approach is based on the transformation of
the datasets coming from the different centers, and currently
stored in a variety of formats, into data warehouses
implemented using the same technology and with an
underlying homogeneous data model. As shown in Figure 1,
FSM and ASL data will be joined to form a single Data
Warehouse, while each of the other hospitals will have its
own Data Warehouse. Dedicated Extraction, Transformation
and Loading (ETL) steps have been implemented to collect
data from the original data sources.

La-FeDW

La-Fe dataset Hippokration

DW
Dw S
Aggregator
| —
Hippokration
dataset

ASL dataset
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Figure 1. Architecture of the proposed data gathering strategy.

In addition to this transformation step, an infrastructure
able to "aggregate" the obtained Data Warehouses has been
set up. The technological solutions that have been selected to
build the Data Warchouses and the Data Warehouse
aggregator that will be implemented on top of the described
architecture are respectively the Informatics for Integrating
Biology and the Bedside (i2b2) [8, 9] and the Shared Health
Research Information Network (SHRINE) open source
software tools [4,5]. The SHRINE infrastructure allows
integrating several local i2b2 instances under a shared
framework so that locally recorded diseases, environmental
details and outcomes will be queried in parallel and exported
in a format suitable for further analyses.

A. MOSAIC i2b2

The IT software solution that has been selected to build a
Data Warehouse in the MOSAIC project is i2b2 (Informatics
for Integrating Biology and the Bed Side [8]). i2b2 is one of
the seven centers funded by the NIH Roadmap for
Biomedical Computing. The mission of i2b2 is to provide
clinical investigators with a software infrastructure able to
integrate clinical records and research data [9]. The key
feature of this tool is that it “fits together” medical record
data and clinical trial data at a person-level so that diseases,
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genes, and outcomes can be related to each other. i2b2 allows
storing multidimensional data with a common representation
in a star relational database, where facts are hierarchically
structured as ontologies. It provides a query tool interface to
extract sets of interesting patients. For this reason, it is
perfectly suitable to the needs of a project such as MOSAIC.
Within MOSAIC data gathering activities, the i2b2 platform
is exploited on top of different models for fast data
exploration and interrogation, as well as for retrieving data.

There are several reasons why i2b2 has been selected
among the variety of available Data Warehouse development
tools [10,11], a crucial one is that i2b2 is the only software
that is patient-specific and supports the use of ontologies for
querying the Data Warehouse. For this reason, there's no
need to use Data Warehouse dedicated languages to perform
a query.

The i2b2 Data Warehouse meets the requirements to
reach the goals of an efficient data gathering strategy as it
enables to:

e  Collect multidimensional data.

o Integrate different sources of information.

e Aggregate data and export them in a format suitable for
temporal dimension analysis.

Moreover, security and privacy are always important
concerns within the healthcare ecosystem, but this becomes
even more important working in a Consortium environment.
i2b2 allows the data sharing with a controlled and restricted
data transfer making this process safer, quicker and easier
from the administrative point of view.

Within the MOSAIC project, we implemented three
different i2b2 instances, one for each of the clinical centres
involved. As shown in Figure 1, each centre established its
own necessary ETL procedures in order to fill in its own i2b2
local data warehouse with clinical and administrative data.
While the ontologies of each i2b2 instance have a common
core, each local i2b2 framework is independent of the other
instances. In this way each centre has the possibility of
creating and including specific concepts, thus extending the
original core ontology.

B. MOSAIC SHRINE

The data gathering strategy that has been designed for
collecting hospital data includes the setup of an infrastructure
able to aggregate data stored in the different DWs. The main
objective of this aggregator is to make the results of
integrated queries performed on the three Data Warehouses
available to the researchers. The technological solution
selected to perform this task is SHRINE (Shared Health
Research Information Network), a project developed by the
Harvard Medical School in Boston and strictly connected to
the 12b2 project.

The main goal of SHRINE is the development of an IT
infrastructure that allows communication between different
i2b2 instances, installed in different hospitals, thus allowing
data sharing among different centres. As i2b2, SHRINE is
freely available and open source [12]. There are many
commercial products for the creation of distributed database
systems (e.g. Oracle Streams Database) or that combine data
from multiple sources (e.g. Microsoft SQL Server Integration

Services). However, a tool to run combined queries on
clinical data must meet the technical restrictions imposed by
the supervisory bodies of the hospitals, for example in the
area of data privacy, and should address the specific
challenges related to medical data that are often inaccurate
and incomplete. As for i2b2, SHRINE is able to efficiently
handle administrative issues and privacy request. Since it is
difficult due to legal barriers to transfer healthcare data from
one hospital database to another, SHRINE allows to run
queries in multiple databases at the same time, preserving the
privacy, security and legal requirements and allowing
researchers to identify potential datasets for research
purposes. SHRINE exploits digital certificates to protect
network communication and to identify accredited
institutions at different levels:

To create a homogeneous environment that allows
performing queries over multiple databases, one of the most
important components of the SHRINE architecture is the
Core Ontology. The Core Ontology is the instrument through
which all the medical concepts are represented; it is
organized in a hierarchical fashion, to facilitate navigation
and selection of query-specific concepts. Following suitable
procedures (detailed in [13]), the single data repositories of
the hospitals participating to SHRINE can be mapped to the
Core Ontology. Each medical centre, despite the common
mapping of data, has the possibility of using different
methods for encoding parameters and specific ontologies for
recording patients’ observations. Furthermore, the three
different instances of i2b2 will be installed independently.
For these reasons, the first step is mapping each local
database ontology with the SHRINE Core Ontology. In this
way, each centre will be able to work both autonomously on
the local i2b2 and make data available to the consortium in a
common and aggregated format. The Core Ontology of
SHRINE has been designed to provide maximum breadth of
concepts related to the project and commonly available in
electronic health record systems and administrative data
warehouses.

IV. RESULTS

A. Definition of the common data model

Once the aggregation and data storing procedures have
been defined, the following task has been dedicated to the
creation of the integrated ontology representing common
concepts. One of the most important components of the
whole infrastructure is the core ontology. To build the
Ontology, we started from the results of the mapping
procedures described in Section II. As a general guideline,
we have chosen to include in the core ontology those
concepts that are represented in at least two out of the three
participating medical centres.

According to the i2b2 structure, the main idea is to
represent each clinical event happening to the patient (follow-
up visit, hospitalization, lab test, drug prescription) as a
specific instance in the Data Warehouse, thus providing it
with a start and end time and connecting it to the specific
concepts related to that particular event. This is reflected in
the resulting ontology structure (Figure 2).

Relying on these criteria, the ontology that we have
defined contains 7 high level concepts, which are:
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e Patient data: collects all the concepts related to a patient
and that are not depending on the follow-up ("static"
data). This information is collected once, usually during
the first encounter

e ICD?9 codes: this node contains all the concepts related to
the ICD9 coding system. ICD9 codes can be related to
several types of events, such as hospitalizations,
outpatient services, follow-up visits, comorbidities,
complications, etc. To represent information related to
ICD9-CM codes in a standardized way, we will rely on
the NCBO BioPortal web services [14, 15]. The strategy
we plan to adopt is to pull data from NCBO via
dedicated rest web services and then reorganize the
results into the format used by the i2b2 ontology cell.

e Complications and comorbidities: these are specific
concepts related to diabetes that the medical centers
always collect. Complications are directly related to the
disease while comorbidities have an external cause.

e Contact details: collects all concepts that can be
measured during an encounter (follow-up visit,
hospitalization and outpatient visit).

e Laboratory exams: collects all the concepts related to the
main laboratory tests related to the disease.

e Drugs data: collects all the data related to the
pharmacological therapy prescribed to the patient within
health centers (Therapy prescriptions) and retrieved form
administrative flows (Pharmaceutical Data).

B. Current State of the System

Up to now, the data mapping phase is concluded and all
the instances of the i2b2 DW have been implemented, relying
on the core ontology. ETL procedures have been defined and
tested for the four medical centers. The SHRINE architecture
for aggregating the DWs is currently being set up. Future
work will regard finalizing the data uploading process and
the aggregator.

—@ Complications and Commarbidities
+3 cardiovascular
... 0] Nephropathy

+olicog

-E Laboratory Exams
+ﬁ Cholesterol

] Glucose Fasting
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— |5 Life Style
+.[30 Diet
+![3 Phisical Activity -5 Patient Data
+[3 smoking Habit +1 /5] Anamnesis
+[51 Physical Examination +Eﬁ=.| .Gender
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+![51 Pharmaceutical Data
+ﬁ| Therapy Prescription
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Figure 2 — The Ontology structure as represented in the i2b2 system.

V. CONCLUSION

The introduced system is a concrete example of an
integrated ICT architecture able to collect large and
heterogeneous data sets, in order to better understand the
mechanisms underlying the evolution of diabetes through the
analysis of temporal events and behavioural factors. These
data will be useful for investigators interested in generating
new research hypotheses, planning research requiring large
sample sizes not easily available at any single institution and
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conducting research in the areas of population health and
health services.

The MOSAIC framework will manage data of more than
5.000 T2D patients, in three different countries across Europe
in a seamlessly way.. Such data have been collected for about
10 year for clinical and administrative purposes and will now
be “reused” for research investigation on the basis of a
multisource data structure.
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