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ABSTRACT

Purpose In this proof-of-concept paper we describe the framework, process, and preliminary results of combining data from European
electronic healthcare record (EHR) databases for large-scale monitoring of drug safety.
Methods Aggregated demographic, clinical, and prescription data from eight databases in four countries (Denmark, Italy, Netherlands, the
UK) were pooled using a distributed network approach by generation of common input data followed by local aggregation through custom-
built software, Jerboa#. Comparison of incidence rates of upper gastrointestinal bleeding (UGIB) and nonsteroidal anti-inflammatory drug
(NSAID) utilization patterns were used to evaluate data harmonization and quality across databases. The known association of NSAIDs and
UGIB was employed to demonstrate sensitivity of the system by comparing incidence rate ratios (IRRs) of UGIB during NSAID use to UGIB
during all other person-time.
Results The study population for this analysis comprised 19 647 445 individuals corresponding to 59 929 690 person-years of follow-up.
39 967 incident cases of UGIB were identified during the study period. Crude incidence rates varied between 38.8 and 109.5/100 000 person-
years, depending on country and type of database, while age-standardized rates ranged from 25.1 to 65.4/100 000 person-years. NSAID use
patterns were similar for databases within the same country but heterogeneous among different countries. A statistically significant age- and
gender-adjusted association between use of any NSAID and increased risk for UGIB was confirmed in all databases, IRR from 2.0
(95%CI:1.7–2.2) to 4.3 (95%CI: 4.1–4.5).
Conclusions Combining data from EHR databases of different countries to identify drug-adverse event associations is feasible and can set
the stage for changing and enlarging the scale for drug safety monitoring. Copyright # 2010 John Wiley & Sons, Ltd.
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INTRODUCTION

Every year numerous drugs are introduced into the
international healthcare market. In 2008 alone, a total

of 66 medicinal products received a positive opinion
from the European Medicines Agency (EMA)1 while
99 drugs were approved by the US Food and Drug
Administration (FDA).2 These new drugs often
represent important advances that improve the care
or quality of life for many patients worldwide. While a
drug’s efficacy and safety must be demonstrated in
randomized controlled clinical trials prior to approval,
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these trials are rarely designed or powered to detect
uncommon or unexpected adverse events.3–6 Safety
surveillance of drugs in the post-marketing phase
has traditionally been performed by analyses of
spontaneous case reports for signal generation and
of observational healthcare databases for signal
evaluation.7–9 The sudden worldwide withdrawal of
Rofecoxib (Vioxx) in 200410 stimulated an inter-
national review of how best to measure and monitor
drug safety so that the balance of risks and benefits can
be continually and rapidly evaluated.11–14 As mandated
by the FDA Amendments Act of 2007, the US is
establishing the Sentinel System, a nationwide network
of databases targeted to capture by the year 2012
data on more than 100 million subjects for prospective
drug safety surveillance.15 The European Commission
(EC) has similarly issued initiatives to develop new
methodologies for drug safety monitoring based on
analysis of large databases. Under the auspices of
the EC, the EU-ADR Project (‘‘Exploring and Under-
standing Adverse Drug Reactions by integrative
mining of clinical records and biomedical knowl-
edge’’) (http://www.euadr-project.org) was launched
in 2008. EU-ADR aims to exploit information from
various electronic healthcare record (EHR) databases
in Europe to produce a computerized integrated
system for the early detection of drug safety signals.

Once detected, the safety signals will be substantiated
by semantic mining of literature and computational
analysis of pharmacological and biological infor-
mation on drugs, molecular targets, and pathways
(Figure 1).16

In this proof-of-concept paper, we endeavor to set
the stage for large-scale drug safety monitoring by
describing the framework, process, and preliminary
results of combining data from a federation of eight
EHR databases in four countries, a resource of
unprecedented size for monitoring of drug safety in
Europe. We further illustrate the challenges encoun-
tered in the amalgamation of data from diverse
locations into a uniform repository and the obstacles
that had to be overcome in terms of heterogeneity in
database structure, language, coding of drugs and
diseases, and diversity in the organization of European
healthcare systems.

METHODS

Study population and data sources

The EU-ADR database platform currently comprises
anonymous healthcare data from eight established
European databases located in four countries. Health
Search/CSD Patient (HSD, Italy),17,18 Integrated

Figure 1. EU-ADR Project Schema
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Primary Care Information (IPCI, Netherlands),19,20

Pedianet21,22 (Italy), and QRESEARCH23,24 (United
Kingdom) are general practice (GP) databases, where
both clinical information and drug prescriptions are
recorded. The Aarhus University Hospital Database
(Aarhus, Denmark),25,26 the PHARMO Network27,28

(Netherlands), and the regional Italian databases of
Lombardy29,30 and Tuscany31,32 are all comprehensive
record-linkage systems in which drug dispensing data
of a well-defined population are linked to a registry
of hospital discharge diagnoses and various other
registries. Table 1 provides an overview of character-
istics of each database. Most healthcare services,
including pharmaceutical services, are provided for,
or subsidized by, the state in Italy (ITA), Denmark
(DK), and the United Kingdom (UK) and covered by
obligatory health insurance in the Netherlands (NL)
and turnover is low. In all of the countries with
GP databases, GPs function as ‘‘gatekeepers’’ of the
healthcare system.

Common data framework: distributed data
processing

Founded on the basic governance principle that
database owners should be involved in the elaboration
of data as they best understand the context within
which the data are recorded, we have chosen in the
EU-ADR Project a distributed network approach that
requires standardization of input files from the different
databases (Figure 2). These common input files
(patient, drug, and event files) are created locally
and are subsequently managed by purpose-built
software called Jerboa#, which has been tested against
different scripts. Jerboa# uses flat text files as input and
is written entirely in JavaTM to ensure that it will run
in a wide variety of computational environments. The
software queries patient-level data in the different
databases, which are later aggregated, de-identified and
sent in encrypted format to a central repository for
evaluation and further analysis. This repository is
managed by the Department of Medical Informatics
at Erasmus Medical Center in the Netherlands, the
project’s coordinating center.

Cohort definition and follow-up time

To harmonize follow-up definitions across databases,
we defined three dates for each patient file: (1) the
eligibility period begins on the date the patient is
registered in the database; (2) the eligibility period
ends on the date the patient transfers out of the system,
with the last supply of data, or on the patient’s death,

whichever is earlier; and (3) the date of birth. From
these dates and in combination with the drug
prescription file, Jerboa# marks the beginning of
follow-up, which is the start of eligibility date plus one
year, or the date of birth (for subjects whose date of
birth-start of eligibility is less than one year).

Drug exposure

Drug prescriptions and dispensings are locally coded
using the national product codes, which differ among
countries (see Table 1). Most countries, however, link
these product codes to the Anatomical Therapeutic
Chemical (ATC) classification system. The ATC code
is used as the drug code in the EU-ADR input files.
Each database owner estimates the duration covered by
each prescription or dispensing according to the legend
duration (if dosing regimen is available), or is
otherwise based on the defined daily dose (DDD).33

Event definition

The EU-ADR Project started out by defining a selected
number of events that are subsequently mapped to a
common terminology system. This process has
been described in more detail in separate publi-
cations.16,34,35 Databases in EU-ADR use one of
four nomenclature systems to describe the events: the
International Classification of Diseases (ICD9-CM and
ICD10), the International Classification of Primary
Care (ICPC), and the READ Code (RCD) classifi-
cation. These different terminologies are mapped using
the Unified Medical Language System1 (UMLS1).
The UMLS is a biomedical terminology integration
system handling more than 150 terminologies includ-
ing the four used in the EU-ADR project.36 Ascertain-
ment of the event of interest from the databases
follows an iterative process with seven stages: (1) event
definition using clinical criteria established from
literature; (2) identification of UMLS concepts
corresponding to the event; (3) revision and validation
of medical concepts by database owners and pharma-
covigilance experts; (4) translation of the medical
concepts into each database terminology; (5) extraction
of data and computation of event rates; (6) comparison
of query structure—to detect and harmonize even-
tually any major disagreement across databases; and
(7) creation of event input files for Jerboa#.

Statistical analyses

Incidence rates. We calculated age- and gender-
specific incidence rates of the event of interest within
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each database as a means to compare and benchmark
the data extraction. We performed direct standardiz-
ation using the WHO World Standard Population as
reference to account for age differences when
comparing the overall rates.37 Jerboa# manages and
aggregates the data over all patients locally, producing
as output the amount of person-time of follow-up and
the number of events per gender and age group. To
calculate the incidence rates, we only considered the
first recorded occurrence of the event of interest after
a one year run-in period.

Associations. Drug prescription and/or dispensing
data were used to estimate drug utilization and event
rates during drug exposure. Overlapping treatment
episodes with the same drug (same ATC code) are
combined into a single episode of drug use that starts
when the first prescription begins and stops when the
last prescription ends. When a patient uses more than
one drug at a time, the corresponding person-time is
labeled accordingly. Using individual data on start date
and end date of prescription or dispensing, Jerboa#

determines and marks as unexposed those periods
during which an individual is included in the study but
is not using any drug. Events are then assigned to the
episodes (drug use/non-use) in which they occurred.

The validity of the methodology previously
described has to be evaluated in terms of the system’s

objective of drug safety monitoring. The system’s
ability to identify a drug-adverse event pair for which
the association is established (i.e., true positive signal)
will provide an indication of its sensitivity. We
illustrate this methodology on actual data, first
focusing on the known association between use of
NSAIDs and increased risk of upper gastrointestinal
bleeding (UGIB). For the initial estimation of the
association between event and drug use, we summar-
ized exposure to each drug in tables, stratified by
age, gender, and calendar year. We performed the
analyses at three different ATC levels: pharmacologi-
cal subgroup (i.e., M01A); chemical subgroup (i.e.,
M01AB, M01AC, etc.); and chemical substance (i.e.,
M01AC01, etc.). Using the Mantel–Haenszel method,
we calculated age- and gender-adjusted rate ratios,
with all remaining person-time (i.e., non-use and use of
all other drugs) as reference.

RESULTS

Study population

The total study population comprised 19 647 445
individuals corresponding to 59 929 690 person-years
(PYs) of follow-up. The databases contributed varying
follow-up time to the study period which covered
the years 1996–2007. Comparison of follow-up time
across databases revealed similar age and gender
distributions, except for Pedianet which, by design,

Figure 2. Common data framework: distributed network
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only includes patients aged less than 14 years and HSD
which covers only patients older than 14 years old (see
Figure 3).

Incidence rates of upper gastrointestinal bleeding

We identified a total of 39 967 incident cases of UGIB
in the study population. Analysis of crude overall
incidence rates demonstrated heterogeneity with non-
standardized rates of UGIB ranging from 38.8
(PHARMO) to 61.1 (IPCI) per 100 000 PYs in the
Netherlands to 87.7 (Aarhus) and 109.5 (HSD) per
100 000 PYs in Denmark and Italy, respectively
(Table 2). Incidence rates for the UK database
QRESEARCH (84.3) and the regional Italian databases
of Tuscany (70.7) and Lombardy (52.5) were some-
where in between. Direct age standardization attenu-
ated the variation in overall incidence rates between
databases. Table 2 also shows the incidence rates of
UGIB separately for children (14 years old and below)
and those older than 15 years.
Across all databases, incidence rates increased with

advancing age (Figure 4), the risk for UGIB in
individuals 70 years and older was 5.2 times greater
compared to those aged 50–59 years old (95% CI: 5.1–
5.4). There were also consistently higher incidence
rates in males overall compared to females (incidence
rate ratio (IRR) 1.24 (95% CI: 1.22–1.27)).

Patterns of NSAID use

Patterns of use of NSAID classes varied among
different countries but were similar among different
databases in the same country (Figure 5). The Dutch
databases IPCI and PHARMO showed identical
utilization profiles, with the acetic acid derivatives
(e.g., diclofenac) representing about 40% of all NSAID
exposure time. The UK database QRESEARCH had
a profile similar to NL, while the Danish database
Aarhus showed more use of propionic acid derivatives
(e.g., naproxen) compared to the acetic acid derivatives
(47% vs. 30%). Except for the pediatric database
Pedianet, the other three Italian databases had similar
drug use patterns with relatively high use of the ATC
M01AX class of NSAIDs (other NSAIDs). This group
of drugs, which includes nimesulide, represented the
lowest percentage of NSAID use in the other databases
(except Aarhus). Heterogeneity in exposure among
countries became more apparent when we explored the
use of individual drugs (data not shown).

Association of NSAID use with upper
gastrointestinal bleeding

Overall, we detected 4 934 incident cases of UGIB
during NSAID use. Data from Pedianet were not taken
into account in this analysis due to low number of
events in children. The incidence rates were consist-

Figure 3. Distribution of follow-up time per age group across databases
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ently around 3–4 per 1000 PYs of NSAID exposure,
except for PHARMO which had lower incidence rates
(1.9/1000 PYs) and Aarhus which had higher incidence
rates (6.5/1000 PYs). The rates of UGIB were
significantly increased during use of NSAIDs as
compared to all other follow-up time in each of the
individual databases (Table 3), with IRRs ranging from
2.0 (95% CI 1.7 to 2.2) to 4.3 (95% CI 4.1 to 4.5).

DISCUSSION

We have developed and tested a methodology that
enables combining data from EHR databases of various
countries and origins (medical records, administrative
registries, record-linkage databases). Revisiting the

known association of UGIB and nonsteroidal anti-
inflammatory drug (NSAID) use, we have shown that
data sharing can take place within this distributed
networking system to provide consistent incidence
rates and detect a known drug-adverse event associ-
ation. This network system yields other interesting side
products such as age- and gender-specific disease rates
and drug utilization patterns across a wide variety of
settings. Together this opens a new avenue for
conducting observational research on a wider, more
global perspective.
In combining the data of various databases it was

crucial to take into account ethical issues regarding
the processing of anonymized healthcare data. The
databases involved in EU-ADR have considerable

Table 2. Incidence rates of UGIB (per 100 000 PYs)

Country Database No. of
events

Population-
time

Overall
incidence rate

(age-standardized)

Incidence
rate in <15 years
(age-standardized)

Incidence
rate in �15 years
(age-standardized)

ITALY Pedianet 65 407 150 16.0 (14.5) 16.0 (14.5) -
HSD 3639 3 324 089 109.5 (65.4) - 109.7 (71.6)

Lombardy 10 127 19 282 776 52.5 (29.2) 9.8 (9.3) 59.5 (36.2)
Tuscany 7024 9 940 626 70.7 (31.6) 13.3 (13.0) 78.5 (38.2)

NETHERLANDS IPCI 1139 1 862 932 61.1 (44.3) 7.6 (7.5) 73.2 (57.4)
PHARMO 2944 7 591 284 38.8 (25.1) 5.0 (4.9) 46.3 (32.3)

UNITED KINGDOM QRESEARCH� 5721 6 788 121 84.3 (60.1) 15.4 (16.0) 99.0 (75.8)
DENMARK Aarhus 9308 10 611 047 87.7 (54.6) 3.7 (3.8) 108.0 (72.6)
Total 39 967 59 807 984 66.8 9.1 77.4

�Represent data from 30% of database population.

Figure 4. Incidence rates of UG1B across databases, age 15 years and above
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experience in using patient data for research purposes,
and have well-developed safeguard mechanisms
ensuring compliance with the European directives
and national regulations, as well as database govern-
ance rules. Since no new data are collected, other than
those made available by the participating databases,
the cornerstone of ensuring proper ethical and legal
conduct is set down in the rules and regulations that

govern each database. Rather than imposing a one-
size-fits-all approach and compel people to change
their data, we leveraged on the diversity of the
databases to use local expertise and to maximize
extraction of relevant information, hence effectively
dealing with all methodological, cultural, ethical,
governance, and political issues of sharing data across
borders. Databases retain ownership of their respective
data, extraction being done locally, and only the
aggregated, de-identified data are shared with the rest
of the network.
A similar concept of distributed processing of

healthcare data has been employed by other research
collaborations, albeit with different research objec-
tives. This model has previously been described in
bioterrorism and syndromic surveillance as well as
vaccine safety surveillance.38–44 The ongoing Sentinel
Initiative of the FDA is also adopting a distributed data
architecture for combining healthcare databases to
improve drug safety monitoring.45–47 While the scale
may be comparable, there are issues in combining data
that are unique to Europe. Challenges stem from the
fact that different countries have distinct natural
languages, aside from having different drug and
disease coding systems. The diversity of healthcare
systems throughout Europe makes merging data from
databases a more complex task that requires striking
a balance between international cooperation and
adequate protection of patient confidentiality.48

Figure 5. Comparison of use of specific NSAID classes across databases

Table 3. IRRs of UGIB during NSAID use

Country Database No. of
events

Exposure� Incidence
ratey

Rate ratioz

(95%CI)

ITA HSD 250 81 734 3.1 2.0
(1.7–2.2)

Lombardy 991 314 852 3.1 2.9
(2.7–3.1)

Tuscany 698 205 012 3.4 2.4
(2.3–2.6)

NL IPCI 116 26 780 4.3 4.0
(3.3–4.9)

PHARMO 342 177 698 1.9 2.8
(2.5–3.2)

UK QRESEARCH 467 158 783 2.9 2.4
(2.2–2.6)

DK Aarhus 2070 316 348 6.5 4.3
(4.1–4.5)

Total 4934 1 281 207 3.9

�In person-years.
yPer 1000 PYs.
zAge and gender-adjusted; non-NSAID use as comparator; p
value<<< 0.01.
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Incidence rates

Standardized incidence rates were generally higher
than the crude incidence rates, the European EU-ADR
network population being older than the reference
WHO World Standard Population. Comparison of
incidence rates was used for benchmarking of the data
extraction process and the heterogeneity in incidence
rates of UGIB reflects interesting peculiarities in the
populations themselves, in the type of database, and
in the respective healthcare systems. There may be
inter-country differences as to causes of bleeding,
risk factors, and variations in the extent of diagnostic
evaluation. Different sources of data are apt to capture
UGIB of varying severity, the events identified from
hospitalization records likely to be more severe
than the events ascertained from general practitioner
(GP) visits. This may explain the lower incidence
rates observed in administrative databases compared
to general practice databases in the same country (e.g.,
HSD vs. Tuscany or IPCI vs. PHARMO).
Although there is not yet a gold standard to validate

our results, the observed incidence rates were in line
with previously published literature. Most studies on
the epidemiology of UGIB are hospital-based studies
that cite incidence varying from 48/100 000 adults
in the Netherlands to 103/100 000 adults in the UK.49–
52 Other reports estimate the incidence to be 95/
100 000 adults (USA) and 172 (Scotland).53,54 EU-
ADR provides data specifically for children. To date,
there are no published population-based studies that
include children below 15 years of age, which
underlines the importance of this type of information.
The increase in risk of UGIB with advancing age and
with men compared to women, which we observed
in all of the databases, are consistent with the
literature.55 Exact comparisons between studies are
difficult because of discrepancies in event and drug
exposure definitions, selection criteria of study popu-
lations, and methodologies. The advantage of EU-ADR
is that the variations in event definition are documented
in a standard way and the methodological differences in
rate estimations have been eliminated which allows for
easier comparison across countries and databases.

Sensitivity of the system

In general, the relative risk of UGIB during NSAID
use is around four.56 This is similar towhat we obtained
in this study even if the rate ratios were adjusted only
for age and gender and were compared to all other
person-time (i.e., exposed to other drugs or unex-
posed). The consistency of the degree of association

between NSAID use and UGIB within the databases
studied reiterates the huge burden of drug-related
disease. Its concordance with published literature
increases the face validity of the methodology and
reinforces the potential of drug safety monitoring
and risk quantification being performed on a very
different scale, without limitations as to the size or
to the number of databases. Key steps for success in
this process were the chosen distributed approach
that dealt with different governance issues, the
definition of common data input files to deal with
database heterogeneity, the availability of common
customized software that allowed for local elaboration
of data, and terminology mapping using the Unified
Medical Language System. Improving the sensitivity
of the database network system will require further
development of scalable methods for better control
of bias and confounding to allow further inferences
regarding causality.
While the motivation for merging disparate data

sources primarily comes from the need to investigate
drug safety in larger populations, it is a well-
acknowledged limitation that EHR databases are only
able to describe exposures and outcomes of interest to
the extent that they are documented within the database
systems.57–59 The databases capture information on
outpatient (pharmacy-based) drug use. Most databases
do not capture all vaccinations (e.g., those provided in
the childhood vaccination programs) but do register,
for example influenza, vaccination. Specific drug
groups of interest, such as biologicals, are captured
if provided through routine dispensing system. The
type of drugs that can be captured in the system is being
addressed in a separate paper. Furthermore, the issue of
accuracy and completeness of information concerning
diagnoses and actual drug use is common to all types
of databases and some degree of misclassification is
unavoidable. Although review of every individual
medical record in each database would incur prohi-
bitive costs, some sensitivity analyses should be done
to determine the validity of the extracted data.

CONCLUSION

In this proof-of-concept paper, we have demonstrated
the feasibility of combining diverse and differently
structured data in an effective way to detect comparative
risks of potential adverse drug events and pave the way
for large-scale drug safety monitoring. The common
data framework described takes advantage of multiple,
routinely collected, aggregated healthcare data while
minimizing sharing of confidential patient-level infor-
mation. Although still a work-in-progress, this system
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can facilitate the planning of permanent, global-scale,
EHR-based structures for the early detection of drug
safety signals.
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