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ABSTRACT
Purpose To assess the impact of a variety of methodological parameters on the association between six drug classes and five key adverse
events in multiple databases.
Methods The selection of Drug–Adverse Event pairs was based on public health impact, regulatory relevance, and the possibility to study
a broad range of methodological issues. Common protocols and data analytical specifications were jointly developed and independently and
blindly executed in different databases in Europe with replications in the same and different databases.
Results The association between antibiotics and acute liver injury, benzodiazepines and hip fracture, antidepressants and hip fracture, inhaled
long-acting beta2-agonists and acute myocardial infarction was consistent in direction across multiple designs, databases and methods to control
for confounding. Some variation in magnitude of the associations was observed depending on design, exposure and outcome definitions, but none
of the differences were statistically significant. The association between anti-epileptics and suicidality was inconsistent across the UK CPRD,
Danish National registries and the French PGRx system. Calcium channel blockers were not associated with the risk of cancer in the UK CPRD,
and this was consistent across different classes of calcium channel blockers, cumulative durations of use up to>10years and different types of cancer.
Conclusions A network for observational drug effect studies allowing the execution of common protocols in multiple databases was
created. Increased consistency of findings across multiple designs and databases in different countries will increase confidence in findings
from observational drug research and benefit/risk assessment of medicines. Copyright © 2016 John Wiley & Sons, Ltd.
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As part of its work program, the Pharmacoepidemiological
Research on Outcomes of Therapeutics by a European
ConsorTium (PROTECT) project investigated the
association between six drug classes and five key
adverse events (AEs) in several European or US elec-
tronic health record (EHR) databases. The purpose of
this investigation was to assess the impact of a variety
of methodological parameters such as study design,
definition of study population, exposure and outcome
definitions and methods to control for confounding
on the associations of interest. The aim of this discus-
sion paper is to summarize the main lessons learned
from the PROTECT project with regard to practical,
operational and scientific issues. The selection of
Drug–Adverse Event pairs was based on public health
impact, regulatory relevance and the possibility to study
a broad range of methodological issues.1 Important
features of the approach included the joint development
of common study protocols and data specifications
(including statistical analysis plans), the independent
conduct of the study in the individual databases by dif-
ferent research teams and the independent replication
of the initial studies in the same databases as well as in
different databases. After agreement of a common pro-
tocol for each Drug–AE pair, research teams were
blinded as to each other’s results.
The common study protocols and data specifications

were implemented locally by each database partner,
unlike similar initiatives (e.g. OMOP, Sentinel,
EU-ADR) which developed Common Data Models.2–4

Operational definitions of exposures, outcomes and
confounders were harmonized and only varied if an
available database had additional variables (e.g. socio-
economic or lifestyle factors). This approach provided
insight to the optimal methodology and data source(s)
for particular safety issues. It showed that multinational
database studies for various safety issues as performed
by the PROTECT network, including the investigation
of rare, serious AEs, are possible without using common
data models
Study protocols and their amendments were regis-

tered and documented in the EU PAS Register (http://
www.encepp.eu/encepp_studies/indexRegister.shtml).
We considered the cohort and nested case–control

designs appropriate for all Drug–AE pairs. The cohort
design was applied to all Drug–AE pairs, and was the
only design that was used to study inhaled long-acting
beta2-agonists and the risk of acute myocardial infarc-
tion, and calcium channel blockers and the risk of can-
cer. The focus in these two case studies was on
methods to control for confounding and the handling
of a long induction period for the outcome of cancer.
Given the acute and transient nature of hip fracture

and acute liver injury we also evaluated case cross-
over and self-controlled case-series designs for these
events.
In addition we investigated the validity and use of

national drug utilization data to facilitate estimation
of the public health impact adverse drug reactions.
To this aim an inventory of nationwide drug consump-
tion databases was established.

METHODOLOGICAL ISSUES EXAMINED
IN PROTECT: SUMMARY OF FINDINGS
AND LESSONS LEARNED

Consistency of findings across study designs and
databases

With the exception of anti-epileptics and suicide most
associations were consistent in the direction of the ef-
fect estimate on either side of the null value across the
different designs and different databases, but varied
somewhat in terms of magnitude of the effect estimate
(Figures 1–5, Table 1).
For associations investigated with multiple study

designs (antibiotics and acute liver injury, benzo-
diazepines/antidepressants and hip fracture) we found
that the case-only studies tended to result in larger ef-
fect estimates compared to cohort and (nested) case
control designs5–9 (Figures 1–4). One possible expla-
nation includes violations of underlying assumptions
of case-only designs. For instance, in the case-cross
over study on antidepressants and hip fracture in the
Dutch Mondriaan database, control periods were
likely not exchangeable because of a fixed (median
duration of chronic prescriptions in the Netherlands)
duration of prescription that coincided with control
moments close (�90 and �180days) to the case mo-

Figure 1. Antibiotics and the risk of acute liver injury. Impact of study design,
database, exposure and outcome definitions. SCCS: self-controlled case series,
CXO: case cross-over, CC: case–control, NCC: nested case–control
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ment. Furthermore, in the self-controlled case series
analysis of antibiotics and acute liver injury in CPRD
one key assumption, namely that of events not
influencing future exposure (e.g. stopping of antibi-
otics after acute liver injury), may not have been

fulfilled. Second, higher relative risk estimates in case
only designs may suggest a better control for con-
founding by between-subject differences, which do
not affect the within-subject comparisons made in
these designs. Third, subjects that are chronic users
of medications (e.g. antidepressants, benzodiazepines)
with no unexposed observation time are excluded from
the estimated relative risk in case-only designs, but can
contribute in cohort and nested case–control studies.
Finally, the statistical models used for the analyses
provide different relative effect estimates according
to the underlying design (e.g. hazard ratios, odds

Figure 2. Benzodiazepines and the risk of hip fracture. Impact of study
design, database and control for confounding (different matching strategies
in case–control study). SCCS: Self-controlled case series, CXO: Case
cross-over, NCC: nested case–control, M1: simple matching algorithm
including sex, age (+/�2 years) and follow-up time, M2: Euclidean distance
matching algorithm including sex, age (+/�2 years) and follow-up time,
GP: general practice included as matching factor

Figure 3. Antidepressants and the risk of hip fracture. Impact of study design
and database. SCCS: self-controlled case series, CXO: case cross-over, NCC:
nested case–control

Figure 4. Antidepressants and risk of hip fracture. Impact of exposure
definitions and methods to control for confounding. SCCS: self-controlled
case series, CXO: case cross-over, NCC: nested case–control, AD: anti-
depressant, SSRI: Selective Serotonin Uptake Inhibitor, TCA: tricyclic
antidepressant, GP: general practitioner included in matching algorithm,
LS: additional adjustment for lifestyle factors

Figure 5. Antiepileptic drugs and the risk of suicide. Impact of database,
exposure and outcome definitions
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ratios, incidence rate ratios) that may slightly differ in
magnitude.
With regard to benzodiazepines and risk of hip frac-

ture we initially observed a decreased risk of hip fracture
associated with benzodiazepine use in the Spanish
BIFAP database, whereas in CPRD an increased risk
was found (Figure 2). However, after conducting a sen-
sitivity analysis excluding a 30-day pre-exposure period
to test the key event-exposure independence assumption
of the self-controlled case-series design, we also found
an increased risk of hip fracture in the Spanish BIFAP
database which suggests an increased prescribing of
benzodiazepines after a hip fracture in Spain.

Outcome definition

Associations between antibiotics and acute liver injury
were slightly impacted by the definition of acute liver
injury6 (Figure 1). A more stringent definition using
all available information on laboratory measurements
of liver enzyme elevation, diagnostic codes and hospi-
talization resulted in a slightly stronger association,
compared to a less stringent definition, whereas preci-
sion was greater for the latter definition.6 The less
stringent definition results in more false positive diag-
noses of acute liver injury which is unlikely to be asso-
ciated with antibiotic exposure. This non-differential
misclassification is probably causing some bias toward
the null and slightly weaker associations between
acute liver injury and antibiotic exposure. Associations
between antiepileptic drugs and suicidality were strongly
affected by the type of outcome (e.g. completed suicide,
suicide attempt using different sources of information
such as mortality, hospitalization, and general practi-
tioner (GP) diagnoses10) (Figure 5). Suicide rates in
CPRD including Hospital Episode Statistics, and the
Danish National Registries were largely consistent
with estimates from national statistics and therefore
considered the most reliable measure for suicidality
in pharmacoepidemiological studies.

Exposure definition

Important exposure aspects that had an impact on the
associations of interest were time window of exposure
for antibiotics and acute liver injury.11 Time windows
of 30days at risk were associated with lower relative
risks compared to time windows of 14days at risk.
These findings illustrate the importance of considering
biological mechanisms when defining time windows
at risk which for acute events such as acute liver injury
should be relatively short (14days) to accurately mea-
sure the associations of interest. Classification of individ-
ual compounds or classes of drugs (benzodiazepines/

antidepressants and hip fracture, antiepileptic drugs and
suicide) had an impact on the associations.7,10 These
findings indicate the importance of considering individ-
ual compounds or classes of drugs which may have a
different risk associated with outcomes of interest. Im-
portant class differences were observed between tricyclic
antidepressants and serotonin reuptake inhibitors and the
risk of hip fracture. In conventional cohort and case–
control designs we observed larger relative risks asso-
ciated with hip fracture for tricyclic antidepressants
compared to selective serotonin reuptake inhibitors.
However in the self-controlled case series design in
THIN tricyclic antidepressants and selective seroto-
nin reuptake inhibitors were associated with a similar
risk of hip fracture suggesting that unmeasured con-
founding through preferential prescribing of selective
serotonin reuptake inhibitors to avoid adverse drug
reactions caused by tricyclic antidepressants might
be prevented by this case-only design.9 Defining cal-
cium channel blocker use according to type of calcium
channel blocker, or duration of use did not have an im-
pact on the association with cancer.12 See Figures 1–5
and Table 1 for further details. These findings suggest
that the association between calcium channel blocker
use and the risk of cancer is not likely to be present.

Control of confounding

After control for age and gender, additional control for
comorbidity, co-medication and lifestyle factors (only
in THIN and CPRD) had little effect on the adjusted
relative risk.8,13 Also, in Mondriaan it was observed
that the confounding effect of non-routinely recorded
lifestyle factors was small.14 This finding may suggest
that lifestyle factors were not major confounding fac-
tors in the studies on antidepressants, benzodiazepines
and risk of hip fracture or alternatively that these fac-
tors were not measured accurately enough to warrant
adequate control for confounding. Whatever the rea-
son for this finding, it indicates that findings between
the databases that we investigated were not impacted
by controlling for these factors. Our finding differ
from the results found by Schneeweiss et al. in a study
on selective serotonin reuptake inhibitor use and risk
of hip fracture in Medicare which did find an impact
of ignoring lifestyle factors for confounding adjust-
ment.15 However, databases vary in the lifestyle fac-
tors recorded and the quality of their measurement
making comparisons difficult. Different matching
strategies (algorithm, in-/exclusion of GP practice)
also had little impact on the relative risks8,13 (Figures 2
and 4). In particular the matching on GP practice
which is commonly applied in THIN and CPRD in
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an effort to control for socioeconomic factors appar-
ently does not have a major impact.
The direction of the change in effect estimates ob-

served upon confounding adjustment differed across
databases (e.g. the direction of age/sex adjustment in
the antidepressant-hip fracture study differed across
databases8). This is likely because of different pre-
scribing practices across countries, and illustrates that
confounding structures may differ across databases
(and Drug–AE pairs).
Relative risks of hip fracture associated with antide-

pressant use were similar for inverse probability of
treatment weighting (IPTW) of Marginal Structural
Models (MSM) and conventional Cox proportional
hazards models.16 However, in the study of long-
acting beta2-agonists and acute myocardial infarction
these methods led to different conclusions,17 which
shows that the impact of time-varying confounding
that is affected by previous treatment differs (and thus,
the necessity to adequately model differs) across
Drug–AE pairs.
Control for confounding using instrumental variable

(IV) approaches based on physician prescribing prefer-
ence were generally not valid given the violation of at
least one of the main assumptions underlying IV analy-
sis.18,19 Pooled IV analysis across multiple databases
increases the strength of IV because of larger variation

in prescribing and increased sample size. Importantly,
the likely extent to which these IV assumptions were
violated differed across databases. This suggests that
generic claims about the (confounding) structure of a
particular Drug–AE relation or the validity of a particular
method to control for (unmeasured) confounding are not
possible. Rather, it underscores the importance of
checking the assumptions underlying the methods to
control for confounding whenever possible20, a check
that should be made in every dataset and for every
Drug–AE pair that is studied.

Choice of study population

Different study populations were investigated for the
association between antiepileptic drugs and suicide
(depression, epilepsy), for inhaled long-acting beta2-
agonists and acute myocardial infarction (asthma,
Chronic Obstructive Pulmonary Disease (COPD),
asthma+COPD) and for calcium-channel blockers and
cancer (population based versus antihypertensive drug
users). The investigation of the association between In-
haled long-acting beta2-agonists and acute myocardial
infarction is under review elsewhere (see summary
results in Figure 6).21 Stratification for a diagnosis of de-
pression had no impact on the association between anti-
epileptic drugs and suicide, whereas in a UK population

Figure 6. Long-acting beta2-agonist and the risk of acute myocardial infarction. Impact of database, study population and exposure definition
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of people with epilepsy the risk of suicide was decreased
in antiepileptic drug users compared to non-use.10 This
finding of an increased risk during periods of non-use
among epilepsia patients has been observed by others
as well suggesting that individuals go through periods
of lower and higher risk of suicidality in their lives.11,22

This stresses the importance to evaluate different
observation periods to help assess the influence of
drug exposure compared to other factors. Calcium-
channel blockers were associated with a reduced
risk of cancer in the general population, whereas
among antihypertensive drug users calcium-channel
blocker use was not associated with risk of cancer12

(Figure 7). Inhaled long-acting beta2-agonists were
not associated with risk of acute myocardial infarc-
tion, and this was consistent across asthma and
COPD populations.21

Replication studies WP6

The association between antibiotics and acute liver
injury was initially investigated in CPRD and BIFAP,
and independently and consistently replicated (in
magnitude and direction) in CPRD (same database,
different team) and in UPOD (hospital pharmacy/clinical
laboratory database) and Clinformatics (US claims data-
base)21,23 (Figure 1). The association between inhaled
long-acting beta2-agonists and acute myocardial in-
farction, initially investigated in the Dutch Mondriaan
database and in CPRD, was independently and consis-
tently replicated (no association present) in Clinformatics
and the FrenchPGRxcase-referent system21,24 (Figure 6).
The association between antiepileptic drugs and suicidality
was not replicated (not in direction or magnitude) in the

Danish registries and the French PGRx case-referent sys-
tem10,25 (Figure 5).
Sources of drug utilization data and drug utilization

studies:
An inventory of national drug consumption data

sources in the out- and inpatient health care sectors
was developed to be comprehensive, and incorporates
findings from previous European initiatives (http://
www.imi-protect.eu/drugConsumption.shtml). The in-
ventory provides a systematic description of the avail-
ability of data in 27 countries as well as characteristics
of 31 nationwide administrative databases (health care
utilization databases) that monitor drug consumption
in Europe. Particular emphasis is placed on the
accessibility, validity and reliability of medicine con-
sumption data for research purposes.26,27 The inventory
notes a remarkable scarcity of inpatient databases at the
national level. Most in-hospital nationwide administra-
tive databases register sales from wholesalers only,
rather than patient level data. Some countries health au-
thorities (i.e. Sweden, Scotland, Catalonia and Norway)
are currently implementing programs with the aim of
coordinating a patient’s pharmacotherapy between the
out- and in-patient healthcare system.28

DISCUSSION

The PROTECT project has provided important insights
into the operational and methodological challenges of
conducting multi-database studies based on a common
protocol. Consistency in findings across multiple
designs, databases and various sensitivity analyses
increases confidence in results from observational
studies on drug effects which in turn increases their
value for the assessment of the benefits and risks of
medicines.
The impact of study design and choice of database

has been extensively investigated within the OMOP
project on a battery of 53 Drug–AE pairs.29 For the
new user cohort design 23 Drug–AE pair associations
were consistent in direction, whereas for the self-
controlled case series 18 Drug–AE pairs were consis-
tent in direction. An important difference between
the OMOP approach and the PROTECT approach is
that for each Drug–AE pair we developed a protocol
that was tailored to each specific Drug–AE pair and
database. OMOP, for instance, implemented a fixed
exposure time-window of 30days since start of expo-
sure, whereas in PROTECT this was defined based
on clinically informed assumptions regarding the haz-
ard function of the outcome in relation to the exposure
of interest. Furthermore, in each of the databases we
calculated the duration of exposure based on the

Figure 7. Calcium-channel blockers and the risk of cancer. Impact of
study population, exposure and outcome definitions and confounding
control
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prescribed quantity and dosage instructions as regis-
tered in each of them. As hypothesized by Madigan
et al. this customized approach has produced largely
consistent results for all Drug–AE pairs that we inves-
tigated except for the association between antiepileptic
drugs and suicidality.29 The reasons for inconsistency
for the latter association are not clear, but may relate
to the difficulty of ascertaining suicidality in electronic
health care database and the possibility of uncontrolled
and/or unmeasurable confounding by indication (and
thereby the possibility that the associations are not
causal). The finding that the decreased risk of hip frac-
ture associated with benzodiazepines using a SCCS
design in the Spanish BIFAP database was increased
after exclusion of a 30-day pre-exposure period
(consistent with the finding in CPRD) in particular
underlines the importance of planning extensive
sensitivity analyses and separate evaluation of individual
databases prior to pooling them. Post-hoc sensitivity
analyses in order to explain unexpected findings should
be documented as amendments to the original protocol.
The approach of implementing a common protocol
across different databases has also been applied by
the CNODES network in Canada and demonstrated
more consistency in Drug–AE associations (both
in direction and size) as compared to the OMOP
“one-size-fits-all” approach.30–33

Strengths and limitations

The strengths of our procedures include the develop-
ment of a common protocol resulting in transparency
and increased consistency in design, the conduct of
the studies across different databases and the indepen-
dent replication of study findings. Our selection of
Drug–AE pairs and the different types of databases
(GP, claims and registries) within the PROTECT net-
work allowed the investigation of a variety of common
drug safety issues presenting different methodological
challenges. Nonetheless, our findings may not be ex-
tendable to other safety issues or other databases that
we did not study. Compared to the US Mini-sentinel
initiative PROTECT was less extensive with regard
to validation of outcomes, development of common
data models and size of the databases.3 Nonetheless,
the heterogeneity of the European databases allows
evaluation of drug safety issues in different contexts.
Among the main strengths of the inventory of drug

consumption databases is the compilation of the high
number of nationwide health care utilization databases
in the in- and outpatient health care setting that moni-
tor drug consumption in Europe and its systematic
description of their characteristics.

With respect to drug utilization studies, one of the
main problems pointed out when studying the patterns
of drug use globally in a country or in different regions
within a country or in cross-national comparisons is
the lack of information on indication for use.34,35 Indica-
tion for use has been studied through the diagnoses codes
assigned in ambulatory care or at hospital discharge close
to the time of the prescription of a medicine. These diag-
nostic codes can only be considered as proxy markers of
indication for a drug therapy.

Implications for scientific and operational practice

Initially, the process of reaching a final common pro-
tocol and detailed data specification involving multi-
ple private and public partners was time consuming
(6–12months). Nonetheless, reaching agreement on
all details of the protocol created support for a common
approach that will be useful for future studies within and
potentially outside the PROTECT network. Despite the
joint development of a detailed common protocol, we
experienced during the analysis phase of the project that
interpretation of certain aspects such as definition of in-
and exclusion criteria, exposure, outcome and con-
founder definitions was sometimes different between
centers. This made amendments to the protocol neces-
sary in order to harmonize our approach. Programming
of the analytical datasets was performed locally in each
research center. We shared program codes to check
consistency and compared results of time-varying
analyses in different statistical packages.
We observed a learning curve in the development

and implementation of a common protocol. An
increasing knowledge of the databases, including their
population characteristics and coding system for expo-
sure, outcomes and confounders, led to more efficient
design of studies, protocol development and planning
of statistical analyses.

Recommendations

Conducting multi-centre database studies requires very
detailed common protocols and data specifications that
reduce variability in interpretation by researchers as
much as possible. Ongoing communication without
sharing results during the conduct of the study is impor-
tant to harmonize analyses as much as possible. When
studies are conducted in parallel in different databases
the replication has already been built-in. Pooling data-
bases “a priori” may disguise heterogeneity and should
be avoided. Rather, we advocate to analyze databases
in parallel and explore reasons for heterogeneity through
extensive sensitivity analyses that are documented as
pre-specified or post hoc analyses as amendments to
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the original study protocol. This approach will eventually
increase consistency in findings from observational drug
effect studies, or reveal causes of differential drug effects.
Choosing from multiple possible designs should be

a deliberate process, instead of simply repeating a
study design with similar underlying assumptions,
e.g. case–control versus cohort. Case-only designs
are truly alternative and can add additional insight into
associations because of the different assumptions of
these approaches. Furthermore, which method to con-
trol for confounding works best for a Drug–AE pair,
given a particular database, needs to be assessed on a
case-by-case basis; no universal recommendations
can be made based on our findings. The PROTECT
project did not examine summary scores such as disease
risk scores and automated propensity score methods,
and therefore we cannot make general statements about
these methodologies.
The inventory of national consumption databases

should be kept updated, and we recommend free acces-
sibility to these data for researchers in different institu-
tions (academia, regulatory agencies, health policy
organizations, pharma industry). It would be useful to
organize a permanent contact and communication be-
tween the major providers of drug utilization data, to ex-
change insights and compare disparities between data. It
can also be useful to produce a complete picture of all
aspects of drug utilization in the country, if possible in
a longitudinal way over extended periods of time.36

In conclusion, the PROTECT project has delivered a
network for observational drug effect studies allowing
the execution of common protocols in multiple
databases. Increased consistency of findings across
multiple designs and databases in different countries
will increase confidence in findings from observational
drug research and benefit/risk assessments on medi-
cines. The current PROTECT network can easily be
expanded with additional databases and partners to
provide a platform for testing new safety signals and
development and testing of new methodologies.
Further development of the network infrastructure
includes automation of the library of codes and
programs, governance, structure for collaboration and
communication, and the potential for collaboration
with other networks in North America, Europe or Asia.

DISCLAIMER

The research leading to these results was conducted as part
of the PROTECT consortium (Pharmacoepidemiological
Research on Outcomes of Therapeutics by a European
ConsorTium, www.imi-protect.eu) which was a public–

private partnership coordinated by the European
Medicines Agency. The PROTECT project has
received support from the Innovative Medicines Initia-
tive Joint Undertaking (IMI JU) (www.imi.europa.eu)
under Grant Agreement no 115004, resources of which
are composed of financial contribution from the
European Union’s Seventh Framework Programme
(FP7/2007–2013) and European Federation of
Pharmaceutical Industries and Association (EFPIA)
companies’ in-kind contribution. As a special form of
the IMI JU grant, Utrecht University and University
of Alcalá received a direct financial contribution from
Pfizer and Astra-Zeneca, respectively. The views
expressed are those of the authors only and not of their
respective institution or company.

KEY POINTS

• Consistency in findings from Drug–Adverse
Event studies across multiple designs, analyses
and databases increases usefulness for benefit
/risk assessment of medicines

• AEuropean research networkwas created for future
safety signal assessment and method development

• Multi-database pharmacoepidemiological studies
should be analyzed in parallel to explore hetero-
geneity before meta-analytically pooling results.

• Design and analysis of multi-database pharma-
coepidemiological studies should be tailored to
the specific Drug–Adverse Event association of
interest to enhance consistency in findings

• Registration of study protocols of Drug–Adverse
Event studies is recommended to improve
transparency
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REFERENCES

1. Abbing-Karahagopian V, Kurz X, de Vries F, et al. Bridging differences in
outcomes of pharmacoepidemiological studies: design and first results of the
PROTECT project. Curr Clin Pharmacol 2014; 9(2): 130–138.

2. Stang PE, Ryan PA, Racoosin JA, et al. Advancing the science for active surveil-
lance: rationale and design for the Observational Medical Outcomes Partnership.
Ann Intern Med 2010; 153: 600–606.

3. Platt R, Carnahan RM, Brown JS, et al. The U.S. Food and Drug Administra-
tion’s Mini-Sentinel program: status and direction. Pharmacoepidemiol Drug
Saf 2012; 21(Suppl. 1): 1–8.

4. Trifirò G, Pariente A, Coloma PM, et al. Data mining on electronic health record
databases for signal detection in pharmacovigilance: which events to monitor?
Pharmacoepidemiol Drug Saf 2009; 18(12): 1176–1184.

5. Brauer R, Ruigómez A, Klungel O, et al. The risk of acute liver injury among
users of antibiotic medications: a comparison of case-only studies.
Pharmacoepidemiol Drug Saf 2016; 25(Suppl. 1): 39–46.

6. Brauer R, Huerta C, Douglas I, Garcia Rodriguez LA, et al. Risk of acute liver
injury associated with use of antibiotics. Comparative cohort and nested case-
control studies using two primary care databases in Europe. Pharmacoepidemiol
Drug Saf 2016; 25(Suppl. 1): 29–38.

7. Requena G, Logie J, Martin E, et al. Do case-only designs yield consistent results
across design and different databases? A case study of hip fractures and benzodi-
azepines. Pharmacoepidemiol Drug Saf 2016; 25(Suppl. 1): 79–87.

8. Requena G, Huerta C, Gardarsdottir H, et al. Hip/femur fractures associated
with the use of benzodiazepines (anxiolytics, hypnotics and related drugs): a
methodological approach to assess consistencies across databases from the
PROTECT-EU project. Pharmacoepidemiol Drug Saf 2016; 25(Suppl. 1):
66–78.

9. De Groot MCH, Candore G, Uddin MJ, et al. Case only designs for studying the
association of antidepressants and hip or femur fracture. Pharmacoepidemiol
Drug Saf 2016; 25(Suppl. 1): 103–113.

10. Schuerch M, Gasse C, Robinson NJ, et al. Impact of varying definitions of
suicidality on the association of antiepileptic drugs and suicidality: comparisons
from UK Clinical Practice Research Datalink and Danish national registries.
Submitted.

11. Gibbons RD, Hur D, Brown H, et al. Relationship between antiepileptic drugs
and suicide attempts in patients with bipolar disorder. Arch Gen Psychiatry
2009; 66: 1354–1360.

12. Grimaldi-Bensouda L, Klungel OH, de Groot MCH, et al. Calcium channel
blockers and cancer: a risk analysis using the UK Clinical Practice Research
Datalink (CPRD). BMJ Open 2016; 6: e009147.

13. Souverein PC, Abbing-Karahagopian V, Martin E, et al. Understanding inconsis-
tency in the results from observational pharmacoepidemiological studies: the
case of antidepressant use and risk of hip/femur fractures. Pharmacoepidemiol
Drug Saf 2016; 25(Suppl. 1): 88–102.

14. Groenwold RHH, de Groot MCH, Ramamoorthy D, Souverein PC, Klungel OH.
Unmeasured confounding in pharmacoepidemiology. Ann Epidem 2016; 26:
85–86.

15. Schneeweiss S, Wang PS. Associations between SSRI use and hip fractures and
the effect of residual confounding bias in claims database studies. J Clin
Psychopharmacol 2004; 24(6): 632–638.

16. Sanni Ali M, Groenwold RHH, Belitser SV, et al.Methodological comparison of
marginal structural model, time-varying Cox regression, and propensity score
methods: the example of antidepressant use and the risk of hip fracture.
Pharmacoepidemiol Drug Saf 2016; 25(Suppl. 1): 114–121.

17. Sanni Ali M, Groenwold RH, Pestman WR, et al. Time-dependent propensity
score and collider-stratification bias: an example of beta2-agonist use and the risk
of coronary heart disease. Eur J Epidemiol 2013; 28(4): 291–299.

18. Uddin MJ, Groenwold RHH, de Boer A, et al. Instrumental variables analysis
using multiple database: an example of antidepressant use and risk of hip frac-
ture. Pharmacoepidemiol Drug Saf 2016; 25(Suppl. 1): 122–131.

19. Uddin MJ, Groenwold RHH, de Boer A, et al. Evaluating different physician’s
prescribing preference based instrumental variables in two primary care databases:
a study of inhaled long-acting beta2-agonist use and the risk of myocardial infarc-
tion. Pharmacoepidemiol Drug Saf 2016; 25(Suppl. 1): 132–141.

20. Ali MS, Uddin MJ, Groenwold RH, et al. Quantitative falsification of instrumental
variables assumption using balance measures. Epidemiology 2014; 25(5): 770–772.

21. Afonso A, Schmiedl S, Becker C, et al. Inhaled long-acting beta-2-agonists and
the risk of acute myocardial infarction: a methodological comparison of two
European primary care databases and replication in a US claims database.
Submitted.

22. Pugh MJV, Hesdorffer D, Wang CP, et al. Temporal trends in new exposure to
antiepileptic drug monotherapy and suicide-related behavior. Neurology 2013;
81: 1900–1906.

23. Udo R, Tcherny-Lessenot S, Brauer R, et al. The risk of acute liver injury
associated with the use of antibiotics-evaluating robustness of results in the
pharmacoepidemiological research on outcomes of therapeutics by a European
consortium (PROTECT) project. Pharmacoepidemiol Drug Saf 2016; 25(Suppl. 1):
47–55.

24. Grimaldi-Bensouda L, et al. Long-acting inhaled beta2-agonists and the risk of
acute myocardial infarction. submitted.

25. Grimaldi-Bensouda L, Rouillon F, Caillard V, et al. Risk of suicide attempts as-
sociated with antiepileptic drugs: a case–control study looking at the effect of dif-
fering design options. Pharmacoepidemiol Drug Saf 2013; 22(Suppl. 1): 1–521.

26. Sabaté M, Pacheco JF, Ballarín E, et al. A compilation of research working
groups on drug utilization across Europe. BMC ResNotes 2014; 7: 143.
doi:10.1186/1756-0500-7-143.

27. Ferrer P, Ballarín E, Sabaté M, et al. Sources of European drug consumption data
at a country level. Int J Public Health 2014; 59(5): 877–887. doi:10.1007/
s00038-014-0564-8.

28. Sabaté M, Ferrer P, Ballarín E, et al. Inpatient drug consumption in Europe: na-
tional data sources and review of publications on a selected group of medicines
(PROTECT project). Basic Clin Pharmacol Toxicol 2015; 116(3): 201–211.
doi:10.1111/bcpt.12358.

29. Madigan D, Ryan PB, Schuemie M, et al. Evaluating the impact of database het-
erogeneity on observational study results. Am J Epidemiol 2013; 178: 645–651.

30. Suissa S, Henry D, Caetano P, et al. CNODES: the Canadian Network for Obser-
vational Drug Effect Studies. Open Med 2012; 6(4): e134–e140 Print 2012.

31. Renoux C, Lix LM, Patenaude V, et al. Serotonin–norepinephrine reuptake inhibi-
tors and the risk of AKI: a cohort study of eight administrative databases and meta-
analysis. Clin J Am SocNephrol 2015 pii: CJN.11271114. 10(10): 1716–1722.

32. Lipscombe LL, Austin PC, Alessi-Severini S, et al. Atypical antipsychotics and
hyperglycemic emergencies: multicentre, retrospective cohort study of adminis-
trative data. Schizophr Res 2014; 154(1–3): 54–60.

33. Filion KB, Chateau D, Targownik LE, et al. Proton pump inhibitors and the risk
of hospitalisation for community-acquired pneumonia: replicated cohort studies
with meta-analysis. Gut 2014; 63(4): 552–558.

34. Huerta C, Abbing-Karahagopian V, Requena G, et al. Exposure to benzodiaze-
pines (anxiolytics, hypnotics and related drugs) in seven European electronic
healthcare databases: a cross-national descriptive study from the PROTECT-EU
Project. Pharmacoepidemiol Drug Saf 2016; 25(Suppl. 1): 56–65.

35. Brauer R, Ruigómez A, Downey G, et al. Prevalence of antibiotic use: a compar-
ison across various European health care data sources. Pharmacoepidemiol Drug
Saf 2016; 25(Suppl. 1): 11–20.

36. Vander Stichele RH, Peys F, Van Tielen R, Van Eeckhout H, Van Essche O,
Seys B. A decade of growth in public and private pharmaceutical expenditures:
the case of Belgium 1990–1999. Acta Clin Belg 2003; 58: 279–289.

imi protect project 165

Copyright © 2016 John Wiley & Sons, Ltd. Pharmacoepidemiology and Drug Safety, 2016; 25(Suppl. 1): 156–165
DOI: 10.1002/pds


