Understanding differences in findings
from pharmacoepidemiological studies

The case of antidepressant and benzodiazepine use
and hip fracture

Victoria Abbing-Karahagopian



Funding

Most of the studies in this thesis were conducted as part of the IMI-PROTECT consortium
(Pharmacoepidemiological Research on Outcomes of Therapeutics by a European Con-
sorTium, www.imi-protect.eu) which is a public-private partnership coordinated by the

European Medicines Agency.

The IMI-PROTECT project has received support from the Innovative Medicine Initiative
Joint Undertaking (www.imi.europa.eu) under Grant Agreement n° 115004, resources of
which are composed of financial contribution from the European Union’s Seventh Frame-
work Programme (FP7/2007-2013) and EFPIA companies” in kind contribution. In the
context of the IMI Joint Undertaking (IMI JU), the Department of Pharmacoepidemiology
and Clinical Pharmacology, Utrecht University, also received a direct financial contribution
from Pfizer. The views expressed are those of the authors only and not of their respective

institution or company.

Printing of this thesis was kindly supported by the Nederlands Bijwerkingen Fonds [NBF,
Dutch side effects fund].

ISBN: 978-94-6169-797-4
Layout and Printing: Optima Grafische Communicatie (www.ogc.nl)
Cover painting by Arthur Pinajian 1914 - 1999.

Courtesy of Pinajian Estate Collection (PinajianArt.com - http://pinajianart.com)

Copyright © 2016 by V. Abbing-Karahagopian. The copyright of the articles that have been

published has been transferred to the respective journals.



UNDERSTANDING DIFFERENCES IN FINDINGS FROM
PHARMACOEPIDEMIOLOGICAL STUDIES

The case of antidepressant and benzodiazepine use and hip fracture

VARIABILITEIT IN UITKOMSTEN VAN
FARMACOEPIDEMIOLOGISCH ONDERZOEK:

de associatie tussen antidepressiva- en benzodiazepinegebruik en heupfracturen
als casus

(met een samenvatting in het Nederlands)

Proefschrift

ter verkrijging van de graad van doctor aan de Universiteit Utrecht
op gezag van de rector magnificus, prof. dr. G.J. van der Zwaan,
ingevolge het besluit van het college voor promoties in het openbaar te
verdedigen op dinsdag 19 januari 2016 des middags te 12.45 uur

door

Victoria Abbing-Karahagopian

geboren op 9 april 1971

te Beiroet, Libanon



Promotoren: Prof. dr. A.C.G. Egberts
Prof. dr. H.G.M. Leufkens

Copromotoren: Dr. M.L. De Bruin
Dr. T.P. van Staa



In memory of one and a half million Armenians killed
during the Genocide in 1915 by the Ottoman government.

To future generations claiming their right for a dignified life,
education and living their own culture.






TABLE OF CONTENTS

Chapter 1| Introduction

Chapter 2 |

Chapter 3 |

Chapter 4 |
Chapter 5 |

Appendices |

1.1

1.2

General introduction

Bridging differences in outcomes of pharmacoepidemiological
studies: design and first results of the PROTECT project.

Variability in medication use patterns and health outcomes in Europe

2.1

2.2

2.3

Antidepressant prescribing in five European countries: application of
common definitions to assess the prevalence, clinical observations and
methodological implications.

Exposure to benzodiazepines and related drugs in seven European
electronic healthcare databases: a cross-national descriptive study
from the PROTECT-EU Project

Incidence rates and trends of hip/femur fractures in five European
countries: comparison using e-healthcare records databases

Understanding findings of pharmacoepidemiological studies: complexity

of concomitant exposures

3.1

3.2

33

Understanding inconsistency in the results from observational
pharmacoepidemiological studies: the case of antidepressant use and
risk of hip fracture

Concomitant medication use and its implications on the
hazard pattern in pharmacoepidemiological studies: example of
antidepressants, benzodiazepines and fracture risk

Concomitant users of antidepressants and benzodiazepines: does
different timing of initiation modify the risk of osteoporotic fracture?

General discussion

Summary & Samenvatting

Acknowledgements

List of co-authors

List of publications

About the author

11

25

41

43

59

79

95

99

125

141

157

181

201
209
215
221






Introduction






1.1

General introduction






General introduction

The first epidemiological studies were performed by John Graunt [1] (early statistical and
census methods and concepts of lifetables) in the 17" century, John Snow [2] (the asso-
ciation between water source and the cholera epidemic in London) and Louis Pasteur [3]
(principles of preventive medicine through vaccination and the first use of anti-rabies vac-
cines in humans) later in the 19" century. These studies can be seen as the roots of modern
epidemiology [4]. The science and nature of epidemiology has, since then, evolved with
respect to study designs, data analysis methods and the collection and availability of data.
In addition, specific areas such as environmental, occupational, nutritional, genetic, and
pharmacoepidemiology have been developed. The essence of epidemiology has, however,
remained the same: the occurrence of outcome(s) as a function of determinant(s) [5].
Pharmacoepidemiology is the study of the effects of drug use in human populations [6]
and includes experimental and observational studies during the pre- and the post-approval
phases of drugs. Observational pharmacoepidemiological studies are especially valuable
for assessing drug effects in the post-approval period in larger populations under real-life
situations in contrast to the experimental pre-approval studies conducted in highly selected,

closely monitored, relatively small populations for a limited period of time [6].

When a clustering of eight young female patients (age 14-22 old) with vaginal carcinoma was
observed in one hospital during a four-year period in the late 1960s in the US, a case-control
study was designed to investigate the causes of this rare type of cancer. Birth certificates
were used to identify 32 controls born within five days in similar maternity services in the
region as the eight cases. This study linked fetal exposure to diethylstilbestrol to this specific
form of vaginal cancer [7]. At the same time, the idea of recording patients information
electronically instead of using paper notes was just developing which made it possible for a
third party (other than the patient and the doctor) to have access to medical information [8].
Apart from information on diagnoses or symptoms (i.e. outcomes) recorded in electronic
healthcare records, interest in benefits and risks of drug use in real-world patients (other
than those included in clinical trials) and the application of this information in benefit-risk

analyses has expanded the use of such electronic databases.

The availability of electronic healthcare record (EHR) databases, alternatively referred to
as administrative databases, has greatly contributed to the increased numbers of studies,
performed with larger sample sizes and longer follow-up periods in post-approval settings.
As opposed to earlier cross-sectional sampled study populations and interview data from
surveys, EHR data created the opportunity for a better defined source population and less
concerns for response rate and recall bias in observational studies with retrospectively col-
lected data [9,10]. The use of EHR made also more detailed exposure information possible:

from simple exposed/not-exposed categorization on the basis of a single recorded prescrip-
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14 | Chapter 1.1

tion, to more detailed definitions with respect to time, doses prescribed, estimations of

duration of use, and intra-individual changes in time (i.e. switch, stop).

The classic drug safety examples from the 1960s and 1970s - like the association between
fetal distilbestrol exposure and adenocarcinoma of the vagina- typically were high relative
risks and a low background incidence. An example of low background rate and high abso-
lute risk incurring a very high relative risk (RR) is the association between Stevens Johnson
Syndrome and toxic epidermal necrolysis and the use of phenobarbital (RR around 45) [11].
When the excess risk of an event is high this should be usually detected during the pre-
authorisation period of the drug [12]. When a medication is long enough in the market and
the period of sudden increase in the exposure is ended (i.e. steady state of exposure among
the risk and reference windows) the chances of spurious high risk findings (due to the
unequal chances of exposure among the two windows) is less [13]. During the last decades,
however, observational studies on drug safety issues increasingly reported low relative risks
(e.g RR between 1 and 2). As such, the relation between the background risk (high or low)
and the absolute risk (high or low) of a health outcome is a function of exposure intensity in
the population [14]. The public health impact of adverse events with low RR but with high
background risk can be as large as drug safety issues which are rare but have high relative
risk. In this case, the consistency of the reported low relative risks in different populations is
highly important to reinforce the causal relationship [12]. Moreover, when the estimated RR
is low, the challenge for evaluating the effects of bias (whether by confounding indication,
prothopatic bias, selection or other) will be also higher. This also hinders policy makers to

draw conclusions.

The large number of observational studies has thus resulted in varying, and often contradic-
tory, estimates of risks. This has been discussed in literature in the late 1990s [15]. Few
examples of these conflicting findings from studies which have used similar databases
are oral bisphosphonates and cancer of oesophagus [16, 17], proton pump inhibitors and
hip fracture [18-20] and statins and fractures [21-22]. The variability in the results of the
observational studies may be due to several factors such as sampling strategies, population
characteristics, study design and method robustness, or clinical differences. The reported
risk ratios (RR) in most pharmacoepidemiological studies, such as the examples given
above, are usually low (RR in the order of 2 or 3) due to the high background rate of the out-
come studied and low absolute risk of the exposure. Wide range of low risk ratios reported
by studies using different populations and methodologies leaves us with the challenge of
summarising evidence base. Epidemiological reviews and meta-analysis studies may not be
enough for summarizing drug-benefit or -risk evidence. There has also been much critique
[23] and critical appraisal [24] of meta-analysis methods and the appropriateness of com-

bining oranges with apples to generate a single effectiveness or risk measure.
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There are several electronic data sources in Europe, which are increasingly used for observa-
tional pharmacoepidemiological research. Age, size and type of such data sources are varied.
The need for a systematic investigation on current applied methods in pharmacoepidemiol-
ogy has become more apparent. A specific need is to have more insight into the use of EHR
data and related possibilities and limitations of hypothesis generation (signal detection)
and hypothesis testing. As systematic efforts require considerable resources, studying the
impact of methods and data sources on the discrepancies among study results in consortia
with multi-partnership becomes a logical direction. Accordingly, many systematic and
collective efforts in consortia have made their place. Examples of such collaborations are
the Observational Medical Outcomes Partnership (OMOP) [25] and the Mini-sentinel
projects in the United States, which have already published much of their experiences and
findings in peer reviewed publications [26, 27]. The Drug Safety and Effectiveness Network
(DSEN) and the Canadian Network for Observational Drug Effect Studies (CNODES)
are the Canadian initiatives [28]. Other consortia in Europe and Asia have also aimed at
addressing data and methods related issues in pharmacoepidemiology [25, 29, 30]. The EU-
ADR [31], VAESCO-Brighton collaboration [32], IMI-ADVANCE [33] and IMI-PROTECT
are examples of European initiatives addressing drug and vaccine safety signal detection
and pharmacoepidemiology methods. The latter, is discussed further, as it is the context in

which the work relating to this thesis was performed.

The IMI-PROTECT Consortium

PROTECT is an acronym for Pharmacoepidemiological Research on Outcomes of Thera-
peutics by a European ConsorTium (PROTECT). This European project funded by the
Innovative Medicines Initiative (34) aims at strengthening the monitoring of the benefit-risk
balance of medicines in Europe [30]. The consortium consists of 29 public and private
partners coordinated by the European Medicines Agency (EMA). It addresses broad issues
within post-marketing settings such as new modalities for collecting data for safety and
effectiveness studies, acquiring accurate drug utilization data in the countries, investigating
methods for signal detection and association testing to enhance benefit-risk models. To
achieve its multi-faceted goal, the consortium had initiated several work-packages (WP)
dedicated to evaluating existing methods and developing, testing and validating tools for
signal detection, pharmacoepidemiological studies, and benefit-risk assessments. These

issues were investigated in separate WPs with clearly stated deliverables [30].

Framework for Pharmacoepidemiology Studies

This thesis is within the scope of WP2 (Framework for Pharmacoepidemiology Studies) of
PROTECT which aims at developing a methodological framework for pharmacoepidemiol-
ogy studies to be applied in different databases and investigating discrepancies in results.

In addition, WP2 aims at identifying and evaluating statistical methods for conducting
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16 | Chapter 1.1

multi-database studies. Within this WP, advantages and limitations of EHR databases in
ascertaining adverse events, drug exposure and drug-adverse event associations were ad-
dressed with the application of different methodologies. Three working groups making up
the WP2 have focused on: methods used in multi-database studies, methods used to control

for confounding and methods available for obtaining accurate drug utilization data.

To achieve the overall objectives stated in WP2, and specifically those related to the meth-
ods used in multi-database studies, feasibility studies were conducted. These studies would
assess the feasibility to ascertain key adverse events with sufficient validity using standard
algorithms and applying same definitions in different databases for conducting pharmaco-
epidemiological studies in multiple databases. Accordingly, two consensus meetings have
produced an initial short list of 55 and then a final list of six drug-adverse event pairs as key
associations to be studied systematically in different databases. The criteria for selecting the
six drug-adverse event pairs included factors related to : public health importance of the
adverse event, degree of controversy/ascertainment of the drug-adverse event association,
diversity in drug use (chronic/acute) and adverse event type (long-term/short-term) and
importance of drug use and adverse event occurrence. The final list of drug-adverse event
pairs to be studied in WP2 included:

1. Short-/long-acting beta-2 agonists and acute myocardial infarction
Antibiotics and acute liver injury
Antidepressant and hip fracture
Benzodiazepines and hip fracture

Anticonvulsive drugs and suicide/suicidal attempts

A

Calcium channel blockers and cancer

Moreover, databases from different European countries were identified to perform method-
ological studies on these selected drug-adverse event pairs. The following databases were ac-
cessible via the partners in the consortium: Database for pharmacoepidemiology studies in
primary care (BIFAP) in Spain, Bavarian Claims Database in Germany, National Databases
in Denmark, Clinical Practice Research DataLink (CPRD) and The Health Improvement
Network (THIN) in the UK, and the Mondriaan databases in The Netherlands.

The exploration of methodological aspects using the example of antidepressants and ben-
zodiazepines and the risk of fractures, one of the chosen drug-adverse event associations in
PROTECT and the focus of this thesis, is further discussed below.

Previous studies on antidepressant and benzodiazepine use and hip fractures
To understand the variability in the results of pharmacoepidemiology studies, we have made
a conscious choice of selecting the association between antidepressant and benzodiazepine

use and fractures as a case study. Antidepressants are among the most used medication
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groups in the world [35, 36]. The first antidepressants in the mid-20" century were the
monoamine oxidase inhibitors (MAOIs) and tricyclic antidepressants (TCAs), followed
by the selective serotonin reuptake inhibitors (SSRIs) in the late 1980’s and the serotonin-
norepinephrine reuptake inhibitors (SNRIs) in the 1990’s. Antidepressants are prescribed
for various depressive disorders, anxiety disorders, chronic pain, sleeping disorders, eating
disorders and alcohol use disorders [37]. Benzodiazepines, its derivatives and related drugs;
also referred as anxiolytics and hypnotics are also prescribed for various indications [38]
such as anxiety related disorders, insomnia, seizures and epilepsies, and alcohol addiction
withdrawal and pre-stressful situations like surgery. Many studies have reported increase in
prescribing of antidepressants [39-42] and benzodiazepines [43-45] in the last 20 years in
various countries. These studies have used different data ranging from populations described
according to narrow definitions of indications to those restricted to certain age groups. Drug
utilization studies have reported prevalence of antidepressant or benzodiazepine use using
several measures to denote ‘drug use. These measures vary from aggregate level of sales
numbers (number of doses sold) to patient level use (number of persons with a medication
prescription or dispensation). Given the diversity of these measures and methods used to

estimate or infer drug use multi-country comparisons are not straightforward.

Fractures on the other hand are one of the health outcomes with considerable public health
burden in several countries worldwide. Appropriate quantification of the frequency of
fractures and characterization of patients [46, 47] in terms of age, sex, type of fracture and
seasonality is an essential part of suitable assessment of its burden and planning for man-
aged healthcare systems. Several measures of fracture occurrence have been reported using
different quantification methods which have introduced not only the challenge of cross-
country or regional comparisons but have also produced different estimates for the same
country [48-50]. Studies using different methodologies have reported different incidence
rates, some of which suggested a decrease in the incidence owing to the effectiveness of
public health preventive programs on osteoporosis and falls [51]. However, if quantifica-
tion methods are different and rates cannot be compared directly, it is a challenge to draw
conclusions on the trend of fracture incidence in different countries, let alone implying its

decrease to be a result of preventive programs.

Antidepressants and benzodiazepines have both been associated with fractures in several
studies as early as in the 1980s [52]. Moreover, each of these medication groups has been
hypothesized to be associated with fracture through different biological mechanisms.
Antidepressants are hypothesized to affect bone metabolism [53, 54] and bone marrow
density (BMD) resulting in osteoporosis or through anticholinergic effects [55] leading to
falls and fractures. Benzodiazepines, on the other hand, are known with their anxiolytic

and hypnotic effects which may lead to falls and fractures. These two different hypothesized
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biological mechanisms are very different in terms of hazard curve per exposure time. Anti-
depressant effects on BMD may be expected to be after relatively long and chronic use of the
medication while, the risk of fracture due to benzodiazepines use, more intermittent, may

be expected to be more acute [56, 57].

Numerous literature studies have reported different risk ratios for fractures among antide-
pressant [58-62] or benzodiazepine [63, 64] users using diverse types and sources of data-
bases. These studies were conducted in different populations, using different databases and
study methods. Looking at studies on antidepressant use and fracture and further screening
studies which have used the cohort design for example still leaves us with wide ranges of
risk estimates. As such, risks estimated for fracture in SSRI users range between 1.01 [65]
and 2.40 [66] when only cohort studies are considered. This range is 1.21 [65] and 2.40 [67]
in TCA users in cohort studies. This shows that drug group and study design similarities are
not enough to reduce diversity of the reported risk estimates. Exposure definition, matching
design [21] may explain some of these discrepancies. Moreover, confounder adjustment
may also introduce discrepancies in the reported estimates [68]. Study designs and defini-
tions of cohorts may introduce biases such as immortal time bias and render study results
incomparable to each other [69]. Several sources of biases and differences in the study
design and conduct can make understanding of the sources of differences and comparison
of study results difficult.

OBJECTIVES OF THIS THESIS

The overarching objective of this thesis is to understand the variability in findings of phar-
macoepidemiological studies resulting from different choices in study methods.

Specific objectives of the studies throughout this thesis were:

o To evaluate the variability between countries in prevalence of medication use and inci-
dence of health outcome when applying common study methods.

o To understand differences in risk estimates of pharmacoepidemiology association stud-
ies when applying common study methods.

« To discuss and test the impact of the complexity of concomitant use of medications that

are frequently co-prescribed and are associated with a common adverse event.
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OUTLINE OF THIS THESIS

Chapter I includes an introduction and a background for the studies in this thesis. Chapter
1.1 provides a general introduction and sets the scene for the context of the thesis: The
IMI-PROTECT a European consortium. Chapter 1.2 discusses the rationale and the first
results of Work Package 2 of PROTECT.

Chapter 2 focuses on variability of medication use and a health outcome estimated in dif-
ferent populations using different electronic healthcare records. Chapter 2.1 describes the
prevalence of antidepressant prescribing in five European countries and seven different
databases using common study methods. Chapter 2.2 describes the prevalence of use of
benzodiazepines and related drugs applying common study methods. Chapter 2.3 describes
the incidence of hip and/or femur fracture in five European countries using common study
methods.

Chapter 3 deals with differences in findings of pharmacoepidemiology association studies
in general and focuses on the complexity of concomitant exposures and their impact on the
estimated risks. Chapter 3.1 explains differences in risk estimates between antidepressant
and hip fracture association, in a cohort design, in three European databases by apply-
ing common study methods. Chapter 3.2 discusses the complexity of concomitant use of
antidepressants and benzodiazepine and its impact on risk estimates for a common adverse
event: hip fracture. Chapter 3.3 tests the impact of different definitions of concomitant use

of antidepressants and benzodiazepines on the risk estimates for hip/femur fractures.

Finally, chapter 4 discusses the findings of the studies included in this thesis from a broader

perspective.
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ABSTRACT

Background

Observational pharmacoepidemiological (PE) studies on drug safety have produced discrepant
results that may be due to differences in design, conduct and analysis. The pharmacoepidemiology
work-package (WP2) of the Pharmacoepidemiological Research on Outcomes of Therapeutics
by a European ConsorTium (PROTECT) project aims at developing, testing and disseminating
methodological standards for design, conduct and analysis of pharmacoepidemiological stud-
ies applicable to different safety issues using different databases across European countries.
This article describes the selection of the safety issues and the description of the databases to be
systematically studied.

Methods

Based on two consensus meetings and a literature search, we selected five drug-adverse event
(AE) pairs to be evaluated in different databases. This selection was done according to pre-defined
criteria such as regulatory and public health impact, and the potential to investigate a broad range
of methodological issues.

Results

The selected drug-AE pairs are: 1) inhaled long-acting beta-2 agonists and acute myocardial
infarction; 2) antimicrobials and acute liver injury; 3) antidepressants and/or benzodiazepines
and hip fracture; 4) anticonvulsants and suicide/suicide attempts; and 5) calcium channel block-
ers and malignancies. Six European databases, that will be used to evaluate the drug-AE pairs
retrospectively, are also described.

Conclusion

The selected drug-AE pairs will be evaluated in PE studies using common protocols. Based on
consistencies and discrepancies of these studies, a framework for guiding methodological choices
will be developed. This will increase the usefulness and reliability of PE studies for benefit-risk
assessment and decision-making.
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INTRODUCTION

Randomised Clinical Trials (RCT) of drug adverse events do not optimally reflect real
life situations: small sample sizes, highly selected populations and short duration of ex-
posures [1]. During the past decades, it has been realized that adverse drug-events (AE)
need to be further evaluated in pharmacoepidemiological (PE) studies [2]. PE methods
were, however, still in development and therefore had the potential for reporting biased
results. An example is the falsely reported relationship of breast cancer to use of the blood
pressure lowering drug reserpine [3]. The growing availability of large routine electronic
health record databases has made it possible to study less frequent and less severe AEs. An
example is the risk of deep venous thrombosis in users of third generation oral contracep-
tives [4]. Although (pharmaco)-epidemiological methods have progressed, the challenge
of studies of low absolute and relative risks associated with medications may have pushed
pharmacoepidemiology to the borders of what can reliably be detected beyond the level of
background noise [5]. Furthermore, efforts focusing on evaluation of type A AEs (those
with dose dependent and predictably augmented pharmacological effects) and intended

effects of drugs have increased the potential for bias [6].

Study conduct and design choices are one of the factors contributing to the diversity and
discrepancy of study results. For instance, using the same database (the UK Clinical Prac-
tice Research Datalink [7]) and including a large number of patients, two studies that were
independently conducted reached very different conclusions [8, 9]. Within the same source
study population, discrepant results between studies can be explained by small differences
in study design such as different definitions of exposure time windows, confounder selec-
tion and age matching [9, 10]. Moreover, exposure-time-dependent hazard functions can
substantially affect comparisons between different studies of the same drug [11]. The use of
different statistical methods to adjust for confounding is another explanation for dissimilar
study results [12]. For instance, in a database study and in simulation studies, systematic
differences were found in effect estimates when propensity scores were used compared to
logistic regression or Cox-proportional hazards regression [13, 14]. Immortal time bias has
been suggested as another important source of variability in results between observational
studies on drug effects [15]. Furthermore, several studies that have evaluated the same
data source have drawn different conclusions about the plausibility of a pharmacological
explanation of an observed association. Among these are: use of inhaled corticosteroids and
risk of hip fracture [16, 17], use of beta-blocker and risk of hip fracture [18, 19]; use of oral
bisphosphonates and risk of cancer of oesophagus [20, 21]; and more recently, use of proton

pump inhibitors and risk of hip fracture [22-25].
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The influence of methodological variation should be minimized and quantified, in order
to interpret differences in associations between drugs and AEs that arise between types
of data sources and healthcare systems in the different countries. A clear interpretation of
differences in results between studies performed in the same database, and between differ-
ent databases, is currently not completely feasible due to these methodological differences.
This situation poses difficulties for all stakeholders, such as regulatory agencies, industry,
healthcare professionals and patients. Difficulties in interpreting individual and/or groups
of observational studies limit their usefulness for decision making on the benefit-risk
balance of drugs. These experiences highlight the need to increase understanding of the
implications of different methodological choices by investigators and for a framework on
PE methodology across different data sources. To understand and subsequently validate dif-
ferences caused by methodological and non-methodological (data related) factors we have
selected five different drug-AE pairs, to be analysed in five different European databases

based on a common protocol that includes extensive sensitivity analyses.

The Pharmacoepidemiological Research on Outcomes of Therapeutics by a European Con-
sorTium (PROTECT) study is a collaborative European project that addresses limitations
of current methods in the field of pharmacoepidemiology and pharmacovigilance [26].
PROTECT is a multinational consortium of 29 partners including academics, regulators,
small and medium enterprises (SMEs) and European Federation of Pharmaceuticals Indus-
tries and Associations (EFPIA) companies, coordinated by the European Medicines Agency
(EMA) with GlaxoSmithKline (GSK) as deputy co-ordinator. The “Framework for pharma-
coepidemiology studies” work-package (WP2) of PROTECT, co-led by Utrecht University
and Pfizer, aims at developing, testing and disseminating methodological standards for the
design, conduct, and analysis of PE studies applicable to different safety issues using differ-
ent data sources. This article presents the rationale, design and the first results of the WP2
of PROTECT initiative.

METHODS

Selection of drug-AE pairs:
Criteria for the selection of key AEs to evaluate in different databases included: 1) the AE

selected having resulted in (major) regulatory decisions such as drug withdrawal or major
summary of product characteristics (SmPC) changes; 2) public health impact aspects in-
cluding seriousness of the event (prioritise more serious events); having variable incidence
rates (both rare and common events); and prevalence of drug exposure (commonly used
drugs and infrequently used drugs); 3) possibility to investigate a broad range of relevant

methodological issues including feasibility to ascertain events in electronic healthcare da-
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tabases (events both easy and difficult to ascertain); hazard functions (acute and long-term
effects, delayed/transient effects); setting of drug use (in-/outpatient use); type of use (short/
long-term, as needed); and different indications of use. All drug-AE pairs needed to fulfil
these criteria. Furthermore, at least one drug-AE pair was selected taking into account those
chosen by the public-private US initiative Observational Medical Outcomes Partnership

(OMOP) in order to facilitate comparison with this initiative [27].

An initial inventory of potential drug-AE pairs was compiled, based on recommendations
from public and private partner experts in the field of epidemiology and pharmacovigilance
(European and national medicines agencies, pharmaceutical industry and academia). All
partners were asked to nominate 10 drug-AE pairs that would fulfil the previously defined
criteria for selection. This resulted in an initial list of 55 AEs and >55 individual drugs and
drug classes. A first consensus meeting produced five AEs and a limited number (< 3) of
drugs per AE with high priority. Supported by extensive research of the scientific literature
and publicly available information sources, including PubMed, EMA and the US Food and
Drug Administration (FDA) websites, each of the criteria for the selected drug-AE pairs was
assessed. Subsequent to this assessment, the selection of five drug-AE pairs was finalized in

a second consensus meeting.

Databases:

All PROTECT partners who manage or have access to electronic healthcare or reimburse-
ment databases were asked to describe characteristics of these databases. Databases incor-
porated medical and registry-based data sources, such as the Danish national registries,
the Dutch Mondriaan project, the British CPRD and The Health Improvement Network
(THIN) databases, the Spanish BIFAP project and the German Bavarian claims database.
In addition, the French PGRx case-referent system will be made available to investigate
and/or confirm some of the drug-AE pairs. All partners were sent a questionnaire in order
to systematically collect the information. Parameters included information on period of
data collection, coding systems, accessibility procedures and an extensive list of specific
categories for longitudinally collected data such as drug prescribing/dispensing, clinical
data, laboratory test data and life style parameters. The databases from the Netherlands,
Spain, Denmark, and UK are based on primary care (GP and/or pharmacy) covering all

prescription drugs regardless of reimbursement.

Analytical approach

Common study protocols to study each of the drug-AE pairs have been developed and
comply with the ENCePP methodological standards (including the ENCePP checklist) and
were submitted to the ENCePP registry of studies [28]. These protocols include different

study designs such as cohort, case-control, and case-cross-over design. All studies are retro-
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spective, based on existing data from the databases described above. We will use data from
the period 2001-2009. Inclusion for entry in the cohort studies is that subjects would have
to have at least 1 recorded prescription or dispensing of the drug of interest. This approach
reduced confounding by indication and still allows comparing between subjects that are
on the drug at a certain time during follow-up versus subjects that are not currently on
the drug but used the drug in the past. Operational definitions of exposures and outcomes
are harmonized as much as possible and varied in a range that reflects the possibilities
and limitations of the available databases. For the outcome of liver injury a automated
algorithm has been developed taking into account diagnostic codes and laboratory tests.
Detailed code lists are available upon request. Exposure will be analysed time-dependently
in all studies and some confounders will also be classified time-dependently if appropri-
ate. Different methods for the selection of and control for confounding variables will be
applied. Not all databases have the same level of detail with regard to confounders. We will
conduct an analysis for each drug-ae pair that includes a minimum set of confounders that
all databases have available. In subsequent sensitivity analyses we will also assess the impact
of further adjustment for confounders that are available in some, but not all databases.
For all databases we will describe exposure to the drugs of interest and for those databases
with sufficient information on diagnoses we will describe the outcomes of interest. For the
association studies we have implemented a blinding procedure with central results manage-
ment. Results for each design will be un-blinded only after all databases have been analysed

and produce the adjusted association measures.

RESULTS

The drug-AE pairs

The five drug-AE pairs fulfilling the a priori defined criteria are: 1) inhaled long-acting
beta-2 agonists and acute myocardial infarction; 2) antimicrobials and acute liver injury;
3) antidepressants and/or benzodiazepines and hip fracture; 4) anticonvulsants (approved
for treatment of epilepsy) and suicide/suicide attempts; 5) calcium channel blockers and
malignancies. The following information is described for each drug-AE pair: public health
impact, drug utilisation, the level of evidence to support a causal association, the proposed
pharmacological mechanism(s), and methodological challenges specific for the drug-AE
association. Table 1 shows the selected AEs and their characteristics. Table 2 shows the
characteristics of the selected drugs. Table 3 displays the drug-AE associations and charac-
teristics such as the range of relative risks; the study designs that have been used to study the
association, the main methodological issues, and the suggested hazard function (in relation

to onset and offset of the increased risk after initiation or discontinuation of the drug).
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Table 2: Selected medications and their characteristics

Range prevalence of drug
exposure per thousand

Drug inhabitants Most frequent type of use
Short / long acting beta-agonists 66 (54) to 84 (55) /1000 As needed/chronic
Antimicrobials 236 (56) to 344 (54) /1000 Short-term/long-term use
Antidepressants/benzodiazepines As needed/long-term use
SSRI 30 (56) to 55 (54) /1000

TCA 15 (56) to 11 (54) /1000

Benzodiazepines 30 ((56) to 81 (54) /1000

Anticonvulsants 17 (56) to 22 (55) /1000 Chronic

Calcium channel blockers 45 (55) to 70 (54) /1000 Chronic

SSRI = selective serotonin reuptake inhibitor
TCA = tricyclic antidepressants

The databases
General features of the databases participating in PROTECT are presented in Table 4. The

six databases contain data from patients from five different European nations: the Danish
national registries, the Dutch Mondriaan database, the British CPRD and THIN databases,
the Spanish BIFAP project, the German Bavarian claims database. The Danish registries
have national coverage, while other databases contain regional data or a representative
sample of a total population. All the databases were quite representative of their nation.
Most of the databases were established more than 10 years ago with regular and expand-
ing data collection and validation history. Routine checks on quality are performed in all
databases. The majority of databases include GP data and two (Danish and CPRD) include
registries for and linkages to mortality, cancer, and secondary care data. Three (Danish
registries, Mondriaan and Bavarian claims) out of six databases include or had linkages to
claims data. A particular characteristic of the Bavarian Claims database is the availability of
information on prescriptions and diagnoses in quarters of a calendar year. The exact dates
of prescribing and diagnoses are not available. Therefore, we decided to use this database
for descriptive purposes only and refrained from conducting association studies for which
this information is pivotal. For some databases, linkage to other national registries requires
additional procedures and financial compensation. Table 4 briefly describes the participat-

ing databases.

DISCUSSION AND UPCOMING STUDIES IN PROTECT

We prioritised five drug-AE associations that are highly relevant from the perspective of

various stakeholders including regulatory agencies, patients and the pharmaceutical indus-
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Table 4: Characteristics of participating databases

Danish Bavarian

registries Mondriaan GPRD THIN BIFAP claims
Database /country (DK) (NL) (UK) (UK) (ES) (DE)
Nr. of persons with approx. 6 1.4 (GP) 11.2 11 3.2 10.5
historical data (in 13.5
Millions) (pharmacy)

1.2 (claims)
Nr. of active persons in 5.2 0.6 4.6 3.8 1.6 9.5
2008 (in millions)
Starting year of data 1994 a 1991 1987 2003 2001 2001
collection 1977 b
Nationwide + 90% of NL 7% ofthe  6.2% of the 7% of
(pharmacy) UK UK Spain

Representative of nation + + + + +e +c
Type of database
General practitioner + + + + + +h
Pharmacy + + /f /f +h
Mortality registry + / linkage +g /
Cancer registry + + linkage
Hospitalisation registry + /linkage + linkage /
Specialist/secondary care  + / + linkage
Claims + +
National statistics + /
Surveys
Routine data quality + + + + + +
checks
Possibility of prospective / + + +
data collection among

patients in the database d

DK = Denmark, NL = The Netherlands, UK = United Kingdom, ES = Spain, DE = Germany

d = For Interviews, trials, surveys

+ = Data is available / = data is partly available

e = GPs from 9 out of 17 regions in Spain. 15% of the collaborating regions and 7% of the total population.
Representative of population attending primary care in Spain (similar age and sex distribution)
a = Medicinal products

f = Prescribed not dispensed

b = Patient registration

g = Contains records of death but is not the official registry

¢ = Representative of the region

h = Prescriptions and dagnoses are only available per quarter (no exact dates)

try. These associations allow investigation of the influence of variation in methodology.
Furthermore, we characterised seven routine electronic healthcare databases from five Eu-

ropean countries that will be used for the evaluation of the selected drug-AE associations.
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The work of WP2 of PROTECT is in the front line of currently on-going large (inter-) na-
tional initiatives such as the Observational Medical Outcomes Partnership (OMOP), FDA
Sentinel Initiative [29] and EU-ADR (EU-Adverse Drug Reactions) project [30]. OMOP
is a public-private partnership that conducts experiments to assess value, feasibility, and
utility of observational data to identify and evaluate the safety risks and potential benefits
of prescription drugs [31]. Furthermore, OMOP tests approaches for creating the infra-
structure for accessing and managing the required data. The FDA Sentinel initiative aims at
development of a national electronic safety monitoring system in order to strengthen FDA’s
ability to monitor post-marketing performance of medical products and to enable FDA to
access existing automated healthcare data by partnering with data holders. EU-ADR project
is focussing on utilizing electronic healthcare data records and biomedical databases for the
early detection of AEs. In the EU-ADR project a list of 23 events were judged as important
in pharmacovigilance and three AE (acute myocardial infarction, acute liver injury, and
suicidal behaviour/attempt) on this list have also been prioritised in our project. The OMOP
project has also defined a list of health outcomes of interest (HOI) and drug pairs to be
further investigated. As previously mentioned we included two of these pairs (DILI and
antimicrobials, hip fracture and benzodiazepines) in our prioritised list of five drug-AE
pairs. Although these projects have a different focus than those of WP2 of PROTECT, the

overlap in prioritised AEs (and drugs) will facilitate comparisons.

The strengths of our approach include the development of a common study protocol (that
includes variation in methodology e.g. different designs) for five drug-AE associations that
will be studied in different databases. In addition, some of our findings will be confirmed
in specific registries such as PGRx [32]. Our approach will allow us to distinguish between
variation in results due to variation in methodology and those due to database differences.
Analysing these discrepancies will provide guidance regarding the optimal methodol-
ogy for certain safety issues and the optimal selection of appropriate data source(s). The
experience obtained in the PROTECT database network will improve the possibilities for
multinational database studies for various safety issues, including the investigation of rare
serious AE. Finally, other research activities of WP2 of PROTECT will further improve the
methodological guidance on pharmacoepidemiological studies. These include an evalua-
tion and improvement of methods to control for confounding such as propensity scores and

instrumental variables in simulation studies, and drug utilisation research.

A limitation of our approach may be the scope of the drug-AE pairs and selected healthcare
databases. Our findings may not be extendable to other safety issues or other databases that
we do not study. However, our selection of drug-AE pairs includes common drug safety
issues presenting different methodological challenges. The different types of databases (GP,

claims, and registries) owned by PROTECT partners, also make extrapolation of our find-



Bridging differences in pharmacoepidemiological studies | 35

ings to wider ranges of data sources possible. Furthermore, our findings will be validated by
testing different drug-AE pairs in the same databases and confirmation of drug-AE associa-
tion in specific registries that include more detailed information on outcomes and potential

confounding factors.

In conclusion, WP2 of PROTECT will assess the influence of methodological parameters
on the association between selected AEs and drug class of interest. The selected AEs include
resulted in (major) regulatory decisions such as drug withdrawal or SmPC changes or al-
low the investigation of a broad range of relevant methodological issues. The anticipated
results of this project include the creation of a European database network and further
development of methodological standards for the conduct of (multi-) national PE studies.
Methodological standards will be included when appropriate in the EMA-based ENCePP
guidance on methodological standards. Increasing methodological standards and registra-
tion of study protocols may decrease discrepancies in results from these studies, increase
transparency and thereby increase the usefulness and reliability of these studies for benefit-

risk assessment and decision- making of marketed drugs in Europe and beyond.
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ABSTRACT

Background

Drug utilization studies have applied different methods on various data types to describe medication use which
hampers comparisons across populations. The aim of this study was to describe the time trends in antidepressant
prescribing in the last decade and the variation in the prevalence, calculated in a uniform manner, in seven
European electronic healthcare databases.

Methods

Annual prevalence per 10,000 person-years (PYs) was calculated for 2001-2009 in databases from Spain, Ger-
many, Denmark, the United Kingdom (UK), and the Netherlands. Prevalence data were stratified according
to age, sex, antidepressant type (selective serotonin re-uptake inhibitors [SSRIs] or tricyclic antidepressants
[TCAs]) and major indications.

Results

The age- and sex-standardized prevalence was lowest in the two Dutch (391 and 429 users per 10,000 PYs) and
highest in the two UK (913 and 936 users per 10,000 PYs) populations in 2008. The prevalence in the Dan-
ish, German and Spanish populations was 637, 618 and 644 users per 10,000 PY, respectively. Antidepressants
were prescribed most often in 20-60 year-olds in the two UK populations compared to the others. SSRIs were
prescribed more often than TCAs in all except in the German population. In the majority of countries we ob-
served an increasing trend of antidepressant prescribing over time. Two different methods identifying recorded
indications yielded different ranges proportions of patients recorded with the specific indication (15% - 57% and
39% - 69% for depression, respectively).

Conclusion

Despite applying uniform methods, variations in the prevalence of antidepressant prescribing were obvious in
the different populations. Database characteristics and clinical factors may both explain these variations.
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INTRODUCTION

The objectives of drug utilization research have broadened over the years to include eco-
nomic and quality aspects of medication prescribing and use [1]. Drug utilization stud-
ies, published in the 1980s and 90s, are most often cross-sectional surveys or consist of
aggregate country data on drug expenditure or sales volume. The increasing availability
of electronic healthcare databases has provided the opportunity for more detailed, longi-
tudinal assessments of drug consumption at patient level and across healthcare settings,

regions and countries.

Antidepressants are one of the most widely used drug classes, prescribed for a wide range
of indications [2] with a reported increasing trend in use [3-14]. Comparison of results of
these studies is difficult due to differences in the methods applied, data sources used and
population groups selected. Cross-country comparisons are few and are done mainly in
populations with specific indications or ages [15-19]. The aim of this study was to describe
the time trends and the variation in the prevalence of antidepressant prescribing across

different European settings applying a uniform method for utilization assessment.

METHODS

Study setting and population

For this study, information was obtained from seven European electronic healthcare da-
tabases: The Spanish BIFAP Project: Database for Pharmacoepidemiological Research in
Primary Care - Base de datos para la Investigaciéon Farmacoepidemioldgica en Atencion
Primaria (www.bifap.org); the German database of the National Association of Statutory
Health Insurance Physicians of Bavaria - Kassendrztliche Vereinigung Bayerns (www.kvb.
de); the Danish Register of Medicinal Products Statistics, National Institute for Health Data
and Disease Control referred as Danish national registry in our study (www.ssi.dk); two
databases from the United Kingdom: the Clinical Practice Research Datalink (www.cprd.
com) and The Health Improvement Network (www.thin-uk.com); and finally, two databases
from the Dutch Mondriaan project (www.projectmondriaan.nl): Netherlands Primary Care
Research Database (Mondriaan-NPCRD) (http://nivel.nl) and Almere Health Care group
(Mondriaan-AHC).

Most of the databases provide primary care prescribing data. Dispensing data is present in
the Danish national registry, the German Bavarian claims and the Mondriaan —~AHC (for
the latter in addition to prescribing data). Some of the databases include/provide links to
secondary care data and registries. Characteristics of these databases have been described

in details elsewhere [20].



Medication use patterns

Data were obtained for the period between 1 January 2001 and 31 December 2009. The
Bavarian claims database was able to provide valid patient information only from 2004
to 2008, while Mondriaan-AHC provided data from 2001 to 2008. Each patient in the
databases was considered from the start of the study period or patient’s enrolment into
a practice/database, or the moment the practice became up to research standard (where
applicable) whichever was the latest. Patients were considered in the study population until
they left the practice/database or until the end of the study period whichever came first.

Antidepressant prescribing and data analysis

Antidepressant prescribing was defined as patients having a prescription (dispensed in case
of Danish national registry and claimed in case of Bavarian claims database) for a selec-
tive serotonin re-uptake inhibitor (SSRI) and/or a tricyclic antidepressant (TCA). Annual
period prevalence of antidepressant prescribing was calculated by dividing the number of
patients having at least one prescription for an antidepressant in a calendar year by the total
number of person-years (PYs) of follow-up in that calendar year in a database during the
study period. Because of the dynamic nature of the source population, the denominator was
expressed as PYs of follow-up in the given calendar year rather than as persons. Prevalence
and 95% confidence intervals (95% CI) of overall antidepressants, as well as, of SSRIs or
TCAs were calculated separately. Prevalence was further stratified by age (10-year bands)
and sex. Direct standardization of the overall prevalence to age and sex was performed
using the distribution of the Eurostat (http://appsso.eurostat.ec.europa.eu) population in
2008 with 27 countries.

Data for the year 2008 (latest calendar year available in all databases) were stratified ac-
cording to the number of prescriptions 1, 2-4, 5-9 and >10 prescriptions) and recorded
indications (on the first prescription) classified into four groups: depression (with or
without anxiety/sleep disorders); anxiety disorders (without depression, with or without
sleep disorder); and sleeping disorders (without anxiety and depression). Different coding
systems were used in the databases (ICPC for BIFAP and Mondriaan-NCPRD and AHC;
ICD-9 in Bavarian claims and Danish registries and Read codes in CPRD and THIN) (pro-
tocol published at (www.encepp.eu). In case of missing information a search was performed
within three months before and after the first prescription. An additional analysis was
performed by looking for indications recorded any time before (until January 1* 2001) the

first prescription.

45
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RESULTS

The age- and sex-standardized prevalence of antidepressant prescribing showed a slightly
increasing trend between 2001 and 2009 (Figure 1). The prevalence varied between 359
(Mondriaan-AHC) and 836 (CPRD) patients per 10,000 PYs in 2001 and between 389
(Mondriaan-AHC) and 930 (THIN) patients per 10,000 PYs in 2008. In both UK databases
the overall antidepressant use was higher compared to the other databases. The two Dutch
Mondriaan databases had lower prevalence in 2008 (376 and 382 patients per 10,000 PYs for
Mondriaan-NPCRD and Mondriaan-AHC, respectively); compared to the others (Table 1).
The two UK databases showed the highest prevalence (917 and 913 users per 10,000 PYss for
THIN and CPRD, respectively) in 2008 among all (Table 1).
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Figure 1: Age- and sex-standardized 1-year period prevalence of antidepressant use by calendar
year in seven European databases from 2001-2009

Stratification by sex and age for the year 2008 (Figure 2) showed higher (almost two times)
antidepressant prescribing among females than males in all populations. In general, there
was an increase in prevalence with increasing age. The Danish national registry showed a
marked increase, almost doubling, in prevalence in age groups from 60-69 years to 80" years
both in males and females (from 615 to 1403 and from 1013 to 2094 per 10,000 PYs in males
and females, respectively). Both UK databases showed higher antidepressant prescribing
among age groups from 20 throughout 60 years (more pronounced among females than

males) compared to the same age groups in the other databases.



47

Medication use patterns

800¢ jo uonendod je3sorng 0) Surpiodde uonesIpIepULIS = #

VD.L/TYSS Jo suondrosaid arour 10 auo Suraey sjuaned = ,

s1eak-uosrad=xq

ST 8¢ i3 €€ 91 ¥ LT (%) uondrosaxd suo yym s1asn
[ 'y LS g'q 'S (4 69 Aowauozwv uumB\mEOEQCUwP_m
871 871 vs¢ 90€ 66 8¢ SIT Ad 000°01/ 2oua[ead1d pasiprepuess
(601-66) (¥T1-L11) (seg-tee) (01€-90€) (86-96) (LEV-FET) (8T1-S11) (ID %S6 F)
y01 0T1 €€ 80€ L6 Sey 911 Ad 000°0T 12d 2ouaresard apni)
6L 18€°91 1€TheL €00°8€L 60T°65C €0Ech8 9911 (u) suondrsaig
88%°1 6L6°€ 969°8C1 S96°cE T £08°0S 959°TLE 99591 (u) 4 syuaned
sjuessaxdapnue >1pAoLy,
€1 ST (44 8T LT L€ 81 (%) uondrosaxd suo yym s1asp
¥'9 8F 9 €9 I's €T €9 (o8e1aae) 1asn/suonduosaig
1€ 14T 6£9 LS9 955 20¢ €6 Ad 00001/ 2oud[eadd pasiprepuesg
(962-8.7) (892-L57) (509-009) (859-€59) (8£5-5€9) (zeg-0gg) (££5-595) (ID %56 F)
18T 79T €09 SS9 9¢6 €3 695 Ad 000°01/ 2>udeadrd apni)
150°9C 16TV P68FET 656°G08°T €90°LTHT L09°T99 80%°CIS (u) suondrosaig
101% 1498 8L9°T€T TT6P8T $81°08T SSE°E8T 02018 (1), syuaneq
$I0IQIYUT 3)e3dNal UTUO0)0IIS IATIIPS
16€ 6T 9¢6 €16 L£9 819 9 Ad 00001/ 2>ua[ead1d pastprepuelg
(16€-7LE) (78¢-69¢) (988-088) (916-016) (819-%19) (£69-€69) (999-£59) (ID %S6 F)
8¢ 9L€ €88 €16 919 S69 799 Ad 00001/ 2oudesdxd apnip
6T8THT LLVOEE 058°098°¢ TEP'SPET 168°TTT'S STE‘85S 8 TLSFTHT 800 U S1e94-U0sI13d
6¥b‘s (A5 86L°0%€ ye0‘L6€E 1181 SHLY6S YETT6 (u) syuaneq
E:amwoauvﬁ—i
DHV-UeeLIpUuoy AQIDdIN NIHL addd Ansidax swrepd dvdid 931mos/aseqereq
-URBLIPUOTA [euoneu ysrueq ueLreAeq

saseqejep aI1edoyj[eay ueadoIng UAIS U goOg U asn juessardopnuy : d[qe],



48 | Chapter 2.1

Prevalence of antidepressant prescribing in 2008 in females Prevalence of antidepressant prescribing in 2008 in males
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Figure 2: Period prevalence of antidepressant use in 2008 by sex and age in seven European data-
bases

The prevalence of SSRI prescribing showed a slightly increasing trend between 2001 and
2009 in all except in both Dutch databases where it remained stable (Figure 3). The two
Dutch and the Bavarian claims databases showed lower prescribing of SSRIs compared to
the other databases. Prevalence of TCA prescribing was stable throughout the study period
in all databases but was lower than that of SSRI except in the Bavarian claims database
(where TCA prescribing was two times higher than SSRI) (Figure 3). The Bavarian claims
database showed an increasing SSRI and a decreasing TCA trend (237 to 310 and 450 to
391 per 10,000 PYs for SSRI and TCA from 2004 to 2008, respectively). Both UK databases
showed higher TCA prescribing in general compared to TCA prescribing in other databases

except for the Bavarian claims.

Period prevalencerates of SSRluse by year Period prevalence rates of TCA use by year
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Figure 3: Age and sex standardized prevalence of SSRI and TCA use in seven European healthcare
databases from 2001-2009
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The average number of prescriptions per patient (Table 1) in 2008 varied between 2.3 and
6.4 in SSRI users and between 2.3 and 6.9 in TCA users with lowest number of prescriptions
per patient in the Bavarian claims database. There were fewer patients having only one SSRI
prescription compared to those having only one TCA prescription in 2008 in all databases

except in the Danish national registry.

Depression was the most frequently recorded indication in all databases amounting up to
57% of the patients as shown in Figure 4. In CPRD, Mondriaan-AHC and THIN databases
depression was recorded for only 23%, 15%, and 12% of patients, respectively. In our ad-
ditional analysis, higher proportions of patients with depression as the registered indication

were obtained ranging from 39% to 69% of patients.
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Figure 4 Distribution of major indications recorded for antidepressant use in seven different Euro-

pean healthcare databases in 2008

M1 = Indication assessed in the period 3 months before/after the first antidepressant prescription in 2008

M2 = Indication assessed in the period from the first antidepressant prescription in 2008 going backwards until
1 January 2001 (1 January 2004 in the Bavarian claims)

* Assessment of M2 method in the Danish national registry was not possible

DISCUSSION

This study provides a recent and a distinctive overview of antidepressant prescribing in
seven different databases from five European countries assessed according to uniform
methods. In the majority of the countries we observed an increasing trend of antidepressant
prescribing over time. There were especially between-country variations in the prevalence
even after standardization for age and sex. Having applied a uniform method to calculate
the prevalence, variations in the results may be evaluated and explained in light of differ-

ences in the database characteristics and/or clinical aspects related to antidepressant use.
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Comparability of major findings

Due to differences in the reported medication class, selected population, utilization
measure and data type in previous studies [10, 16-19, 21-27] no direct comparison can be
done with our results. As such, a 40% increase in antidepressant consumption measured in
defined daily doses (DDDs) per 1,000 inhabitants from 2000 to 2004 reported in a Spanish
study [28) may reflect changes in duration or dose of treatment rather than an increase in
prevalence of use. The increase in prevalence in the Spanish BIFAP database between 2001
and 2004 was only 14% in our study.

Our results show that the highest prevalence of antidepressant prescribing was in the UK
and the lowest in the Netherlands, with Spain, Denmark and Germany in between. The
standardized (for age and sex) prevalence numbers were not essentially different from the
non-standardized ones. Characterization of the denominator of the prevalence ratio in da-
tabases with dynamic populations and different protocols for recording patient information
can be challenging. An example of such a challenge was present in the German Bavarian
claims database, where claims are recorded only on a quarterly basis. In the absence of
exact dates of prescriptions and number of patient-time contributed per patient per year,
the denominator of the prevalence ratio could not be optimally defined. Consequently, in
calculating PYs of follow-up in the denominator, 1 year of follow-up was assumed for each
patient in this database for a given year instead of the exact amount of time contributed
by each patient. This tends to inflate the denominator and underestimate the prevalence.
Therefore, such database differences can influence utilization measures even though ap-
plication of uniform definitions is attempted. To test the stability of the denominator in
the calculated prevalence, we also computed the prevalence with the denominator as the
population number at June 1 of every calendar year in all the databases (data not shown).
Results based on this definition of the prevalence ratio were not essentially different from

those presented in our study.

Sex and age stratification

A distinctive feature in our results was the higher prevalence of prescribing in women
compared to men. Moreover, there was a steady increase in the prevalence with increas-
ing age. The characteristic increase in the prevalence in patients 70" years in Denmark has
also been reported elsewhere [3, 29, 30]. Older patients in Denmark seem to have a higher
antidepressant use compared to other European countries possibly indicating a real feature

which needs further investigation as noted previously [30].

An increasing use of antidepressants among adolescents and children under the age of 18
years was reported in two studies in CPRD [31, 32] for the period 1992-2001. In our study
we observed a relatively stable trend in the prevalence (94 and 81 users per 10,000 PYs
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in 2001 and 2009, respectively). A more recent study [33] in THIN (study period 2002 -
2009) reported a significant drop in SSRI use in 2005; around the time of the advice of the
Committee on Safety of Medicines (CSM) on antidepressant prescribing to children and
adolescents. We also confirmed this drop in SSRI prescribing in our study (92, 75 and 86
users per 10,000 PYs) in 2001, 2005 and 2009, respectively.

A distinctive feature in our results for the UK databases, which is not reported before,
was the remarkable difference (higher) in antidepressant prescribing in the age groups 20
throughout 60 years (especially in females) compared to the same age groups in the other
databases. This finding calls for more in-depth investigation of indications of use in this
large adult age group in the UK.

SSRI versus TCA use

The slight increasing trend in SSRI prescribing during the period from 2001 to 2009 re-
ported in our study adds to the knowledge of the widespread use of SSRIs in contrast to
the decreasing use of TCAs [34, 35]. The use of SSRIs outbalancing that of TCAs has been
reported in previous studies [3, 16, 29, 36] and is in line with our findings. The higher use
of TCAs compared to SSRIs in Germany found in our study, has also been reported in
other studies [37, 38]. In a recent study [39], using German statutory claims data for the
year 2009, Hoftman et al. have reported that among children and adolescents [12 to 18
years) with a diagnosis of depression the use of SSRIs was higher than TCA use (55.6% vs.
17.9%). In our study, we observed a gradual increase (from 30.8 to 42.6 per 10,000 users)
and a decrease (from 38.8 to 33.5 per 10,000 users) in the prevalence of SSRI and TCA from
2004 to 2008, respectively, in the age group 10-19 years in the Bavarian claims database.
Our results suggest an appearance of an increasing trend in SSRI and a decreasing trend
in TCA use in Germany, similar to that in other European countries. However, this trend
does not confirm the large differences between SSRI and TCA use in the same age groups,
defined without restrictions according to indication (depression) as reported by Hoffman et
al [39]. Moreover, inclusion of data from specialists, which is the case in the Bavarian claims
database, might introduce differences in the prevalence. As shown in a French study [40],
TCAs (e.g. amitriptyline or clomipramin) were more frequently prescribed by specialists
compared to general practitioners. Further analyses are needed to disentangle differences
in the prevalence due to prescriber differences, especially owing to somewhat conflicting
results reported by a recent Norwegian study on more frequent prescribing of SSRI as initia-

tion therapy by specialists [41].

Number of prescriptions
The proportion of users with only one prescription in a year is an indicator of a patient
subgroup in whom treatment is not sustained. This is true unless this single prescription

is issued at the end of the calendar year and the patient continues his treatment in the
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following year. Information on the treatment duration is important for proper comparison
of drug use. The definition of a user as a patient having at least one prescription in a year
contributes to the measure of the prevalence while this group is not a regular user. Propor-
tions of patients with one prescription reported in our study for Denmark (27% and 16%
for SSRI and TCA users in 2008, respectively) differ from those reported in another study
[30] (22% and 33% for SSRI and TCA users in 1995, respectively). This might indicate pos-
sible changes in the length of treatment (switching or discontinuation) and not necessarily
changes in the prevalence of use.

Similar high proportions of patients with a single prescription, especially of TCA, (in ad-
dition to lowest number of prescriptions in general) in Germany are reported in another
study using a different claims database [38]. Prescribing large packages of antidepressants
in Germany (usually for 90 days) and the high percentage of patients stopping or switch-
ing their treatment after a single prescription may explain our results. Such differences in

prescribing policies should be taken into account when performing country comparisons.

Indications

The main clinical indication for antidepressant treatment is depression and has been
reported to be the most frequent reported indication for antidepressant use [2, 36]. Our
sensitivity analyses (see Figure 4) yielded larger proportions (two to fourfold) of patients
with recorded indications demonstrating the importance of extensive search criteria. We
could not associate the increase in the identified indications with the type of database in
our study. Many conditions such as sleeping and anxiety disorders are also known to be
co-morbid with depression [42, 43] hence cross-sectional selection of subgroups based on
the indication recorded on one prescription may not compose subgroups optimally [44].
The variation in the recording of indications in our study points out that, selection of a
population group based on indications may not produce comparable groups in terms of
drug use and therefore hinder direct comparison of utilization patterns.

To our knowledge, this is the first study comparing the prevalence of antidepressant pre-
scribing calculated in a uniform manner across different European databases, covering a
broad age range, both sexes, major antidepressant groups and without selection criteria on
certain indications. Moreover, the databases are population-based reflecting patient specific
information in contrast to aggregate sales data calculated per inhabitants of a specific region.
Due to application of common methods for calculating such simple measures, our results
reflect actual features of utilization or changes in treatment course or intensity of prescrib-

ing rather than differences in the methods of calculating the prevalence.

A limitation of our study is the inability to reach complete harmonization definitions which

was due to differences in database designs and heterogeneity of level of information. Also,
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no comparisons based on prescribed doses and indications could be performed. Inherent
differences in the coding systems used in the databases may have also created differences in
capturing indications. Furthermore no prescriber characteristics analyses were performed.
Having mainly prescribing data, we could not distinguish patients not collecting their pre-
scriptions. This has been shown to amount to 4% in the Dutch databases [45]. Besides that,
some of the differences between countries we observed may be influenced by the availability
of individual drugs per country and national prescribing guidelines. A separate study on
these specific topics would be informative.

Conclusion

In conclusion, our study illustrates that harmonizing methods to describe the prevalence
of antidepressant prescribing in electronic healthcare databases may contribute to direct
cross-country comparisons. Prescribing differences, after the application of harmonized
method, may primarily reflect differences in clinical guidelines among the countries. Direct
comparison of results of drug utilization studies may provide a better insight in prescrib-
ing practices and hence contribute to better drug safety systems and assessment of future

research needs.

53



54 | Chapter 2.1

REFERENCES

10.

Strom B. Pharmacoepidemiology. Fourth ed.
England: John Wiley; 2005.

Gardarsdottir H, Heerdink ER, van Dijk L,
Egberts AC. Indications for antidepressant
drug prescribing in general practice in the
Netherlands. ] Affect Disord. 2007;98(1-2):109-
15.

Rosholm JU, Andersen M, Gram LE. Are there
differences in the use of selective serotonin
reuptake inhibitors and tricyclic antidepres-
sants? A prescription database study. Eur J Clin
Pharmacol. 2001;56(12):923-9.

Development of Drug Utilization Indica-
tors: A feasibility Study Using Existing
Aggregated Administrative Databases 2002
[cited December 2012]; Available from: http://
www.cihi.ca/CIHI-ext-portal/pdf/internet/
PDF_INDI_DRUG_FINAL_REPORT_EN.
Exeter D, Robinson E, Wheeler A. Antide-
pressant dispensing trends in New Zealand
between 2004 and 2007. Aust N Z ] Psychiatry.
2009;43(12):1131-40.

Aguglia E, Ravasio R, Simonetti M, Pecchioli S,
Mazzoleni F. Use and treatment modalities for
SSRI and SNRI antidepressants in Italy during
the period 2003-2009. Curr Med Res Opin.
2012;28(9):1475-84.

Smith AJ, Tett SE. How do different age groups
use benzodiazepines and antidepressants?
Analysis of an Australian administrative data-
base, 2003-6. Drugs Aging. 2009;26(2):113-22.
Patten SB, Wang JL, Williams JV, Lavorato
DH, Beck CA, Bulloch AG. Frequency of
antidepressant use in relation to recent and past
major depressive episodes. Can J Psychiatry.
2010;55(8):532-5.

Sundell KA, Gissler M, Petzold M, Waern M.
Antidepressant utilization patterns and mor-
tality in Swedish men and women aged 20-34
years. Eur ] Clin Pharmacol. 2011;67(2):169-78.
Volkers AC, Heerdink ER, van Dijk L. Antide-
pressant use and off-label prescribing in chil-
dren and adolescents in Dutch general practice

11.

12.

13.

14.

15.

16.

17.

18.

(2001-2005). Pharmacoepidemiol Drug Saf.
2007;16(9):1054-62.

Athanasopoulos C, Pitychoutis PM, Mes-
sari I, Lionis C, Papadopoulou-Daifoti Z. Is
Drug Utilization in Greece Sex dependent? A
Population-based Study. Basic Clin Pharmacol
Toxicol. 2012;112(1):55-62.

Parabiaghi A, Franchi C, Tettamanti M, Barbato
A, D'Avanzo B, Fortino I, et al. Antidepres-
sants utilization among elderly in Lombardy
from 2000 to 2007: dispensing trends and
appropriateness. Eur J Clin Pharmacol.
2011;67(10):1077-83.

Moore M, Yuen HM, Dunn N, Mullee MA,
Maskell ], Kendrick T. Explaining the rise in
antidepressant prescribing: a descriptive study
using the general practice research database.
Bmj. 2009;339:b3999.

Alonso MP, de Abajo FJ, Martinez JJ, Montero
D, Martin-Serrano G, Madurga M. [Evolution
of antidepressive drug consumption in Spain.
The impact of selective serotonin re-uptake
inhibitors]. Med Clin (Barc). 1997;108(5):161-
6.

Lidell E, Luepker R, Baigi A, Lagiou A,
Hildingh C. Medication usage among young
adult women: a comparison between Swe-
den, the USA, and Greece. Nurs Health Sci.
2008;10(1):4-10.

Bauer M, Monz BU, Montejo AL, Quail D,
Dantchev N, Demyttenaere K, et al. Prescribing
patterns of antidepressants in Europe: results
from the Factors Influencing Depression
Endpoints Research (FINDER) study. Eur
Psychiatry. 2008;23(1):66-73.

Zito JM, Tobi H, de Jong-van den Berg LT,
Fegert JM, Safer DJ, Janhsen K, et al. Antide-
pressant prevalence for youths: a multi-national
comparison. Pharmacoepidemiol Drug Saf.
2006;15(11):793-8.

Bowers L, Callaghan P, Clark N, Evers C.
Comparisons of psychotropic drug prescribing
patterns in acute psychiatric wards across Eu-
rope. Eur J Clin Pharmacol. 2004;60(1):29-35.



19.

20.

21.

22.

23.

24.

25.

26.

27.

Alonso J, Angermeyer MC, Bernert S, Bruffaerts
R, Brugha TS, Bryson H, et al. Psychotropic
drug utilization in Europe: results from the
European Study of the Epidemiology of Mental
Disorders (ESEMeD) project. Acta Psychiatr
Scand Suppl. 2004;(420):55-64.
Abbing-Karahagopian V., Kurz X., de Vries E,
van Staa T.P,, Alvarez Y., Hesse U, et al. Bridg-
ing differences in findings from observational
pharmacoepidemiological studies: PROTECT
project. Curr Clin Pharmacol. 2014;9(2):130-8.
Ohayon MM, Caulet M, Priest RG, Guil-
leminault C. Psychotropic medication
consumption patterns in the UK general
population. J Clin Epidemiol. 1998;51(3):273-
83.

Pagura J, Katz LY, Mojtabai R, Druss BG, Cox
B, Sareen J. Antidepressant use in the absence
of common mental disorders in the general
population. J Clin Psychiatry. 2011;72(4):494-
501.

Paulose-Ram R, Safran MA, Jonas BS, Gu Q,
Orwig D. Trends in psychotropic medication
use among U.S. adults. Pharmacoepidemiol
Drug Saf. 2007;16(5):560-70.

Raymond CB, Morgan SG, Caetano PA. An-
tidepressant utilization in British Columbia
from 1996 to 2004: increasing prevalence but
not incidence. Psychiatr Serv. 2007;58(1):79-84.
Sanyal C, Asbridge M, Kisely S, Sketris I,
Andreou P. The utilization of antidepressants
and benzodiazepines among people with
major depression in Canada. Can J Psychiatry.
2011;56(11):667-76.

Sihvo S, Isometsa E, Kiviruusu O, Hamalainen
], Suvisaari J, Perala J, et al. Antidepressant utili-
sation patterns and determinants of short-term
and non-psychiatric use in the Finnish general
adult population. ] Affect Disord. 2008;110(1-
2):94-105.

Wittkampf LC, Smeets HM, Knol MJ, Geerlings
MI, Braam AW, De Wit NJ. Differences in
psychotropic drug prescriptions among ethnic
groups in the Netherlands. Soc Psychiatry
Psychiatr Epidemiol. 2010;45(8):819-26.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Medication use patterns

Ubeda A, Cardo E, Selles N, Broseta R, Trillo
JL, Fernandez-Llimos F. Antidepressant uti-
lization in primary care in a Spanish region:
impact of generic and reference-based pricing
policy (2000-2004). Soc Psychiatry Psychiatr
Epidemiol. 2007;42(3):181-8.

Hansen DG, Sondergaard ], Vach W, Gram LF,
Rosholm JU, Kragstrup J. Antidepressant drug
use in general practice: inter-practice variation
and association with practice characteristics.
Eur J Clin Pharmacol. 2003;59(2):143-9.
Hansen DG, Rosholm JU, Gichangi A, Vach
W. Increased use of antidepressants at the
end of life: population-based study among
people aged 65 years and above. Age Ageing.
2007;36(4):449-54.

Hsia Y, Maclennan K. Rise in psychotropic drug
prescribing in children and adolescents during
1992-2001: a population-based study in the
UK. Eur J Epidemiol. 2009;24(4):211-6.
Murray ML, de Vries CS, Wong IC. A drug
utilisation study of antidepressants in
children and adolescents using the General
Practice Research Database. Arch Dis Child.
2004;89(12):1098-102.

Wijlaars LP, Nazareth I, Petersen I. Trends in
depression and antidepressant prescribing in
children and adolescents: a cohort study in The
Health Improvement Network (THIN). PLoS
One. 2012;7(3):e33181.

Reseland S, Bray I, Gunnell D. Relationship
between antidepressant sales and secular trends
in suicide rates in the Nordic countries. Br |
Psychiatry. 2006;188:354-8.

Bramness JG, Walby FA, Tverdal A. The sales
of antidepressants and suicide rates in Norway
and its counties 1980-2004. J Affect Disord.
2007;102(1-3):1-9.

Trifiro G, Barbui C, Spina E, Moretti S, Tari
M, Alacqua M, et al. Antidepressant drugs:
prevalence, incidence and indication of use in
general practice of Southern Italy during the
years 2003-2004. Pharmacoepidemiol Drug
Saf. 2007;16(5):552-9.

. Fegert M, Kolch M, Zito JM, Glaeske G,

Janhsen K. Antidepressant use in children

55



56 | Chapter 2.1

38.

39.

40.

41.

and adolescents in Germany. ] Child Adolesc
Psychopharmacol. 2006;16(1-2):197-206.
Ufer M, Meyer SA, Junge O, Selke G, Volz HP,
Hedderich J, et al. Patterns and prevalence of
antidepressant drug use in the German state
of Baden-Wuerttemberg: a prescription-
based analysis. Pharmacoepidemiol Drug Saf.
2007;16(10):1153-60.

Hoftmann F, Glaeske G, Petermann F, Bach-
mann CJ. Outpatient treatment in German
adolescents with depression: an analysis of
nationwide health insurance data. Pharmaco-
epidemiol Drug Saf. 2012;21(9):972-9.
Lapeyre-Mestre M, Desboeuf K, Aptel I, Chale
JJ, Montastruc JL. A comparative survey of
antidepressant drug prescribing habits of
general practitioners and psychiatrists. Clin
Drug Investig. 1998;16(1):53-61.

Kjosavik SR, Hunskaar S, Aarsland D, Ruths
S. Initial prescription of antipsychotics and

antidepressants in general practice and spe-

42.

43.

44.

45.

cialist care in Norway. Acta Psychiatr Scand.
2011;123(6):459-65.

Ballenger JC, Davidson JR, Lecrubier Y, Nutt
DJ, Goldberg D, Magruder KM, et al. Consen-
sus statement on the primary care management
of depression from the International Consensus
Group on Depression and Anxiety. ] Clin
Psychiatry. 1999;60 Suppl 7:54-61.

Roberts RE, Shema SJ, Kaplan GA, Strawbridge
WJ. Sleep complaints and depression in an
aging cohort: A prospective perspective. Am
] Psychiatry. 2000;157(1):81-8.

Gardarsdottir H, Egberts AC, van Dijk L, Stur-
kenboom MC, Heerdink ER. An algorithm to
identify antidepressant users with a diagnosis
of depression from prescription data. Pharma-
coepidemiol Drug Saf. 2009;18(1):7-15.

van Geffen EC, Gardarsdottir H, van Hulten
R, van Dijk L, Egberts AC, Heerdink ER.
Initiation of antidepressant therapy: do patients
follow the GP’s prescription? Br ] Gen Pract.
2009;59(559):81-7.









Exposure to benzodiazepines and

° related drugs in seven European

electronic healthcare databases: a

cross-national descriptive study from the
PROTECT-EU Project

Consuelo Huerta, Victoria Abbing-Karahagopian, Gema Requena,
Belén Oliva, Yolanda Alvarez, Helga Gardarsdottir, Montserrat
Miret, Cornelia Schneider, Miguel Gil, Patrick C. Souverein, Marie
L. De Bruin, Jim Slattery, Mark C. H. De Groot, Ulrik Hesse,
Marietta Rottenkolber, Sven Schmiedl, Dolores Montero, Andrew
Bate, Ana Ruigomez, Luis A. Garcfa-Rodriguez, Saga Johansson,
Frank de Vries, Raymond G. Schlienger, Robert E Reynolds, Olaf
H. Klungel and Francisco J. de Abajo.

Pharmacoepidemiology and Drug Safety. 2015; Jul 7. doi:
10.1002/pds.3825. [Epub ahead of print]

ABSTRACT

Background

Studies on drug utilization usually do not allow for direct cross-national comparison as they applied dif-
ferent methods. This study aimed to compare time trends in benzodiazepine (BZD) prescribing applying a
common protocol to all analyses performed in seven European electronic healthcare databases.

Methods

Crude and standardized prevalence rates of drug prescribing from 2001-2009 were calculated in databases
from Spain, United Kingdon (UK), The Netherlands, Germany and Denmark. Prevalence was stratified
by age, sex, BZD type [(using ATC codes), i.e. BZD-anxiolytics BZD-hypnotics, BZD-related drugs and
clomethiazole], indication and number of prescription.

Results

Crude prevalence rates of BZDs prescribing ranged from 570 to 1700 per 10,000 person-years over the
study period. Standardization by age and sex did not substantially change the differences. Standardized
prevalence rates increased in the Spanish (+13%) and UK databases (+2% and +8%) over the study period,
while they decreased in the Dutch databases (-4% and -22%), and in the German (-12%) and Denmark
databases (-26%). Prevalence of anxiolytics outweighed that of hypnotics in the Spanish, Dutch and Bavar-
ian databases, but the reverse was shown in the UK and Danish databases. Prevalence rates consistently
increased with age and were two-fold higher in women than in men in all databases. A median of 18% of
users received 10 or more prescriptions in 2008.

Conclusion

Although similar methods were applied, the prevalence of BZD prescribing varied considerably across
different populations. Clinical factors related to BZDs and characteristics of the databases may explain
these differences.
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INTRODUCTION

BZDs are one of the most widely used drug classes. Their pharmacological properties
confer a broad range therapeutic applicability in anxiety, insomnia, panic attacks, epilepsy,
muscle spasms and pre-surgical stress [1]. Their use has been a matter of concern among
public health regulators in different countries due to the associated risks with long-term
exposure [2-4]. Although many drug utilization studies have been published over the last
twenty years, that focused on prescribing and use of BZDs in different countries or regions,
comparisons are difficult because of differences in methodology. Moreover, only a few stud-
ies were designed for direct cross-national comparison [5-9].

Within this context, this study aimed to describe the patterns of BZD prescriptions in dif-
ferent European databases using a common methodology and definitions. We also included
in the study the use of hypnotics separately as BZD-related hypnotics (Z-drugs) that have
been proposed to replace BZDs for their allegedly better safety profile [10].

The present study is part of PROTECT (Pharmacoepidemiological Research on Outcomes
of Therapeutics by a European Consortium) (http://www.imi-protect.eu/), a European
consortium in the field of pharmacoepidemiology and pharmacovigilance, with the general
aim of developing a standardized way to conduct pharmacoepidemiological studies that

enable comparisons across countries and databases.

PATIENTS AND METHODS

Setting and data collection

Seven databases representing five European countries, participated in this descriptive study:
The Spanish “Base de datos para la Investigacion Farmacoepidemioldgica en Atencion
Primaria” (BIFAP) [11], the Clinical Practice Research Datalink (CPRD); formerly known
as General Practice Research database (GPRD) [12] and the Health Improvement Network
(THIN) from the United Kingdom (UK) [13]; two databases participating in the Dutch
Mondriaan project: the Netherlands Primary Care Research database (Mondriaan-NPCRD)
which is maintained by NIVEL, and the Almere Health Care Group (Mondriaan-AHC)
database [14], the Bavarian Association of Statutory Health Insurance Physicians claims
database (Bavarian) [15] and, finally, the Danish national registries (DKMA) [16]. All data-
bases participating have been described in detail elsewhere [17]. The study was based on a

common protocol and data specifications applied to all analyses in the individual databases.
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Source population

The study population consisted of all patients in the corresponding data sources during the
period from 1 January, 2001 until 31 December, 2009. For Mondriaan-AHC data for the
year 2009 were not available, and for the Bavarian database the study period was shorter
(2004-2008). For each database, all patients with valid data within the study period were
included. Each patient was followed up from the start of the study period or enrolment of
the patient or practice into the database or the practice became up to research standard
(whichever occurred last) until the patient left the practice/database or the practice did not
contribute further information to the database or the end of the study period (whichever
occurred first).

Drugs

The Anatomical Therapeutic Chemical (ATC) Classification System [18] was used for the
classification of drugs of interest, i.e.. NO5BA (anxiolytics — benzodiazepine derivatives),
and hypnotics under NO5CD (hypnotics and sedatives — benzodiazepine derivatives) and
NO5CF (hypnotics and sedatives — benzodiazepine-related drugs or Z-drugs). Although
clomethiazole (NO5CM02) was not prescribed in the Bavarian and Dutch databases during
the study period, this drug was also included due to its use as a hypnotic is non negligible
in Spain. BZDs primarily used for other indications (e.g. tetrazepam as muscle relaxant,
clonazepam in epilepsy) were not included in our study. Although the available drugs differ
among countries, the main drugs are essentially the same (Supplementary Table S1 available
at http://d0i/10.1002/pds.3825/suppinfo). In the BIFAP, THIN, CPRD, Mondriaan-NPCRD
and Bavarian databases the prescription of the drug of interest was the indicator of expo-
sure, while in DKMA the indicator was the dispensing of the drug. In the Mondriaan-AHC
database, both prescription and dispensing data were available.

Analysis

In each database the annual period prevalence of BZD prescribing was estimated by divid-
ing the number of patients who received one or more prescription (or dispensing in the
case of DKMA or prescription/dispensing in the case of the Mondrian-AHC database) by
the total number of person-years of follow-up in every calendar year of the study period
(2001-2009). Due to the dynamic nature of the databases, where patients can come in and
out and have variable durations of follow-up time, person-years were considered as the
most appropriate denominator. In the Bavarian database, only the quarter of the year in
which the prescription was written was available, so for this database we used the number
of patients at mid-year as the denominator. In calculating annual prevalence for 2008, the

number of patients at 1* of June included in different databases was also provided.
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In order to adjust for differences in age and sex distribution between databases, we stan-
dardized the prevalence rates using the Eurostat 2008 population [19]. Prevalence rate ratios
(PRR) were calculated for both crude and standardized rates in order to compare prevalence
rates between databases; the median of all prevalence rates in the different databases was
used as reference. Specific crude prevalence rates were also provided by separate therapeutic
groups (anxiolytics (NO5BA) and hypnotics (NO5CD, NO5CF and N05CMO02), age groups
(in ten-year categories), and sex. The total number of prescriptions was obtained for the
year 2008. Mean prescription per patient was calculated by type of BZD. We also calculated
the percentage of prescribing in four categories of number of prescriptions (1, 2-4, 5-9, 10+)
among those with at least a prescription.

Finally, the registered indication for prescribing was explored in all databases for 2008. Pa-
tients receiving one of the drugs of interest were classified in one of the following mutually
exclusive categories: anxiety disorders (alone or with other indication - excluding depres-
sion), sleep disorders (alone or with any indication - excluding anxiety and/or depression),
depressive disorders (with either or both anxiety and sleep disorders), depressive disorders
(alone or with any indication under “other”), other (miscellaneous category including
muscular relaxation, alcohol withdrawal or epilepsy) and unknown (codes other than those
mentioned above). DKMA reported only one category for depression regardless whether
patients additionally had anxiety or sleep disorders. Potential indication was first identified
by checking for indication on the prescription date, followed by looking for the indication
within a defined time window of three months before and after the date of the prescription.
When the link was not available in the data source, only the search in the time window was
done. A sensitivity analysis was also performed extending the time window to any time
during the study period prior to the prescription date (Supplementary Figure 2.2A).

The study was registered in the European Network of Centres for Pharmacoepidemiology
and Pharmacovigilance (ENCePP) registry of studies [20].

RESULTS

Prevalence rates

In 2008 (the last calendar year available in all databases), the seven databases participating
in the study provided information from 1.7 million of patients being prescribed BZD, from
a total population of more than 24 million persons-years (Table 1).

The overall prevalence rate of BZDs prescriptions varied considerably across databases, with
the highest rate in BIFAP database (around 1,600 per 10,000 person-years) and the lowest in
the Bavarian and UK databases (around 570 per 10,000 person-years). The standardization
by sex and age did not substantially change the observed differences (Table 1).
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Table 1. Crude and standardized prevalence rates and prevalence rate ratios of BZDs use in 2008 in

the seven participating databases

Age and sex

Persons at standardized Age and sex-
BZD Ist Junein Person-years Prevalence rate prevalence rate  standardized
DBs prescribing databases in databases (per 10,000 p-y) PRR* (per 10,000 p-y) PRR*
BIFAP 231,729 1,441,011 1,424,572 1626.7 2.1 1598.1 1.9
CPRD 258,353 4,771,361 4,348,431 594.1 0.8 590.8 0.7
THIN 213,820 3,704,927 3,713,072 575.9 0.7 586.6 0.7
Mondriaan-AHC 13,941 140,818 142,819 976.1 1.2 1186.8 1.4
Mondriaan-NPCRD 25,912 346,332 330,477 784.1 1.0 835.9 1.0
Bavariant 485,058 8,558,315 8,558,315 566.8 0.7 477.2 0.6
DKMA 437,881 5,242,538 5,222,891 838.4 1.1 853.3 1.0

BZD: benzodiazepine anxiolytics and hypnotics and related drugs; PRR: Prevalence rate ratio

* Reference category to calculate PRR was the median value of all prevalence rates in the databases for 2008.

t Person-years not available, denominator were patients at 1 July; person-years were calculated assuming a

complete follow-up

Trends in prevalence rates, crude as well as age- and sex-standardized, are presented in

Figure 1. When comparing last to first year available, crude rates showed an increase in
BIFAP (+11%), CPRD (+6%) and THIN (+8%); while a decrease was observed in AHC
(-2%), NPCRD (-14%), Bavarian (-9%), and DKMA (-23%). When rates were standardized
by age and sex, trends showed an increase in BIFAP (+13%), CPRD (+2%) and THIN (+8%)
while a decreasing trend was observed in AHC (-4%), NPCRD (-22%), Bavarian (-12%),

and DKMA (-26%).
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Figure 1. Period prevalence rates of BZDs use by year in the participating databases A) crude rates

and B) standardized rates by age and sex
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Fhroughout the study period, the prevalence of prescriptions of BZDs classified as anxiolyt-
ics was 4-times higher than that of hypnotics (including BZDs, Z-drugs, and clomethiazole
when available) in BIFAP (i.e. 1439.3 vs. 363.2 per 10,000 person-years for 2008), 1.3-times
higher in the Bavarian database (i.e. 347.8 vs. 266.4 per 10,000 person-years for 2008) and
1.5-times higher in the Mondriaan-AHC database (i.e. 666.7 vs. 457.0 per 10,000 person-
years for 2008), whereas in the UK databases, CPRD and THIN, and in DKM, the prevalence
for hypnotics prescriptions outweighed that of anxiolytics, by a factor of approximately 1.2
(i.e. 355.6 v¥s.302.8, 359.6 vs. 291.5 and 523.5 vs. 436.7, per 10,000 person-years respec-
tively for 2008). Almost no differences were observed for the Mondriaan-NPCRD database.
Trends over time were essentially similar for both anxiolytics and hypnotics (Figure 2).

A) Anxiolytics B) Hypnotics
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Figure 2. Period prevalence rates of BZDs use according to the ATC classification: A) anxiolytics
(NO05BA) and B) hypnotics (NO5CD, NO5CF and N05CMO02). Crude rates

Among hypnotics, the prevalence of Z-drugs was higher than BZD-hypnotics in the Bavar-
ian database (2-3 times higher) and DKMA (2-5 times higher) databases for the whole
period. For the UK databases, prevalence of Z-drugs prescriptions was lower than BZDs at
the start of the study period, but from 2004 onwards, it was steadily higher. In the Spanish
and Dutch databases prevalence for BZD-hypnotics was higher than for Z-drugs over the
study period (1.5 and 4-6 times, respectively). Clomethiazole use was negligible in the UK
databases and DKMA; in the BIFAP database, it represented about 6% of the total use of
hypnotics (Fig 3).

Prevalence rates by age and sex

The prevalence of BZDs prescriptions increased steadily with age in all databases both in

females and males, although the slopes were higher in females (Figure 4). This was observed
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Figure 3. Trends in prevalence of the use of hypnotics (NO5CD, NO5CF and N05CM02). Crude
rates

in all age categories from 20 years and older. For all databases, the age-specific prevalence
rates were about 1.5 to 2 times higher for women than men, and this difference was particu-

larly obvious in patients over 50 years of age.

Trends in age-specific prevalence rates showed an important decrease in use in older ages

(60 years and older) over the study period in most countries (with the exception of BIFAP),
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Figure 4. Prevalence use rates of BZDs by sex and age for 2008 in different databases. Crude rates

while prevalence remained stable (or showed a slight increase in some databases) among the

younger ones (Supplementary Figure 2.2B), with hardly no differences by sex.

Number of prescriptions

The mean of prescriptions per patient in 2008 was rather similar in the different databases
both for anxiolytics (ranged from 4 to 5) and for hypnotics (ranged from 4 to 6). Only the
Bavarian databases presented distinct low numbers for anxiolytics and hypnotics (2 and3
respectively). Most patients received 4 or less prescriptions per year in all databases (in 2008;
median 66.3%, range 53.7-83.8%). Of note, a considerable proportion of users received 10

or more prescriptions per year (in 2008; median 18.1%, range: 1.9-27.9%) (Table 2).

Potential Indication

In searching for registered indication three months around the first prescription, the linkage
of prescriptions with their indication using diagnostic codes proved to be quite difficult in
most databases with a percentage of unknown ranging from 21.7% to 82.2%. Among known
indications, sleep disorders (without anxiety) were the most often recorded diagnosis tem-
porally related with the prescription, (median 13.3%; range: 7.0%-76%). The recording of
anxiety and related disorders also varied among databases (median = 12.7%; range: 1.6%-
27.7%) (Figure 5). A sensitivity analysis searching diagnostic codes for indication any time
during the study period prior to the prescription date, resulted in a remarkable decrease of

the unknown category (Supplementary Figure 2.2A).
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Figure 5. Indications for BZDs in 2008 by searching for registered indications during the 3 months
prior to and 3 months post the date of the first BZD prescription in the different databases.

* % Calculated on the total number of users by database excluding category “Unknown” [Results for “Unknown’
were: BIFAP: 78.229 (33.8%); CPRD: 157246 (60.9%); THIN: 135923 (63.6%); Mondriaan-AHC: 11465 (82.2%);
Mondriaan-NPCRD: 12172 (47.0%); Bavarian: 172528 (35.6%) and DKMA: 95271 (21.7%)].

1 In the Bavarian and DKMA databases, only the link between prescription and diagnoses was used. DKMA

3

reported only one category for depression regardless patients additionally had anxiety or sleep

DISCUSSION

This collaborative European study provides a unique and updated overview of the preva-
lence of BZDs prescribing as well as trends over a nine-year period, in large populations
derived from seven electronic health databases from five Western European countries. As
uniform methods and analysis were applied to the individual databases, variations in results
may be explained according to the differences in database characteristics and in clinical
aspect related to the use of BZDs.

We found remarkable differences in prevalence rates of BZD use, which are not attributable
to differences in age or sex distribution in their respective populations. Although differ-
ences across countries in the prevalence of disorders for which these drugs are indicated
cannot be ruled out, it seems that most differences can be attributed to diverse prescription
habits of physicians, as it has been shown in previous studies even within the same country
(21-23). Added to this, the attitudes of patients towards mental health help-seeking can
vary across countries, and this may also help to explain the differences in prescribing (24,
9).

To the best of our knowledge, previous collaborative European studies on BZD use are

scarce. Only five studies published in the last 15 years were identified, with a cross-national
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comparison (5-9). Other published studies are country or region specific (25-32). Most of
these studies investigated the broader group of psychotropic medication, including other
drugs different from BZDs, which yielded different exposure definitions (5, 6, 8, 28-30). In
most, information was obtained from questionnaires (5, 6, 26, 28, 29). Age ranges and study
period also varied largely among studies. In sum, all these factors make the comparison with
other studies difficult - as already noted in a previous publication. Nonetheless, all studies
performed in adults captured two constant elements in BZD use: the higher prevalence in
women and the steadily increasing use with age (5, 6, 9, 27, 29, 31, 31).

Our study shows that standardized prevalence rates remained rather stable over the study
period in three databases (CPRD, THIN and Mondriaan-AHC), decreased in three (Mon-
driaan- NPCRD, Bavarian and DKMA) and increased in one (BIFAP). A closer look at the
trends by age groups showed that a decreasing trend was the pattern for most databases
among the elderly. This is probably the consequence of the initiatives taken by official bod-
ies [2] and the scientific community [34-39], in order to rationalize the use of BZDs. The
Spanish BIFAP is the only database where a steady and relevant increase was observed over
the study period, which is consistent with results from other studies [3, 25]. Population
databases may be an important tool to assess trends and evaluate the effectiveness of pre-

scription recommendations.

With regard to the prevalence of use of anxiolytics and hypnotics, two different patterns
were observed. Anxiolytics were more prescribed than hypnotics in three databases (BIFAP,
Bavarian and Mondriaan-AHC), which is in line with previous published results [3, 5-9, 25],
whereas hypnotics were more used in three other databases (CPRD, THIN and DKMA), as
also described previously [2, 6, 29]. These differences may have several explanations. Firstly,
the prescription of BZDs and the selection of anxiolytics or hypnotics are influenced by
marketing preferences and physician habits rather than by real pharmacological differences.
Secondly, it has been described that patients receiving BZDs for insomnia complaints were
treated in a similar percentage with anxiolytics and hypnotics [40]. Thirdly, anxiety and
insomnia seem to be intertwined over time [41] and the choice of the BZD may depend on

the most predominant disorder as well as the physicians’ experience [42].

This study also shows the remarkable differences in the market uptake of the newer Z-drugs.
It seems that these drugs have been more easily introduced in those countries which showed
the most remarkable decreasing trends of BZD prescribing (Denmark and Germany). How-
ever, it is important to note that these drugs have not been shown to have a lower risk of
fractures requiring hospitalization than benzodiazepines [43], which is one of the major

concerns among the elderly, in addition to drug abuse and dependency.
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Looking at the number of prescriptions, it seems that the highest percentage of users should
be considered sporadic users (only one prescription per year) or short-term users (4 or less
prescriptions per year). However, the percentage of regular or chronic users (10 or more
prescriptions per year) continues to be quite high, as shown in previous studies [26, 27, 28,
32], and this appears not to be country specific. This matter would deserve a more thorough
study in order to analyse the main determinants of chronic use, as a first necessary step to

plan interventions to reduce intake.

A remarkably high proportion of prescriptions without any specific recorded indication was
observed in the different databases, which was reduced when the search extended to diag-
noses recorded any time during the study period prior to the first prescription. This might
be explained by the fact that some diagnoses, such as depressive disorders, are registered
only once instead of every time a prescription is filled. Among the known indications, most
are related with anxiety and sleep disorders, which is an expected result. Of note, half of
the patients who were prescribed BZDs in the Bavarian database had a diagnosis classified
under depressive disorders (alone or associated) as the main indication, while in the other
databases the proportion was around 25%. Differences in the underlying coding systems
may explain these results. In addition, the Bavarian database presented the lowest numbers
of both the mean prescriptions per patients and the proportion of chronic user. Explana-
tions could be related to differences in benefit and risk perceptions for BZDs and Z-drugs
[44]. Furthermore, a relevant proportion of prescriptions from the private healthcare sector,
which are not documented in the Bavarian database, have been described for BZDs and Z-
drugs, [45]. In addition, a wide regional variation of private prescriptions was found for the
Z-drugs zolpidem and zopiclone in Germany [46). Finally, it is possible that this method for
assessing indication did not solve the problem. Our conclusion is that indication appears as
a major challenge in pharmacoepidemiological studies, moreover in those databases where
information on indication is not directly available, creating the need for studies specifi-
cally designed to further investigate the recording of indication and making adapted to the

specific characteristics of the database.

Important strengths of this study deserve attention. Firstly, this study estimated preva-
lence rates of BZD use by counting patients with recorded prescriptions, which eliminate
measurement errors due to inadequate recall by respondents. Secondly, all databases are
population-based providing appropriate denominators in persons and person-years. Third-
ly, populations included in most GP-based databases are representative of their respective
country population (THIN, CPRD, BIFAP, Mondriaan-NPCRD), although it is not possible
to assure that prescription habits of GPs participating in these databases are representative

of the national prescribing habits of all GPs; finally, the Danish Registries include the entire
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population, and the Bavarian database includes approximately 84% of the population at

regional Bavarian level.

Some limitations also need to be addressed. Prescriptions of BZDs outside the primary care
setting, such as in-hospital use or private prescribing may not be considered in these data-
bases. Over the counter delivery is not expected to affect results since BZDs are prescription
drugs under strict dispensing control in all participating countries. Differences in the cod-
ing systems used in the databases may also have produce differences in indication. For those
databases registering prescriptions for BZDs, we cannot exclude the possibility that patients
did not collect the drug from the pharmacy, this accounted for a 5% in Denmark [47].

In conclusion, this study shows that analysing drug utilization in different databases from
different countries according to a common protocol is feasible and valuable and contrib-
utes to direct cross-comparison. In addition, differences in prescribing prevalence, after
harmonizing methods, may be explained by differences in the databases which may reflect
different aspect related to the use of the BZDs, prescribing habits and/or patient perception
and other specific characteristics of the databases Appropriate comparison of drug utiliza-
tion across countries gives the opportunity to answer basic questions about prescribing
practices which may also help to inform public health decisions and identify areas in which

more research is needed.
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Supplementary Figure 2.2A: Benzodiazepines indication in 2008 by searching any time before
first prescription within the study period in the different databases (Sensitivity analysis)
anx= anxiety disorder; sleep= sleep disorder

% of the total number of users*

Depression (alone) M Depression (with anx/sleep) ® Anxiety and related ™ Sleep disorders B Other

* 9% Calculated on the total number of users, excluding category ‘Unknown’ [Results for “Unknown” were: BI-
FAP: 47422 (20.5%); CPRD: 58251 (22.5%); THIN: 59113 (27.6%); Mondriaan-AHC: 6777 (48.6%); Mondriaan-
NPCRD: 8742 (33.7%) and Bavarian: 70871 (14.6%)]
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INTRODUCTION

Hip fractures represent a major public health challenge in developed countries, due to
the increasing age of the population [1]. In 2000, there were almost one million patients
with an episode of hip fracture in the European Union, and it has been predicted that this
figure will increase more than two-fold in the coming fifty years [2]. The increasing trend of
the incidence of hip fractures, along with associated morbidity complications, dependence
and mortality [3, 4] make this condition a major public health concern. In addition, hospital
resources for injury-related admissions are one of the major causes of total healthcare costs
in Europe [5]. The burden of hip fractures, in terms of disability and healthcare budget,
is higher than for common cancers, such as breast or prostate, and myocardial infarction
[1]. Osteoporosis affects millions of patients worldwide, and hip fractures are considered
the most serious outcome. Distribution of this injury in the world is heterogeneous [1],
although Europe holds an important share of all osteoporotic fractures (35%) worldwide
[6], including hip fractures (37%).

In recent years an increasing number of studies have reported that secular trends in the
incidence of hip fractures have levelled off [7-9], or started to decline, since the late nine-
ties [10] in some European countries. Allegedly, this is the result of the effectiveness of
national campaigns to prevent both osteoporosis and falls [2, 11]. A call to update the data
for as many countries as possible has been made [12] in order to check whether this favour-
able trend is consistent. In the present study we aim to describe the incidence of hip and
femur fractures across five European countries of different latitudes (Denmark, Germany,
the Netherlands, the UK, and Spain) using seven different electronic health care record
databases and to compare the rates and trends over the period 2003-2009.

PATIENTS AND METHODS

Data sources

Seven European data sources located in five different countries were used in this study.
The Danish national registries (DKMA; http://www.dkma.dk, http://www.sst.dk), the Ger-
man: Bavarian Association of Statutory Health Insurance Physicians database (Bavarian
Claims; http://subs.emis.de/LNI/Proceedings/), the Dutch Mondriaan project (http://www.
projectmondriaan.nl) with two databases: Netherlands Primary Care Research Database
(NPCRD), and Almere Health Care group (AHC; http://www.zorggroep-almere.nl), the
Spanish “Base de datos para la Investigacion Farmacoepidemioldgica en Atencién Primaria”
(BIFAP; http://www.bifap.org), and two databases from the UK, the Clinical Practice
Research Datalink (CPRD) (formerly known as the General Practice Research Database;
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http://www.cprd.com) and The Health Improvement Network (THIN; http://www.thin-uk.

com).

Four of the databases are nationwide primary care databases covering a part of their coun-
try populations: 2% (Mondriaan NPCRD), 5.7% (THIN), 6.8% (BIFAP), and 8% (CPRD).
Mondriaan-AHC is a primary care regional database: covering about 200,000 patients
from Almere, a newly built city in the Netherlands. The Bavarian claims database includes
population-based data on diagnoses and medical services linked to outpatient treatment
data through general practitioners (GPs) and specialists, covering 10.5 million people (85%
of the Bavarian population). Dates of prescribing and diagnoses are not available in the
Bavarian claims database, but only in which quarter of the year a prescription or a diagnosis
was registered. And finally, the Danish national registries, maintained by the National Insti-
tute for Health Data and Disease Control (SSI), contain information on all hospital contacts
since 1995 (inpatient contacts since 1977 and emergency and outpatient contacts since
1995), medication dispensing on a pharmacy level linked to individuals who redeemed the
prescription from 1994 onwards [27], causes of death for the entire population (5.3 million

inhabitants) and contact information of visits to GPs as well as specialist in private care.

All participating databases fulfil quality standards for pharmacoepidemiology research [13].
A common protocol and data specifications revised and approved by all study participants
and by an external committee, was adopted by the seven databases. This study protocol
has been registered in the European Network of Centres for Pharmacoepidemiology and

Pharmacovigilance (ENCePP) study registry (http://www.encepp.eu/).

Study population

The study population comprised patients of all age groups within each database, during the
study period from 1 January, 2003 to 31 December, 2009, fulfilling the quality criteria of
valid registration status established by the respective database owners. Within this period,
we selected as start date the latest of the following: the date when the practice became up
to a research standard; the date when the practice was enrolled into the database; or the
date when a patient was enrolled into a practice or into the database (this does not apply
to the Danish data which included all citizens). End of follow-up was defined as the end of
the study period or at the earliest of the following events: the patient died, the patient was
transferred out, the practice left the database, or the last event was recorded. For the Danish
databases follow-up was stopped at the end of the study period or if the patient died or left
Denmark. For the Mondriaan AHC database data from 2009 were not available, and the
Bavarian Claims database only provided data from 2006 to 2008.

81
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Outcome definition

Although our main interest was hip fracture, defined as a fracture of the proximal femur in
the cervix or in the trochanteric region, we considered “any femur fracture” to be the op-
erational outcome definition for this study (hereinafter referred to as “hip/femur” fracture).
The main reason was that some of the participating databases (the Dutch NPCRD, AHC
and the Spanish BIFAP) use the International Classification of Primary Care (ICPC-2) for
disease coding which does not have a specific code for hip fracture, but a broader code for
“femur” fracture (L75), and a primary objective of PROTECT was to assure consistency in
the outcome definition across databases. Additionally, the use of a broader code may avoid
overlooking hip fractures by miscoding [14]. The codes applied for the outcome searching
strategy are provided in the published version of this article in the Online Resource I. The

coding system was unchanged during the study period in each database.

We included all patients with a first ever diagnosis of hip/femur fracture during the study
period. Patients with a history of past hip/femur fracture ever before were excluded to

increase the likelihood of including incident episodes only.

Analysis

Annual incidence rates (IR) of hip/femur fractures were calculated for the whole study
population. The numerator comprised all newly recorded cases of hip/femur fracture in
each year and the denominator was the total number of person-years of follow up. We also
calculated the annual IR among people aged 50 years or older separately, as most fractures
occurring before this age are primarily due to trauma and many studies use this age limit
[15, 16].

For the comparison of the IRs in the whole population and population 50 years or older
across databases and over time, we carried out a direct sex and age standardization using
the European Union population in 2008 (EUROSTAT) as the standard (http: //epp.eurostat.
ec.europa.eu/portal/page/portal/population/data/database).

We also calculated age (in 10-year bands) and sex specific IRs over the study period. Age
of patients was computed at midyear within each calendar year of the study period. The
incidence rate ratios (IRRs) and their 95% confidence intervals (95%CI) were calculated to

assess the effect of sex on different age groups within each database.

To quantify the trend over the study period we performed linear regression analysis for both
crude and standardized rates in each database, defining the annual IR as the dependent
variable and the calendar year as the independent variable. The respective slope (p coef-
ficient) was considered as the average change per year over the study period. This annual

change was also expressed as a percentage of IR using the first year as reference. The null



Health outcomes | 83

hypothesis of =0 was tested using the t test. A p value <0.05 was considered significant. The
95% CI of the slope was also calculated.

RESULTS

Incidence rates of hip/femur fractures

The number of fracture episodes and the person-time of observation for each specific da-
tabase per year, as well as the crude and standardized IRs are described in table 1. The data
sources from the UK, the Netherlands (NL) and Spain provided fairly similar standardized
IRs, mostly ranging from 7 to 10 per 10,000 person-years (py); Bavarian Claims database
displayed rates around 13 per 10,000 py, whereas the Danish database yielded rates ap-
proximately twofold higher than most of other databases (around 19 per 10,000 py) (in
Supplementary Table 2.3A).

The standardized IRs of hip/femur fracture for the population aged 50 years or older were
2-3 times higher than the ones for the general population, ranging from 15 to 25 per 10,000
py in the UK, the NL, and Spain to 52 10,000 py in Denmark and around 30 10,000 py in
Germany (Table 1).

Time trends

A significant trend in standardized IRs was only observed for the British CPRD (+0.9% per
year; p<0.01) and the Danish database (-1.4% per year; p< 0.01) (table 1). When the analysis
was restricted to subjects aged 50 years or older similar trends were observed (table 2).
For the remainder of databases trends observed were not remarkable and did not reach
statistical significance (negative for BIFAP and positive for THIN) or exhibited fluctuations
that prevent from identifying a clear trend (for NPCRD and AHC). The short study period
available for the Bavarian Claims database precluded any trend analysis.

Sex and age-specific incidence rates of hip/femur fracture

The crude and age-standardized IRs were 2-3 times higher in women than in men for the
whole population (data not shown) and for the population aged 50 years or older, over the
study period and across all databases (Figure 1). In 2008, the median standardized IRR of
females vs. males was 2.4 (range: 1.3-3.3) for the general population and 2.6 (range: 1.6-3.1)
for the population aged 50 years or older. This ratio, however, was shown to be strongly
dependent on age: for age groups less than 50 years the IRR of females vs. males were con-
sistently below 1, but then increased gradually reaching the maximum at the age 70-79 and

then declining (Figure 2).
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Table 1. Incidence rates and time trends in the population > 50 years old in the participating data-
bases of the study.

%
2003 2004 2005 2006 2007 2008 2009 Slope (95% CI) variation”

BIFAP

No. fractures 1298 1643 1638 1629 1558 1350 1027 -

Person-years 475139 588242 616300 589588 554287 472785 369872 -

IR per 10,000py  27.32 27.93 26.58 27.63 28.11 28.55 27.77 0.15(-0.14, 0.43) 0.5
Standardised IR 26.94 27.13 25.60 26.42 26.49 27.05 26.33 -0.04 (-0.32, 0.24) (-)0.1
CPRD

No. fractures 2858 3087 3139 3265 3295 3367 3291 -

Person-years 1327959 1406185 1447563 1476874 1475205 1470594 1446832 -

IR per 10,000py 21.5 22.0 21.7 22.1 223 229 22.7 0.22(0.12,0.32)* 1.0
Standardised IR 21.47 21.99 21.65 22.07 2222 22,67 2229 0.16 (0.04, 0.27)* 0.7
THIN -

No. fractures 2614 2734 2831 2785 2830 2899 2839

Person-years 1241173 1259016 1270685 1284095 1294565 1302336 1288704

IR per 10,000py 21.1 21.7 223 21.7 219 223 22.0 0.13 (-0.04, 0.30) 0.6
Standardised IR 21.01 21.79 2236 21.76 21.92 22.33 22.11 0.14 (-0.04, 0.32) 0.7
AHC -

No. fractures 45 39 60 51 45 47 -

Person-years 23883 25935 28039 30293 32657 35583 -

IR per 10,000py 18.8 15.0 214 16.8 13.8 13.2 - -1.04 (-2.89,0.80)  (-)5.5
Standardized IR 26.84 21.75 3243 25.85 20.24 19.75 - -1.33(-4.43,1.77) () 5.0
NPCRD -

No. fractures 157 101 77 82 124 107 74

Person-years 103010 64504 62856 52701 76946 60608 45969

IR per 10,000py  15.24 15.66 12.25 15.56 16.12 17.65 16.10 0.37 (-0.38, 1.13) 24
Standardised IR 14.43 15.02 11.74 14.86 14.42 17.76 16.40 0.5 (-0.30, 1.31) 35
DKMA -

No. fractures 9031 9277 9206 9041 8905 9036 8814

Person-years 1810178 1831556 1843587 1861768 1878628 1901823 1912890

IR per 10,000py  49.9 50.7 499 48.6 474 47.5 46.1 -0.72 (-1.03,-0.42)* (-
Standardised IR 53.39 54.27 53.51 52.02 50.88 50.97 49.54 -0.74 (-1.07,-0.42)*  (-) 1.4
BAVARIAN

No. fractures - - - 12868 11787 12928 - - -
Person-years® - - - 3885264 3938210 3988146 - - -

IR per 10,000py - - - 33.12 29.93 3242 - - -
Standardized IR - - - 31.08 27.82 29.94 - - -

*p < 0.05;7 % Variation: (Slope/2003 IR)*100
* Incidence per 10,000 Insured persons BAVARIAN, not enough data to assess time trends

The IRs of hip/femur fractures grew exponentially at the age of 50 years for both females and
males (Figure 3a, b respectively), which was a constant feature for all databases and for the

whole study period (Supplementary Table 2.3B).
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Figure 1. Age-standardized incidence rates of hip/femur fracture by sex in the population aged

over50 years old and trends over time.
Note that the scale used in females is double than the one used in males.

Trends of age- and sex-specific IRs over the study period showed that there was no relevant
trend in any age group or sex in the British, Dutch and Spanish databases. In the Danish
database there were sex- and age-dependent trends: an increasing trend in females 50-59
years old and a decreasing trend in both males and females among the 70-79 age groups; be-

ing stable or slightly decreasing among the other age groups (Supplementary Figure 2.3A).

Incidence Rate Ratio Female/Male in 2008

F - N
° ' =
= %’%I

Age groups

Figure 2. Box-plot showing 2008 incidence rate ratios (IRRs) of hip/femur fracture in females

compared to males in the participating databases and their relation with age.
Boxes represent the 25-75 percentiles; the bar within the box represents the median value.
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Figure 3: Incidence rates of hip/femur fractures by age groups in females (a) and males (b) in dif-
ferent databases for 2008.

DISCUSSION

To the best of our knowledge this is the first study to provide a direct comparison across
European countries of different latitudes, of incidence rates of hip/femur fractures and
trends over time, using the same case definition and the same standard population. The
main findings of our study were as follows: 1) the age- and sex- standardized IRs of hip/
femur fractures in the UK, the NL and Spain were around 7 to 10 per 10,000 py and 2 times
lower than the one observed in Denmark (19 per 10,000 py), whereas Germany yielded
intermediate IRs (13 per 10,000 py); 2) IRs were about 2-3 times greater in females than
in males and grew exponentially with age regardless sex; both patterns were constant in
all databases; 3) significant trends in standardized IRs over time were observed only in
two databases (increasing trend in the British CPRD and decreasing trend in the Danish
databases), both among the general population and among the population aged 50 years or

older.

Denmark showed the highest IRs throughout the study period with figures rather similar
to those already published for the general population (21.1 per 10,000 population) [2] and
for the population aged 50 years or older (45 per 10,000 py) [17]. The two UK databases
participating in the present study yielded almost identical results and were similar to the
ones reported for England (10.2 per 10,000 py) using hospital admission rates [18]. The
IRs from the Spanish database in people aged 50 years or older are also similar to the ones
reported by Hernandez et al [8] using hospital discharge data from Cantabria in 2002 (25,9
per 10,000 persons) and to the ones reported in Catalonia [19] using GP records in 2009
(22.3 per 10,000 py). The two GP databases from the NL provided standardized IRs that
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fluctuated greatly over the study period, showing lower values than those based on hospital
registries [15, 20]. One plausible explanation for these results is that there was a slight under-
registration of ICPC codes by GPs until 2009 in the Netherlands. This has been proven since
after a national campaign to stimulate ICPC coding use in 2010-11, the incidence of hip/
femur fractures rose to 13.5 per 10, 0000 population, which is similar to both the hospital
registration and the NPCRD Web site. Finally, IRs from the Bavarian claims database
were marginally lower than in other studies [7, 11]. That might be due to differences in
ICD coding and data sources employed (national hospital discharge diagnosis opposed to
outpatient diagnosis). Therefore, in general, the data provided in the present study seem to
be consistent with results from previous studies using different data sources. Also, our data
confirm the evidence that European Nordic countries exhibit greater incidence rates of hip/
femur fractures than other European countries [1, 22]. There is no clear explanation for that
but lifestyle, limited exposure to sunlight and weather conditions may play a role [23, 24].
Regarding this latter factor, some studies performed in Nordic countries observed higher
incidence rates in winter than during summer, likely related to the fact that worse weather

conditions with slippery roads and pavements increase the risk of falls [25, 26].

The IRs of hip/femur fractures increase with age for both males and females. As in other
studies, IRs increased exponentially which is partly explained by the progressive bone mass
reduction with ageing [27], but also by the accumulation of other risk factors, such as dis-
ability and increasing risk of falls, as well as increasing use of drugs acting at the central
nervous system (e.g. antidepressants, hypno-sedatives, antiparkinsonians, opioids), the
cardiovascular system (e.g. antihypertensives, diuretics) or drugs affecting the bone mineral

density (e.g. corticosteroids, glitazones, SSRIs).

The female to male IR ratios steadily increased with age among the population over 50
years but declined at older ages (=80 years) probably indicating that at older aged males
approximate females in bone mineral density and major risk factors [28]. This pattern was
consistent across most databases and over the whole study period, and is in accordance with
previously published results [16, 29, 30]. Conversely, men presented higher IRs than women
under the age of 50 years old, most probably due to the greater incidence of trauma-related

fractures among males [31].

Time trend analyses showed no decreasing trend in the standardized IRs over time in most
databases, with the exception of the Danish database. Thus, the general picture is of a rather
stable situation which appears to date back since the nineties, as shown by previous reports
in the same countries [3, 18]. Denmark is the only country in our study which showed a
steady decline over the study period, in particular among the population 70-79 years old,

in both males and females. This tendency is shared by other Nordic countries [32], as well
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as by the US [33]; Australia [34]; Canada [35] and Scotland [36]. This decline in the Nordic
countries, might be attributable to a better management of osteoporosis (earlier screen-
ing, diagnosis and treatment of patients at risk) [37] and, particularly, to a healthier diet,
increase of physical activity, and educative measures to prevent falls [38]. Also, a trend to
a lower consumption of certain drugs that increase the risk of falls and fractures may also
have contributed; as a matter of fact, in a parallel study we have observed an important
decreasing trend in the use of benzodiazepines in Denmark during the same time period
[39]. In the AHC database there was also the suggestion of a decreasing trend since 1005;
but the IRs were based on a small sample of case, and this trend was not observed in the
other Dutch database.

Among the strengths of the present study is the use of multiple databases that proved valid
for pharmacoepidemiological research [13] including representative populations regard-
ing age and sex. Additionally, a common protocol and data specifications agreed was used
by all participants, with consistent criteria for case search and operational case definition
which facilitates comparison of results across data sources. The present study is part of a
larger research program aimed at describing and analysing the discrepancies found among
data sources from different European countries with respect to selected outcomes, drug
exposures, and, particularly, with respect to associations between drug exposures and
outcomes. Therefore, common analytical procedures were employed in order to minimize
methodological discrepancies as much as possible. Nevertheless, each data source has its
own limitations with regards to data collection and each country has different health poli-
cies and prescription patterns which, among other intrinsic characteristics of populations

and their life styles, may contribute to the variability of our results.

As limitations we should mention that IRs of hip/femur fractures reported in this manu-
script come from codes recorded in the corresponding databases, and no further validation
was performed [40]. This, in particular for the GP-based data sources, may theoretically
result in the inclusion of false cases in the numerator leading to an overestimation of the
incidence. On the other hand, it could exist as well an under-reporting of hip fractures in
the GP databases, because these fractures require hospital admission and some cases, in
particular fatal cases, might not be reported to the GP. However, the IRs obtained in the
present study were fairly consistent with those published previously by other authors using
different data sources (most of them from hospital records), which reinforces the idea that
the data provided can be used as reasonably valid estimates for each country. Importantly,
the analysis of time trends should not be affected by such potential limitation, as the search
criteria were unchanged over the study period. Finally, the use of the outcome “hip/femur”
fracture might have inflated the number of cases with respect to other studies which only

focused on “hip” fractures. However, it is pertinent to note that some authors [14, 41] have
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recommended the use of this broader outcome for monitoring hip fractures, even when
using hospital records, as “there is often miscoding between fractures of the neck of the
femur and fractures of other parts or unspecified parts of the femur” [14]. However, this
limitation is less important when the data are referred to population 50 years or older, as
90% of femur fractures beyond this age are of osteoporotic nature and mostly affect the neck

or intertrochanteric sites [42].

In conclusion, incidence rates of hip/femur fractures in the European countries that took
part in this study were fairly similar, regardless of their latitude, and showed no significant
trend, reflecting a rather stable situation. A remarkable exception of this general picture
is Denmark, which presented the highest incidence rates, but showed a consistent decline
in both males and females aged 70 years or older. Our results confirm the strong relation
between this injury and age and sex, largely published in the literature, and gives an updated
overview of the incidence rates of this major public health issue in Europe. In addition, this
study proves the value of general practice databases to estimate and compare incidence of

disease, among multiple sources once common procedures are followed.
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Supplementary Figure 2.3A. Trends over the study period of sex and age-specific IRs (in the popu-

lation 50 years or older) in five databases with complete data.
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Note that the scale used in the y-axis has been accommodated to better observe the trends and vary by age

groups
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Supplementary Table 2.3A Incidence rates and time trends in the general population in the par-
ticipating databases of the study.

%
2003 2004 2005 2006 2007 2008 2009 Slope (95% CI) variation”

BIFAP

No. fractures 1503 1847 1871 1805 1745 1498 1137 -

Person-years 1397047 1742682 1840894 1776966 1680082 1416105 1091342 -

IR per 10,000py  10.76 10.60 10.16 10.16 10.39 10.58 10.42 -0.03 (-0.15, 0.09) (-)03

Standardised IR 11.04 10.85 10.39 10.42 10.52 10.68 10.37 -0.08 (-0.18,0.02) (-)0.7
CPRD

No. fractures 3147 3375 3465 3611 3629 3677 3600 -
Person-years 3640845 3847614 3932917 3972745 3901072 3830411 3640820 -
IR per 10,000py  8.64 8.77 8.81 9.09 9.30 9.60 9.89 0.21 (0.16, 0.26)* 24
Standardised IR 8.46 8.60 8.56 8.77 8.80 8.94 8.89 0.08 (0.05, 0.11)* 0.9
THIN -

No. fractures 2880 3018 3126 3060 3142 3189 3101
Person-years 3579571 3647552 3643259 3675595 3699299 3713072 3667410

IR per 10,000py  8.09 8.36 8.58 8.33 8.49 8.59 8.46 0.05 (-0.17,0.12) 0.6
Standardised IR 8.22 8.53 8.76 8.49 8.64 8.73 8.58 0.05 (-0.03, 0.13) 0.6
AHC -

No. fractures 55 55 78 65 65 77 -

Person-years 106545 114024 120932 127565 133824 142231 -

IR per 10,000py 5.16 4.82 6.45 5.10 4.86 541 - 0.00 (-0.45, 0.45) 0.0
Standardized IR 10.27 9.01 12.71 10.11 8.48 8.80 - -0.33(-1.39,0.73)  (-)3.2
NPCRD -

No. fractures 196 113 84 90 137 119 88

Person-years 272655 173315 164399 135386 192507 154675 114214

IR per 10,000py 7.19 6.52 5.11 6.65 7.12 7.69 7.70 0.21 (-0.20, 0.62) 29
Standardised IR 6.77 6.05 4.64 5.85 5.84 7.24 7.16 0.17 (-0.28, 0.62) 25
DKMA -

No. fractures 9316 9568 9477 9291 9180 9296 9113
Person-years 5207838 5223111 5209669 5210109 5209064 5222891 5207078

IR per 10,000py  17.89 18.32 18.19 17.83 17.62 17.80 17.50 -0.10(-0.20,0.01)  (-) 0.6
Standardised IR 19.60 19.93 19.62 19.04 18.68 18.68 18.25 -0.27 (-0.38,-0.15)*  (-) 1.4
BAVARIAN

No. fractures - - - 15196 13997 15154 - - -
Person-years® - - - 10387207 10395597 10415393 - - -

IR per 10,000py - - - 14.63 13.46 14.55 - - -
Standardized IR - - - 13.39 12.13 1291 - - -

*p<0.05;# % Variation: (Slope/2003 IR)*100
$ Incidence per 10,000 Insured persons BAVARIAN, not enough data to assess time trends
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Supplementary Table 2.3B: Incidence of hip/femur fracture by sex and age for 2008 in different
databases (per 10,000 py)

MALES BIFAP CPRD NPCRD AHC THIN DKMA BAVARIAN
0-9 2.71 2.53 4.10 4.90 2.48 0

10-19 1.78 1.97 1.02 5.55 1.99 0.68 5.28*

20-29 1.21 1.69 3.19 2.21 1.62 0.77 3.78

30-39 1.47 1.04 0.00 1.92 0.80 0.71 3.48

40-49 2.95 1.96 1.59 4.76 1.62 2.64 5.19

50-59 421 2.90 2.61 4.11 3.26 7.07 8.11

60-69 6.29 5.73 4.26 2.15 522 13.66 13.58

70-79 17.82 16.73 9.93 22.70 15.65 41.06 23.53

80+ 67.55 61.82 43.72 89.84 61.62 170.72 70.29
FEMALES BIFAP CPRD NPCRD AHC THIN DKMA BAVARIAN
0-9 1.18 1.61 2.19 2.06 1.15 0.06

10-19 0.66 0.74 0.00 1.99 0.46 0.46 2.80%

20-29 1.11 0.30 1.01 2.14 0.30 0.22 1.65

30-39 0.85 0.65 0.00 0.87 0.47 0.26 1.76

40-49 1.99 1.10 1.56 1.54 1.22 1.45 2.90

50-59 3.16 3.87 6.01 5.44 3.95 7.43 7.17

60-69 9.75 8.73 7.76 2.17 9.01 19.71 15.95

70-79 45.76 33.80 32.94 25.81 37.24 72.97 45.98

80+ 160.27 133.34 91.86 101.01 124.67 284.92 145.93

* Data grouped from 0-19 years
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ABSTRACT

Background

Results from multiple observational studies on the same exposure-outcome association may be incon-
sistent due to variations in methodological, clinical and health care system factors. In this study we
evaluated the impact of applying a common study protocol and data specifications on the consistency
of results from cohort studies on antidepressant (AD) use and the risk of hip/femur fracture in three
European primary care databases

Methods

In the Pharmacoepidemiological Research on Outcomes of Therapeutics by a European Consortium’
(PROTECT) project we conducted separate cohort studies in three European primary care databases
(Spanish BIFAP, Dutch Mondriaan and UK THIN) to assess the association between AD (i.e. selective
serotonin re-uptake inhibitors [SSRI] and tricyclic antidepressants [TCA]) and hip/femur fracture. The
hazard ratios (HR) and 95% confidence intervals (95% CI) were estimated using time-dependent multi-
variable Cox proportional hazard models.

Results

The adjusted HR for SSRI use and hip/femur fracture was higher in Mondriaan (3.27; 95% CI 1.93, 5.53)
than BIFAP (1.63; 95% CI 1.45, 1.83) and THIN (1.72; 95% CI 1.59, 1.87. This difference may be partially
explained by an interaction between SSRI and age in Mondriaan. The adjusted HR for TCA use and
fracture was similar in Mondriaan (1.98; 95% CI 1.00, 3.92), BIFAP (1.28; 95% CI 1.02, 1.60) and THIN
(1.32;95% CI 1.20, 1.46).

Conclusion

Applying common protocol and data specifications on different populations and data produced some
variation of results for SSRI use. However, consistently similar methods also enable identification of
relevant effect modifiers.
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INTRODUCTION

The availability and accessibility of electronic health care databases has greatly increased
the number of pharmacoepidemiological studies over the past decades. The potential
inconsistency of study findings on the same exposure-outcome association has fueled the
debate on the validity and value of observational evidence [1] Reviews and meta-analyses
are challenging tools to appraise this evidence [2] and to investigate sources of heterogene-
ity, which may be both methodological and clinical in nature [3]. The unravelling of these

two factors can be difficult.

In the context of the Pharmacoepidemiological Research on Outcomes of Therapeutics by
a European Consortium (PROTECT) project [4], we selected the example of antidepressant
(AD) associated fracture risk to demonstrate the diversity of results. A wide range of pooled
relative risk (RR) estimates has been reported for fractures in several meta-analyses [5-9]
ranging from 1.01 [10] to 2.40 [11] for selective serotonin re-uptake inhibitors (SSRIs) and
1.21 [10] to 2.40 [12] for tricyclic antidepressants (TCAs) and fractures. Analyses that were
restricted to cohort studies show a reduction in the heterogeneity index I* from 90% to 51%
for studies on SSRI use [9] and from 77% to 30% for studies on TCA use and fractures [6]
when compared to the main analysis. The design of the study is only one aspect of the meth-
odological choices that influences results; therefore, the remaining heterogeneity still has
to be explained. Other potential methodological factors contributing to heterogeneity are
many, including differences in duration of follow-up, exposure (timing, duration and dose)

and outcome definitions and the availability of confounders and their adjustment.

The aim of our study was to evaluate the impact of applying a common study protocol and
data specifications on the consistency of results from cohort studies on AD (i.e. SSRIs and

TCAs) use and the risk of hip/femur fracture in three European primary care databases.

METHODS

Study setting and data sources

This study was conducted within the Framework for Pharmacoepidemiology Studies, a
sub-project within PROTECT, which aims to develop, test and disseminate methodological
standards for the design, conduct and analysis of pharmacoepidemiology studies, applicable

to different safety issues using different data [13].

A common study protocol [14] and data specification were designed to evaluate the associa-

tion between AD use and hip/femur fracture using three European primary care databases:



Variability in pharmacoepidemiological study findings

the “Base de datos Informatizada para la investigacién Farmacoepidemiologica en Atencién
Primaria” (BIFAP) [15]; the combined Mondriaan [16] databases of The Netherlands Pri-
mary Care Research Database (NPCRD) [17], and the Almere Health Care group (AHC)
from the Netherlands; and The Health Improvement Network (THIN) [18] from the United
Kingdom (UK). All databases provide general practitioner (GP) generated information [13].

Study cohorts

In this article, we use “PROTECT cohorts” to indicate these three cohorts collectively,
and “BIFAP”, “Mondriaan” and “THIN” to specify each database from which the cohort is
derived.

The PROTECT cohorts included patients 18 years and older, who were enrolled in a GP
practice for at least a year and who received one or more prescriptions of a SSRI or TCA
during the period from 1 January 2001 to 31 December 2009 (31 December 2008 for
Mondriaan-AHC). New user cohorts were identified, including patients with a first AD
prescription (start date) during the study period without any AD prescription in the six
months preceding the start date. Patients having a hip and/or femur fracture during the year

prior to start date were excluded.

Exposure definition

For each patient, all SSRI and TCA prescriptions were identified and treatment episodes
were constructed. A treatment episode was defined as a series of subsequent prescriptions,
independent of dosage changes or switching between antidepressants. The theoretical
duration of each prescription was estimated based on the number of tablets prescribed and
the prescribed dosage regimen (BIFAP and THIN). In Mondriaan (NCPRD and AHC),
prescription length was set at 90-days (maximum allowed prescription duration in the
Netherlands) as information on the dosage regimen was absent. Patients were considered to
have discontinued therapy if 30 days or more elapsed between the theoretical end date of an
AD prescription and the subsequent AD prescription.

Exposure was further divided into episodes of current, recent and past use. Current use
was considered as the treatment episode including additional 30 days after the estimated
theoretical end date of the last prescription to account for carry-over effects. Recent use
included the period between 1-60 days after current use. Past use included the period fol-

lowing recent use until a new prescription was filled or end of follow up.

Study outcome

Patients were followed from start date until the first hip/femur fracture or until the end of
data collection, whichever came first. Hip/femur fractures were identified by International
Classification Primary Care (ICPC)-2 codes and string text diagnosis in BIFAP, by ICPC-2
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codes in Mondriaan and by Read codes in THIN [14]. Hip/femur fractures were manually
reviewed in BIFAP (free text content) but not in Mondriaan and THIN.

Potential confounders

Potential confounders (co-medications, co-morbidities and lifestyle factors) were identi-
fied from the literature (Figure 1- footnote). Confounders were measured at baseline and
updated whenever patients switched between exposure states. Within the same exposure
state confounders were updated every 182 days. The status of co-medication use was defined
as use in the prior 182 days and co-morbidities were defined as recorded or not ever before
in the patient history. More details on study analyses are available online [14].

Systematic review of published cohort studies

To compare the risk estimates from this study with those reported in the literature, a sys-
tematic literature search was performed in PubMed (May 7, 2013). The search (Supplemen-
tary Figure 3.1A), included the terms: “Fracture” and (“antidepressant” or “antidepressive
agents” or “selective serotonin reuptake inhibitors” or “SSRI”) and “Fracture” and (“Tricy-
clic antidepressant” or “TCA”) in the title/abstract of the publications. Subsequently, we
searched for terms “cohort’, “prospective” and “retrospective”. A second search to screen
studies identified in reviews/meta-analysis was performed using terms: “review” or “meta-
analysis” and “fracture” and (“antidepressants” or “selective serotonin reuptake inhibitors”
or “SSRI” or “Tricyclic antidepressant” or “TCA”). Studies were selected according to the
following criteria: studies 1) assessing the association of AD use and fracture 2) a cohort
design and 3) reporting risk estimates for SSRI and TCAs separately. Our selection criteria
yielded seven studies on SSRI use [10, 12, 19-23] and risk of fracture and six studies on TCA
use [10, 12, 19, 21-23] and risk of fracture (Supplementary Table 3.1A).

Statistical analyses

The risk of hip/femur fracture was estimated in models with incremental addition of con-
founders as follows (Figure 1): Model A: age and sex; Model B: well-established risk factors
and life style factors added to Model A; Model C: risk factors related to fractures added to
Model B; and Model D: a list of co-morbidities/co-medications added to Model C. Informa-
tion on lifestyle factors was only available in THIN and partly in BIFAP. In addition, models
B, C and D" were also applied excluding lifestyle factors in all databases. The risks were
expressed as hazard ratios (HRs) with 95% confidence intervals (CI) using time dependent

Cox proportional hazard models. Past use was considered as the reference group.

Statistical analyses were done using SAS® version 9.2 (THIN and Mondriaan) and STATA

version 11 (BIFAP) software. Analyses were performed locally at the institutions of the



103

Variability in pharmacoepidemiological study findings

"asn [oyoo[e
U0 UOTJRWLIOJUT 9PNOUT JOU 0P JVAId UI ( PUe ) ‘g S[PPOJA "Xopul ssewr Apoq pue @sn [oyod[e ‘Gunjows :s10)oe] J[A)SI] 9pNIOUT JOU OP UBLLIPUOIA UI (J PUB O ‘g S[OPOIA
“ISWIAYZ[Y 10/PUE eHUIWIP PUE SIOPIOSIP [BJUSUT ‘WOIOUNJ [eual parreduur

9SBISIP TOAI OSBISIP ABMITE 2ATIONISQO DSIASIP [omoq Alojewutuepur ‘swse[doau Jueudiew 9seasrp IB[NISEAOIQIIdD OSBISIP 1IBAY dTaeydst 9doduss ‘saInzios ‘eruroeue
:SIM)IPIQIOW-00 PuUe sI0JIqIyuT asejewore pue sroyqryur dund uojoxd ‘sunels «(sqIvSN) Snip L1ojewrwregur-nue eprora)s-uou e 1oy suondrsaid ¢z 9jerdo/surydrour ‘sjuen
-Seoonjue oprurerdopojau sa13oqeIP-TUL IY)0 ‘SAUOIPAUIPI[OZeIy) (Y VINQ) Snip onewnayr-nue Suidjipow-aseastp ‘s3nip proidy)-nue ‘souourioy proifyr, (LY H) Aderoy)
juawaoe[dar suourroy Sururejuods-uadonisy ‘sonaInip (seArsudradAynue 19)0 SIOO[q [PuUeyd WNDed ‘sjuade Sunyoo[q ejag ‘systuoSejue ] ursuorSue SIONQIYUI OV
Surpnpur) s3nap aarsuayredAynue ‘sourureysiynue Sunepas SorwyAyLre-nue (sordiouroydnue pue jsruode siojdedouarpe-g-ejeq SUpnOUI) SI0JE[IPOYIUOI] ‘SPIOOT)I0000N[3
PO[EYUI ‘SJUBS[NAUODTIUR ‘SFNIP UOSUDIRJ-TJUe ‘WNII/sonoydAsdiiue SYSS 10 syD T, 18} 1o1jo sjuessardopnue sourdazerpozuaq :SUOIedIPIW-0d Pue O) [9POUT UT SI[QRLIBA
" TPPOIN [OLID[B) “UTUOID[R) (] UTWE)IA X3 WNID[E)) QUOULIOY ploiAyjere] @e[auel wnpuong uadjrxorel :sSnip Sunoajoxd suoq 1atjo ay) jo Lue 1o ajeuoydsoydsiq jo
asn snoraaxd ‘(3oaraduur s1soua309)50 Oseastp s3aSe]) saseasIp auoq I9YI0 Jo £10381Y s15010d02150 JO LI0)SIY UL  [9POW UT SI[qELILA ) [OPOIX ¢ (XopUl ssewr poq pue dsn
[oyoore ‘unjows) $10308) 2[A)SJI[ PUE SLIYIIE PIOJEWNIYI PUL SN PIOO1}10000N[S OIS @Injoey snoaaid pue y [9pow U SI[QELIBA T [PPOIN Xos pue a3 7y [PPOIN
310402 1DH.LOU 2213 9y ur aanjoexj/diy pue asn YD, Pue [YSS JUSLIND 10§ SOTJel pIezey pajsnipe pue opnip) :] dangry

alapown JI3PON 913po N VIdpOo N apni) alspon JI3PON g4 13POIN VIapoWw apni)
—— —- us T T
Nm.ﬁw P wm,ﬁw et wm,ﬁw et SAW et _
T mfm N@.HW S,Hm m
‘ | v | h
set I w1l ﬁmﬁm- o 109 Nm.aw e HW um.ﬁw ﬁ.NW [
‘:wm.ﬁ- or'e m«.m
[ e cre £Te S0'E [
NIHL W il
ueenpuon [
dvidlg .
LOT LOT

ainjoesy diy pue asn YD1 104D %S6 PuUe solles piezey danjdoesy diy pue asn |YSS 10) 1D %S6 pue soljes paezeH



104

Chapter 3.1

database teams. Results were blinded and submitted centrally to the PROTECT Research
Manager. Results were not shared until all analyses were finalized.

Post-hoc sensitivity analyses were conducted aiming at explaining the study results. The
first sensitivity analysis evaluated the impact of the 90-days AD prescription length assump-
tion in Mondriaan. In Mondriaan, the crude and adjusted HRs were assessed for 60 and
30-days prescription lengths. The presence of an interaction between the exposure and age
was investigated. Finally, non-linearity of age and fracture in the Mondriaan cohort was
assessed.

To assess inconsistency among the results a comparison of the HRs was performed between
the PROTECT and published cohort studies. The HR ranges for SSRI and TCA use was
calculated as the difference between the largest and the smallest HRs. The pooled HRs
and 95% CIs were estimated applying a random-effects model (with a priori assumption
of between-study heterogeneity). Odds ratios (ORs) reported in published cohort studies
and HRs estimated in the PROTECT cohorts were log transformed [24]. Forest plots were

generated using Review Manager Software, version 5.2 [25].

RESULTS

There were 252,203, 22,954 and 587,637 new AD users included in the BIFAP, Mondriaan
and THIN cohorts, respectively (Table 1). The mean age ranged from 49 to 51 years across
cohorts. The BIFAP cohort included 10% more females than the other two cohorts. The pro-
portion of patients using SSRIs at baseline ranged from 53% to 78% and those using TCA
ranged from 14% to 32% in the three databases. The median duration of an AD treatment
episode was 90 days (range: 1-3278), 176 days (range: 1-2920) and 86 days (range 1-3103)
in BIFAP, Mondriaan and THIN, respectively. At baseline, the frequency of confounder
variables varied among the cohorts (Table 1).

The crude HRs (95% CI) for current SSRI versus past use were 2.48 (2.22, 2.78), 2.40 (1.44,
4.00) and 2.10 (1.94, 2.27) and for current TCA 2.01 (1.61, 2.50), 2.52 (1.30, 4.92) and 2.39
(2.17, 1.63) in BIFAP, Mondriaan and THIN, respectively (Table 2). For current use of SSRI
and TCA compared with past use, age and sex adjusted HRs were about 1.4- to 1.7- times
higher in Mondriaan compared with BIFAP and THIN (Figure 1). Adjusting for age (and
sex) increased the HR for current use of SSRI in Mondriaan and decreased in BIFAP and
THIN. The fully adjusted models yielded a 1.9- to 2.0- times higher HR (3.27, 95% CI [1.93,
5.53]) for SSRI use in Mondriaan (Figure 1) compared with the other two PROTECT cohorts
(1.63,95% CI [1.45, 1.83], and 1.72, 95% CI [1.59, 1.87], in BIFAP and THIN, respectively).

Similarly, though with a less pronounced difference than in SSRI users, current use of TCA
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Table 1: Baseline characteristics of PROTECT cohorts.

BIFAP Mondriaan THIN
Cohort characteristics N=252,203 N=22,954 N=587,637
Age (years) mean + SD 509 +16.9 48.8+£17.2 49.7 £18.5
Range 18 - 106 18 - 104 18 - 106
Females N(%) 183,451 (72.7) 14,596 (63.6) 374,551 (63.7)
Users N(%)
SSRI 195,426 (77.5) 13,817 (60.2) 312610 (53.2)
TCA 35,377 (14.0) 7,585 (33.0) 186,785 (31.8)
SSRI and TCA 21,400 (8.5) 1,552 (6.8) 88,242 (15.0)
AD treatment episode duration in days (median) 90 176 86
range 1-3278 1-2920 1-3104
Hip/femur fracture N(%) 1,535 (0.6) 82 (0.4) 3,756 (0.6)
Previous fractures N(%) 12,584 (5.0) 1,106 (4.8) 109,533 (18.6)
Body mass index (kg/m?) N(%)
<25 35,866 (14.2) N/A 233,932 (39.8)
>25 80,824 (32.1) 287,988 (49.0)
Missing 135,513 (53.7) 65,717 (11.2)
Smokers N(%) N/A
Never 84,165 (33.4) 284,761 (48.5)
Ex 4,089 (1.6) 118,234 (20.1)
Current 39,126 (15.5) 176,340 (30.0)
Missing 124,823 (49.5) 8,302 (1.4)
Alcohol users N(%) N/A N/A 420,244 (71.5)
No users 96,732 (16.5)
Missing 70,661 (12.0)
Co-morbidities N(%)
Rheumatoid arthritis 1,508 (0.6) 0(0) 9,362 (1.6)
Osteoporosis 13,575 (5.4) 409 (1.8) 14,780 (2.5)
Paget’s disease 247 (0.1) N/A 580 (0.1)
Anaemia 1,8557 (7.4) 1,063 (4.6) 41,091 (7.0)
Epilepsy/seizures 2,324 (0.9) 171 (0.7) 13,350 (2.3)
Syncope 16,261 (6.5) 734 (3.2) 20,965 (3.6)
Ischaemic heart disease 12,145 (4.8) 1,014 (4.4) 40,700 (6.9)
Cerebrovascular disease 9,550 (3.8) 536 (2.3) 23,129 (3.9)
Malignant neoplasms 16,469 (6.5) 1,350(5.9) 47,394 (8.1)
Inflammatory bowel disease 1,116 (0.4) 143 (0.6) 6,630 (1.1)
Obstructive airway disease 6,923 (2.7) 1,164 (5.1) 43,021 (7.3)
Liver disease 4,165 (1.7) 90 (0.4) 4,620 (0.8)
Chronic renal failure 2,304 (0.9) 0(0.0) 2,827 (0.5)
Mental disorders (other than depression) 5,224 (2.1) 931 (4.1) 14,056 (2.4)
Dementia and/or Alzheimer 2,956 (1.2) 127 (0.6) 3,794 (0.6)
Co-medications N(%)
Glucocorticoids (oral) 562 (0.2) 1,071 (4.7) 27,901(4.7)

in Mondriaan was associated with a higher risk (HR=1.98, 95% CI [1.00, 3.92]) compared
with the risk found in BIFAP (HR=1.28, 95% CI [1.02, 1.60]) and THIN (HR=1.32, 95% CI
[1.20, 1.46]). Including lifestyle factors in the analysis in BIFAP and THIN had negligible
effect on the risk estimates (Table 2).
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Table 1: Baseline characteristics of PROTECT cohorts. (continued)
BIFAP Mondriaan THIN

Cohort characteristics N=252,203 N=22,954 N=587,637
Bisphosphonate 6,341 (2.5) 369 (1.6) 9,203 (1.6)
Raloxifene 2,222 (0.9) 2(0.0) 534 (0.1)
Strontium ranelate 322 (0.1) 2(0.0) 260 (0.0)
Parathyroid hormone 56 (0.0) 1(0.0) 0(0.0)
Calcium & vitamin D 10,471 (4.2) 371 (1.6) 1,066 (0.2)
Calcitonin 1,031 (0.4) 0(0.0) 41 (0.0)
Benzodiazepines 99,805 (39.6) 7,926 (34.5) 96,322 (16.4)
Antidepressants (other than SSRI and TCA) 8,787 (3.5) 768 (3.3) 15,043 (2.6)
Antipsychotics/lithium 13,769 (5.5) 592 (2.6) 29,577 (5.0)
Anti-Parkinson drugs 2,128 (0.8) 150 (0.7) 3,601 (0.6)
Anticonvulsants 10,659 (4.2) 724 (3.2) 16,415 (2.8)
Inhaled glucocorticoids 4,672 (1.9) 923 (4.0) 33,159 (5.6)
Bronchodilators 17,078 (6.8) 2,172 (9.5) 68,774 (11.7)
Anti-arrhythmic 1,523 (0.6) 89 (0.4) 2,926 (0.5)
Sedating antihistamines 2,270 (0.9) 0(0.0) 2,241 (0.4)
Antihypertensive drugs* 47,569 (18.9) 4,406 (19.2) 134,302 (22.9)
Diuretics 23,276 (9.2) 2,194 (9.6) 77,534 (13.2)
Estrogen-containing hormone replacement therapy 3,968 (2.2) 724 (3.2) 36,450 (6.2)
Thyroid hormones 8,918 (3.5) 682 (3.0) 29,817 (5.1)
Anti-thyroid drugs 515(0.2) 0(0.0) 1,090 (0.2)
Disease-modifying anti-rheumatic drug (DMARD) 1,431 (0.6) 240 (1.0) 6,053 (1.0)
Thiazolidinediones 430 (0.2) 37(0.2) 2,719 (0.5)
Other anti-diabetics 13,637 (5.4) 1,323 (5.8) 27,063 (4.6)
Metoclopramide 6,678 (2.6) 951 (4.1) 15,422 (2.6)
Anticoagulants 6,948 (2.8) 2,475 (10.8) 11,061 (1.9)
Morphine/opiate 17,082 (6.8) 1,983 (8.6) 66,498 (11.3)
non-steroidal anti-inflammatory drugs (>2 prescriptions) 41,795 (16.6) 2,611 (11.4) 115,864 (19.7)
Statins 23,285 (9.2) 2,071 (9.0) 67,538 (11.5)
Proton pump inhibitors 58,323 (23.1) 3,623 (15.8) 85,968 (14.5)
Aromatase Inhibitors 526 (0.2) 39(0.2) 1,547 (0.3)

N/A= info not available; SSRI= selective serotonin re-uptake inhibitors; TCA=tricyclic antidepressants; *= An-
tihypertensive drugs include ACE inhibitors, Angiotensin II antagonist, beta-blocking agents, Calcium channel
blockers, and other hypertensive drugs except diuretics.

The range for the adjusted HRs (Figures 2a and 2b) for current SSRI use was larger for the
PROTECT studies than for the published studies (1.64 and 1.34, respectively). The range for
the adjusted HRs for TCA use was smaller for the PROTECT studies than for the published
studies (0.70 and 1.19, respectively).

Adjusting the pre-defined AD prescription length in Mondriaan (Supplementary Table 3.1B)
resulted in reduced median AD treatment episode length, from 176 to 134 and 120 days,
for the 60 and 30-days prescription durations, respectively. However, there were no notable

changes in risk estimates of SSRI and TCA use.
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In Mondriaan, there was no interaction between age and TCA use (p=0.85). However, there
was an indication of the presence of an interaction between age and SSRI use (p=0.07).
Without taking interactions into account, the overall effect of SSRI use on hip fracture was
3.05 (95% CI: 1.83, 5.09). Allowing for an interaction between age and SSRI use in the
adjusted model yielded a HR of 1.49 (95% CI: 0.57, 3.93) for subjects aged 50.9 years (mean
age in BIFAP -Table 1). There was no interaction between age and exposure in BIFAP (p=
0.51 and p=0.98 for TCA and SSRI, respectively) and THIN (p=0.13 and p=0.21 for TCA
and SSRI, respectively).

Additional analyses (results not shown) on non-linearity of age and fracture in Mondri-
aan showed that the relation between age and the outcome was linear and adding e.g. age
squared to the model did not change the effect estimates of SSRI and TCA use.

DISCUSSION

In the three uniformly conducted PROTECT cohort studies, we found that both SSRI and
TCA use were associated with an increased risk of hip/femur fracture. These results are con-
sistent with studies previously reporting an association. The HRs for SSRI use were higher
in Mondriaan compared with HRs in BIFAP and THIN while the HRs for TCA use were
similar in all cohorts. The range between the adjusted HRs for SSRI use was larger among
the PROTECT studies (HRs: 3.27 and 1.63) than the range among the published studies
(HRs: 2.35 and 1.01). The interpretation of the risk estimates from the fully adjusted models
in Mondriaan should be done with caution as the cohort from the Mondriaan databases
was a much smaller and a younger cohort compared to the cohorts from the BIFAP and the
THIN databases.

Despite harmonizing the study design, protocol and data specifications, we found higher
risk estimates for SSRI use in Mondriaan than in BIFAP and THIN. Several sensitivity

analyses were conducted to explore the possible reasons for this.

Our assumption that a 90-days AD prescription duration in Mondriaan would result in
bias toward an increased risk was not confirmed by changes in risk estimates. The interac-
tion between SSRI exposure and age in Mondriaan (potential higher effect of SSRI among
younger patients), though statistically not significant, indicates the possible presence of an
age related factor, which was absent in the other two cohorts. This factor cannot be one of
the confounding variables we adjusted for in our study. The confounding variables were
selected and controlled similarly in the three databases. Lifestyle variables not recorded in

Mondriaan and partly recorded in BIFAP did not introduce notable differences in HRs in
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2a

Study on SSRI Log [Hazard SE Weight | Hazard Ratio Hazard Ratio
Ratio] IV, Random, 95% IV, Random, 95% Cl

BIFAP 0.4886 0.0597 | 43.1% | 1.63[1.45,1.83] -
Mondriaan 1.1848 0.269 7.6% 3.27[1.93,5.54] —
THIN 0.5448 0.0414 | 49.3% | 1.72[1.59,1.87) l
Total (95% Cl) 100% | 1.77 [1.51,2.07]
Range of HRs 1.64 ‘ ) ' ‘ )
Hetrogeniety:Tau’ = 0.1; Chi’ = 6.49, df=2 (p=0.04); 02 05 1 2 3

IZ=69%; 95%ClI [10,62]
Test for overall effect : Z=7.13 (P<0.00001)

Study on SSRI Log [Hazard SE Weight Hazard Ratio Hazard Ratio
Ratio] 1V, Random, 95% 1V, Random, 95% Cl
Coupland 2011 0.4574 0.0334 | 38.0% 1.58 [1.48,1.69] ™
Diem 2011 0.01 0.1798 | 15.8% 3.27 [0.71,1.44] .
Ensrud 2003 0.4318 0.4642 | 3.6% 1.54 [0.62, 3.83] -
Lewis 2003 0.5008 0.298 7.7% 1.65[0.92, 2.96] T
Richards 2007 0.7419 0.2447 | 10.4% 2.10 [1.30, 3.39] T
Sprangler 2008 0.2852 0.1717 | 16.7% 1.33 [0.95,1.86] I~
Ziere 2008 0.8544 0.2943 | 7.8% 2.35[1.32, 4.18]
Total (95% ClI) 100% 1.52[1.27,1.82] 0
Range of HRs 1.34 ' ' 4 }
Hetrogeniety:Tau’ = 0.2; Chi® = 10.29, df=6 (p=0.11); 02 05 2 5

12=42%; 95%Cl [43,83]
Test for overall effect : Z=4.58 (P<0.00001)

2b

Study on TCA Log SE Weight | Hazard Ratio Hazard Ratio
[Hazard IV, Random, 95% IV, Random, 95% Cl
Ratio] F—

BIFAP 0.2449 0.1148 15.7% | 1.28 [1.02,1.60]

Mondriaan 0.683 0.3485 1.7% 1.98 [1.00,3.92] .

THIN 0.2904 0.05 82.6% | 1.32[1.20, 1.46)

Total (95% Cl) 100% | 1.33[1.21,1.45] 1 1 ¢ . .

Range of HRs 0.70 D‘: 9‘5 1 :' -'

Hetrogeniety:Tau” = 0.00; Chi’ = 1.43, df=2 (p=0.49);
1=0%; 95%Cl [0,100]
Test for overall effect : Z=6.20 (P<0.00001)

Study on TCA Log [Hazard SE Weight Hazard Ratio Hazard Ratio
Ratio] 1V, Random, 95% 1V, Random, 95% CI

Coupland 2011 0.2311 0.0422 | 52.8% 1.26 [1.16,1.37] | |

Diem 2011 0.1906 0.1742 | 16.9% 1.21 [0.86,1.70] I

Ensrud 2003 0.6043 0.2691 | 8.4% 1.83[1.08, 3.10]

Lewis 2003 0.8713 0.3226 | 6.1% 2.39 [1.27, 4.50] N I

Richards 2007 0.1823 0.275 8.1% 1.20 [0.70, 2.06] —

Ziere 2008 0.5247 0.2833 | 7.7% 1.69 [0.97,2.94]

Total (95% ClI) 100% 1.37 [1.16,1.61] L 4

Range of HRs 1.19 0z 05 : :

Hetrogeniety:Tau® = 0.01; Chi’ = 6.76, df=5 (p=0.24);
12=26%; 95%CI [0,52]
Test for overall effect : Z=3.73 (P<0.0002)

Figure 2 Forest plots of fully adjusted* hazard ratios from PROTECT and published studies on
SSRI use (2a) and TCA use (2b) and hip fracture.

SE =standard error; IV=inverse variance; CI= confidence interval; df= degrees of freedom; * HRs are adjusted
for all available confounders in the three databases (Model D for BIFAP and THIN and Model D ~ excluding
lifestyle variables for Mondriaan) for details refer to online appendix. Forest plots were generated using Rev-
man software and 95% Cls for I’ were (added to the figure) calculated manually applying formula suggested
by Higgins et al (2). Range (highest minus lowest) for the HRs (added to the figure) was calculated manually.
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BIFAP and THIN (Table 2). Moreover, the list of the adjusted confounders was extensive,
limiting the possibility of a substantial influence of residual confounding on our results.
Nevertheless, the presence of interaction between age and SSRI exposure in the Mondriaan
cohort and the absolute values of the risk estimates especially in the fully adjusted models
should be interpreted with caution. The interaction phenomenon should be further tested

in larger populations to exclude factors like small sample size effects.

Different coding systems (ICPC-2 codes in BIFAP and Mondriaan and Read codes in
THIN) to identify the outcome could have introduced inconsistency. We were also unable
to distinguish between hip and femur fractures the proportion of which may defer by age.
No linkages to hospital data were done in any of the databases to prevent discrepancies
in the level of outcome ascertainment. An extra case ascertainment step, using free text
information, was performed in BIFAP as the only divergent step in the study protocol. This
step excluded 31.5% of the cases with fractures other than hip/femur. We did not estimate
the HRs including these fracture cases or explore the distribution of these over the differ-
ent exposure states. Despite this additional ascertainment in BIFAP, risk estimates were
comparable between BIFAP and THIN.

Health care system/clinical aspects

The higher risk of fracture found among AD users in Mondriaan may be explained by fac-
tors other than study methods. In an earlier study [26], we found that the Netherlands has
the lowest and most stable prevalence of AD prescribing during the study period compared
with Spain and the UK. Moreover, we compared incidence rates of hip/femur fracture dur-
ing the study period [27] and found in 2008 an incidence of hip/femur fracture per 10,000
person-years of 10.6 in Spain, 7.3 (NPCRD) and 8.9 (AHC) in the Netherlands and 8.7 in
the UK. These rates were comparable to rates in other European countries. Furthermore,
country level differences in AD prescribing and incidence of hip fracture exist. We also
showed that even with the assumption of shorter prescription lengths, the duration of AD
use was longer in Mondriaan compared with BIFAP and THIN. However, our results did
not show increasing risk by duration of use. The sensitivity analyses showed that the higher

risk in Mondriaan is not due to the difference in methods for defining prescription duration.

There are two previously published studies on AD use and fractures conducted in different
Dutch databases. These studies (cohort design [19] and case-control design [28]), report
higher risk estimates for SSRI use compared results from the published studies selected
in our study (but lower than in Mondriaan). Furthermore, a study [29] in the UK Clini-
cal Practice Research Datalink (previously known as General Practice Research Database)
reported odds ratios for fracture outcomes >43 days after the first prescription of TCA
[1.15, 95% CI:1.08; 1.23] and SSRI [1.32, 95% CI: 1.19; 1.48]. These risk estimates, despite
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study design differences, are comparable to our results in THIN. Whether this country level
difference, specifically the higher risk of fracture among AD users in the Netherlands, is due
to specific clinical factors deserves further exploration. Moreover, country level differences
in AD prescribing in primary care and health care system in general, especially in Europe,
are documented [30]. Although the GP is the gatekeeper of the health care system in Spain,
the Netherlands and the UK, differences in accessibility to specialist care might exist.

Our approach of harmonizing study methods allowed us to minimize methodological dif-
ferences and explain possible non-methodological factors. In pharmacoepidemiology, there
are several consorted efforts focusing on the use of different methods and data sources for
improving drug safety systems. A recently published study [31] by the Observational Medi-
cal Outcomes Partnership (OMOP [32]) is worth contrasting against our study. The OMOP
study examined 53 drug and adverse-event associations in nine different databases applying
cohort and self-controlled case series designs. In the OMOP study, authors developed a
common data model, which was applied to different data sources and subsequently per-
formed a uniform analysis to estimate risks. Although keeping study designs constant, the
heterogeneity (I* index) remained substantial. Our approach of extensive harmonization,
from definitions of variables to analyses step, minimized heterogeneity due to study method
differences and allowed to investigate other possible factors introducing heterogeneity.

The common-protocol approach in which data sources are analyzed separately instead of
a priori pooling of data sources allows the investigation of additional sources of variability

that would otherwise have been lost in the pooling process as in the OMOP study [31].

A limitation of this study is that, regardless of our extensive effort to harmonize the study
protocol and data specification document, inherent differences of databases hindering
this process could not be avoided. There are differences in coding systems and the level of
detailed information on studied outcome, co-morbidities and lifestyle factors. However, we
found comparable incidences of fracture and a minimal effect of adjustment of confounders
on the HRs compared with the effect of adjusting for age/sex. Differences in the application
of statistical analyses using different software packages (SAS and STATA) was harmonized
at syntax level excluding the possibility of discrepancies due to differences in programming.
Another aspect of using a predefined common protocol is the selection of a fixed set of
confounders in multivariable models in PROTECT cohorts regardless of their impact. The
impact of this approach on the risk estimates and their confidence intervals needs further
investigation. The presence of interaction between age and the exposure should be further

investigated in larger databases.

We observed an increased risk of hip/femur fracture in AD users in all three cohorts. Ap-

plying similar pharmacoepidemiological study methods to different populations and data
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sources resulted in similar risks for TCA use and some variation for SSRI use. Some of these
differences may express real (or natural) variance in the exposure-outcome co-occurrences.
However, consistently similar methods also enable the identification of relevant possible

effect modifiers.



118

Chapter 3.1

REFERENCES

10.

11.

Vandenbroucke JP. Balancing benefits and
harms in health care: observational data on
harm should complement systematic reviews
of benefit. BMJ. 2003; 327: 750.

Dobbins M, Cockerill R, Barnsley J. Factors
affecting the utilization of systematic reviews.
A study of public health decision makers. Int J
Technol Assess Health Care. 2001; 17: 203-14.
Thompson SG. Why sources of heterogeneity
in meta-analysis should be investigated. BM]J.
1994; 309: 1351-5.

PROTECT-EU. The Pharmacoepidemiological
Research on Outcomes of Therapeutics by a Eu-
ropean Consortium. http://www.imi-protect.
eu/ (cited 10 July, 2014).

Wu Q, Bencaz AF, Hentz JG et al. Selective
serotonin reuptake inhibitor treatment and
risk of fractures: a meta-analysis of cohort and
case-control studies. Osteoporos Int. 2012; 23:
365-75.

Wu Q, Qu W, Crowell MD et al. Tricyclic
antidepressant use and risk of fractures: A
meta-analysis of cohort and case-control
studies. ] Bone Miner Res. 2013; 28: 753-63.
Rabenda V, Nicolet D, Beaudart C, et al. Re-
lationship between use of antidepressants and
risk of fractures: a meta-analysis. Osteoporos
Int. 2012; 24: 121-37.

Oderda LH, Young JR, Asche CV et al. Psy-
chotropic-related hip fractures: meta-analysis
of first-generation and second-generation an-
tidepressant and antipsychotic drugs. Ann
Pharmacother. 2012; 46: 917-28.

Eom CS, Lee HK, Ye S et al. Use of selective
serotonin reuptake inhibitors and risk of frac-
ture: a systematic review and meta-analysis. ]
Bone Miner Res. 2012; 27: 1186-95.

Diem §J, Blackwell TL, Stone KL et al. Use of
antidepressant medications and risk of fracture
in older women. Calcif Tissue Int. 2011; 88:
476-84.

Liu B, Anderson G, Mittmann N, To T, Axcell
T, Shear N. Use of selective serotonin-reuptake
inhibitors or tricyclic antidepressants and risk

12.

13.

14.

15.

16.

17.

18.

19.

20.

of hip fractures in elderly people. Lancet. 1998;
351:1303-7.

Lewis CE, Ewing SK, Taylor BC et al. Predictors
of non-spine fracture in elderly men: the MrOS
study. ] Bone Miner Res. 2007; 22: 211-9.
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: 130-8.

ENCePP. The European Network of Centers
for Pharmacoepidemiology and Pharma-
covigilance. Electronic Register of Studies.
http://www.encepp.eu/encepp/viewResource.
htm?id=3667 (cited 10 July, 2014).

Medicines and Healthcare products Regula-
tory Agency (MHRA). Addiction to benzo-
diazepines and codeine: supporting safe use.
http://www.mhra.gov.uk/Safetyinformation/
DrugSafetyUpdate/ CON123123 (cited 10 July,
2014).

Welke KF, Karamlou T, Diggs BS. Databases
for assessing the outcomes of the treatment of
patients with congenital and paediatric cardiac
disease—a comparison of administrative and
clinical data. Cardiol Young. 2008; 18 Suppl 2:
137-44.

Lader M. Benzodiazepines revisited—will we
ever learn? Addiction. 2011; 106: 2086-109.
Mercier A, Auger-Aubin I, Lebeau JP et al.
Evidence of prescription of antidepressants for
non-psychiatric conditions in primary care: an
analysis of guidelines and systematic reviews.
BMC Fam Pract. 2013; 14: 55.

Ziere G, Dieleman JP, van der Cammen TJ
et al. Selective serotonin reuptake inhibiting
antidepressants are associated with an in-
creased risk of nonvertebral fractures. J Clin
Psychopharmacol. 2008; 28: 411-7.

Spangler L, Scholes D, Brunner RL et al. De-
pressive symptoms, bone loss, and fractures in
postmenopausal women. ] Gen Intern Med.
2008; 23: 567-74.



21.

22.

23.

24.

25.

26.

27.

Richards JB, Papaioannou A, Adachi JD et al.
Effect of selective serotonin reuptake inhibitors
on the risk of fracture. Arch Intern Med. 2007;
167: 188-94.

Ensrud KE, Blackwell T, Mangione CM et al.
Central nervous system active medications and
risk for fractures in older women. Arch Intern
Med. 2003; 163: 949-57.

Coupland C, Dhiman P, Morriss R et al. An-
tidepressant use and risk of adverse outcomes
in older people: population based cohort study.
BM]J. 2011; 343: d4551.

Walter SD, Cook R]. A comparison of several
point estimators of the odds ratio in a single
2 x 2 contingency table. Biometrics. 1991; 47:
795-811.

Review Manager (RevMan) [Computer pro-
gram]. Version 5.2. Copenhagen. The Nordic
Cochrane Centre, The Cochrane Collaboration,
2012.

Abbing-Karahagopian, Huerta C, Souverein
P et al. Antidepressant prescribing in five
European countries: application of common
definitions to assess the prevalence, clinical
observations and methodological implications.
Eur J Clin Pharmacol. 2014; 70: 849-57.
Requena G, Abbing-Karahagopian V, Huerta C

etal. Trends in incidence rates of hip and femur

Variability in pharmacoepidemiological study findings

28.

29.

30.

31.

32.

33.

fracture in five European countries, 2003-2009.
A comparison using electronic health care
records databases. Calcif Tissue Int. 2014; 94:
580-9..

Verdel BM, Souverein PC, Egberts TC et al. Use
of antidepressant drugs and risk of osteoporotic
and non-osteoporotic fractures. Bone. 2010; 47:
604-9.

Hubbard R, Farrington P, Smith C et al.
Exposure to tricyclic and selective serotonin
reuptake inhibitor antidepressants and the risk
of hip fracture. Am J Epidemiol. 2003; 158:
77-84.

Paykel ES, Brugha T, Fryers T. Size and burden
of depressive disorders in Europe. Eur Neuro-
psychopharmacol. 2005; 15: 411-23.

Madigan D, Ryan PB, Schuemie M, Stang PE,
Overhage JM, Hartzema AG, et al. Evaluating
the Impact of Database Heterogeneity on
Observational Study Results. Am J Epidemiol.
2013; 178: 645-51

Foundation for the National Institutes of
Health. Observational Medical Outcomes
Partnership. http://omop.fnih.org/ (cited 10
July, 2013)

Higgins JP, Thompson SG, Deeks JJ et al.
Measuring inconsistency in meta-analyses.
BM]J. 2003; 327: 557-60.

119



120

Chapter 3.1

Supplementary Figure 3.1A
Systematic review of published cohort studies on antidepressant use and hip fracture.

PubMed search 1 (individual studies) PubMed search 2 (reviews /meta-analysis)

N= 227 records

N= 6 review publications

A4

Included terms
“cohort” N=33
“prospective” N=40
“retrospective” N=13

Manual review from bibliography of 6 review
publications
Cohort studies N=13

v

\ 4

Satisfying selection criteria:

SSRI studies N=6 studies
TCA studies N=5 studies

Satisfying selection criteria:
SSRI studies N=7
TCA studies N=6

Check for duplicates
SSRI studies =7
TCA studies =6
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BACKGROUND

Poly-pharmacy is often unavoidable in daily clinical practice, but may be associated with
additional risks of adverse events. Several examples of frequently combined medications
with the same adverse event have been described: aspirin and clopidogrel and the risk of
bleeding [1] anti-rheumatic agents and methotrexate and the risk of hepatotoxicity [2] and
angiotensin converting enzyme (ACE) inhibitors and non-steroidal anti-inflammatory drug
(NSAID) use and renal impairment [3]. When hazard patterns of drug-adverse event vary
over time, the risk of an adverse event may differ at the initiation of a therapy compared to
during continuous use or even after termination of therapy. Timing of start of concomitant

medication use may hence modify the combined effect.

Electronic health care databases are often used for observational research on adverse effects
of medications [4, 5]. The availability of longitudinally recorded data allows for a detailed
characterization of both the exposure to medication and the outcome of interest. In more
recent drug-adverse event studies, we observe elaborated definitions of the main exposure
of interest but rarely of the concomitant medication use as a confounding or effect modify-
ing factor. It is important to account for concomitant medication use in more detail, as two
medications may be associated with the same adverse event, albeit with different hazard

patterns over time.

To elaborate this, we portray the example of concomitant use of benzodiazepines among
antidepressant users and the hazard for fracture as the common adverse event. Concomi-
tant use of antidepressants and benzodiazepines is proven to be effective to treat the acute
phase of depression [6] and hence are often co-prescribed in routine clinical practice [7].
The use of antidepressants [8-14] and benzodiazepines [15-20] have both been associated
with an increased risk of fractures. The hazard patterns for fracture have been reported
to be different for these two classes of medications. Studies have reported high risk of
fracture for antidepressant use (both selective serotonin re-uptake inhibitors and tricyclic
antidepressants) starting three to six months after continuous use followed by a lower but
persistent risk up until in the fourth to fifth year of continuous use [9,12, 11]. In contrast,
fracture risk is highest immediately after initiation of benzodiazepine use and there is a
marked decrease in the risk upon continuous use as reported in various studies [18, 20, 22].
Accordingly, fracture hazard for antidepressant use is high long after initiation of therapy
with bone mineral density alteration as the potential mechanism of action, whereas the
more acute risk for fracture associated with benzodiazepine use is thought to be related to
an increased risk of falls. Assuming at least an additive effect of concomitant use and the
approximate patterns of fracture hazard for antidepressant and benzodiazepine use roughly

derived from risk estimates reported in previous studies as noted above, different timings of
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benzodiazepine use start may modify the combined risk for fracture. This is shown in Fig-
ure 1, where different scenarios of combined risk patterns for concomitant use are depicted.
Scenario 1A represents the situation where patients use antidepressants but do not use
benzodiazepines and hence bear the potential risk pattern associated with antidepressant
use only. Further, scenarios 1B, 1C and 1D represent situations where patients start using
benzodiazepine concomitantly before, simultaneous and after the initiation of antidepres-
sant use, respectively. As shown, the coexisting and/or overlapping risk patterns, assuming

at least an additive effect, for these three groups are different.

B) BZD start before AD start
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Figure 1: Four scenarios of timing of benzodiazepine initiation among new antidepressant users
and their respective hazard functions for hip fracture over time

AD=antidepressants

BZD=benzodiazepine

The aim of this study was to estimate concomitant use of benzodiazepine among antidepres-
sant users and characterize the timing of benzodiazepine start with respect to antidepres-
sant therapy start and the duration of concomitant use. Secondly, we aimed to illustrate

scenarios of timing of initiation and duration of concomitant benzodiazepine use among
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antidepressant users and discuss potential scenarios and implications on the estimation of

the combined hazard for hip fracture.

METHODS

Setting

Data were obtained from the Netherlands Primary Care Research Database (NPCRD) [23],
a database from general practices that register data on morbidity, drug prescriptions and
referrals in electronic medical records on a continuous basis. The NPCRD includes more
than 350,000 patients registered at 85 practices. Prescription data are classified according
to Anatomical Therapeutic and Chemical (ATC) [24] classification and morbidity is coded
using the International Classification of Primary Care (ICPC) [25].

Study population

All patients with a first prescription for an antidepressant drug (ATC NO06A) enrolled in
practices, which are registered in the database between 2002 and 2009 were identified. The
date of the first antidepressant prescription was considered to be the start date. Patients aged
18 years and older at the time of the start date with at least one year of enrollment history in
NPCRD and at least 90 days of follow-up available were eligible for inclusion. We included
only new users, defined as patients who had their first AD prescription (start date) during

the study period without any AD prescription in the year preceding the start date.

Definition of antidepressant use

For each patient starting an antidepressant, all prescriptions for selective serotonin reuptake
inhibitors (SSRIs), serotonin-norepinephrine reuptake inhibitors (SNRIs), tricyclic antide-
pressants (TCAs), and monoamine oxidase inhibitors (MOAIs) were identified. Treatment
episodes were constructed according to the method previously applied by Gardarsdottir et
al. [26]. In short, a treatment episode comprised a series of subsequent antidepressant pre-
scriptions, irrespective of switching between different types of antidepressant and changes
in dose regimen. As prescribing records in NCPRD did not provide information on the
dosing regimen, the prescription length for each antidepressant was considered to be 90
days, consistent with the maximally allowed dispensing duration in the Netherlands. In
case a subsequent antidepressant prescription with the same drug was collected before the
theoretical end date of a previous antidepressant prescription, the number of overlapping
days was added to the theoretical end date of the subsequent antidepressant prescription. If
a subsequent prescription was another antidepressant, the patient was considered to have
switched therapy and any remaining days from the previous type of antidepressant were

disregarded.



Complexity of concomitant exposures

A new treatment episode was assumed when an interval of 30 days or more occurred
between the theoretical end date of a prescription and the next prescription for the same

patient. For all patients, only the first treatment episode was assessed.

Concomitant use of benzodiazepines

Among patients with a first episode of antidepressant use, all prescriptions for benzodiaz-
epines (ATC codes NO5BA), benzodiazepine derivatives (ATC N05CD) and benzodiazepine
related drugs (ATC NO5CF) were identified.

As information on the dosing regimen for benzodiazepine was not available, the length of a
benzodiazepine prescription was assumed to be 30 days, based on the common prescribing
practice for benzodiazepines in the Netherlands. To assess concomitant us of benzodiaz-
epines (‘co-use’) during the first episode of antidepressant use, we calculated the number of
days that benzodiazepines were used within this period. If a benzodiazepine prescription
was issued prior to the start of antidepressants or the theoretical end date of a prescription
was after the end date of the antidepressant treatment episode, only the days within the

antidepressant episode were taken into account.

Using a fixed duration of 30 days for a benzodiazepine prescription can inflate the number
of days use in case the prescriptions were e.g. issued on a weekly basis or were used in a
higher frequency. Therefore, we created a rule that the number of days of co-use could
not be larger than the difference between the last theoretical end date of a benzodiazepine
prescription and the start of benzodiazepine/start of the antidepressant treatment episode,
whichever came last. As an antidepressant episode can potentially last for years, we ap-
plied the above mentioned rule taking into account clusters of benzodiazepine use, where
a difference of 182 days between the end date of one benzodiazepine prescription and a
subsequent one marked a new cluster. This prevented a scenario where intensive co-use at
the beginning and at the end of an antidepressant episode would overestimate the number of
days of co-use. Concomitant use of benzodiazepines within the first antidepressant episode
was further defined in two dimensions: First, we assessed the timing of benzodiazepine start
with respect to the start of the antidepressant treatment episode (T=0). Three subgroups of
patients were identified according to the timing of concomitant benzodiazepine start: 1)
patients who start using benzodiazepines before, 2) those who start using benzodiazepine
simultaneously (on the same day) and who have no benzodiazepine prescription in the 182
prior to the start day and 3) patients who start using benzodiazepine after the start of the
antidepressant treatment episode.

Second, the duration of concomitant use in days was plotted relative to the length of the

antidepressant treatment episode in days.
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Data Analysis

The cohort of new antidepressant users was described for sex, age, major indications (foot-
note Table 1), length of antidepressant treatment episode and type of antidepressant use.
Mean, median and standard deviation were calculated. The frequency of concomitant use of
benzodiazepine was determined according to the definitions described above. Results were
stratified by timing of benzodiazepine start. Duration of concomitant benzodiazepine use
was compared with respect to antidepressant treatment episode length. Data analyses were
performed using SPSS for Windows 20.0 (SPSS Inc, Chicago, IL).

Table 1 Characteristics of antidepressant therapy initiators

Antidepressant therapy initiators

N=16,087 N %
Female 10,207 63.4
Mean age (standard deviation) 50 (18)
Indication of use

Depression 5713 355

Anxiety 1775 11.0

Sleeping disorder 382 2.4

Unspecified 473 2.9

Other 5226 324

Unknown 2518 15.7
Antidepressant episode duration in days

Mean (Standard deviation) 295 (345)

Median 166

Minimum 90

Maximum 2920

25™ percentile 90

25™ percentile 344
3 month 5480 34.1
>3-6 months 3295 20.5
6-12 months 3608 224
>12 months 3704 23.0
Only selective serotonin re-uptake inhibitors use 8714 54.2
Only tricyclic antidepressants use 5386 335
Only other antidepressant use 1987 12.3

Depression: depression and related disorders (ICPC code P76, P03)
Anxiety: anxiety and related disorders (ICPC codes: P01, P74)
Sleeping disorder (ICPC code: P06)

Unspecified: no diagnosis determined by the general practitioner
Unknown: missing data.
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RESULTS

A total of 16,087 patients initiated antidepressant treatment between 2002 and 2009 (Ta-
ble 1). The majority (63.0%) was female and the mean age was 50 years (SD 18) at the start
of antidepressant treatment. The most frequently recorded indications were depression/
depression related disorders (35.5%), followed by anxiety/anxiety related disorders (11.0%).
The range of the antidepressant episode lengths was wide (between 90 and 2920 days) and
the mean and median were 295 and 166 days, respectively. About one third (34.0%) of the
patients had the minimum antidepressant treatment length (3 months), corresponding to a
single antidepressant prescription. The majority of the patients were SSRI users (54.2%) and
only one third of the patients were TCA users.

More than one third (39.0%) of the new antidepressant users were concomitant users of
benzodiazepines (Figure 2) at least once during their antidepressant treatment episode. The
majority (64.4%) of these patients initiated benzodiazepine use before antidepressant ther-
apy start. In total 21.9% of concomitant users started using benzodiazepine after initiation
of antidepressant therapy, and 13.7% started the use of benzodiazepines and antidepressants

simultaneously.

100.0

BZD start after AD start
N=1373 (21.9% of BZD |

Simultaneous start of AD & BZD N=861
................ (13.7% of BZD users)

BZD start before AD
start N=4042
(64.4% of BZD

Cumulative percent of new antideoressant

AD start

|
|
|
|
|
|
|
0.0 —¢ {
T=-383 T=0 T=+2426

T=time (in days)

Figure 2: Distribution of concomitant benzodiazepine use among new antidepressant users, accord-
ing to timing of benzodiazepine start with respect to antidepressant treatment episode start (T=0)
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Figure 3 shows the duration of the concomitant benzodiazepine use versus total antidepres-
sant treatment episode length overall, as well as for those who start benzodiazepine use
before, simultaneous and after antidepressant treatment initiation separately. Figure 3A
shows regular periods of 30, 60 and 90 days of benzodiazepine co-use during the antide-

pressant treatment episode in addition to some other lengths of periods of concomitant
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Figure 3: Distribution of duration of concomitant use of benzodiazepine with respect to the dura-
tion of antidepressant treatment episode: overall (3A) and in three different patient groups in terms
of timing of benzodiazepine start (3B-3D)
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benzodiazepine use. Figures 3B and 3C indicate relative long duration of concomitant use
of benzodiazepine among the subgroups of antidepressant users who start using benzo-
diazepine before and simultaneous compared with the duration of concomitant use for
those who start using benzodiazepine after antidepressant initiation (figure 3D) which was
relatively shorter. Comparing the scatter plot of prescriptions in figures 3B, 3C and 3D,
we notice more density of prescriptions clustered in a diagonal line indicating a positive
correlation between the length of co-use and the length of antidepressant treatment episode
in figure 3B and to a lesser extent in figure 3C compared to figure 3D. This indicates a more
regular benzodiazepine co-prescribing at intervals of 30, 60 and 90 days during antidepres-
sant treatment episode in figure 3D which does indicates a less relative increase of co-use
duration compared to figures 3B and 3C.

DISCUSSION

In our study population of incident antidepressant users, 39% of patients were concomitant
benzodiazepine users. This is in line with the proportion of co-use reported in several recent
studies on psychotropic poly-pharmacy from Canada (49.3%) [27], Japan (36.7%) [7] and
the Netherlands (40.1%) [28]. Among the concomitant users, timing of start of benzodiaz-
epine use varied. The majority of concomitant users (64.4%) started using benzodiazepines
before the start of the antidepressant therapy. Moreover, 13.9% of concomitant users initi-
ated benzodiazepine use on the same day as the antidepressant start day. The duration of
concomitant use varied also among these patient groups with different timing of benzodiaz-
epine start. In general, the duration of concomitant use was longer for patients who started
using benzodiazepine before and simultaneous to antidepressant therapy start compared
with patients who started using benzodiazepine after antidepressant treatment initiation.
The highest fracture risk of concomitant co-use is expected when a benzodiazepine is initi-
ated 3 to 6 months after start of antidepressant therapy (figure 1D). Approximately 10% of
our study population falls in this category (figure 2). We are not aware of any publications
describing the concomitant use of benzodiazepines among antidepressant initiators in this

level of detail with respect to timing and duration of co-use.

Antidepressants and benzodiazepines are widely used medications and are prescribed for a
broad range of indications. Despite the wide range of indications for prescribing antidepres-
sants [29], the most frequently recorded indications are depression-/related indications and
anxiety-/related indications [30, 31]. Patients diagnosed with depression or anxiety related
morbidities are advised to continue using antidepressants for at least a year to prevent
relapse [32]. On the other hand, benzodiazepines are advised to be prescribed for shorter

periods [33-35] as they may be highly addictive [36] and may have higher chance for misuse
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and associated risks such as falls especially in elderly [37, 38]. Long-term use of benzodiaz-
epines has been reported to be problematic in several studies [36, 39, 40]. Concomitant use
of antidepressants and benzodiazepines is proven to be effective to treat the acute phase of
depression (6). Considering guidelines for prescribing and reports of utilization studies of
both medications and the prevalence of their co-prescription [41], a more detailed charac-
terization of the dynamics of concomitant use when evaluating a common adverse event is
imperative. The main motive for this, as shown in scenarios 1B, 1C and 1D, is the combined
hazard patterns, which may be different for different timing of benzodiazepine start.

Studies on the association of antidepressants and fractures have, almost always, considered
benzodiazepine use as confounding to the main exposure and subsequently adjusted for.
This is irrespective of study type (case-control or cohort or other), source of data used (sur-
vey or electronic health care database) and/or definition of the confounder variable. How-
ever, previous association studies have not corrected for timing of start of the confounder
with respect to the main exposure. A literature search showed eight cohort studies [10, 13,
42-47] on antidepressant use and fracture risk. Five of those studies used interview gener-
ated information on medication use. Because of the relative simplicity of these medication
data, advanced assessment of co-prescription is not possible. Of the three studies [13, 45,
47] that have used electronic health care databases, only two included benzodiazepine use
as a potential confounder. Coupland et al used a simple adjustment for use of hypnotics/
anxiolytics at baseline [45]. Abbing et al took into account timing of co-use, by adding ben-
zodiazepine exposure to the multivariate model as a time-dependent covariate [13, 45, 47].
However, duration of benzodiazepine use was not taken into account simultaneously. This
implies that the hazard is assumed constant over time, hence neglecting the specific hazard
functions for benzodiazepine-induced fracture risk as depicted in figure 1. In our present
study, we found that more than half of the concomitant users started benzodiazepines more
than 2 weeks before antidepressant initiation (figure 2). For those patients, concomitant
benzodiazepine should in fact no longer be regarded a potential confounder, as the hazard
of fracture has already disappeared (figure 1B).

The recent multi-country study from our group [13, 45, 47] showed different risk estimates
for fracture per country, despite applying common methods for defining antidepressant
use as the main exposure and benzodiazepine use as co-medication. Considering differ-
ent scenarios of hazard patterns and magnitudes of concomitant use discussed in figure 1
hypothesize that residual confounding because of insufficient adjustment of timing and
duration of co-use may have played a role. The three cohorts might have different distribu-
tions of patients with respect to timing of benzodiazepine start (more prevalent users in
cohorts where the risk estimate is lower — acute risk of benzodiazepine absent) and hence

different magnitudes of overall risk found in their study. Specifically, when antidepressant
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treatment start is the TO — exposure window of interest, the cohort with higher risk estimate
in our previous study may have a larger patient group with scenarios in figures 1C and 1D
as more relevant compared to the cohorts with lower risk estimates where figure 1B may be

more relevant.

Our study has some limitations. First, information on the prescribed dose was not avail-
able in the database and assumptions on prescription length for antidepressant and
benzodiazepine had to be made. However, the assumed prescription lengths were based
on the common prescribing practices in the Netherlands. Second, patients starting with
benzodiazepine use after the initiation of antidepressant therapy can, by definition, not have
duration of concomitant benzodiazepine use that is equal to the duration of antidepressant
use. This may introduce bias when comparing the duration of concomitant use between the
subgroups based on timing of benzodiazepine start (before starters / simultaneous starters
/ after starters). Third, the combined hazard scenarios depicted in figure 1 were simplified
for illustration purposes and were not based on empirical data, hence ignoring aspects like
dose and possible drug-drug interaction. In addition, we were not able to test whether our
hypothesis on a fluctuating cumulative fracture hazard function associated with combined
antidepressant and benzodiazepine use is true. A general limitation for such studies can
be the unavailability of patient compliance information which may differ not randomly in
the three groups. Future studies, which include fracture endpoints, are needed to fill this

knowledge gap.

Conclusion

The frequency of concomitant benzodiazepine use among antidepressant users is consider-
able and the timing of concomitant benzodiazepine start is highly variable. When studying
a common adverse event associated with medications that are often co-prescribed, as in the
example of antidepressants, benzodiazepines and hip fracture, it is important to take into
account not only the presence of concomitant medication use, but also the timing of start

and duration of co-use as the overall hazard may vary accordingly.
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BACKGROUND

Observational studies have often reported varying risk estimates on the same exposure-
outcome association. Concomitant exposure to medications and their association with a
common outcome has rarely been evaluated in pharmacoepidemiological studies. Exposure
to one drug is usually considered as the main exposure of interest and exposure to the other
concomitantly used drug(s) is adjusted for (simple or time-dependent presence or absence
adjustment) as a confounder. In an approach like this, the possibility of identification of
effect modifiers will be absent. As such, differences in effect estimates from studies would
tend to be explained by some of the methodological differences like study design or choices

of confounders or population characteristics.

A clinical example where different risk estimates have been reported is the association be-
tween exposure to psychotropic medication (more specifically, antidepressants and benzo-
diazepines) and fracture risk. In several reviews [1-7], differences in study results have been
discussed in terms of, among others, differences in selection and control for confounding,
estimation of exposure and its duration and confounding by indication. This drug-adverse
event pair has therefore been selected for in depth methodological study in the PROTECT
project [8]. One of the aims of PROTECT was to develop a methodological framework
for pharmacoepidemiology studies to be applied in different databases and to investigate

discrepancies in the results.

Antidepressants and benzodiazepines are often co-prescribed to treat depression, especially
in the first phase [9]. In a previous study, we have shown different dynamics of concomitant
use of these two medications [10]. Hazard patterns for fracture have shown to be different
for antidepressant and benzodiazepine users. Benzodiazepines are associated with espe-
cially an acute risk [11], whereas the fracture risk of antidepressants increases with duration
of use [12]. The mechanism for fracture due to benzodiazepine use is explained through
relaxation of muscles, sedation and falls [13, 14]. This risk is especially increased during the
first weeks of use, and less pronounced after prolonged use. The mechanism of fracture due
to antidepressant use, in addition to sedation and falls, is explained through negative effects
on bone mineral density (BMD) i.e. the risk increases with longer durations of use [15, 16].
As a consequence, users of both antidepressants and benzodiazepines may have a complex
overall hazard pattern for fracture, which may be dependent on the differences in duration
of use of both drugs [10]. So far, studies have primarily focused on quantification of the
fracture risk with either one of the drug classes.

Therefore, this study aimed to estimate the risk of osteoporotic fracture associated with
both antidepressants and benzodiazepines, taking into account differences in patterns of

concomitant use. More specifically, in a single model we differentiated the risk estimates
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according to different duration of concomitant use according to time since start of each
medication class separately. Secondly, we have also applied a less advanced model (where
one of the drug classes was analysed as the primary exposure), which is already applied for

the same data in a previous publication for direct comparison.

METHODS

Setting

Data for this study were obtained from the Dutch PHARMO Record Linkage System
(PHARMO RLS), which is a large, dynamic, patient oriented data network designed to be
used for pharmacoepidemiology and outcome studies (www.pharmo.nl). Data of inhabit-
ants from (almost one quarter of the total Dutch population) both rural and urban areas
are in this database which has shown to be representative of the Dutch population [17,
18]. Longitudinal data in the PHARMO RLS consist of, among other data, drug dispensing
records from community (outpatient) pharmacies. The PHARMO database also contains
hospital discharge records including information on primary and secondary diagnosis,
procedures, admission and discharge dates. The pharmacy records consist of data on the
dispensed drug, the type of prescriber, the dispensing date, the amount dispensed, and the
prescribed dosing instructions. Drugs are coded according to the Anatomical Therapeutic
Chemical (ATC) Classification (http://www.whocc.no/atc_ddd_index). The diagnoses
are coded according to the International Classification of Diseases, 9" Revisions, Clinical
Modification (ICD-9-CM).

Study design and study population

A case-control study was conducted using data from the period from 1 January 1991 to
31 December 2002, as used previously by Verdel et al. [19]. Cases were defined as patients
18 years and older with a first admission of osteoporotic fracture (including fractures of
the hip/femur (ICD-9 819-821), radius/ulna (ICD-9 813), humerus (ICD-9 812) vertebra
(ICD-9 805-806), rib (ICD-9 807) or clavicle (ICD-9 810)). The index date was the date of
hospitalization for an osteoporotic fracture. Up to four controls with no history of fracture
during the study period were matched on year of birth, sex, and geographic area. The index
date for the controls was the same as the index date of the matched case. Both the cases and
controls were eligible for inclusion if they had at least 365 days of history in the PHARMO

database prior to the index date.

Exposure definition antidepressants and benzodiazepines

For all patients all prescriptions for antidepressants and benzodiazepines before the index

date were identified. The assessed antidepressants included selective serotonin reuptake in-
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hibitors (SSRIs, ATC code: NO6AB), serotonin—-norepinephrine reuptake inhibitors (SNRIs,
ATC code N06AX), tricyclic antidepressants (TCAs, ATC code NO6AA), or monoamine
oxidase inhibitors (MAOIs, ATC code NO6AF/AG). The benzodiazepine group included
both benzodiazepines and benzodiazepine-related drugs (ATC codes: NO5BA, N05CD, and
NO5CEF).

A patient was considered a current user of an antidepressant or benzodiazepine if the index
date fell between the start date and theoretical end date of a prescription. The theoretical
end date of a prescription was calculated from the date of dispensing, the number of units
dispensed and the prescribed dosage. If the end date of the last prescription was before
index date, drug exposure was classified as past use. Duration of current use was assessed
by looking back from the current use prescription and identifying the initial start date of
treatment while allowing for a 30 day gap between the end date of a previous prescription

and a new prescription.

For patients that used an antidepressant and/or a benzodiazepine, current use was further
classified in eleven mutually exclusive categories according to the duration of antidepressant
and/or benzodiazepine use before the index date and compared to individuals who never
used antidepressants or benzodiazepines during the observed time period before the index
date (Table 2). The duration of current antidepressant use was categorized as either less than
9 months, between 9 months and 36 months or more than 36 months elapse up to the index
date. The duration of current benzodiazepine use was categorized as either less than 28 days
or more than 28 days elapse between the start date of the first benzodiazepine prescrip-
tion and the index date. These categorizations were based on previous studies reporting a
bimodal hazard curve for fracture over 5 years of continuous use of SSRIs [12] and a more
acute risk during the first months of use of benzodiazepine [20-22]. Specifically, the cut-oft
points for timing of start for antidepressants (first peak of hazard at 6 months which drops
after 12 months [12] (our first cut-off point: 9 months) and second less steep peak which
drops after three years of continuous use [12] (our second cut-off point: 36 months) were
based on the hypothesized a longer term effect (BMD) as described in van den Brand et al.
The 28-days exposure categorization for benzodiazepines, a more acute effect (falls), was

based on studies describing high acute risk during the first month of use [20-22].

Potential confounding factors

Information on the following medication use anytime within six months before the index
date was determined for the cases and controls: anti-psychotic drugs (excluding lithium),
lithium, antiParkinson drugs, anticonvulsants, oral and inhaled glucocorticoids, hormone
replacement therapy, disease-modifying anti-rheumatic drugs (DMARDs), anti-arrhyth-

mics, thiazide diuretics, beta-blockers, drug for diabetes, morphine/opiates, non-steroidal
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anti-inflammatory drug (NSAIDs) and thyroid hormones. Hospitalization records were
assessed for a history of hospitalization before the index date for cardiovascular disease,
malignant neoplasm, inflammatory bowel disease, rheumatoid disease, musculoskeletal
disease, obstructive airway disease, impaired renal function, mental disorder or cerebro-

vascular disease.

Data Analyses

Conditional logistic regression was used to estimate the risk of osteoporotic fractures
among antidepressant and/or benzodiazepine users and expressed as odds ratios (ORs) and
95% confidence intervals (CIs). For the primary analyses (Model 1) the eleven categories of
current use defined according to the duration of the medication concerned were compared
against no use (reference). For the secondary analyses, duration of current use of either
antidepressants (Model 2) or benzodiazepines (Model 3) was modeled as the main expo-
sure, while the current use of other class was modeled as a covariate. Stepwise backward
elimination based on Likelihood Ratios with significance level of 0.20 for the exclusion of
covariates from the final model was considered. Data were analyzed using SPSS version 21
(SPPS Inc. Chicago, Illinois, USA).

RESULTS

We included 9,943 patients with an osteoporotic fracture, who were matched to 36,359
controls. The mean age of the cases was 67.8 years (SD 19.3 years) and 66% were females.
Remaining characteristics of the cases and the controls are shown in Table 1. In general, the
cases had more co-morbidities and a higher prevalence of medication use. The most fre-
quent co-morbidities in both cases and controls were obstructive airway and cardiovascular

diseases. The most frequently used medications were NSAIDs and beta-blocking agents.

The distribution of cases and controls according to duration of use of antidepressants and/
or benzodiazepines is given in Table 2. 15.5 % of the study population used either antide-
pressants or benzodiazepines, or both. Around 4% were single users of antidepressants,
13.2% were single users of benzodiazepines and only 1.7% was concomitant users. Overall,
use of benzodiazepines on the index date was almost three times higher (17.8% of cases vs.
6.6% of cases) than antidepressant use. Most antidepressant use started less than 9 months
before the index date, whereas only very few patients used antidepressants longer than 3
years. Most benzodiazepine use started more than 28 days before the index date (15% of
cases) compared to use started 28 days or less before the index date (2.7% of cases).

In the primary analysis (Model 1), the adjusted ORs (OR,4;) ranged from 1.32 to 4.18 among
the 11 exposure groups (see Table 3). The highest OR,q; (range 2.87 to 4.18) were observed
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Table 1: Characteristics of case and control patients

Cases N=9943 Controls N=36359
n % n %
Age
18-39 1182 11.9 4299 11.8
40-59 1644 16.5 6221 17.1
60-79 3808 38.3 14259 39.2
80+ 3309 333 11580 31.8
Mean and standard deviation (SD) 67.8 (£19.3) 67.4 (£19.1)
Sex (female) 6561 66.0 23818 65.5
Previous hospitalization
Cancer 490 4.9 1343 3.7
Cardiovascular disease 1630 16.4 4505 12.4
Cerebrovascular disease 360 3.6 699 1.9
Inflammatory bowel disease 305 3.1 705 1.9
Obstructive airway disease 3231 325 8751 24.1
Mental disorders 35 0.4 56 0.2
Musculoskeletal disease 956 9.6 2704 7.4
Medication use
Main exposure'
Antidepressant drugs 651 6.5 1188 33
Benzodiazepines 1772 17.8 4337 11.9
Co-medication’
Anti-arrhythmic drugs 139 1.4 410 1.1
Anti-diabetic drugs 963 9.7 2640 7.3
Antiepileptic drugs 304 3.1 514 1.4
Anti-Parkinson drugs 251 2.5 402 1.1
Antipsychotic drugs 460 4.6 898 2.5
Beta-blocking agents 1281 12.9 5107 14.0
DMARDs* 158 1.6 284 0.8
Hormone replacement therapy 236 24 937 2.6
Inhaled corticosteroids 844 8.5 2548 7.0
Lithium 22 0.2 51 0.1
NSAIDs** 2513 25.3 6532 18.0
Opioids 364 3.7 560 1.5
Oral glucocorticoids 616 6.2 1496 4.1
Thiazide diuretics 907 9.1 3251 8.9
Thyroid hormones 83 0.8 227 0.6

* DMARDs: Disease Modifying Anti-Rheumatic Drugs
** NSAIDs: Non-Steroid Anti-Inflammatory Drugs

1) Current use on the index date

2) Use within a six-month period prior to the index date
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Table 2. Distribution of cases and controls over exposure categories

Cases N (%) /Controls N (%)

BZD

Exposure No current use Current <28 days

243 (2.4%) / 683 (1.9%)
19 (0.2%) / 19 (0.1%)
13 (0.1%) / 12 (0.0%)
2(0.0%) / 3 (0.0%)

Current >28 days

1218 (12.2%) / 3177 (8.7%)
131 (1.3%) / 192 (0.5%)
107 (1.1%) / 186 (0.5%)

39 (0.4%) / 65 (0.2%)

No current use 7831 (78.8%) / 31311 (86.1%)
186 (1.9%) / 350 (1.0%)
123 (1.2%) / 294 (0.8%)

31(0.3%) / 67 (0.2%)

Current <9 months

AD

Current 9-36 months

Current >36 months

BZD: benzodiazepine
AD: antidepressant

Table 3. Adjusted odds ratios estimating the relative risk of osteoporotic fracture according to du-
ration of current antidepressant and benzodiazepine exposure.

Primary exposure* BZD
Model 1 Current >28 days Model 2**

No currentuse  Current <28 days

No current use Reference

A Current <9 months
Current 9-36 months
Current >36 months

Model 3***

1.87 (1.55-2.25)
1.38 (1.11-1.72)
1.88 (1.20-2.93)

Reference

1.32 (1.13-1.54)
3.24 (1.68-6.25)
4.18 (1.86-9.37)
2.87 (0.45-18.4)
1.38 (1.19-1.59)

1.32 (1.23-1.43)
2.01 (1.59-2.54)
1.89 (1.47-2.43)
1.78 (1.18-2.70)
1.30 (1.21-1.40)

Reference

1.75 (1.51-2.02)
1.45 (1.23-1.71)
1.59 (1.17-2.15)

BZD: benzodiazepine; AD: antidepressant

* Model 1: current use of benzodiazepines and/or antidepressants in 11 mutually exclusive categories accord-
ing to the duration of use, which are compared to no use of benzodiazepines or antidepressants (reference
category).

** Model 2: Antidepressant use as primary exposure, adjusted for current benzodiazepine use (yes/no) and
other confounders.

*** Model 3: Benzodiazepine use as primary exposure, adjusted for current antidepressant use (yes/no) and
other confounders.

among antidepressant users starting their benzodiazepine use shortly (< 28 days) before the
fracture date, irrespective of duration of antidepressant use. Among individuals that did
not use antidepressants, benzodiazepine use was associated with a 1.3-fold increased risk of

osteoporotic fracture, regardless the duration of benzodiazepine use.

In Figure 1, the risk estimates form Table 3 are displayed according to categories of benzo-
diazepine use to provide more insight in the effect of duration antidepressant use of across
these strata. Use of antidepressants without concomitant use of benzodiazepines was associ-
ated with an increased risk of osteoporotic fractures, which was highest in the first 9 months
of use, than somewhat lower in the period between 9 and 36 months of use, increasing again
after 3 years of use (Figure 1, left panel). A similar pattern of duration of antidepressant
use was observed in Model 2, where antidepressant use was analyzed as the main exposure

adjusting for benzodiazepine use in a multivariable model (Figure 1, right panel). However,
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Model 1: in different strata of BZD use Model 2: multivariable
6
5
O
4

OR adj and 95% CI
w

)
— h—
——

short AD med AD long AD :short AD med AD long AD :short AD med AD long AD [short AD med AD long AD

No BZD use : Short BZD use Long BZD use

Figure 1. Dose response effects of duration of antidepressant use and osteoporotic fracture risk,
taking into account co-use of benzodiazepines.

Model 1: Mutually exclusive categories taking into account duration of use of antidepressant and benzodiaz-
epines simultaneously. Model 2: Duration of antidepressant use is main exposure, adjusted for current benzodi-
azepine use with multivariable logistic regression.

‘Short AD’” < 9 months, ‘med AD’ 9 to < 36 months and ‘long AD’ >36 months elapse since initiation of antide-
pressant therapy.

‘Short BZD’ < 28 days and ‘Long BZD’ >28 days elapse since initiation of benzodiazepine therapy.

among users of benzodiazepines no lower risk estimates were observed for 9 to 36 months

of antidepressant use (Figure 1, second and third panel).

In Figure 2, the risk estimates form Table 3 are displayed according to categories of antide-
pressant use to provide more insight in the effect of duration benzodiazepines use of across
these strata. Fracture risk associated with benzodiazepine use was highest among patients
who used antidepressants concomitantly. Among them, higher adjusted risk estimates were
observed for patients that started benzodiazepines shortly before the index date, irrespective
of the duration of antidepressant use (Figure 2, Model 1). In model 3, where benzodiazepines
were modeled as the main exposure multivariable adjusted for concomitant antidepressant
use, only a marginally higher risk was observed among short-term users of benzodiazepines,

compared to those who started benzodiazepine more than 28 days before the index date.
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Model 1: in different strata of AD use Model 3: multivariable

OR adj and 95% CI
w

0 . " T '
short BZD long BZD : shortBZD long BZD : short BZD long BZD : short BZD long BZD | shortBZD long BZD

No AD use Short AD use Med AD use Long AD use

Figure 2. Dose response effects of duration of benzodiazepine use and osteoporotic fracture risk,
taking into account co-use of antidepressants.

Model 1: Mutually exclusive categories taking into account duration of use of antidepressant and benzodiaz-
epines simultaneously. Model 3: Duration of benzodiazepine use is main exposure, adjusted for current antide-
pressant use with multivariable logistic regression.

‘Short AD’ < 9 months, ‘med AD’ 9 to < 36 months and ‘long AD’ >36 months elapse since initiation of antide-
pressant therapy.

‘Short BZD’ < 28 days and ‘Long BZD’ >28 days elapse since initiation of benzodiazepine therapy.

DISCUSSION

We found consistently increased risks for osteoporotic fractures among patients using anti-
depressants and/or benzodiazepines. The magnitude of the risk estimates varied, however,
with duration of single or concomitant use of antidepressants and benzodiazepines (range
of OR,q 1.78 to 4.18). Among single users of antidepressants, the risk first decreased before
increasing again, as the duration of use increased. Antidepressant users, who also used
benzodiazepines, first had an increased then a decreased risk as the duration of benzodiaz-
epine use increased. Among single users of benzodiazepines, the risk was constant with the
duration of use. Benzodiazepine users who also used antidepressants, had first an increased

and then a decreased risk as the duration of antidepressants increased. As such, among con-
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comitant users, the highest risks were observed among short-term benzodiazepine starters

compared to those who used benzodiazepines for a longer period.

From previously reported fracture studies we expected the combined hazard of antidepres-
sants and benzodiazepines to be the highest among those with short-term use of both
classes. This hypothesis could be partially confirmed. We did find that concomitant use was
associated with higher risks than either class alone. We also found that among antidepres-
sant users short-term benzodiazepine use was associated with higher risks than long-term
use. In contrast to our expectations, the highest risk was observed among concomitant us-
ers with short-term benzodiazepine use and between 9 and 36 months antidepressant use.
Power was however low, as reflected in the wide confidence intervals, prohibiting us to draw

firm conclusions on true differences in risk estimates between the strata.

As far as we know, we are the first to simultaneously model duration of use effects on frac-
ture risk of benzodiazepines and antidepressants. The duration effects of the two classes
individually, however, have been studied before and we can compare our findings in this
sense.

With respect to effect of duration of antidepressant use, first a decrease then an increase in
OR.qj (1.75, 1.45 and 1.59, Model 2). Firstly, we compare these results with those reported in
one of the PROTECT studies on the same association analyzed in three different databases
using a common protocol [23]. In this PROTECT study, the effect of duration on the risk
estimates were distinctively clear in one database (Mondriaan from the Netherlands) where
a significant increased risk in the first 6 months of use was seen which decreased afterwards.
However, this effect of the duration was not seen in the other two databases (Bifap from
Spain and CPRD from the UK).

Secondly, comparing in terms of hazard pattern, our findings are in line with the patterns
described for fracture risk among continuous users of SSRI and TCA in the study by van
den Brand et al. [12]. In contrast, Hubbard et al. have shown the effect of new starters on
the risk of fracture and have reported a sharp decrease from high risk in the first 14-days
followed by lower risks in 15-42 and >42 days from the fracture among SSRI and TCA
users. The result of Hubbard et al, are not in line with the hazard pattern found in our
study and also those described in van den Brand et al where the peak reaches at 6 months
and 3 months and the lowest risks are at 9 months and 1 year (and another at 2.5 years)
among continuous users of SSRIs and TCAs, respectively. Liu et al. have shown higher risks
among new-current users (start <30 days before the fracture) compared to the risk among
continuous current users (start >31 days before) both among SSRI and TCA users. The
30-day contrast between new user and continuous current user in the study of Liu et al. is
further distinguished in our study taking into account the duration of therapeutic advice for

antidepressant use especially for treating depression (treatment duration at least 9 months).
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Our study distinguishes between relatively newer initiators and those who have started use
for a longer time (>36 months). As depression is the most frequent recorded indication for
prescribing antidepressants in most European countries [24], exposure characterization in
our study is also in line with the clinical guidelines for prescribing antidepressants. Shorter
periods of exposure defined for new users (as in Liu et al. and Hubbard et al.) or longer
period for continuous users without accounting for timing of start of use (as in most previ-

ous studies) would not show risk pattern fluctuations clearly.

As to comparing our results with studies on benzodiazepines as primary exposure, we did
not find notable differences among patient groups who only used benzodiazepines with
different timing of initiation from the fracture date (<28 days OR,q; 1.38 and >28 days 1.30;
Model 3). Our results are not in line with those reported by a similar PROTECT study
[25]. The PROTECT study reported highest risk in the first 30 days of use which decreased
with increasing duration of use. However, this duration effect was only seen in one of the
databases (Mondriaan from the Netherlands) while such a pattern could not be shown in
the other two databases (Bifap from Spain and CPRD from the UK).

Our results are also in contrast to other previous studies, which have found more pro-
nounced higher acute risks in the beginning of exposure, which decreases with continuous
use. The only previous study, which has defined exposure according to the start date of use
of benzodiazepines, has classified exposure into 7 categories during the first year of initiat-
ing use [11]. This study reports decreasing risks in the first two months as the start date
increases from the fracture date (the highest being in the group who have started use within
14 days before the fracture date). Unfortunately, we could not apply such an extensive clas-
sification as we had considered concomitant use of two drugs, which would have made
expanded classification into smaller periods of exposure impossible due to small numbers.
Comparison with other studies is difficult where different durations of current exposure
[26-28] or reference exposure of 14-days and less [29] is considered.

The two PROTECT studies [23, 25] which have applied common methods to study the
association between antidepressant use and fracture and between benzodiazepine use and
fracture by applying two different designs (cohort and case-control) have shown that apart
from the adjustment for basic confounders such as age and sex, adjustment for several other
covariates especially general practice, life style or socio-economic status related factors does
not alter the risk estimate greatly. Consequently, when the choice of the confounder may
be debated as a contributing factor for different study results on the same association, the
interaction term as complex combinations of two medications is often missed. Based on our
findings, we may argue that some of the differences in the risk estimates among different

studies may be due to different prevalence of the complex concomitant exposure patterns
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in the study populations. As we have shown, these differences in exposure definition may
be especially variable among concomitant users with different dynamics of initiation of one
medication with respect to the other and from the outcome of interest. Hence, relevant
confounders, in this case exposure to concomitant medication, should be tested as an effect

modifier.

Timing of start of concomitant medication as an effect modifier for a common outcome, as
shown in our study, may also be important in other exposure adverse events commonly as-
sociated in pharmacoepidemiology studies. Examples may be many naming two would be:
antihypertensive use and falls [30] (with possible concomitant exposure to benzodiazepine
or antidepressants) and gastrointestinal effects of cox-2 inhibitors and concomitant use of

non-steroidal anti-inflammatory drugs (NSAID) use [31].

Such findings in risk differences due to different exposure patterns of two medications can
very useful in personalizing of co-prescribing policies by taking into account current and
history of medication use of the patient with an aim to minimize the risk of certain adverse

events common for both medications.

Strengths and limitations

To our knowledge, this study is unique in mapping osteoporotic fracture risk estimates for
concomitant use of antidepressants and benzodiazepines according to timing of initiation
of use of individual drug class from the fracture date. Detailed exposure definition and
distinction between the concomitantly used medications is one of the strengths of the study.
Another aspect is that the database used includes hospital discharge information, which is
absent in the other Dutch databases against which we have compared our findings. This
study has also limitations. Despite the fact that our study population was not small, the
expanded definition of the exposure has created small numbers of cases and controls in each
category (11 categories). This has also prevented further splitting of SSRI and TCA antide-
pressant, which have shown different risk estimates and patterns in the literature. Defining
extensive exposure categories has also created the challenge of dealing with multiplicity.
The issue of multiplicity is extensively discussed in clinical trials [32, 33] but to a lesser
extent in the context of observational epidemiological studies. There are emerging statisti-
cal suggestions to deal with the problem of multiplicity (too many exposures variables or
exposure categories modelled) in observational studies [34]. However, with the relatively

small dataset that we have used, correcting for multiplicity would not have been possible.

Conclusion

Our study has not only shown that different patterns of concomitant use of antidepressant

and benzodiazepine drugs increases the risk of osteoporotic fractures but also has demon-
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strated that timing of initiation of one drug with respect to the other and fracture date is an
effect modifier. The modifying effect showed higher risk of fracture in the initial period of
concomitant use (the first 28-days of benzodiazepine initiation concomitant with the use of

antidepressants regardless of the timing of start of the latter).

Elucidating differences in risk estimates of fractures, among concomitant users of anti-
depressants and benzodiazepines, through exposure definitions which account for the
proposed biological mechanisms and hazard patterns of the individual medications helps to
identify important effect modifiers and related risk patterns for different types of concomi-
tant users. Sufficient evidence on such findings in larger and different populations should
support more tailored co-prescribing policies and avoid identified high risk periods for

specific patient groups.
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Discrepancies between the findings of pharmacoepidemiological studies on the same drug
exposure-health outcome relation have challenged the process and validity of evidence
based benefit-risk evaluations. In an effort to understand the sources of variability among
such findings, we have taken the association between antidepressant and/or benzodiazepine
use and hip fracture for in-depth assessment. This was also one of the associations selected
by the researchers from work-package 2 of the IMI-PROTECT project [1, 2], but our analy-
ses were broader. This drug-adverse event combination was evaluated in multiple databases
as exposure, as health outcome and as their association in terms of relative risk. In all the
studies in this thesis, databases from the following five European countries have been used

for this evaluation:

1. The Bavarian Claims Database from Germany

2. The BIFAP (The database for pharmacoepidemiology studies in primary care)
from Spain

3. The Danish National Databases from Denmark

4. The Clinical Practice Research DataLink (CPRD) and The Health Improvement
Network (THIN) from the UK

5. The Mondriaan databases (Mondriaan-NPCRD and Mondriaan-AHC), the
PHARMO-RLS database from The Netherlands.

The characteristics of the above listed databases are described in detail in chapter 1.2, except
for the Dutch PHARMO-RLS [3] database, which was described in chapter 3.3.

Electronic healthcare databases, such as those listed above, are used for estimating the
prevalence and incidence of drug use and drug use patters, that of health outcomes, as well
as for evaluating drug-health outcome associations. Many factors should be considered to
be able to comprehend the sources of variability in the findings from different studies. The
three main factors are the study design, data used to characterise the exposure, outcome and
other relevant variables and the applied data analyses. In addition, healthcare system, popu-
lation and sociocultural aspects may differ in different studies. These factors, summarized
in Table 1, may furthermore change over time. Time related factors can for example be the
availability, cost and clinical positioning of the medications, as well as the cultural aspects
related to health, disease and/or its treatment in certain populations. All these challenge the
interpretation of differences between study findings in medication use patterns, frequency

estimates of health outcomes and their risk across populations.

Appreciating the nature and the mixture of factors causing the variability in findings of

previous studies (Table 1), we have applied the following two approaches to understand this
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Table 1: Examples of possible sources of variability in the findings of the studies using the eight

European healthcare databases in this thesis

Sources/factors of variability

Features

Study design Various observational study designs
Cross-sectional/prospective/retrospective, case-control/
cohort/case-only designs and their variations
Definition of exposure, outcome and other relevant
variables
Risk and reference time windows

Data/Database

Setting Primary care, pharmacy, claims

Nature Prescriptions (issued, despised), diagnosis, medical /

Coding system in the database

Unit of time data recorded and/or uploaded
Historical data available in the database

Variability in denominator information

Data analyses

Healthcare/prescribing guidelines

Actual prescribing and utilization
Reimbursement practices

Population characteristics

prescription history, patient/prescriber information
Drug exposure: ATC (4), BNF (5)

Event outcome: ICD (6), READ (7), ICPC (8)

Daily, quarterly

Duration before the study period (patient history)
Dynamic population, datasets extracted at different times
in a year

Different statistical tests

Intricate differences in similar study designs

Potential confounding and/or effect modifying factors
Drug exposure: Prescribing practices

Event outcome: Diagnostic guidelines

Differing culture of prescribing /medication use
Affects medication utilization

Age, sex, health and lifestyle differences

variability with respect to the prevalence of antidepressant and benzodiazepine prescribing,

the incidence of hip fracture and their association:

I. Harmonisation of study methods using different databases to evaluate the reduction in

variability in the results (in chapters 2.1, 2.2, 2.3 and 3.1)

II. Assessment of the dynamics, the complexity and the duration of concomitant exposure
to antidepressants and benzodiazepines to understand its impact on the risk of hip

fracture (in chapters 3.2 and 3.3)

In this general discussion we will discuss the application of these two approaches, our find-
ings as well as their clinical meaning (section III). We conclude with some recommenda-

tions based on our interpretation of these findings.
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I. Harmonisation of observational study methods: an illusion or a painstaking

process?

The design, conduct, analysis and reporting of randomised clinical trials (RCTs) - by
many still considered the paradigm of clinical research- is highly standardized. The ICH
(International Conference on Harmonisation of Technical Requirements for Registration of
Pharmaceuticals for Human Use) is an ultimate effort to safeguard people through standards
of good clinical practice (GCP), for the development and registration of new pharmaceuti-
cals [9]. Its primary objective is to increase the efficiency of safe and standardised conduct
of clinical trials and avoid unnecessary testing of medications. In addition to registering
and reporting of clinical trial data [The EU [10] and the US [11] registers]; the CONSORT-
Consolidated Standards Of Reporting Trials [12] recommendations guide the appropriate
reporting of these trial results. Appropriately executed, registered and reported trials should
limit the necessity to repeat a trial. Highly regulated processes for clinical trials (conduct
and registration) have formed extensive standard operating procedures (SOPs), which can

be followed to assure maximum validity and transparency.

Observational studies are intended to reflect the real-world situation in contrast to the more
artificial situation of the RCT. This increases the external validity but inherently puts pres-
sure on internal validity. The methodology and the data used for observational studies are
much more variable than that of RCTs. Despite the challenges of this kinesis, diversity and
scale of the factors introducing variability in results and the current guidelines for reporting
study protocols and results. For observational studies guidelines for reporting also exist
(STrengthening the Reporting of OBservational studies in Epidemiology- STROBE [13]) and
recently registers have been established for posting study protocols as well as results (The
European Network of Centres for Pharmacoepidemiology and Pharmacovigilance-ENCePP
[14]). Nevertheless, registration of observational study protocols and results are optional in
most cases. In contrast, RCT registration is compulsory by regulatory agencies and major
journals. A lingering question remains whether further harmonisation and transparency
of design, conduct, analyses and reporting of observational studies would contribute to
a better understanding and possibly even partly solve variability observed between study

results of the same exposure-outcome association.

The harmonisation process applied in our studies (chapters 2.1, 2.2, 2.3 and 3.1) has entailed
a long and a gradual progression. It has involved persistently moving towards specifying
yet additional details in the study protocols and definitions of variables of interest, in a
consensus process, among a large group of researchers from the individual database centres
and partners in the IMI-PROTECT consortium. High level definitions in the study protocol
were still open to different interpretations when different researchers, even at the same cen-

tre (i.e. using the same database), attempted to discuss their understanding of the defined
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exposure or outcome variable. Therefore, our effort was to collectively agree and define,
specify, sketch and record every single element in the study protocol in a data specification
document (also referred by others as statistical analysis plan - SAP) in this harmonisation
process. Figure 1 shows the different levels of details on the reported study methods, tak-
ing exposure definition as a generic example. Moving from the study protocol level to the
study analyses application level, details specific to the data type (prescriptions issued/or
dispensed, diagnoses, prescriptions/or procedures claimed etc.) and the structure (such as
linkage steps needed to connect different types of data within a single database, the specific
prescription needed to be linked to the specific diagnosis or claim etc.) would be clarified
and recorded. In this thesis, when we refer to harmonisation of the study methods, we
indicate an attempt to harmonise until the data specification document level (Figure 1). The
last level (application of the statistical analyses) was not part of the harmonisation process
and was done locally at each database centre blinded for the ongoing activities in the other
centres. In addition, quality control of data management and analyses was performed in a
decentralized manner i.e. internal quality assurance process planned and executed at each
database center according to process deemed appropriate by the centre. No external quality

assurance was applied on the final protocols and analyses by a third party organisation.
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The rationale for the common study protocol approach was the following: if there are too
many sources and levels of variability (whether population, data or study methods related),
harmonising study methods should at least reduce the total variability and contribute to un-
derstanding of sources of variability other than the study methods. Moreover, if a common
study protocol is applied, a direct comparison of the estimates of medication use (or a health
outcome) would also be possible. This would then avoid the limitations of cross-population
comparisons with estimates made according to totally different definitions. For example, it
was shown that different definitions of prevalence of medication use applied in the same
population would lead to clearly different prevalence estimates of statin use in the same
Dutch population [15]. In addition to common definitions, we have applied age and sex
standardisation using the European Union population in 2008 as a standard in the studies
(chapters 2.1, 2.2 and 2.3) in order to overcome differences in population distributions in
terms of age and sex and support cross comparison of the results. As antidepressants and
benzodiazepines are used for various indications we have also uniformly estimated the
distribution of indications for prescribing among these populations as well as the number

of prescriptions issued for each patient (chapter 2.1 and 2.2).

The application of the harmonised protocols has made it possible to make some direct
inferences on and explanations of the sources of variability in the results. In chapter 2.1,
the variability in the observed prevalence rates of SSRI and TCA prescribing in different
countries could be explained in terms of: database type (only primary vs. primary and
secondary care data); differences in prescribing habits or culture especially when age
and sex stratification were applied (general practitioners vs. specialists, higher prescrib-
ing in 20-60 years old patient groups in the UK and a relatively lower prescribing in the
Netherlands). Similarities between the countries could also be directly seen such as in the
indications for which the prescriptions were issued (mainly depression and anxiety related
disorders in all the countries). Such differences or similarities would not have been pos-
sible to detect if different definitions of medication use were compared across countries.
Similarly, in chapter 2.2, we could explain differences in the prescribing rates of anxiolytics
and hypnotics in terms of prescribing habits [16, 17], patient perception and behavior [18]
as similarly reported in the literature. However, beyond the confirmation of the prescribing
rates in the individual countries compared with literature findings, we could see specific
differences between countries. In general, the distribution of the various indications for
prescribing benzodiazepines, as a single drug group, showed comparable proportions in all
the databases (anxiety and sleeping disorder being major indications). However, classifying
prescribing rates categorized as anxiolytics, hypnotics and other benzodiazepine related
drugs (zopiclone, zolpidem and zaleplon), we could see differences among the countries.
These major differences in prescribing habits need further examination of indications for

prescribing. National guidelines in the individual countries cannot be pointed as a source of
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variability in the results as they are in general similar. So, our study could show the distinct

features when different populations are compared using a common definition.

The study in chapter 2.3 showed generally comparable incidence rates in all the countries.
Moreover, the study generated a first-hand finding of a decreasing trend in the incidence
rates of fracture in Denmark which was absent in the other countries. This study gave us
the indication that a health outcome as fracture, which is usually estimated using hospital
admission or discharge data, can also be properly estimated using different general prac-
tice databases. Our results have reinforced that when the health outcome studied has a
clear clinical diagnosis (such as fracture) and leads almost always to a hospital admission,
dichotomous classification of this outcome does not suffer greatly from misclassification.
Recording of such outcomes are already harmonised in the clinical setting (i.e. recorded in
electronic healthcare databases), better than outcomes with complex diagnostic procedures

and the recording of them in such databases.

In chapter 3.1 we have applied the cohort study design, defined in a common study pro-
tocol and a data specification document, across three different databases (THIN, BIFAP
and Mondriaan) to study the association between antidepressant use and hip/femur
fracture. We have observed variability in the risk estimates of these three databases. This
counter-intuitive finding at first sight (actual results further discussed below in section III
‘Clinical findings from the Application of the Harmonised Protocols’), needs an appropriate
understanding of the results in the context of the harmonisation process applied. Therefore,
due to the maximum harmonisation possible in the protocol and the data specification
document we could further analyse the differences in the observed hazard ratios in these
uniformly conducted cohort studies in terms of: the exposure definition, the availability
of different confounding information in the databases and the presence of effect modifica-
tion. The harmonisation of the exposure variable (defined as SSRI and TCA use) could
not be achieved equally across the three cohorts. Due to the absence of information on
dosage regimen in the Mondriaan databases we had to assume a fixed duration for each
prescription length (90-days). In the other two databases prescription length was estimated
based on the prescribed or the dispensed amount and the dosage regimen of the medication
allowing 30-days gap in between consecutive prescriptions within a treatment episode. This
divergent aspect of the exposure definition indicated the limitations of the harmonisation
process (due to different levels of data availability). However, as we had a centralised process
of protocol harmonisation we could further probe, via the individual database holders into
the data and apply sensitivity analyses to gain more insight in the sources of variability in
the results. As such, a sensitivity analysis was performed to see the impact of this divergent
exposure definition (prescription duration) on the calculated hazards ratios. We found no

influence of this assumption on the estimated risk. Furthermore, we excluded the impact of
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differences in the availability of confounding information in the three databases on the risk
estimates. This was done by adopting an incremental approach in the fitted models for ad-
justing for the confounders that were present in all of the databases. Subsequently, a gradual
addition of confounder variables which were present only in one or two databases was done.
Therefore, we could compare adjusted hazards ratios adjusted for the same confounding
variables. In fact, except for two major confounders (age and sex), further adjustment for
the other and especially lifestyle related confounders had very little impact on the hazard
ratios. We could conclude that confounding factors could not explain the variability in the
risk estimates. This conclusion can challenge a prevalent discussion on the lack of recorded
information on confounders [19] in databases. Further, we tested for the presence of an
effect modification due to age in all three cohorts. This analysis showed the presence of an
interaction only between SSRI use and age in the Mondriaan cohort and not in the other
two cohorts. This pointed out an age related factor (potentially higher effects of SSRI among

younger patients) only in the Mondriaan cohort.

To contrast our process of harmonisation, it is important to discuss the common data
model (CDM) approach used in several initiatives such as - OMOP [20], EU-ADR [21]
and Mini-sentinel [22]. In a CDM approach [23], a common data model and vocabulary is
generated which is needed to conduct research in multiple databases. The ultimate aim is to
gain efficiency and power and detect safety signals in a timely manner. The CDM approach
involves primarily retaining patient level information at the site of the databases where
the researchers have the task of translating this patient-level data into aggregate common
data model and send to a central research site to be analysed as a primary input from the
respective database. The general principles of patient privacy, study methods and reporting
transparency are integral parts of this process. The most obvious difference between the
CDM approach and that of ours is the centralised way of harmonising the protocol while
applying the analyses in decentralized settings of the databases in our approach. In contrast,
the CDM performs a decentralized aggregation of patient-level information at the indi-
vidual databases before the application of centralized analyses (Figure 2). The CDM method
has been proven to be efficient and to decrease the heterogeneity of disease estimates from
different databases [24]. Apart from the differences in the process of these two approaches,
our adopted approach did not aim at achieving efficiency and statistical power as the CDM
approach does. Our main goal was to have more insight in the variability of the results.
Particularly, as would occur when different research groups would separately perform stud-

ies on the same research question.

Studies applying the CDM approach, like the one by Madigan et al. [25] have tested large
numbers of drug-adverse event relationships (53 pairs) in several databases (10 different

databases) using a common study design (cohort or self-controlled case series). These
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Figure 2: Schematic diagram of high level process differences between the protocol harmonisation

applied in this thesis and the common data model approaches.
CDM=common data model

studies have reported promising uses of the CDM approach in terms of concordance rate
(before and after standardization process) [24] and percentages of heterogeneity found in
drug-adverse event associations in common [25] and different [26] study designs. We have
not utilized these measures of heterogeneity, as our purpose was more to understand rather
than quantify variability in the results. Moreover, an attempt to quantify heterogeneity
or variability of risk estimates in our three cohorts for example would have generated no

robust estimates.

The application of harmonised protocols in multiple databases was a unique experience,
which has provided a good insight in the conduct of observational studies when large and
different electronic healthcare databases are used. Despite our extensive and meticulous
efforts to harmonise study methods across different databases, we could not achieve
complete harmonisation due to several intrinsic and practical barriers especially related to
the databases. However, harmonisation of the protocols provided a useful insight into the
sources of variability and opportunity for direct cross-country comparisons especially in
the estimation of the prevalence and incidence rates of medication use and health outcome.
Such an insight would not have been possible with the use of CDM, which feeds into the
analyses already aggregated data. We are confident that for such studies (prevalence/inci-
dence estimations) a more harmonised approach would be as important as the efficiency

and the statistical power gained by applying the CDM approach. However, harmonisation
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of study protocols for drug-adverse event association studies are more challenging and may
require much more time and resources than the CDM approach, in addition to limitations

to degree of harmonisation possible as discussed above.

Our inference from the harmonisation process is that it is an illusion to expect full har-
monisation of observational studies and to make the organisation of study conduct similar
to clinical trials. Hence, focusing on inclusion of more details in the study protocols and
making them transparent would be an essential step towards full comprehension of the
applied methods. Currently, published study protocols contain insufficient details on the
data specification definitions. Furthermore, public posting of the application of the data
specification document in actual analyses with appropriate accompanying explanatory
documents may be very useful in increasing the validity and transparency of the applied
study methods. The STROBE guidelines may be further crystallised to include such details
on data specification and analyses applied. Increased transparency on study methods and
conduct details of observational studies will also be valuable for the application of qual-
ity control processes. In addition to quality assurance at the side of research organization,
there can be room for some quick quality check procedures by the database owners, or
journal editors. Such additional quality checks would be possible when enough details are
reported and electronic healthcare databases are used for these studies in contrast to earlier

observational studies based on survey results.

II. Complexity of concomitant exposure and its relevance in risk estimation

In studying a drug-adverse event association, the usual approach is defining the main expo-
sure and the outcome of interest and then to adjust in the data analyses for the possible con-
founders. However, medication prescribing or use, in real-world situations, is complicated.
Polypharmacy and co-prescribing is a usual practice especially in psychiatric care [27-31].
This introduces a challenge for accounting for the additional risk due to the concomitant
exposure. This is because the hazard curve of the common risk for the two medications
may be very different and the depending on the concomitant use pattern, the overall risk
may differ among patients. In chapters 3.2 and 3.3 we have applied the second approach to
understand the variability in the risk estimates: assessing the complexity of concomitant
use of antidepressants and benzodiazepines in terms of initiation of therapy and duration
of use. We have discussed and analysed the different patterns of this concomitant exposure
in terms of its impact on fracture risk. In chapter 3.2 we have identified a cohort of incident
antidepressant users in the Mondriaan-NPCRD database. We found almost 40% of the
incident users also using benzodiazepines i.e. concomitant users. This confirmed the poly-
pharmacy reported in several studies and added important evidence that concomitant use
of these two drugs is also prevalent in primary care, as it was already reported in secondary

care [27, 28, 31]. In this study, we have further characterized concomitant use among these
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patients in terms of duration of use with respect to the start of antidepressant therapy. Our
results showed different patterns of concomitant use among this cohort. Specifically, the
data showed longer concomitant use in patients who have started using benzodiazepines
before and simultaneous to start of antidepressant therapy, compared with patients who
have started using benzodiazepines after antidepressant treatment initiation. With graphi-
cal depictions of concomitant use patterns we could argue that different risks for different
patterns of use could be expected. We could test then this line of reasoning in chapter 3.3.

In chapter 3.3, we have applied the case-control design among antidepressant users in
the Dutch PHARMO-RLS database to study the risk of osteoporotic fracture. This study
showed the concomitant use of antidepressants and benzodiazepines has variable durations
in accordance to our findings in chapter 3.2. The adjusted odds ratios for fracture varied
with the duration of single or concomitant use (range 1.78 to 4.18). Among single users
of antidepressants, the risk first decreased before increasing again, as the duration of use
increased. Among single users of benzodiazepines, the risk was constant with the dura-
tion of use. However, among the concomitant users the risks were different in those who
used benzodiazepines on a short vs. long term. This was also true for concomitant users
with short, median and long durations of antidepressant use. As such, among concomi-
tant users, the highest risks for fracture were observed among short-term benzodiazepine
users compared to those who used benzodiazepines for a longer period. In this study we
treated concomitant exposure as a complex exposure rather than a variable in an exposure-
confounder-outcome model, as often used in association studies. We could see the presence
of effect modification through different durations of concomitant use. The modifying effect
showed higher risk of fracture in the initial period of concomitant use (the first 28-days of
benzodiazepine initiation, concomitant with the use of antidepressants regardless of the
timing of start of the latter). We had based the definition of concomitant exposure duration
on the estimated risk patterns of individual exposures published in previous literature. By
doing so, we could include one important dimension of exposure (duration), which showed
to be an effect modifier. To gain more insight in the concomitant use of antidepressants and
benzodiazepines studies with exposure definitions including both medications should be
considered. In our study we had only looked at the effect of duration. However, effect of dose
is not less important especially in concomitant use. Defining exposure to two concurrently
used medications as a complex exposure in larger and different populations are needed to
further confirm our results and handle issues of sufficient statistical power needed to split

the effect of duration of the concomitant exposure.

Placing the complexity of concomitant exposure into context to attempt explaining the vari-
ability found in the fracture risk estimates in the three uniformly conducted cohort studies,

is enticing. The presence of age as an effect modifier in the Dutch Mondriaan cohort (which
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generated higher risk estimates compared to the other cohorts) may raise a question: Is the
observed effect modification of age a proxy for different concomitant exposure durations
that we observed in another Dutch database (PHARMO database)? Is this phenomenon
(concomitant use pattern) specific to the Dutch population which is absent in the other
populations like in Spain and the UK? Is the variability in the observed risks in the studies
of this same drug-adverse event association due to an important effect modifier, and can
be absent or present in different populations? Furthermore, we found the lowest rates of
antidepressant and benzodiazepine use in the Dutch population in our studies. The charac-
terisation of concomitant exposure to these two medications may indicate an additional dif-
ference between the populations, which has to be further investigated for proper inferences.

We should keep in mind however, that there were limitations of data availability (absence of
data on the prescribed dose in the Dutch Mondriaan database) indicating again the limita-
tions of the process of harmonisation. Nevertheless, when study protocol specifications and
in this case concomitant exposure definitions are made public (with explicit reporting of
these limitations) study results can be further replicated in different databases trying to
overcome the relevant limitations. Our findings of different risk estimates for fracture based
on the concomitant exposure is very intriguing and a similar approach for defining con-
comitant use can be adopted for example: to study the risk of fracture among concomitant
use of antihypertensive medications [32] and benzodiazepines. It is important to detect the
presence of effect modification in such studies. Stratified analyses or marginal structural
models [33] are applied methods to detect important effect modifiers. However, complex
concomitant exposure definitions, based on the individual medication hazard curves as we
have done in our studies, may provide more insight into the patterns of concomitant use
as a combined exposure. Detecting a relevant effect modification may be more important
especially when different low relative risks are reported on the same drug-adverse event
association and many variables are fitted in different models [34]. An attempt to under-
stand the variability among the reported low relative risks, with short a range, can be very
challenging. More in-depth investigation on the impact of concomitant exposures on the
risk estimates in different databases taking into account differences in database size, and
relevant data availability is the way forward for the observational studies. Understanding
the effect modification underlying concomitant medication use should help design better
study protocols giving more importance to etiological aspects than simple cause and effect
studies. Current benefit-risk evaluations require the input of more nuanced observations
on the drug-adverse event effects and less hierarchical approach for casual effects of the
determinants of an outcome. For such a prognostic approach for designing observational
pharmacoepidemiological studies drug safety and effectiveness protocols requires a para-

digm shift among the researchers.
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ITII. Clinical Findings from the Application of the Harmonised Protocols

In this section, we attempt to assess the clinical value of our findings. We describe the
results of the individual studies conducted using harmonised protocols. Specifically, we
report the prevalence of antidepressant and benzodiazepine prescribing and the incidence
of hip/femur fracture in five European countries. We also present findings from uniformly
conducted cohort studies on the risk of fracture among antidepressant users using three

databases from Europe.

Antidepressant and benzodiazepine use in Europe

Drug utilisation studies on antidepressants and benzodiazepines, in the early 1980s and
-90s, were most often cross-sectional surveys or consisted of aggregate country data on drug
expenditure or sales volume [35-37]. The increasing availability of electronic healthcare
databases has provided the opportunity for more detailed assessments of medication use
in a particular setting and comparisons across regions and countries using patient-level
data. Yet, heterogeneity of measures used to quantify utilisation reported in the literature
has remained to be large. Although the use of individual patient information brings us a
step closer in assessing drug consumption in actual clinical practice, as long as definitions
and measures of consumption are not common among studies a valid comparison is simply
not possible. Relatively few studies have done cross-country comparisons of antidepres-
sant [38-42] or benzodiazepine [43-47] use. This is in contrast to huge numbers of studies
performed in single populations defined according to specific or narrow indications or age
groups. These highly selective populations often do not reflect the country/general popula-
tion profile and have intrinsic differences, which can be due to a large variety of factors
summarized in Table 1. So applying common measures of antidepressant use or prescribing
(synonymously used as distinction between the two was out of scope for this thesis) showed
relatively stable trends over the study period from 2001 to 2009 (chapter 2.1). In addition,
prescribing rates were highest in the United Kingdom and lowest in the Netherlands. Strati-
fication of antidepressants according to drug class (defined as selective serotonin reuptake
inhibitors-SSRIs or tricyclic antidepressants-TCAs) showed a slight increase in SSRI use
over the study period in all countries in contrast to TCA use, which showed a decrease. This
phenomenon confirms the earlier studies indicating increase in SSRI use at the cost of TCA
use in most European countries [39, 48]. In general, prescribing rates for SSRIs were higher
than those for TCAs in all countries except in Germany. This was one of the distinctive fea-
tures we could see in the prescribing of antidepressants in Germany indicative of higher use
of TCAs compared to other countries. Despite the previously reported [49] gradual increase
in SSRI prescribing in Germany among children, our study showed a clear contrast between
the higher use of TCA in Germany compared to the other countries. Further age and sex-
standardisation of the prescribing data showed higher prescribing in women compared with

men and increasing prevalence with increase in age. This phenomenon was in agreement
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with previous studies [44, 50, 51]. In addition, we found higher prescribing rates in age
groups 20 to 60 years in the UK especially among females compared to the other countries.
This finding suggests the need for further in-depth study on the use of antidepressants in
the UK with further description of the patients in this wide adult age group. Finally, the pre-
scribing rates estimated for the same country but in different databases (CPRD and THIN
from the UK and Mondriaan-NPCRD and Mondriaan-AHC from the Netherlands) showed

similar results confirming the generalisability of the findings at country level.

In chapter 2.2 we have seen notable differences in the prevalence of benzodiazepine prescrib-
ing and/ or dispensing in the respective countries. Particularly, the age and sex-standardised
prevalence rates showed an increasing trend in Spain, a decrease in Denmark, Germany and
one of the databases in the Netherlands (Mondriaan-AHC) and a stable trend in the UK and
in the Mondriaan-NPCRD databases. There were two consistent features of benzodiazepine
use, which confirmed the findings of the previous studies: a higher prevalence of benzodi-
azepine use in women and a steady increase in use with increase in age [52-55]. Looking at
the trends over the 9-year study period in different age groups, we saw a decreasing trend in
use among elderly (chapter 2.2) in all databases except in the Spanish BIFAP. In the BIFAP
database, the prevalence in different age groups showed a steady increase, in contrast to our
findings in the other databases however, consistent with previous studies [56, 57]. Further
stratification of benzodiazepine prescribing in terms of anxiolytics and hypnotics showed
completely different patterns of prescribing. Anxiolytics were prescribed more in Spain,
Germany and in Mondriaan_AHC database while hypnotics were more used in the UK and
in Denmark. These results were in line with the literature when we compare country specific
situations [43-45, 47, 56-59].

Hip/femur fractures in Europe

In chapter 2.3 we could directly compare two aspects of hip/femur fracture across the
relevant databases and populations: age and sex-standardised incidence rates and trends
over the 9-year study period. The age and sex standardised incidence rates in Denmark
were twice as high as the rates observed in the UK, the Netherlands, and Spain. In line with
previous literature, the incidence of hip/femur fracture was higher among females than in
males [60-62] in all countries with an exponential increase with age regardless of sex [63].
Moreover, we did not see a clear north-south gradient in the incidence of hip/femur fracture
as reported by previous studies [64, 65] except for the clearly higher incidence rates in
Denmark. However, we had just one southern country (Spain) to make such a comparison.
The rates in the two databases in the Netherlands showed lot of fluctuations across the
9-year period and were remarkably lower than those reported by the Dutch NCPRD and
national hospital discharge [66]. The fluctuations were likely due to the limited power of

the Dutch databases (smaller) compared to the relatively larger databases from the other
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countries (chapter 1.2). An explanation for the lower rates from the Netherlands during
the study period may be the fact that the recording of fractures in the primary healthcare
records (using ICPC codes [8]) by the general practitioners has been actively promoted
only in 2010-2011. Before this date, significant under-recording of fractures in the general
practice (GP) databases could have occurred. Finally, a close examination of the trends in
the incidence rates over time showed a steady decrease only in Denmark. The rates were
rather stable over time in the other databases. In general, the findings of hip/femur fracture
in primary healthcare databases that we have used were in line with the findings in other
databases form the same countries. The incidence rate in Denmark in our studies has not
only confirmed the result from earlier studies [67] in the country but also has shown the
contrast in the incidence rates with the other countries (almost two times higher rates in

Denmark than in other countries).

Antidepressant use and the risk of hip/femur fracture

When the results from different pharmacoepidemiological studies on the same association
are compared, or evaluated in a meta-analysis for example, listing of high-level differences
in study methods (such as cohort, case-control or case-only design differences) [68] is one
of the first explanation of the main culprits for variability. In chapter 3.1 we have applied the
cohort study design, defined in a common study protocol and a data specification document,
across three different databases (THIN, BIFAP and Mondriaan) to study the association
between antidepressant use and hip/femur fracture. In these cohorts, antidepressant use
(stratified as SSRIs and TCAs) was considered as the main exposure of interest. The use of
benzodiazepines and various other exposures (relevant co-medications, comorbidities and
lifestyle factors) were adjusted as time-varying confounders. Results of these three cohort
studies showed increased risks for hip/femur fracture consistent with the previous studies
[69, 70]. However, there were some differences in the observed hazard ratios among these
uniformly conducted studies. The hazard ratio for SSRI use was higher in the Mondriaan
databases compared with the hazard ratios in BIFAP and THIN while the hazard ratios for
TCA use were similar in all three cohorts. The fully adjusted hazard ratio for SSRI use in
Mondriaan was about 2 times higher (3.27) compared with the hazard ratios in BIFAP and
THIN cohorts (1.63 and 1.72, respectively). The higher hazard ratio in the MONDIRAAN
database compared with those observed in BIFAP and THIN was also seen for TCA use
however; the difference was less pronounced. We have also observed a wider range for the
adjusted hazard ratios for SSRI use than the range reported for the risk of fracture and SSRI

use by several cohort studies in the literature [69, 71].

Final considerations and Recommendations for the Future
Harmonisation of the study protocols of the studies reported in this thesis has contributed

to the understanding of the variability in the results of pharmacoepidemiological stud-
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ies, albeit only to certain extent. Factors other than the study methods are to be sought
for further explanation of the variability in the results from different studies on the same
drug-adverse event association. The harmonisation of the study methods across different
databases can only be performed partially. This is due to the inherent differences between
databases used. Therefore, as a compensation of limitations to full harmonisation, addi-
tional transparency on the details of the study protocols and data specification documents
should enhance the understanding and contextualizing of study results. Abiding by the
STROBE [13] guidelines for reporting the minimum essential elements of a study protocol
(for example in ENCePP) can be fortified by extra details. Details can be provided with
respect to exposure, outcome and confounder definitions and also further specifications
on the steps implemented in population selection, data management and analyses syntax
application. When this information is made public, the replication or further analyses of
the research question can be performed in the same and other databases. A replication in
the same database would be comparable to quality control procedures well adopted in the
clinical trials and experimental studies. A commendable feature is the support for more
transparency of study methods by liberating authors from the total word count restrictions
in peer -reviewed journals for the study methods sections. This is a new and encouraging
feature, already applied by a few journals, such as the Journal of National Cancer Institute
[72]. Such transparency would surely contribute to more structured internal (i.e. research
organization) and external (i.e. for example the journal or database owners) quality control

mechanism in observational studies.

Moreover, we have observed that treating the main exposure as a single major exposure of
interest, in a drug-adverse event association study, without accounting for the variability of
a simultaneously related exposure to a another medication overlooks the presence of a po-
tential effect modifier. Such co-medications which are also strongly related to the outcome
of interest and are often co-prescribed should be analysed as one complex multi-dimen-
sional concomitant exposure variable. Not accounting for this complexity may miss the
identification of specific co-exposure scenarios where the risk of outcome differs and may
particularly be high for certain “type” of concomitant users. When such an understanding
of the differences in risk estimates exists, appropriate adaptation of prescribing guidelines
could then aim at minimising the risk for certain patients. A way forward to achieve this is
to treat medication use and its effects as a prognostic question rather than uni-causal safety

question and miss detecting important effect modifications is not taken into account.

Based on our findings we consider the importance of drug utilisation studies focusing on
complex concomitant exposure patterns. Furthermore, reporting of detailed definitions of
the applied study methods cannot be stressed enough. Drug utilisation studies would add

important insight into the evaluation of the complex exposures and their potential impact
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on the health outcome studied. Hence, appropriately defined and conducted drug utilisa-
tion studies may become an integral part of development of study protocols for observa-
tional pharmacoepidemiological studies on drug-adverse event associations. Appropriate
characterisation of drug utilisation in terms of prescribing behaviour and trends, duration
and indications of use; would serve as a ground-work for appropriate definitions of such
prevalent concomitant exposures. A thorough understanding of this would feed into more
detailed exposure definitions based on actual practice rather than theoretical guidelines in

a country.
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Summary

SUMMARY

Introduction and aim of this thesis

The use of EHR and the availability of data from EHRs has increased the feasibility of
conducting pharmacoepidemiology studies and expedited timelines needed for conducting
observational studies thus rapidly increasing the rate and amount of research related output.
With more available studies, also the number of contradictory findings has increased. We
even know several examples of different findings and conclusions for the same drug-adverse
event association studied in the same database. Moreover, observational studies have in-
creasingly reported low relative risks (between 1 and 2). The potential public health impact
of these safety events may, despite the reported low relative risks, be high. Moreover, the in-
terpretation of the variability among these low relative risks becomes very challenging. The
evaluations of bias and understanding of sources of the variability in the reported results
has become a crucial need especially in benefit-risk evaluations where evidence-based data
has to be collated. Accordingly, there are many systematic and collective efforts in consortia
examining this broad theme with the application of different approaches. Several studies
in this thesis are part of such a multi-partner European consortium called IMI-PROTECT
project. Chapter 1.1 provides a general introduction to the theme and discusses the context
of IMI-PROTECT. In this introductory chapter the rationale and the overarching aim of
this thesis are described. In short, the aim of this thesis is to understand the variability
in findings of pharmacoepidemiological studies resulting from different choices in study
methods. In an effort to understand this variability specifically in studies on the same
drug-adverse event; we have taken the case of antidepressant and/or benzodiazepine use
and hip fracture for an in-depth assessment. This association was also one of the selected
drug-adverse events by the researchers from the work-package 2 of the IMI-PROTECT
project, but our analyses in the studies of this thesis were broader.

Variability of medication use and health outcomes in Europe: application of
harmonised methods

The general objectives and the first results of the work-package 2 of the IMI-PROTECT
project are discussed in chapter 1.2. In this chapter we have first presented the rationale for
the need to systematically study the impact of methodological choices on the results of the
observational studies. This was done by presenting several examples in the literature when
discrepant results have been reported on the same drug-adverse event associations even
when the same database is used. Therefore, we have shortlisted six drug and adverse event
combinations and identified seven European databases where methodological studies could
be performed. The drug-adverse event combinations were chosen given their public health
importance, prevalence of drug use, the seriousness and acute or chronic characteristics

of the health events. In these criteria for selection, which were agreed upon in a consensus
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process, the final selected drug-adverse pairs were made sure to represent enough variety in
terms of several factors such as event-seriousness, regulatory context, ascertainment feasi-
bility in the databases. The selected six drug-adverse event pairs were 1) inhaled long-acting
beta-2 agonists and acute myocardial infarction; 2) antimicrobials and acute liver injury;
3 and 4) antidepressants and/or benzodiazepines and hip fracture; 5) anticonvulsants (ap-
proved for treatment of epilepsy) and suicide/suicide attempts; 6) calcium channel blockers
and malignancies. These associations were to be tested in the databases available through
the partners in the IMI-PROTECT consortium from five European countries. The avail-
able databases were 1) The Bavarian Claims Database from Germany; 2) The BIFAP (The
database for pharmacoepidemiology studies in primary care) from Spain; 3) The Danish
National Databases from Denmark; 4) The Clinical Practice Research DataLink (CPRD) and
The Health Improvement Network (THIN) from the UK and 5) The Mondriaan databases
(Mondriaan-NPCRD and Mondriaan-AHC) from The Netherlands. Further in this chapter
we have described the literature and the epidemiology of the events in detail. The databases
were described in terms of their scope, type of information included and repressiveness to
the general population. These detailed descriptions made the setting where several stud-
ies were to be performed. In the following chapters in this thesis we discuss studies on
antidepressant and/or benzodiazepine use and hip fractures more thoroughly and use this

as an instrument to explore variability in-depth.

In chapter 2.1 we have studied the prescribing/use of antidepressants in the seven primary
care databases from five European countries (Denmark, Germany, The Netherlands, Spain
and United Kingdom) that were part of the IMI-PROTECT consortium. To describe
the prevalence and trends of prescribing, we have applied a common methodology for
quantification. The rationale for this harmonised approach was simple: as previous drug
utilization studies have used a variety of data types and methods to quantify the prevalence
of drug use, cross-country comparisons are almost an impossible challenge. Furthermore,
using the databases under IMI-PROTECT, which provide patient level information, would
contrast the enormous literature on drug utilisation based on aggregate data. Therefore,
we have developed a common study protocol and data specification document, where
the prevalence of antidepressant prescribing was evaluated using the same time fame and
criteria for calculating the numerators and denominators using these diverse databases. In
this study, antidepressant use was defined as selective serotonin reuptake inhibitors-SSRIs
or tricyclic antidepressants-TCAs during the period between 2001 and 2009. To exclude
possible variability introduced by differences in sex and age distribution of populations
represented by the different databases we have applied direct standardization using the
distribution of the Eurostat population (27 countries) in 2008. In addition, we described
use in terms of number of prescriptions, and indications for which SSRIs and TCAs were

prescribed harmonising definitions across the different database structures and coding
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systems. The age- and sex-standardised prevalence of antidepressant use was lowest in the
two Dutch (391 and 429 users per 10,000 person-years) and highest in the two UK (913
and 936 users per 10,000 person-years) populations in 2008. The prevalence in the Danish,
German, and Spanish populations was 637, 618, and 644 users per 10,000 person-years,
respectively. Prescribing rates in 20- to 60-year-old patients in the two UK populations were
higher compared to the other populations. SSRIs were prescribed more often than TCAs in
all except in the German population, where TCA use was higher than SSRI use. In majority
of the countries we observed an increasing trend of antidepressant prescribing over time.
Having applied a uniform method to calculate the prevalence, variability in the results could
be evaluated and explained in the light of differences in the database characteristics and/
or clinical aspects related to antidepressant use. In addition to confirming the feasibility of
applying common study methods, cross-country comparisons and understanding possible
sources of variability would not have been possible when results would be based on different

methodologies.

In chapter 2.2 we quantified the prevalence of benzodiazepine use in seven primary care
databases from the same five European countries as in chapter 2.1 (Denmark, Germany, The
Netherlands, Spain and United Kingdom). We have again applied a common protocol for
defining benzodiazepine use, which was categorised as anxiolytics and hypnotics. In order
to adjust for differences in age and sex distribution between the databases, we standardised
the prevalence rates using the Eurostat (27 countries) population in 2008. We calculated
yearly prevalence rates and further described “use” in terms of number of prescriptions, re-
corded indications and trends throughout the study period (2001-2009). We found remark-
able differences in the prevalence rates of benzodiazepine use, which are not attributable to
differences in age or sex distribution in their respective populations. Crude prevalence rates
of benzodiazepine prescribing ranged from 570 to 1700 per 10,000 person-years over the
study period. Standardisation by age and sex did not substantially change the differences.
Standardised prevalence rates increased in the Spanish (+13%) and United Kingdom data-
bases (+2% and +8%) over the study period, while they decreased in the Dutch databases
(-4% and -22%), the German (-12%) and Danish (-26%) database. Prevalence of anxiolytics
use outweighed that of hypnotics in the Spanish, Dutch and the German databases, but the
reverse was shown in the United Kingdom and Danish databases. Prevalence rates showed
consistent increase with age and were two-fold higher in women than in men in all the
databases. A median of 18% of users received 10 or more prescriptions in 2008. Due to the
application of a common study protocol it was possible to interpret differences found in the
different countries in terms of both clinical and prescribing habits. Although differences in
the prevalence of disorders for which benzodiazepines are prescribed among the countries
could not be ruled out, our study indicated that some of the differences may be attributed to

various prescribing habits of the physicians in the primary care. This study also confirmed
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the feasibility of applying common study protocols in databases from different countries

which are administratively and electronically arranged in a different ways.

The quantification of the occurrence of a health outcome using a common study protocol
in different databases was done in chapter 2.3. The incidence of hip/femur fracture was
calculated using the same seven primary health care databases from five European countries
as in chapter 2.1 and 2.2 (Denmark, Germany, the Netherlands, Spain and the United King-
dom). Age and sex standardization was applied, using Eurostat (27 countries) population in
2008, to exclude differences across the different databases. Yearly incidence rates (IR) were
calculated and stratified by age (< 50 and > 50 years old). The incidence rate ratios (IRRs)
and their 95 % confidence intervals (95 % CIs) were calculated to assess the effect of sex on
different age groups in each database. Analysis was also applied to investigate the presence
of a trend in the incidence rates over the study period (2001-2009). As a pioneer study
quantifying the incidence of hip/fracture applying harmonised definitions across databases,
we found the following three main features: 1) the incidence rate of hip/femur fracture was
two times higher in Denmark (52 per 10,000 person-years in >50 years old) as compared
to the United Kingdom, the Netherlands, and Spain (range 15-25 per 10,000 person-years
in 250 years old), while the rate in Germany was in between (30 per 10,000 person-years
in 250 years old). 2) Incidence rates in females were twice as high as in males in all countries
and they increased with age (exponentially) irrespective of sex. 3) A significant decreasing
trend in the incidence rates was detected only in Denmark and there was no meaningful
trend in the other countries throughout the study period. Our results confirmed the strong
relationship of fracture outcome with age and sex as reported in the previous studies. In
addition to providing incidence rates across different countries comparable to the literature
our study showed that it is feasible to quantify the occurrence of a health outcome recorded
in hospitals using primary care databases, in contrast to the previous studies which have
mainly used hospital admission or discharge data.

We have taken the application of common study protocols in observational studies using
different databases from IMI-PROTECT a step further in chapter 3.1 by studying the
association between antidepressant use and hip/fracture. In this study we have applied a
cohort study design and harmonised definitions of exposure to antidepressants, adjustment
for co-medications and co-morbidities and the outcome specification in three different
databases from the Netherlands, Spain and the United Kingdom. Three incident user co-
horts were identified from the Dutch Mondriaan, Spanish BIFAP and the United Kingdom
THIN databases. Incident antidepressant user cohorts were stratified as selective serotonin
re-uptake inhibitors (SSRI) and tricyclic antidepressants (TCA) users by defining use in
terms of treatment episodes which were defined according to the prescribed or dispensed

prescriptions and calculated length of prescriptions. In the three uniformly conducted IMI-
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PROTECT cohort studies, we found that both SSRI and TCA use were associated with an
increased risk of hip/femur fracture. However, there were some differences between the
adjusted hazard ratios (HR and 95 % confidence intervals - CI) among the three cohorts.
This difference was specifically for SSRI use and hip/femur fracture which was higher in
Mondriaan (HR=3.27; 95 % CI 1.93, 5.53) than in BIFAP (HR=1.63; 95 % CI 1.45, 1.83) and
in THIN (HR=1.72; 95 % CI 1.59, 1.87). This difference was partially explained by an effect
modification by age in SSRI users in Mondriaan. The variability in hazard ratios was less
pronounced among TCA users. The adjusted HR for TCA use and fracture risk was 1.98;
95 % CI 1.00, 3.92 in Mondriaan 1.28; 95 % CI 1.02, 1.60 in BIFAP and 1.32; 95 % CI 1.20,
1.46 in THIN. Applying common protocol and data specifications in different populations
and data has made it possible to compare the hazard ratios and further explore sources of
variability in the observed risks. Consistent application of harmonised methods has also
enabled the identification of relevant effect modifiers (different risk estimates in different

groups varying by age) important in the evaluation of this drug-adverse event association.

Complexity of concomitant exposure to medications

In chapter 3.2 we have taken a closer look at the concomitant use of antidepressants
and benzodiazepines in a cohort of patients in the Netherlands Primary Care Research
Database (NPCRD). The rationale for the need to explore the details of the dynamics of
concomitant use of these medications was that these two medication groups are frequently
co-prescribed. Moreover, antidepressant and benzodiazepine use have been both associated
with fractures in observational pharmacoepidemiological studies. However, in all previous
studies one of these two medication groups is considered as the main exposure of interest,
while adjusting for the exposure to the other. Nevertheless, as these two medications are
related to the same outcome, the timing of start and the duration of use of each may impact
the overall risk for fracture. In this study, we have identified a cohort of antidepressant users
and further described the exposure in terms of treatment episodes based on consecutive
prescriptions. Subsequently, we have defined the start of benzodiazepine use with respect to
the antidepressant treatment episode start. In our defined cohort of antidepressant use we
found 40% of the patients use also benzodiazepines concomitantly. Moreover, concomitant
use was very different regarding the timing of start of benzodiazepines with respect to
start of antidepressants. Specifically, we found that the majority (64.4%) of concomitant
users are already benzodiazepine users before starting antidepressant treatment therapy.
We have found that the timing of benzodiazepine start was highly variable with respect
to antidepressant therapy start. In this study we have further discussed, with the use of
schematic diagrams the possible scenarios of timing of start of benzodiazepines with re-
spect to antidepressant start and possible overall fracture risk patterns. Our conclusion was
that when a common outcome is associated with two medications used concurrently, it is

important to take into account not only the presence (exposed/not exposed) of concomitant
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use but also the timing of start of one with respect to the other as the overall hazard may

differ accordingly.

In chapter 3.3 we could further test the association between concomitant use of antidepres-
sants and benzodiazepines and osteoporotic fractures in a case-control study. The study
was done using PHARMO-RLS, a Dutch pharmacy database with linked hospital records.
We have identified all patients (18 years and older) with a first hospital admission for an
osteoporotic fracture. We have matched these cases with up to four control patients (no
history of fracture) during the study period (1991-2002) on date of birth, sex and geo-
graphic area. Concomitant exposure to these two medications was defined according to
the proposed biological mechanisms and hazard patterns reported for each medication in
the literature. Analyses of risk estimates (odds ratios) was done in different models to show
differences in these effect measures when conventional approach (antidepressant as main
exposure of interest and benzodiazepine use as a confounding variable and vice versa) is
applied vs. a more complex way of differentiating concomitant exposure (defined based on
to the duration of each exposure regarding the start of one with respect to the other) would
result to. Results of this study showed not only increased risks of osteoporotic fracture
among all patients (single and concomitant users) but also that there are different patterns
of concomitant use of antidepressant and benzodiazepine drugs. In addition, it was shown
that the timing of initiation of one drug with respect to the other and fracture date modifies
the risk of fracture. Specifically, we found high risk among concomitant users where the risk
of fracture was particularly high in the initial period of concomitant use (the first 28-days
of benzodiazepine initiation concomitant to the use of antidepressants regardless of the
timing of start of the latter). We concluded the study by advocating the replication of our
findings in different and larger populations to overcome the statistical limitations of exten-
sive exposure definitions. We further stressed the importance of such complex exposure
definitions in identifying special risk periods which would definitely be useful in adjusting

co-prescribing guidelines.

General discussion and conclusion

Finally chapter 4 discusses the findings of the studies included in this thesis from a broader
perspective. In this chapter the contribution of harmonisation of study methods to under-
stand the variability among the results of studies on antidepressant and benzodiazepine
use and hip fracture and their association are discussed in more detail. In addition to the
clinical findings, we discussed issues and challenges related to the necessity of increased
harmonisation and transparency in such observational studies. We compare and contrast
the context and regulations related to standardisation processes and transparency of study
methods in clinical trials vs. observational studies. We discussed issues related to the re-

ported details on study methods and the granularity of the details on the application of
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the study methods reported in 1) peer reviewed publications, 2) publically registered study
protocols and 3) data specification documents and data analyses steps needed to conduct a
study, respectively. We argued that these documents/steps include increasing level of details
in the stated order, respectively. We also made clear that even publically registered study
protocols of observational studies, which lack the obligatory context of clinical trials, lack
certain granularities which hinder quality checks or reproduction of the results. Lack of
complete comprehension of the details on the application of definitions of exposure, out-
come and important covariates in a certain study, makes the understanding of sources of
variability in the results - a complicated exercise as it is - becomes even more challenging.

Furthermore, we discussed how treating an exposure mono-dimensionally as main vs. sec-
ondary (confounding) exposures may overlook the presence of important effect modifiers
when quantifying a drug-adverse event association. We argued, based on our finding of
effect modification in fracture risk among antidepressant and benzodiazepine users that
when two medications are often co-prescribed and the dynamics of concomitant use are
not accounted for in the definition of this “complex” exposure we may miss identifying
specific co-exposure scenarios where the risk of the outcome differs and may particularly
be high for certain “type” of concomitant users. We propose a way forward to tackle the
complexity of such concomitant exposures by treating medication use and its effects as a
prognostic question rather than uni-causal safety question. To achieve this, we need robust
drug utilisation studies where these exposures are well dissected, explored and understood.
Such drug utilisation studies should serve as a ground work for a better designing of as-

sociation studies in pharmacoepidemiological research.
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Samenvatting

SAMENVATTING

Introductie en doelstelling van het proefschrift

Observationeel epidemiologisch onderzoek gebruikt steeds complexere methoden en
databronnen. Naast de cross-sectionele analyses en de op interview-gebaseerde gegevens,
worden meer geavanceerde analyses uit de elektronische medische dossiers (EMD) gebruikt.
Dit fenomeen heeft in de afgelopen decennia geleid tot een toename van observationele
studies en een toename in het aantal publicaties hiervan. Het grotere aantal beschikbare
studies heeft geleid tot een aantal tegenstrijdige resultaten; er zijn verschillende voorbeelden
van analyses gebruikmakend van dezelfde database met tegenovergestelde conclusies. Daar-
naast is er een trend waarneembaar van het rapporteren van lage (maar variabele) relatieve
risico’s (tussen 1 en 2) op het ontstaan van een bepaalde bijwerking. Omdat de mogelijke
gevolgen voor de volksgezondheid van deze bijwerkingen, ondanks de lage relatieve risico’s,
toch hoog kunnen zijn, is de interpretatie van deze verschillen een belangrijke uitdaging.
Het begrijpen van de oorzaken van de variatie in de gerapporteerde resultaten speelt daarin
een belangrijke rol, met name wanneer de onderzoeksresultaten gebruikt worden voor de
beoordeling van de baten-risico balans van een geneesmiddel. Verschillende internationale
initiatieven zijn actief om variaties in resultaten te verklaren aan de hand van methodolo-
gische verschillen in observationeel onderzoek. Dit proefschrift is een onderdeel van een
dergelijk Europees project genaamd IMI-PROTECT.

Hoofdstuk 1.1 geeft een algemene introductie op het thema en beschrijft de context van
het IMI-PROTECT project. Dit inleidende hoofdstuk omvat de achtergrond en het over-
koepelende doel van dit proefschrift: het begrijpen van de variatie in de resultaten van
farmacoepidemiologische-studies als gevolg van verschillende keuzes in studieopzet. Om
dit inzichtelijk te maken nemen wij de associatie tussen het gebruik van antidepressiva
en benzodiazepines in relatie tot het optreden van fracturen als casus en bespreken wij
methodologische aspecten en hun gevolgen op de onderzoeksresultaten.

Variatie in geneesmiddelgebruik en gezondheids-uitkomsten in Europa: de

toepassing van geharmoniseerde methoden

Hoofdstuk 1.2beschrijft de algemene doelstellingen en de eerste resultaten van het IMI-PRO-
TECT-project. In dit hoofdstuk wordt de noodzaak van het systematisch bestuderen van de
impact van methodologische keuzes op de resultaten van de observationele studies bespro-
ken. Dit wordt gedaan aan de hand van voorbeelden uit de literatuur, waarbij tegenstrijdige
resultaten zijn gerapporteerd over dezelfde combinatie van een geneesmiddel-bijwerking
associatie, soms zelfs bij gebruik van dezelfde databank. Een lijst van zes geneesmiddel-
bijwerking combinaties is opgesteld en zeven Europese databanken zijn geidentificeerd,
waarin methodologische studies konden worden uitgevoerd. De geneesmiddel-bijwerking

combinaties zijn gekozen vanwege hun relevantie voor de volksgezondheid, intensiteit van
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het geneesmiddelgebruik, ernst van de bijwerking en/of de acute of chronische gevolgen
van de bijwerking. De criteria voor de selectie van de geneesmiddel-bijwerking combinaties
zijn overeengekomen binnen het IMI-PROTECT consortium door middel van een consen-
sus proces. De geselecteerde zes geneesmiddel-bijwerking combinaties zijn 1) geinhaleerde
langwerkende béta-2 mimetica en acuut myocardinfarct; 2) antibiotica en acute leverbe-
schadiging; 3 en 4) antidepressiva en/of benzodiazepines en heupfractuur; 5) anti-epileptica
en suicide en/of suicidaliteit; 6) calciumantagonisten en kanker. Deze combinaties zijn
bestudeerd in de databanken uit vijf Europese landen, beschikbaar gesteld door partners in
het IMI-PROTECT consortium. De beschikbare databanken waren 1) de databank van de
Kassendrztliche Vereinigung Bayerns, verder aangeduid als de ‘Bavarian Claims Database’
uit Duitsland; 2) BIFAP (Base de datos para la Investigacion Farmacoepidemiologica en
Atencion Primaria) uit Spanje; 3) de Deense nationale databanken; 4) De Clinical Practice
Research DataLink (CPRD) en The Health Improvement Network (THIN) uit het Verenigd
Koninkrijk en 5) de Mondriaan databanken (Mondriaan-NPCRD en Mondriaan-AHC)
uit Nederland. Verder worden in dit hoofdstuk de literatuur en de epidemiologie van de
gezondheidsuitkomsten in detail beschreven. Ook is de omvang, het soort informatie, en

de representativiteit van elke databank ten opzichte van de landelijke bevolking beschreven.

In hoofdstuk 2.1 is het gebruik van antidepressiva in de zeven eerstelijnszorg databanken
uit vijf Europese landen (Denemarken, Duitsland, Nederland, Spanje en het Verenigd Ko-
ninkrijk) in het IMI-PROTECT consortium bestudeerd. Om de prevalentie van het gebruik
en trends hierin te onderzoeken en kwantificeren, is een geharmoniseerde methodologie
toegepast. De reden voor deze geharmoniseerde aanpak was eenvoudig: voorgaande studies
naar het geneesmiddelgebruik, hebben verschillende soorten data en methoden gebruikt
om de prevalentie te kwantificeren, waardoor vergelijkingen tussen landen bijna onmoge-
lijk werd. Bovendien beschikken de databanken binnen IMI-PROTECT, over informatie
op patiéntniveau, terwijl een groot aantal van de voorgaande studies gebaseerd was op
geaggregeerde data. Vervolgens zijn een gemeenschappelijk studieprotocol en data-specifi-
catiedocument opgesteld, om zo de analyses te kunnen harmoniseren over de verschillende
databanken. Het gebruik van antidepressiva werd gedefinieerd als het gebruik van selectieve
serotonine heropname remmers (SSRI’s) of tricyclische antidepressiva (TCA's) in de peri-
ode 2001 tot 2009. Om mogelijke variabiliteit, geintroduceerd door verschillen in geslacht
en leeftijdsopbouw van de bevolkingen in de bestudeerde landen uit te sluiten, is directe
standaardisatie toegepast volgens de distributie van de bevolking van Eurostat (27 landen)
in 2008. Daarnaast, is het gebruik in termen van het aantal voorschriften en diagnoses
voor SSRI’s en TCA’, op een geharmoniseerde manier beschreven. De leeftijd- en geslacht-
gestandaardiseerde prevalentie (in 2008) was het laagst in de twee Nederlandse databanken
(391 en 429 gebruikers per 10.000 persoonsjaren) en het hoogst in de twee Britse (913 en
936 gebruikers per 10.000 persoonsjaren). De prevalentie was respectievelijk 637, 618, en
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644 gebruikers per 10.000 persoonsjaren in de Deense, Duitse en Spaanse populaties. Het
gebruik van antidepressiva in de patiéntengroepen tussen 20 en 60 jaar oud in de twee
Britse populaties was hoger in vergelijking met de andere populaties. SSRI’s werden vaker
voorgeschreven dan TCA’s in alle landen, behalve in de Duitse populatie, waar TCA-gebruik
hoger was dan SSRI-gebruik. In het merendeel van de landen was een stijgende trend van
antidepressiva-gebruik in de studieperiode waarneembaar. Het toepassen van geharmoni-
seerde methoden om de prevalentie te berekenen heeft het mogelijk gemaakt om de variatie
in de resultaten te evalueren aan de hand van zowel de technische verschillen tussen de
databanken als ook de klinische aspecten van het antidepressiva-gebruik. Verder heeft
deze studie niet alleen vergelijkingen tussen landen kunnen maken, maar ook de mogelijke
oorzaken van variatie in de resultaten kunnen verklaren. Dit was niet mogelijk geweest bij

het gebruik van verschillende methodieken.

In hoofdstuk 2.2 is de prevalentie van benzodiazepine-gebruik in de zelfde zeven eerstelijns
gezondheidszorg databanken uit vijf Europese landen (Denemarken, Duitsland, Nederland,
Spanje en het Verenigd Koninkrijk) gekwantificeerd. Ook hier is een geharmoniseerd pro-
tocol gebruikt. Benzodiazepine-gebruik werd in deze studie onderverdeeld in gebruik van
anxiolytica en van hypnotica. Om te corrigeren voor de verschillen in leeftijd en geslacht
van de populaties is standaardisatie toegepast volgens de Eurostat (27 landen) bevolking
in 2008. Jaar-prevalenties zijn berekend en het gebruik (uitgedrukt in aantal recepten),
geregistreerde indicaties en de trends gedurende de onderzoeksperiode (2001-2009) zijn
beschreven. In deze studie zijn opmerkelijke verschillen in de prevalentie van benzo-
diazepine-gebruik gevonden, die niet veroorzaakt werden door verschillen in leeftijd en
geslacht tussen de populaties. De ongecorrigeerde prevalentie van benzodiazepine-gebruik
varieerde tussen 570 en 1700 gebruikers per 10.000 persoonsjaren over de studieperiode.
Standaardisatie voor leeftijd en geslacht resulteerde niet in wezenlijke verschillen benzodi-
azepine-gebruik tussen de landen. Over de jaren steeg de gestandaardiseerde prevalentie in
de Spaanse databank (+ 13%) en de databanken van het Verenigd Koninkrijk (+ 2% en +
8%), terwijl de gestandaardiseerde prevalentie daalde in de Duitse (- 12%), Deense (-26%)
en twee Nederlandse (-4% en -22%) databanken. Een hogere prevalentie van het gebruik
van anxiolytica ten opzichte van hypnotica werd geobserveerd in de Spaanse, Nederlandse
en Duitse databanken, maar het tegenovergestelde werd gevonden in de databanken uit
het Verenigd Koninkrijk en Denemarken. Er was een consistente stijging in gebruik van
benzodiazepines te zien met de leeftijd. Daarnaast was het gebruik van benzodiazepines
in alle databanken twee keer hoger bij vrouwen dan bij mannen. Gemiddeld heeft 18% van
de gebruikers van alle landen 10 of meer voorschriften voor benzodiazepines ontvangen
gedurende 2008. Door de toepassing van een geharmoniseerd onderzoeksprotocol was het
mogelijk om de verschillen tussen landen aan de hand van, zowel klinische factoren, als

voorschrijfgewoonten te verklaren. Hoewel de geobserveerde variatie in de prevalentie als
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gevolg van verschillen in de onderliggende aandoeningen waarvoor benzodiazepines wor-
den voorgeschreven in de landen niet kon worden uitgesloten, heeft ons onderzoek laten
zien dat sommige verschillen mogelijk het gevolg zijn van verschillen in voorschrijfgedrag
van de artsen in de eerste lijn. Deze studie heeft ook de haalbaarheid van het toepassen van
geharmoniseerde studieprotocollen in de databanken uit verschillende landen bevestigd,

ondanks technische verschillen tussen de databanken.

Hoofdstuk 2.3 beschrijft de kwantificering van het optreden van een gezondheidsuitkomst
waarbij een geharmoniseerd onderzoeksprotocol in verschillende databanken is gebruikt.
De incidentie van heup/femur fracturen is bepaald in zeven databanken van de eerstelijns
gezondheidzorg in vijf Europese landen (Denemarken, Duitsland, Nederland, Spanje en het
Verenigd Koninkrijk). Standaardisatie voor leeftijd en geslacht werd toegepast, met behulp
van Eurostat (27 landen) bevolking in 2008, om verschillen tussen landen te elimineren.
Jaarlijkse incidentiecijfers werden berekend en gestratificeerd naar leeftijd (patiénten jonger
dan 50 jaar en patiénten van 50 jaar en ouder). We hebben gekeken of het geslacht van
invloed is op de incidentiecijfers in de verschillende leeftijdsgroepen. Daarnaast zijn trends
in de incidentie in de periode 2001 en 2009 onderzocht. Onze hoofdbevindingen van de
geharmoniseerde analyses waren: 1) de incidentie van heup/femur fracturen bij patiénten
van 50 jaar en ouder was twee keer hoger in Denemarken (52 gevallen per 10.000 per-
soonsjaren) dan in het Verenigd Koninkrijk, Nederland en Spanje (15 tot 25 gevallen per
10.000 persoonsjaren), terwijl de incidentie in Duitsland daartussenin lag (30 gevallen per
10.000 persoonsjaren). 2) De incidentie bij vrouwen was twee keer zo hoog als bij man-
nen in alle landen en de incidentie nam bij beide seksen exponentieel toe met de leeftijd.
3) Een significant dalende trend over de tijd in de incidentie werd enkel in Denemarken
geobserveerd en er werd geen noemenswaardige trend in de andere landen gezien. Deze
resultaten hebben de sterke associatie tussen fracturen en leeftijd en geslacht zoals beschre-
ven in eerdere studies bevestigd. Naast het beschrijven van up-to-date incidentiecijfers van
fracturen in verschillende landen, heeft onze studie ook aangetoond dat het mogelijk is
om gezondheidsuitkomsten waarvan bekend was dat die goed gemeten kunnen worden
in ziekenhuizen, zoals fracturen, ook bestudeerd kunnen worden in databanken van de

eerstelijnszorg.

De toepassing van een geharmoniseerd studieprotocol hebben wij verder uitgewerkt in een
studie naar het verband tussen antidepressiva gebruik en heup/femur fracturen in data-
banken van IMI-PROTECT. In de cohortstudies beschreven in hoofdstuk 3.1 is hebben wij
een geharmoniseerde definitie van de blootstelling aan antidepressiva en bepaling van de
uitkomst (fracturen) toegepast en alle analyses op dezelfde manier gecorrigeerd voor co-
medicatie en co-morbiditeit. Drie cohorten van nieuwe antidepressiva-gebruikers werden
geidentificeerd in de Nederlandse Mondriaan, Spaanse BIFAP en Britse THIN databanken.



Samenvatting

Nieuwe gebruikers van antidepressiva werden gestratificeerd op basis van klasse antide-
pressivum; gebruikers van selectieve serotonine-heropnameremmers en/of tricyclische
antidepressiva. Gebruiksduur werd berekend op basis van verstrekte voorschriften per
patiént en de geplande duur van de recepten. De drie uniform gedefinieerde cohorten in
de IMI-PROTECT databanken toonden aan dat zowel het SSRI- als TCA-gebruik waren
geassocieerd met een verhoogd risico op heup/femurfracturen. Toch vonden wij enkele op-
merkelijke verschillen in de (gecorrigeerde) hazard ratios (HRs) tussen de drie cohorten. De
associatie tussen SSRI-gebruik en heup/femurfracturen was beduidend hoger in de Mon-
driaan databank (HR = 3,27; 95% CI 1,93-5,53), vergeleken met BIFAP (HR = 1,63; 95% CI
1,45-1,83) en THIN (HR = 1,72; 95% CI 1,59-1,87). Dit verschil was deels te verklaren door
effectmodificatie als gevolg van het leeftijdsverschil in SSRI-gebruikers in de Mondriaan
databank. De variatie in berekende risico’s was minder sterk te zien bij TCA-gebruikers. De
gecorrigeerde HRs voor TCA-gebruik en het risico op fracturen was 1,98; (95% CI 1,00-3.92)
in Mondriaan; 1,28; (95% CI 1,02-1,60) in BIFAP en 1,32; (95% CI 1,20-1,46) in de THIN
databank. De geharmoniseerde analyses hebben ons tevens in staat gesteld om de berekende
risico’s tussen de cohorten te kunnen vergelijken. Daardoor kon de variatie in de resultaten
verder worden verklaard aan de hand van technische verschillen in databasestructuur en/
of klinische verschillen. Consequente toepassing van geharmoniseerde methoden bij de
evaluatie van deze geneesmiddel-bijwerking associatie, maakt de identificatie van relevante

effectmodificaties van risico’s mogelijk.

Complexiteit van gelijktijdige blootstelling aan meerdere geneesmiddelen

In hoofdstuk 3.2 is het gelijktijdig gebruik van antidepressiva en benzodiazepines in een
cohort van patiénten in ‘the Netherlands Primary Care Research Database’ (NPCRD)
onderzocht. De reden om de details van de dynamiek van simultane blootstelling aan deze
geneesmiddelen te onderzoeken, was dat deze twee groepen geneesmiddelen vaak gelijk-
tijdig worden voorgeschreven. Daarnaast zijn antidepressiva- en benzodiazepine-gebruik
beide geassocieerd met een verhoogd risico op fracturen. In alle eerdere gepubliceerde
farmacoepidemiologische studies wordt één van beide medicaties beschouwd als de hoofd-
blootstelling en de andere als secundaire blootstelling en als zodanig geanalyseerd. Wanneer
deze twee geneesmiddelen met betrekking tot dezelfde uitkomst worden onderzocht, kan
echter het tijdstip van start en duur van de blootstelling van elk het gezamenlijke risico
op fracturen beinvloeden. In deze studie is een cohort van antidepressiva-gebruikers ge-
identificeerd en het gelijktijdig gebruik van benzodiazepines beschreven. Dit werd gedaan
door te kijken naar het moment van starten van benzodiazepine-gebruik ten opzichte van
de start van het antidepressiva-gebruik, alsmede de duur van het gelijktijdig gebruik van
beide geneesmiddel-groepen. In ons cohort van antidepressiva-gebruikers gebruikte 40%
van de patiénten ook gelijktijdig benzodiazepines. Het gelijktijdig gebruik was echter wel

athankelijk van de timing van de start van het benzodiazepine gebruik. Namelijk, het me-
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rendeel (64,4%) van de gelijktijdige gebruikers waren al benzodiazepinegebruikers voordat
de therapie met een antidepressivum werd geinitieerd. Deze studie heeft verder laten zien
dat de start van benzodiazepine-gebruik zeer variabel was tussen antidepressiva-gebruikers.
In deze studie is verder aan de hand van diagrammen van de mogelijke scenario’s van het
starten van benzodiazepines gebruik ten opzichte van antidepressiva gebruik, de mogelijke
invloed op het gezamenlijke risico op een fractuur bediscussieerd. Onze studie concludeert
dat het belangrijk is om niet alleen rekening te houden met de aanwezigheid (blootgesteld
ja/nee) van gelijktijdig gebruik maar ook het tijdstip van de start van het ene middel ten
opzichte van het andere middel, wanneer een uitkomst is geassocieerd met twee verschil-

lende geneesmiddelen die gelijktijdig worden gebruikt

Hoofdstuk 3.3 toetst de associatie tussen gelijktijdig gebruik van antidepressiva en ben-
zodiazepines en osteoporotische fracturen in een patiént-controle onderzoek. Voor deze
studie zijn data van PHARMO-RLS (databank met gegevens uit Nederlandse apotheken
gekoppeld aan ziekenhuisgegevens) gebruikt. In deze databank zijn alle patiénten (18 jaar
en ouder) met een eerste osteoporotische fractuur geidentificeerd in de periode 1991 tot
2002. Deze patiénten zijn gepaard met maximaal vier controlepatiénten (geen voorgeschie-
denis van fracturen) en gematcht op leeftijd, geslacht en geografisch gebied. Gelijktijdige
blootstelling aan antidepressiva en benzodiazepines is gedefinieerd en ingedeeld op basis
van eerder beschreven biologische mechanismen en risicopatronen voor elk geneesmiddel.
Fractuurrisico’s (odds ratio) werden berekend en het model van de door ons voorgestelde
multidimensionale blootstellingsmaat werd vergeleken met eerder toegepaste modellen met
een conventionele benadering (antidepressiva als hoofdblootstelling en benzodiazepine
gebruik als secundaire blootstelling en omgekeerd). De resultaten van deze studie toonden
niet alleen verhoogde risico’s op osteoporotische fracturen bij alle patiénten (monotherapie
en gelijktijdig gebruik van beide geneesmiddelen), maar ook verschillen in de risico’s van
verschillende ‘soorten’ van gelijktijdig gebruik. Bovendien werd in deze studie aangetoond
dat het tijdstip van starten van het ene geneesmiddel ten opzichte van het andere middel,
de hoogte van risico op fractuur beinvloedt. Zo zagen wij een hoog risico bij ‘gelijktijdige
gebruikers’ en in het bijzonder in de beginperiode van gelijktijdig gebruik (de eerste 28
dagen van benzodiazepine gebruik gelijktijdig met het gebruik van antidepressiva ongeacht
het tijdstip van starten van antidepressiva). Wij pleiten er in onze studie voor dat onze
bevindingen gerepliceerd worden in andere en grotere populaties. Verder wordt het belang
van dergelijke complexe blootstellingsdefinities om bepaalde risicoperiodes te identificeren
benadrukt, hetgeen nuttig kan zijn voor het aanpassen van de richtlijnen van gelijktijdig

voorschrijven van geneesmiddelen.



Samenvatting

Algemene discussie en conclusie

Tot slot worden in hoofdstuk 4 de bevindingen van de studies in dit proefschrift vanuit
een breder perspectief belicht. In dit hoofdstuk wordt de bijdrage van de harmonisatie van
onderzoeksmethoden om de variatie van de resultaten in antidepressiva- en benzodiaze-
pine-gebruik en heupfractuur-studies te begrijpen in meer detail besproken. Behalve de
klinische bevindingen worden ook de uitdagingen van meer harmonisatie en transparantie
in dergelijke observationele studies uitgelicht. Daarnaast worden de context en regelgeving
van standaardisatie-processen en transparantie-verplichtingen in klinische trials versus
observationele studies vergeleken. Ook de mate van gerapporteerde details met betrek-
king tot onderzoeksmethoden en informatie over de toepassing van de studiemethoden in
databanken op niveau van 1) peer-reviewed publicaties, 2) publiekelijk geregistreerde stu-
dieprotocollen en 3) statistische methoden en de toepassing ervan worden in dit hoofdstuk
besproken. Er wordt vastgesteld dat deze documenten/niveaus in de genoemde volgorde in
toenemende mate details rapporteren.

Zelfs in de gepubliceerde onderzoeksprotocollen van observationele studies in publieke
registers ontbreken nog verschillende essentiéle details over de onderzoeksmethoden. Dit
komt mede doordat de verplichte context van de klinische studies ontbreekt voor observa-
tionele studies. Dit kan de interpretatie van de resultaten van observationele onderzoeken
belemmeren. Gebrek aan details over definities van de blootstelling, gezondheidsuitkom-
sten en verdere methode-gerelateerde informatie maakt het begrijpen van de mogelijke
oorzaken van de variatie in de resultaten - een ingewikkelde oefening op zich - een nog
grotere uitdaging. Bovendien stellen wij dat wanneer blootstelling uni-dimensionaal wordt
gedefinieerd (primaire versus secundaire blootstelling), belangrijke risicomodificatie kan
worden gemist, bij het kwantificeren van een geneesmiddel-bijwerking associatie. Wij
stellen voor om de complexiteit en details van gelijktijdige blootstelling in beschouwing
te nemen en de blootstelling niet als een uni-causaal veiligheidsvraagstuk maar als een
prognostische vraagstelling te benaderen. Om dit te bereiken zijn robuuste studies naar
het geneesmiddelgebruik cruciaal, zodat de opzet en methodiek van de associatiestudies in

farmacoepidemiologisch onderzoek beter kunnen worden gedefinieerd.
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