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Preface

The use of secondary data resources for pharmacoepidemiological research has
gained increasing interest in the past decade. These databases allow the analysis of
drug and vaccine utilization after approval in the daily routine of care as well as the
investigation of their comparative effectiveness and safety. They are especially
useful for the identification of rare risks and rare drug exposures over long periods
of time, thus sustainably enlarging the basis for drug safety research.

This book is dedicated to Prof. Edeltraut Garbe, whowas a distinguished Professor
of Clinical Epidemiology at the University of Bremen and Head of the Department of
Clinical Epidemiology at the Leibniz Institute for Prevention Research and
Epidemiology—BIPS. Throughout her career, but especially during her time at BIPS,
Professor Garbe has conducted numerous pharmacoepidemiological studies in large
healthcare databases examining the association of drugs and disease outcomes.
Professor Garbe was—together with Professor Iris Pigeot—instrumental in the
development and maintenance of the German Pharmacoepidemiological Research
Database (GePaRD).

Chapter “Role of Real World Data in Pharmacoepidemiology Research: From
Single Database Towards Global Collaboration” gives an introduction to the role of
secondary data in pharmacoepidemiological research and important developments
in the last years. Chapter “Worldwide Availability of Pharmacoepidemiological
Databases” provides a comprehensive overview of general classification charac-
teristics of databases together with their strengths and limitations. In the following
chapters, the databases are described separately in more detail according to a clear
standardized structure. These database descriptions have each been written by the
professionals who work with or maintain these databases. By describing practical
experiences, the authors give the readers a more in-depth understanding of the
strengths and limitations of the respective databases with regard to pharmacoepi-
demiological research.

Bremen, Germany Dr. Tania Schink
Rotterdam/Utrecht, The Netherlands Prof. Dr. Miriam Sturkenboom
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Databases for Pharmacoepidemiological
Research



Role of Real World Data
in Pharmacoepidemiology Research:
From Single Database Towards Global
Collaboration

Miriam Sturkenboom

Abstract Since the thalidomide disaster in the 1960s, post-marketing surveillance
has progressed rapidly: Spontaneous reporting systems were developed on national
and international scale and in parallel methods for active surveillance such as in
hospital case control surveillance systems were developed. Healthcare data sources
such as electronicmedical records, insurance claims, and disease registries have been
used in the past four decades to identify, refine, and evaluate potential safety signals
of marketed medical products.

1 Introduction

Since the thalidomide disaster in the 1960s, post-marketing surveillance has
progressed rapidly: Spontaneous reporting systems were developed on national and
international scale and in parallel methods for active surveillance such as in hospital
case control surveillance systems were developed. Healthcare data sources such as
electronic medical records, insurance claims, and disease registries have been used
in the past four decades to identify, refine, and evaluate potential safety signals of
marketed medical products. In the USA, use of single databases for pharmacoepi-
demiological research began in 1979whenHershel Jick’s group evaluated the associ-
ation between post-menopausal oestrogens and endometrial cancer using the Group
Health Cooperative (GHC) of Puget Sound database. Since then, the use of already
available electronic patient healthcare data for research has exponentially increased,
mostly driven by the computerization of healthcare supply, the occurrence of drug
safety issues and the recognition of the value of these data for benefit-risk monitoring
of drugs and devices. Recently, the increased interest in data science and real-world
evidence has put even more focus on the secondary use of this data. Regulatory
agencies across the world are actively seeking ways to include real world evidence
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in regulatory decision making. The condition for this to happen is to have good
information on the quality and characteristics of the data sources.

This introductory chapter to the book on descriptions and characteristics of
different healthcare data sources around the world summarizes the main trends in
use of this real-world data in the last 15 years and illustrates how we moved from
single database to multi-database research.

2 Paradigm Shift in the Use of Healthcare Data to Assess
Drug Effects

A key incident in raising concerns about the status of active surveillance of drug
safety in the USA appeared with the 2004 withdrawal of rofecoxib (Vioxx) by
Merck because of an apparent increased risk of serious cardiovascular events. The
withdrawal came amid questions about the Food and Drug Administration’s (FDA)
handling of a possible association between selective serotonin-reuptake inhibitors
and suicidal ideation in adolescents. Further concerns were raised about the agency’s
handling of staff disagreements about these and other drugs. In this context, the FDA
sought a review from the Institute of Medicine (IOM) (McClellan 2007). The IOM’s
September 2006 report included a broad range of recommendations and the real-
ization that the USA relied too much on the spontaneous reporting system but did
follow new drugs actively in a systematic way (Institute of Medicine. Committee on
the Assessment of the US Drug Safety System 2007). An important contribution of
Richard Platt that started a paradigm shift in pharmacoepidemiology was: ‘With a
(now feasible) data network including information on 100 million patients, a statisti-
cally significant “signal” of serious cardiovascular risk could have been detected after
less than 3 months of experience with rofecoxib’ (Institute of Medicine. Committee
on theAssessment of the USDrug Safety System 2007). This notionwas the basis for
the Sentinel system that the FDA announced in May 2008. The Sentinel system is a
distributed data network (rather than a centralized database) that allows participating
health plans and other organizations to create data files in a standard format and to
maintain possession of those files, while sharing and allowing for pooling. This way
of working had already been implemented by the same group in the Vaccine Safety
Datalink and was an example for the start of many networks of databases imple-
mented after it had been realized that it is better to work together than in isolation
(Brown et al. 2010).

Traditionally, pharmacoepidemiological studies were conducted independently
in one data source according to different protocols and definitions and later brought
together through a meta-analysis of the published effect estimates. Good examples
are the studies on NSAIDs and cardiovascular effects (McGettigan and Henry 2011;
Varas-Lorenzo et al. 2013). Although meta-analyses of different and independent
studies on isolated data sources allow for pooling of results, it is possible to be much
more efficient. The heterogeneity in design, definitions of outcomes and exposures,
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and conduct of the studies may limit our ability to combine the studies and inter-
pret results. Also, when studies are done in single data sources estimates can only
be obtained from the most frequently used drugs in each of the single databases.
Although meta-analyses of the results from individual database studies have been
the state of the art for a long timewe have come to realize that we canmake a quantum
leap forward. This can be achieved by the conduct of multi-data source studies which
work with the same protocol, the same definitions, and the same analytical program
(Trifiro et al. 2014).

The motivation behind the multi-data source studies within the USA, Canada,
and Europe or even globally is the earlier detection and validation, and hence earlier
management, of potential safety issues (Coloma et al. 2012; de Bie et al. 2015).
Overall, multi-data source studies increase statistical sample size and heterogeneity
of exposure for post-marketing drug and vaccine safety surveillance. Examples of the
advantages of international multi-data source studies in Europe were provided in the
VAESCO project whilst monitoring the risk of Guillain-Barré syndrome (GBS) and
narcolepsy associatedwith the pandemic influenza vaccine and the Safety ofNSAIDs
project (SOS) in the referral procedure for diclofenac (Arlett et al. 2014; VAESCO
Consortium 2012; Dieleman et al. 2011; Romio et al. 2014; Wijnans et al. 2013).
Moreover, new drugs (or infrequently used drugs for rare diseases) that slowly pene-
trate the market will require a greater amount of patient data to obtain a significant
user population within a reasonable time frame.

The recognition of the need to work together has resulted in the creation of several
distributed data source networks, some have been established by the U.S. and Cana-
dian governments (e.g., Sentinel and CNODES) in a sustainable fashion, others (in
Europe) have been project-based with limited funding and duration. Based on the
accrued experience voluntary communities/alliances or charities have been initiated
to make the efforts sustainable (e.g., Sigma Consortium, Vaccine Collaboration for
Europe).

3 North America

The Sentinel Initiative was established in 2008 after the FDA Amendments Act
mandated the creation of a new post-marketing surveillance system utilizing elec-
tronic health records (EHRs) to prospectivelymonitor the safety ofmarketedmedical
products. Two pilot projects were initiated. First, the Mini-Sentinel which would
enable the FDA to examine privately held electronic healthcare data representing
over 100 million individuals (Behrman et al. 2011; Platt et al. 2012, 2009; Robb
et al. 2012). The second pilot project was the Post-Licensure Rapid Immunization
Safety Measurement (PRISM) programme (Nguyen et al. 2012). Both pilots were
successfully transitioned into the SENTINEL program in 2016 (U.S. Food and Drug
Administration 2020). The Sentinel Initiative has grown into the largest multisite
distributed database dedicated to medical product safety in the world. It is constantly
growing and improving to meet FDA needs. In September 2019, the FDA announced
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the expansion of Sentinel into three distinct coordinating centers: SentinelOperations
Center, Innovation Center, andCommunity Building andOutreach Center to increase
its impact even further. As of 2019, Sentinel had 17 data partners, which transform
their data into the Sentinel CommonDataModel. Together they have access to health
data on 70 million persons that are actively accruing data.

In Canada, the Drug Safety and Effectiveness Network (DSEN) was established
in 2011 by the government to augment available evidence on drug safety and effec-
tiveness by leveraging existing resources from ‘real-world’ settings such as the
National Prescription Drug Utilization System (Canadian Institutes for Health Infor-
mation 2018). The DSEN established a collaborating center, the Canadian Network
for Observational Drug Effect Studies (CNODES), which is a distributed network
of investigators and linked databases in British Columbia, Alberta, Saskatchewan,
Manitoba, Ontario, Quebec, and Nova Scotia, plus the Clinical Practice Research
Database in the United Kingdom and Marketscan database in the USA (Suissa et al.
2012). CNODES is funded by the Canadian Institutes of Health Research (CIHR,
Grant #DSE—146021). Initially, sites conducted analyses separately, according to
common protocol, but currently pilots are ongoing to use the Sentinel Common Data
model.

4 Europe

The European Medicines Agency (EMA) has recognized the need to promote phar-
macoepidemiological research after the issues around rofecoxib, cerivastatin, and
rosiglitazone in Europe and created the European Network of Centres for Pharma-
coepidemiology and Pharmacovigilance (ENCePP) in 2006. This initiative is coordi-
nated by EMA and aims to build capacity for and increase trust in post-authorization
studies to further support medicine decision making. ENCePP centers collaborate in
a non-funded voluntary way to set standards, guidance, and methods (Blake et al.
2012). In addition, EMA has requested the European Commission to fund specific
drug safety studies in which multiple healthcare databases are combined such as:
(i) nonsteroidal anti-inflammatory drug-related gastrointestinal and cardiovascular
risks (SOS) (CORDIS 2019f); (ii) the arrhythmogenic risk of drugs (ARITMO)
(CORDIS 2019b); (iii) the cardio/cerebrovascular and pancreatic safety of blood
glucose-lowering agents (SAFEGUARD) (CORDIS 2015); (iv) the risk of congen-
ital anomalies related to new anti-epileptic agents, insulin analogues, anti-asthmatic
drugs and antidepressants (EUROmediCAT) (CORDIS 2019d); (v) the long-term
adverse effects of methylphenidate in attention deficit and hyperactivity disorder
(ADDUCE) (CORDIS 2019c); (vi) the safety of biological agents in patients with
juvenile idiopathic arthritis (PHARMACHILD) (CORDIS 2019e); (vii) the safety of
epoetins (EPOCAN) (CORDIS 2016); and (viii) the risk of cancer associated with
insulin analogues (CARING) (CORDIS 2017). EMA itself also tenders for different
drug safety studies.
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The European Centre for Disease Prevention and Control (ECDC) funded
two vaccine-related projects that involve collaborative database approaches: The
Influenza-Monitoring Vaccine Effectiveness (I-MOVE) consortium coordinated by
EpiConcept (Valenciano and Ciancio 2012) and the Vaccine Adverse Event Surveil-
lance and Communication project (VAESCO) coordinated by the Brighton Collabo-
ration Foundation on the safety of vaccines (European Centre for Disease Prevention
and Control 2011). VAESCO has ended and I-MOVE is continuing as a voluntary
network.

The Innovative Medicines Initiative, which aims to establish public private part-
nerships, has funded several projects that are key to this development of networks for
pharmacoepidemiological research, examples are: PROTECT, EMIF, ADVANCE,
and ConcePTION. The Pharmacoepidemiological Research on Outcomes of Ther-
apeutics by a European Consortium (PROTECT) project finished in 2014 (Inno-
vative Medicines Initiative 2017). Its goal was to strengthen the monitoring of the
benefit-risk of medicines in Europe. Several methodologies were created and tested,
but unfortunately the project could not be sustained. The European Medical Infor-
matics Framework (EMIF) project (2013–2018) was to build an integrated, efficient
framework for consistent re-use and exploitation of currently available patient-level
data to support novel research. The EMIF-Platform intended to provide a means
for researchers to ‘browse’ available data in Europe—a full ‘medical information
browser’ that allows for rapid exploration and exploitation of the wealth of infor-
mation that at present remains largely ‘hidden’ in numerous isolated and scattered
healthcare environments across Europe (EMIF 2019). Several tools were created
such as a data catalogue and a task management system for distributed studies. Also,
the Jerboa Java-based data transformation software, that had been developed in prior
projects as a prototype, was reprogrammed. Unfortunately, apart from the tools, the
network was not sustained after the project funding ended. Instead, a novel project
was initiated in 2018 with a similar goal as EMIF. It is called the European Health
Data and Evidence Network (EHDEN) (Innovative Medicines Initiative 2020b). The
goal of EHDEN is to build a federated data network of allowing access to the data
of 100 million EU citizens standardized to the OMOP common data model.

The ADVANCE—Accelerated Development of VAccine beNefit-risk Collabo-
ration in Europe project was running between 2013 and 2019 (CORDIS 2019a).
It aimed to help health professionals, regulatory agencies, public health institu-
tions, vaccine manufacturers, and the general public make more informed deci-
sions on benefits and risks of marketed vaccines. The project created a framework
and several tools (e.g., Codemapper to harmonize codes, a Vaccine Ontology, a
dashboard for monitoring benefits and risks, a Blueprint) to rapidly deliver reliable
data on vaccine benefits and risks. ADVANCE was a unique collaboration between
key players in the sector, including the ECDC, EMA, national public health and
regulatory bodies, vaccine manufacturers, small and medium entrepreneurs (SMEs),
and academic institutions in 19 European countries (CORDIS 2019a). All partners
decided that the project should be sustained after the funding ended, and the Vaccine
monitoring Collaboration for Europe (VAC4EU) was established as a non-for profit
international association (VAC4EU 2020). VAC4EU will use the tools that were
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developed in ADVANCE and use common protocols, a common data model, and
common analytics across all data sources. As of January 2020, 19 organizations
joined, providing access to health data on more than 100 million persons. Another
IMI-funded project that relies on a distributed data network for generation of real-
world evidence on the effects of drugs is ConcePTION, which started in 2019. The
ultimate goal of ConcePTION is to create a trusted biomedical ecosystem capable
of providing evidence-based information on the safety of medications during preg-
nancy and breastfeeding in an efficient, systematic, and ethically responsible way. It
creates a data source catalogue and data quality indicators and uses a common data
model, common R analytics, and transparency in workflows (Innovative Medicines
Initiative 2020a).

The Nordic countries have established the NOrPEN network, a collaboration
between 11 academic pharmacoepidemiology centers that work with population-
based registries. TheNordic countries have a long tradition of registry-based epidemi-
ological research. Many population-based health registries were established in the
1960s, with use of unique personal identifiers facilitating linkage between registries.
The databases together cover 25 million inhabitants (Denmark: 5.5 million; Finland:
5.3 million; Iceland: 0.3 million; Norway: 4.8 million; and Sweden: 9.2 million)
(Furu et al. 2010).

5 Global Networks/Initiatives

By recognizing that global diversity may be beneficial to study the effects of drugs
several globally oriented networks and projects have been tested/established. The
focus may be on methods development (OMOP, OHDSI) and capacity building in
special groups/areas of interest (GVSI), or on addressing specific research questions
(ASPEN, SOMNIA). The main projects are as follows.

The Observational Medical Outcomes Partnership (OMOP) was a US public-
private partnership between the FDA, academia, data owners, and the pharmaceu-
tical industry and was administered by the Foundation for the National Institutes of
Health (Stang et al. 2010). It was initiated to identify the needs of an active drug
safety surveillance system and to develop the necessary methodologies to enhance
secondary use of observational data for maximizing the benefit and minimizing the
risk of pharmaceutical agents. The project has had an important impact on the field
of pharmacoepidemiology. A general common data model was developed and it was
demonstrated with an engineering approach that the same epidemiological methods
can yield totally different results in different databases while different methods can
yield totally different results in the same database (Foundation for the National Insti-
tutes of Health 2019). The many publications and lessons learned can be obtained
from thewebsite.While theOMOPdata and research lab transitioned to IMEDSat the
Reagan Udall Foundation, the investigators initiated the OHDSI community (Obser-
vational Health Data Sciences and Informatics). OHDSI is a multi-stakeholder, inter-
disciplinary collaboration striving to bring out the value of observational health data
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through large-scale analytics. The research community enables active engagement
across multiple disciplines (e.g., clinical medicine, biostatistics, computer science,
epidemiology, life sciences) and spansmultiple stakeholder groups (e.g., researchers,
patients, providers, payers, productmanufacturers, regulators) (Observational Health
Data Sciences and Informatics 2020).

5.1 Capacity Building

The Global Vaccine Safety Initiative (GVSI) was launched under the auspices of the
World Health Organization in March 2012. It is based on the Global Vaccine Safety
Blueprint, the safety strategy of the Global Vaccine Action Plan (GVAP). The GVSI
vision is to establish effective vaccine pharmacovigilance systems in all countries
by 2020. Focus is specifically on lower and middle income countries which will see
most of the new vaccines first and should have adequate safety surveillance systems.
As part of the active surveillance activities a multi country pilot study was conducted
to test the systems in 15 countries around the world (World Health Organization
2015).

6 How Do People Work Together?

Currently, several projects and networks are developing or have developed their own
methods, guidance, and codes of how these collaborations should be done across
multiple databases. The standard of using data from different data sources for active
safety surveillance is currently the use of a distributed data approach in which data
holders maintain control over their protected data and its uses. A common protocol
is written and data holders transform their data of interest into a common data model
that enforces uniform data element naming conventions, definitions, and data storage
formats. The common data format allows data checking, transformation, and analysis
via identical computer programs (e.g., SAS, R, JAVA) shared by all data holders.
Existing distributed networks typically distribute these computer programs via task
management systems, data access providers execute the programs and return the
output via secure mechanisms to a coordinating center for aggregation and, possibly,
additional analysis (Brown et al. 2010).

This is the typical workflow but there are some key differences in implementation
across the networks. Notably, some networks request the data access providers to
transfer all or parts of their data into a general common data model (CDM), whereas
others request only study-specific data to be transformed to the CDM or request local
data owners to aggregate the data.

Adopting a common or reference data model lays the groundwork for achieving
syntactic and semantic interoperability so that comparable analyses can be performed
across research study sites. A CDM makes it possible to centralize the development
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of queries and testing of methodologies. Several CDMs exist; the most famous are
the Sentinel and OMOP CDM. For the OMOP CDM, the original data is mapped to
a common terminology and phenotypes are created, independent of study questions.
On the contrary, in Sentinel algorithms, the creation of variables is done per study.

Data transformation scripts are usually developed centrally in SAS, R or JAVA
based language (e.g., Jerboa) and aggregated data that can be shared are produced
(Trifiro et al. 2014). Final analysis is also organized differently across the networks:
In Sentinel and DSEN, aggregated counts and estimates will be provided by the sites
and pooled in meta-analytic ways. In several European and some global projects
(ADVANCE, Conception, EMIF), aggregated patient-level data can be shared to a
protected remote research environment facilitating pooling of data on the individual
level and combined analyses (Trifiro et al. 2014).

Networks of data access providers have tremendous utility for addressing drug
safety issues while benefiting from a common and transparent evidence genera-
tion approach that is now proven to be acceptable to many data access providers.
A distributed approach keeps the data with the people who know the data best
and who can best consult on proper use of the data and investigate findings or
anomalies. Obstacles to effective implementation of both centralized and distributed
approaches include differences in computing environments and information systems,
the need for data standardization and checking, organization-by-organization varia-
tion in contracting policies and procedures, concerns related to the ethics of human
subjects’ research and data privacy, and cross-institution variation in the rules and
guidelines related to privacy and proprietary issues (Brown et al. 2010).

7 Conclusion

The future is bright for the use of electronic healthcare data to generate evidence
on medications. There is increasing recognition of the value of real-world evidence
and the use in clinical and regulatory decision making. Pharmacoepidemiologists
have a 40-year history of using this type of data. As a result of the drug safety
scandals 15 years ago, distributed data network initiatives have appeared, each of
them recognizing the uniqueness of the data sources that comprise them and the
need to have local expertise on the data, but also the recognition that we should work
together.

This book, a tribute to professor Edeltraut Garbe, is written from this point of
view, a compilation of unique data sources that come together to celebrate the unique
contributions that Edeltraut Garbe hasmade to pharmacoepidemiology, both in terms
of establishing GePaRD as well as the critical attitude towards making sense out of
the healthcare data to serve public health and improve patient safety. She was a
pioneer in these networks and a teacher to all of us in how to close the loop between
pharmacology, epidemiology, and electronic data and to translate this into valuable
knowledge.
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databases for pharmacoepidemiological studieswhich are then presented in summary
tables. We conclude with some remarks on necessary prerequisites for the successful
use of existing databases.

1 Introduction

In phase III of drug development, randomized clinical trials (RCTs) are conducted to
prove the efficacy of a new drug or more generally of a new pharmaceutical product.
However, phase III-studies are usually not able to provide a full picture of the benefit-
risk-profile of a new drug for several reasons (Garbe and Suissa 2014): the number of
patients included in such RCTs is too small to detect and to quantify rare and serious
adverse drug effects; the patient group is highly selected and excludes patients with
a considerable number of comorbidities, children and elderly patients; the duration
of such studies is too short to reveal long-term risks; the clinical setting is highly
controlled and does not reflect daily practicewhere often various drugs are combined;
recommendations regarding dietary behavior are ignored; and so-called “off-label
use” is common. These limitations increase the likelihood that some adverse drug
reactions (ADRs) will occur after marketing approval that were not observed during
phase III of clinical development.

The knowledge gap regarding the benefit-risk-profile of a newly approved drug
may be closed by adverse event reporting systems containing spontaneous reports
of adverse events and pharmacoepidemiological studies after marketing approval.
Signal generation and drug safety studies facilitate a prospective monitoring of drug
safety if they are based on large electronic healthcare databases. Such databases
are well established in North America, but also in many European countries (Garbe
and Suissa 2014; Strom 2012; Suissa and Garbe 2007). Most recently, they have
also been established in various Asian countries (AsPEN Collaborators et al. 2013;
Kimura et al. 2011).

Databases increasingly represent an important worldwide data resource for phar-
macoepidemiological research, but their information content, the covered timespan
and the population size may heavily differ from database to database (see also the
various databases described in this book). Thus, the appropriateness of a specific
database to answer a certain research question has to be critically evaluated in each
single situation.

In this chapter, we will provide an overview of existing databases worldwide
that seem to be appropriate to conduct pharmacoepidemiological research. This
overview is not intended to be complete but should give an idea of the variety of
available databases. We will first briefly characterize and compare the major features
of main types of databases and highlight their advantages and limitations in compar-
ison to epidemiological field studies (see also Garbe and Pigeot 2015). We will then
describe our search strategy to identify adequate databases for pharmacoepidemio-
logical studies. The databases that we identified and rated as relevant are summarized
in several tables stratified by type of database, continent and country (see Tables 2,
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3, 4, 5, 6, 7 and 8). We conclude with some remarks on necessary prerequisites for
the successful use of existing databases.

2 Types of Databases

Electronic healthcare databases may be roughly categorized into two types: (1)
medical record databases that mainly contain excerpts of electronic patient records
typically provided by general practitioners (GPs) and (2) administrative databases
that are based on health insurance claims data or on state-funded health systems
(Strom 2012). Although the information contained in both types is comparable there
are some major differences. In the ideal case, both types should at least provide
information on age, sex, inpatient and/or outpatient diagnoses, prescription date,
drugs prescribed, date of hospital admission, types of surgery, date of discharge, and
reason for discharge. However, as can be seen in Tables 2, 3, 4, 5 and 6 this is not
always the case. Compared to administrative databases, medical record databases
have the advantage of also containing data on lifestyle factors such as smoking,
alcohol or body mass index, prescribed daily dose for medications, and laboratory
findings. Other important clinical data such as inpatient diagnoses or information on
secondary care might be added by the physician to the patient record, but are not
always complete.

The advantages of healthcare databases become obvious when compared to
epidemiological field studies where primary data collection is needed to receive the
necessary information. To collect such data may be time and cost intensive whereas
studies based on healthcare databases are cost-efficient and can be conductedwithin a
reasonable time frame. Epidemiological field studies also typically face the problem
that certain vulnerable groups, such as the elderly, multi-morbid patients or patients
with lower socio-economic status are difficult to reach leading to the inclusion of
a selected group of subjects in the study. In addition, studies based on healthcare
databases usually do not require an informed consent for each study which mitigates
against potential selection bias. Moreover, information on prescribed drugs provided
by healthcare databases is considered as more reliable than corresponding statements
by patients in field studies (Kelly et al. 1990) which is of special importance in the
elderly (Tamblyn et al. 1995).

The major advantage of healthcare databases, however, results from their large
numbers of patients and the potential for long follow-up time for outcomes with
minimal subjects lost to follow-up. The population size of such databases is usually
large enough to investigate uncommon or rare ADRs. An example in this respect is
the occurrence of febrile convulsions as a rare adverse reaction to vaccines (Schink
et al. 2014). Moreover, maintenance of such databases over long time periods with
minimal loss of patients over time allows the investigation of ADRswith long latency
times, such as various cancers. Whereas exposure and outcome data collected from
physicians and patients in some field studies may suffer from recall bias, especially
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if long-term memory is required, healthcare database studies are free from this limi-
tation. Automated healthcare databases also provide the opportunity to study drug
effects that would be unethical to investigate in a clinical study such as off-label use
of drugs in children (Dörks et al. 2013).

Despite these clear benefits of healthcare databases for pharmacoepidemiological
research there are some limitations. Missing information and the fact that the data
have not been initially collected for research purposes might impair their validity,
which is especially true for administrative databases (Strom 2012). Missing informa-
tion may result from time periods before the establishment of a database or from data
typically not recorded for administrative purposes. Most administrative databases do
not contain any information on non-prescription (over-the-counter) drugs, on the
prescribed daily dose, on drug use during a stay in hospital, lifestyle factors, socio-
economic status, or on laboratory values. Somemissing informationmay be added by
linkage to primary data or to other registries such as, e.g., cancer registries. However,
such linkage requires a very stringent data protection concept and is only possible
for a limited number of databases since a unique personal identifier common to the
databases being linked is needed (Herk-Sukel et al. 2012). A good practice example
in this respect is provided by the Scandinavian databases (Furu et al. 2010).

3 Search Strategy

Searching for electronic healthcare databasesworldwide that are suitable for pharma-
coepidemiological research, especially drug safety and drug utilization research was
a quite challenging task since the assessment of the usefulness of a specific database
required some basic understanding of the health system in each country. Also, in our
search strategy we did not limit ourselves to the term database. Other terms used
in this context were for instance data repository (e.g., Population Research Data
Repository, Manitoba, Canada), virtual data warehouse (e.g., Health Care Systems
Research Network (HCSRN) Virtual Data Warehouse, US), record linkage system
(e.g., PHARMO, Netherlands) or register (e.g., National Patient Register, Denmark).
In the following, the term “database” is used as synonym for a set of linked files or a
single file that can be linked to others where each of the files contains demographic
data and specific information regarding healthcare encounters, e.g., on diagnoses and
procedures associated with hospitalizations or physician visits and drug exposure.
The possibility to link such data files by a personal identifier is an important prereq-
uisite for pharmacoepidemiological research. Hence, a file for instance with drug
dispensation data only becomes a useful “database” for drug safety research if it can
be linked to another file with information on outpatient and/or inpatient diagnoses.
This had to be considered when we assessed the various electronic databases.

Various steps were taken to identify large computerized databases, so-called auto-
mated databases, containing healthcare data as sources for pharmacoepidemiological
research. Our search focused only on databases that contain information irrespective
of the disease status of a person. This means that, for instance, registries including
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only patients with specific diseases such as cancer or diabetes were not taken into
account.

In a first step, the Website Bridge to Data (www.bridgetodata.org) was used
to explore available databases. This site is a unique non-profit online reference
describing population healthcare databases for use in epidemiology and health
outcomes research. It provides useful and detailed information on pharmacoepidemi-
ological and other population data sources for use in epidemiology, health services
research, and healthcare economics and as models for designing healthcare systems
and data resources worldwide.

Second, an internet-based search in PubMed and Google using pre-defined
keywords in order to identify any further databases in published articles and in the
references of articles was conducted (see Table 1).

Table 1 List of keywords for conducting free text search

Adjectives to the terms
Data/database

Data/database

Large Data

Automated Data?

Computeriseda Database?

Clinical Datenbank?

Medical record?b Information

Medical Collect?

Secondary Resource?

Healthcare Source?

HEALTH care Data? AND collect?

Health insurants Data? AND resource?

Registry (data?) Data? AND source?

?Register?

Claims

Hospital

Outpatient

Prescription

(Medical) treatment

Record system

Pharmacoepi?

Pharmacovigilance

aDollar sign is used to represent one character within a keyword, e.g., computerised represents
computerized and computerised
bQuestionmark is used as a truncation symbol to ensure that we get as many relevant hits as possible

http://www.bridgetodata.org
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Third, scientists or pharmacoepidemiologists from industry with experience in
research with healthcare databases were contacted in order to identify databases not
found by the above search strategy.

In a fourth step, the websites of the databases and research articles found in the
previous steps were consulted to obtain information on the features of the identified
databases. Several database administrators were contacted by email and asked to fill
out a questionnaire prepared by the authors to obtain missing information. The ques-
tionnaire was developed to gather information on themain features of these databases
and to assess their quality as well as their usefulness with respect to pharmacoepi-
demiological research. The questions were classified according to the following six
categories: (1) description of the database, (2) source population, (3) type of data, (4)
variables, (5) inpatient setting, and (6) outpatient setting. Besides the general descrip-
tion, the first category covers questions regarding the total number of subjects and
the period of data collection. With the help of the second category, information about
the source population, such as age and sex, was collected. Furthermore, information
on the type of data collected (e.g., claims data or medical records) and whether or not
the data are at an individual patient level were collected by the third category. The
availability of demographic datawas also requested in the fourth category. Categories
five and six contained information as to whether either or both in- and outpatient drug
and diagnoses data were available.

In the final step, all databases were evaluated with regard to their relevance or
usefulness to conduct pharmacoepidemiological studies of pharmaceutical products.
Each database was categorized independently by two researchers as relevant or not
relevant. Disagreementswere discussed and in case of no consensus a third researcher
was consulted. The relevance or usefulness of each database was assessed based on
the availability of (1) data at individual patient level, (2) information on age and
sex, (3) in- and/or outpatient treatment data, (4) in- and/or outpatient diagnoses, and
(5) on the ability to track patients over time. Databases rated as relevant were those
meeting criteria (1), (2), (5), and (3) or (4) and/or databases that could be linked to
other data sources to add the missing information. Databases assessed as not relevant
were those missing most or all of the criteria without an option of linkage to other
databases.

After categorization, the list of relevant databases was checked for plausibility and
comprehensiveness. Further relevant databases were searched for by manual search.

4 Results

In total, we identified 75 relevant databases, displayed in Tables 2, 3, 4, 5, 6, 7 and
8. References with relevant information on these databases are provided below these
tables and are not added to the overall reference list at the end of this chapter.
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4.1 Asia

We identified four administrative databases in Asia, one each in Taiwan and Korea
and two in Japan (Table 2). The National Health Insurance Research Database in
Taiwan, the National Insurance Claims Database in Japan and the Health Insurance
Review and Assessment Service (HIRA) databases in Korea cover approximately
the whole population and hold data on in- and outpatient diagnoses, and medication.
Moreover, it is possible to link additional information to the databases.

4.2 Australia

In Australia, nine administrative databases were rated as relevant, six of which
result from data linkage initiatives in eight states/territories in Australia that provide
access to administrative hospital data (Table 3). Furthermore, we found two databases
(MBS and PBS claims) administered by the government statutory authorityMedicare
Australia that can be linked to each other and one administered by the Department
of Veterans’ Affairs. The databases of the data linkage initiatives can be linked
to other population-based datasets such as birth or death registries, survey data,
and also to the two Medicare databases. Moreover, the Population Health Research
Network has been established: a linkage project to build data linkage units in all
Australian states/territories and facilitate cross-jurisdictional data integration (Doiron
et al. 2013). All administrative databases have in common that they do not provide
information on outpatient diagnoses. One medical record database was identified
(Table 4).

4.3 Europe

Nordic Countries (Denmark, Finland, Norway, Sweden, and Iceland)
Each of the five Nordic countries has a nationwide prescription registry that provides
information on dispensed outpatient medications (Furu et al. 2010). In each country,
the use of a unique personal identifier included in all national registries allows
linkage of the prescription registries to other data sources such as birth, death, cancer
registries, and especially registries that contain information on hospital encoun-
ters including diagnoses. In Demark and Sweden, databases lack information on
outpatient diagnoses (Table 5). Moreover, we identified two regional administrative
databases, namely OPED and AUHD, in Denmark.

United Kingdom (UK)
We identified seven medical record databases, three of which cover all regions of
the UK, three cover Scotland only, and one covers the whole of Wales (Table 6). All
seven databases contain information on outpatient diagnoses and medications, and
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some of them also provide information on the prescribed dose. The MEMO and ISD
databases also contain data on hospitalizations. Moreover, besides medical records,
the SAIL database in Wales includes administrative data on inpatient diagnoses.
One administrative database was identified in the UK (HES) that contains data on
inpatient diagnoses and allows linkage to other databases in the UK (Table 5).

Netherlands
We identified one administrative database, AchmeaHealth Base, which includes data
on inpatient diagnoses and outpatientmedications only. To overcome the lack of, e.g.,
outpatient diagnoses, it is possible to link this database to other data sources such
as medical record databases or cancer registries. Moreover, three medical record
databases could be found, one of which, the PHARMO record linkage system,
provides data on in- and outpatient diagnoses, and medications as well as other
data sources such as administrative data and cancer registries (Table 6).

Italy
We found five regional administrative databases which have in common that they
all lack data on outpatient diagnoses (Table 5). Only in the region of Lombardy
information on inpatient medications is available. Furthermore, three medical record
databases were found, one of which includes exclusively data on children treated by
pediatric general practitioners and family pediatricians (Table 6). Two contain data
on in- and outpatient diagnoses and outpatient medications. Moreover, the Caserta
record linkage database contains linked data from medical records (GP prescription
database) and administrative databases including inpatient diagnoses and outpatient
medications.

4.4 Other European Countries (Estonia, France, Germany,
Ireland, Spain)

For the remainder of Europe, we rated eight databases as relevant located in five
countries, namely three administrative databases in Germany, one each in France,
Estonia, and Ireland, and two medical record databases in Spain (Tables 5 and 6).

4.5 North America

Canada
We identified several administrative databases that are provincially managed by nine
of the ten Canadian provinces; almost all cover approximately the whole population
in the provinces (Table 7). Moreover, four of the databases in British Columbia,
Manitoba, Nova Scotia, and Ontario are managed by linkage initiatives that provide
access to linked datasets (Doiron et al. 2013). In other provinces such as Quebec,
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two health databases are available for research purposes containing information on
hospitalization, outpatient diagnoses, and medications that can be linked by a unique
patient identifier. All databases have in common that they do not have information on
inpatient medications, but that they can be linked to other population datasets such
as birth, death, and cancer registries and survey data.

United States
We found three administrative databases based on the following health care programs
of the US government: Medicare, Medicaid and the Department of Veterans Affairs
(VA) Health Care System (Table 8). All three databases have in common that
only specific populations are covered: residents equal or older 65 (Medicare), low
income elderly persons or pregnant women (Medicaid), chronically disabled persons
(Medicaid), and US armed services veterans (VA) (Hennessy et al. 2012). All three
databases provide information on in- and outpatient diagnoses and outpatientmedica-
tions. Only the VA database additionally holds information on inpatient medications.
All three databases can be linked to other data sources such as mortality or cancer
registries. Moreover, we identified two networks/initiatives of data obtained from
Health Care Systems Research Network (HCSRN) Virtual Data Warehouse and the
Kaiser Permanente (KP) Center for Effectiveness and Safety Research that comprise
15 regional health plans in the HMO Research Network and eight KP regions with
partially overlapping data. Both have in common that they hold claims data on in-
and outpatient diagnoses and outpatient medications, but also medical record data on
laboratory test results, smoking status, and body mass index (Andrade et al. 2012).
Moreover, we identified three databases based on commercial insurances that contain
information on out- and inpatient diagnoses and procedures as well as outpatient
pharmacy claims.

5 Conclusion

We were able to identify a large number of databases throughout the world, but
their content, size, duration and geographic coverage at the local and national level
differed remarkably. This variation is partly due to differences in legal requirements
among countries, which may not only hinder the collection of specific information
and the longitudinal maintenance of social and medical data but may also hinder
linkage of a pharmacoepidemiological database with other data sources, especially
with primary data. Primary data are an especially important add-on to many pharma-
coepidemiological studies both to validate the information available in the database
and to provide data missing from the database. Thus, a researcher is strongly advised
to contact the administrator of a database beforehand to make sure that the informa-
tion available in the respective database suits the needs of a specific project and to
learn about advantages and limitations of this specific type of database. In addition, a
researcher should clarify all necessary legal and/or administrative steps to get access
to the data. Last, it is recommended to check if it is possible to link the records in
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a database with primary health care records or other databases with data related to
health care.

Based on our experience it is additionally strongly recommended to have a basic
understanding of the health system of the specific country where the data have been
collected to avoid misinterpretation and misuse of the data. If databases of various
countries have to be pooled, e.g., to achieve the required sample size for the investi-
gation of very rare outcomes or exposures (as, e.g., in the EU-funded project “Safety
Evaluation of Adverse Reactions in Diabetes–SAFEGUARD”) this information is
especially necessary in order to be able to harmonize the variables included in the
respective study.

For many databases only roughly described here, necessary and more detailed
information is provided in the following chapters of this book.
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Arlene M. Gallagher, Antonis A. Kousoulis, Tim Williams, Janet Valentine,
and Puja Myles

Abstract TheClinical Practice ResearchData link (CPRD) is theUKGovernment’s
preeminent research service providing anonymised NHS primary care and linked
secondary data for retrospective and prospective research.

1 Database Description

1.1 Introduction

The UK’s National Health Service (NHS) is a universal healthcare provider free
at the point of use. Over 98% of the UK population is registered at one of 8875
general practices in the UK (NHS Digital 2020a; ISD Scotland 2019; HSC Business
Services Organisation 2020; Public Health Wales NHS 2020), with general practi-
tioners (GPs) functioning as gatekeepers to the UK healthcare system. Primary care
records contain patient information gathered in general practice, as well as health-
care settings outside primary care, including data on demographics, symptoms, tests,
diagnoses, treatments, behaviours and attendance in secondary care.

A patient can only be registeredwith oneGP practice at any time.Upon registering
for the first time, patients are assigned a unique patient identifier, the NHS number,
which is used to identify a patient across all NHS healthcare settings. The existence
of a cradle to grave healthcare patient primary care record, which can be linked to
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a range of secondary healthcare data sources, makes databases of UK primary care
records rich sources of longitudinal population health data for research.

TheClinical Practice ResearchDatalink (CPRD) is theUKGovernment’s preemi-
nent research service providing anonymised NHS primary care and linked secondary
data for retrospective and prospective research. CPRD services are designed to
maximise the way anonymised NHS clinical data can be used to safeguard public
health and improve the efficiency of clinical research. For more than 30 years,
data provided by CPRD have supported a range of drug safety and epidemiological
studies that have impacted on health care and resulted in over 2600 peer-reviewed
publications (Clinical Practice Research Datalink 2020a).

1.2 Database Characteristics

CPRD receives all de-identified electronic health records from the patient population
of consenting UK general practices, with the exception of individual patients who
have opted-out of contributing data to CPRD. National opt-out statistics indicate
that 2.75% of patients in England have opted out from the use of their health data
for research or planning purposes (NHS Digital 2019). There are four main primary
care patient management software systems in the UK and CPRD currently receives
data from practices using Vision® and EMIS Health® systems. Data from practices
using Vision® are curated into the CPRD GOLD database (Herrett et al. 2015) while
data from practices using EMIS Health® are curated into the CPRD Aurum database
(Wolf et al. 2019).

The CPRD databases are dynamic, in the sense that there is a continuing expan-
sion in the volume of data available for research due to increasing numbers of GP
practices opting to contribute data to CPRD, as well as the data collected by CPRD
being updated on a daily basis. When a GP practice first signs up to CPRD, their
entire patient population electronic healthcare records, including historic records, are
onboarded into the CPRD databases, following which daily data updates are received
by CPRD. Patients are included in the CPRD databases from when they first register
with their GP practice until they transfer to another practice or death. Monthly snap-
shots of CPRD GOLD and CPRD Aurum databases (referred to as monthly builds)
are generated and made available for observational research.

As ofNovember 2020, the combineddatabases covered 59million unique patients,
of which over 16million patients were currently registered, i.e. had not died or left the
practice, representing 24%UKpopulation coverage (https://www.cprd.com/data-hig
hlights). CPRD is broadly representative of the diverse UK population, with a fairly
even spread across deciles of age by gender compared to data from the Office of
National Statistics (Wolf et al. 2019; Herrett et al. 2015), a very similar ethnicity
profile compared to the UK Census (Mathur et al. 2014) and distribution across IMD
2015 deprivation deciles.

https://www.cprd.com/data-highlights
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1.3 Available Data

Data are collected through the coded primary care records. These include basic
demographic information (year of birth, sex, region, ethnicity), prescription details
(see below), clinical events (symptoms and diagnoses), preventative care provided,
tests (laboratory tests ordered and delivered in primary care with their results
commonly added to the patient record via electronic links to laboratories), clin-
ical tests performed (such as blood pressure or BMI measurements), immunisations,
lifestyle indicators (BMI, smoking status, alcohol consumption), specialist referrals,
hospital admissions and their major outcomes, and details relating to death.

Prescription details are only available for products prescribed by GPs but not
for drugs administered in secondary care or dispensed over the counter. Prescribed
medicines associated with consultations are automatically recorded with a product
name and British National Formulary code, alongside the dosage instructions and
quantity.

Diagnoses and other clinical data are largely coded by general practice staff using
SNOMED CT (UK edition) (NHS Digital 2018b), Read version 2 (NHS Digital
2018a) and local EMIS Web® codes. UK general practices are currently transi-
tioning to SNOMED CT as the single clinical terminology system and eventually,
all prescription data will be coded using the Dictionary of Medicines and Devices
(dm + d), which exists within the SNOMED CT terminological structure and is
already available for CPRD Aurum (NHS Digital 2018b; NHS Business Services
Authority 2018). CPRD provides data dictionaries and code browsers to researchers,
and guidance on creating code lists is available to help identify codes of interest.

GPs in the UK are responsible for the general management of healthcare for
women during pregnancy and will record any medical events in the GP files, as well
as (where available) last menstrual period, delivery date, and deliverymethod. CPRD
has developed a probabilistic mother-baby link algorithm based on data recorded in
the primary care medical record contributing to CPRD GOLD. This identifies likely
mother-baby pairs, based on family number plus maternity information from the
mothers’ primary care records and the month of birth of newly registered babies.
Since the database is anonymised, it is not possible to do the same for fathers. A
pregnancy register based on an algorithm that lists all pregnancies and associated
details is also available for CPRD GOLD (Minassian et al. 2019).

GP practices in England contributing to CPRD also consent to their patient data
being linked to secondary health-related datasets. Patient level data from consenting
GP practices are linked via a trusted third party (TTP) using NHS number, exact date
of birth, sex and patient residence postcode (Padmanabhan et al. 2019). CPRD does
not receive or hold patient identifiers including name, full date of birth, postcode and
NHS number. Identifiers are removed prior to transfer of data to CPRD to protect
patient confidentiality. Personal identifiers are sent separately from GP practices to
the TTP to enable linkage. Established linkages include Hospital Episode Statistics
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(hospitalisation data, including hospital admission and discharge dates, primary diag-
nosis for the admission using the ICD10 coding system, all clinically recorded data
and all procedures performed, as well as Maternity, Critical and Augmented Care
Data, but not in-hospital prescriptions) (Herbert et al. 2017), Office for National
Statistics Death Registration Data (including date, place and causes of death) (Office
for National Statistics 2018b), several measures of area-level deprivation [Index of
Multiple Deprivation (Ministry of Housing C& LG 2015) and Townsend scores
(Office for National Statistics 2018a)] as proxies of socioeconomic scores, and
disease registries including the National Cancer Registration and Analysis Service
(Public Health England 2017).

1.4 Strengths and Limitations

Key strengths of theCPRDdatabases are their size and coverage, longitudinal follow-
up, representativeness, linkages to other healthcare datasets and data quality assur-
ance processes.As ofNovember 2020, CPRD received data fromover 1750 practices,
representing 24% UK population coverage (https://www.cprd.com/data-highlights).
This high population coverage allows epidemiological associations to be investi-
gated in more detail and estimated with a higher level of statistical precision than is
possible with smaller data sources, which is of particular importance for the study of
rare exposures and diseases (Dommett et al. 2013; Douglas et al. 2013). The length
of patient follow-up [Median (25th and 75th percentile) 9.01 years (3.26–20.32) and
12.02 years (4.31–23.75) for currently registered patients inCPRDAurumandCPRD
GOLD respectively (Clinical Practice Research Datalink 2020b)] enables research
into diseases with long latency and the study of long-term outcomes (Crooks et al.
2013; Cotton et al. 2013; Lalmohamed et al. 2012).

The General Medical Services Quality and Outcomes Framework contract which
operates in primary care and was introduced in 2004, is an incentive payment
programme for GPs which has facilitated accurate coding of key data items (for
example, smoking status and the delivery of services in major disease area) (NHS
Digital 2020b).

Although the primary care records in the CPRD database include data on primary
diagnoses and referrals to specialist care in secondary care settings, the available
data on disease management may be limited, as the patient’s GP will only receive a
summary of the care rather than the full secondary care record. The CPRD databases
also do not currently include any data on medications prescribed in secondary
care, either during a hospital stay or those prescribed by specialists in outpa-
tient departments (for example, biologics for dermatological or rheumatological
conditions).

Additional data may be available in free text entries or letters received by GPs
from secondary care facilities, but this is not available to CPRD for data governance
reasons. Despite these limitations, supplementary information on patient pathways
canbeobtained through linkageof primary care data to other data sources as described

https://www.cprd.com/data-highlights
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above and via CPRD’s non-standard linkage service https://www.cprd.com/non-sta
ndard-linkage. As with any routinely collected data sources, the data available within
CPRD database have not been collected for research, but for clinical care and as
such the recording and data completeness can vary across and within different GP
practices.

1.5 Validation

Upon receipt of primary care data, CPRD implements various data quality checks
covering the integrity, structure and format of the data, as well as further anonymi-
sation measures before the data are incorporated into a research database. Validation
of the CPRD primary care data has shown high positive predictive value of a number
of diagnoses (including complex conditions and behavioural conditions) and, where
evaluated, comparisons of incidence to otherUKdata sources are also broadly similar
(van Staa et al. 2001; Ryan andMajeed 2002; Ronquist et al. 2004;Meier et al. 2000).
Individual studies demonstrate a high level of validity across a range of conditions
(Khan et al. 2010; Quint et al. 2014; Hagberg; Jick 2017; Jick et al. 2020; Persson
et al. 2020) and a systematic review of the validity and validation of diagnoses
in the primary care data found that overall, quantitative estimates of validity were
high (median 89% of cases confirmed) and qualitative evidence from external rate
comparisons and sensitivity analyses supported the validity of diagnoses (Herrett
et al. 2010).

The quality of primary care data may be variable because data are entered by
GPs during routine consultations, not for the purpose of research. CPRD under-
takes various levels of validation and quality assurance on the daily GP data collec-
tion comprising of over 1000 checks covering the integrity, structure, and format of
the data. Collection level validation ensures integrity by checking that a collection
contains only expected data files. Structural checks at row-level are performed on
the raw collection files to ensure that all data elements are of the correct type, length,
and format. Duplicate records are identified and removed. Transformation level vali-
dation checks for referential integrity between records to ensure that there are no
orphan records, for example that all event records link to a patient.

Research quality level validation is the final level of validation and covers the
actual content of the data. CPRD provides GP practice and patient level data quality
markers that may assist researchers as a first step to selecting research quality patients
and defining periods where data recording was assessed as being up to standard. The
patient level data quality metric is based on registration status, recording of events
in the patient record, and valid age and gender. The practice-based quality metric is
based on the continuity of recording and the number of recorded deaths. In addition,
researchers are advised to undertake comprehensive data quality checks themselves
before undertaking a study.

https://www.cprd.com/non-standard-linkage
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1.6 Governance and Ethical Issues

CPRD obtains annual research ethics approval from the UK’s Health Research
Authority (HRA) Research Ethics Committee (REC) to receive and supply patient
data for public health research. All requests by researchers to access the data held
by CPRD are reviewed by an expert review committee and data are only released
for public health research subject to data governance requirements being met. A
summary of all studies approved by the expert committee, including a non-technical
description of the research, are published on the CPRD website in a searchable
database. CPRD can facilitate collection of supplementary data to enhance the
routinely collected data from the electronic healthcare record, validate recorded
diagnoses via GP questionnaires or collect patient reported outcome data via patient
questionnaires. The collection of these additional data may require separate ethical
approval.

1.7 Documents and Publications

Data from CPRD (formerly GPRD) have been used in over 2600 published articles
in peer-reviewed journals across all major therapeutic areas. A bibliography is main-
tained by CPRD and is available online (Clinical Practice Research Datalink 2020a).
These publications cover a range of health-related research topics including phar-
macoepidemiology, comparative effectiveness research, health services research,
assessments of temporal trends in disease incidence, health economics, prognosis
research, classical risk factor epidemiology and cluster randomised controlled trials
(Ghosh et al. 2019). Key publications to date include studies showing the absence of
an association between measles-mumps-rubella vaccine and autism (Smeeth et al.
2004a), cardiovascular risk after acute infection (Smeeth et al. 2004b), the lower
risk of dementia associated with statin use (Jick et al. 2000), the risk of myocardial
infarction in patients with psoriasis (Gelfand et al. 2006), the use of oral corticos-
teroids and fracture risk (van Staa et al. 2000), and the association between body
mass index and cancer (Bhaskaran et al. 2014). Data from CPRD have also been
used to inform clinical practice and public health policy e.g., providing evidence in
a clinical guidance for the management of suspected cancer and demonstrating the
safety of pertussis vaccination in pregnant women in the UK (Oyinlola et al. 2016;
Donegan et al. 2014).
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1.8 Data Access

Researchers can apply for a license to access CPRD data for public health research,
subject to individual research protocols meeting CPRD data governance require-
ments. More details including the data specification, applications process, and
access to linked data, are available on the CPRD website (https://www.cprd.com).
Researchers can also request feasibility counts from CPRD to inform sample-size
estimates and decisions regarding suitability of CPRD data for their proposed
research. Any other queries including requests for the latest monthly database
release notes describing the population coverage can be directed to CPRD Enquiries
(enquiries@cprd.com).
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Abstract IQVIA Medical Research Data (IMRD) are non-identified electronic
patient health records collected from UKGeneral Practitioner (GP) clinical systems.
The IQVIAMedical Research Data currently incorporates data supplied from THIN,
aCegedim database, which is licensed by IQVIA and data supplied by practices using
EMISHealth and contributing to IQVIA’sMedical Research Extraction Scheme. The
data are generated from the daily record keeping of GPs and other staff within the
practice.

1 Database Description

1.1 Introduction

IQVIA Medical Research Data (IMRD) are non-identified electronic patient health
records collected from UK General Practitioner (GP) clinical systems. The IQVIA
Medical Research Data currently incorporates data supplied from THIN, a Cegedim
database, which is licensed by IQVIA and data supplied by practices using EMIS
Health and contributing to IQVIA’s Medical Research Extraction Scheme. The data
are generated from the daily record keeping ofGPs and other staff within the practice.

GP patient data collection software provides a means to render patient informa-
tion non-identified. The collection software is automated and integrated within the
practice management systems meaning the data collection is unobtrusive and does
not affect any clinical use or updating of practice management systems. The non-
identified data are routinely collected from GP practices who agree to contribute
data.
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The practice management system holds complete clinical records for each patient.
When a new practice is set up, the full non-identified data extract is collected and
supplied.All subsequent collections are incremental, i.e., only those records that have
been entered since the previous collection are extracted. In this way, retrospective
data are always included with the first ever collection.

The research database was established to create a repository of UK real-world
patient data for medical research to be conducted by academics, National Health
Service (NHS), government, and industry across the life science sector. The use
of IQVIA Medical Research Data for the purpose of medical research has been
approved by the NHS Health Research Authority (NHS Research Ethics Committee
ref. 18/LO/0441).

1.2 Database Characteristics

In the UK, the NHS provides centrally funded healthcare to UK residents which is
free of charge at the point of delivery. The vastmajority ofUK residents are registered
with a general practitioner (GP) near their home and consult their practice for routine
health care. The system in the UK differs from some other parts of Europe in that a
patient can only be registered with one GP practice at a time. Records are transferred
electronically between practices in the event of a patient moving, which means a
life-time record is held by the GP. The role of the UK GP is often described as a
‘gatekeeper’ as they decide on the patient’s pathway through the health care system
with regards to managing them in primary care or referring the patient to secondary
care.

Patients are included in the research database when they register with a GP who
contributes data and also when their practice signs up to data collection. When a
practice joins the data collection scheme, a retrospective data collection is taken
for all patients (including active, inactive or transferred-out) who have not opted
out in order to obtain their complete medical history. When patients transfer out
of their contributing practice, or die, their records up to that point remain in the
database. Transferred-out patients are unable to be followed beyond their transfer.
If the patient were to register with another practice who is a member of the data
collection scheme, they would be given a new identifier. Patients can decide to opt
out at any point by informing their practice, meaning that their data will no longer be
collected from that time, with historical data kept in accordance with UK Medical
Research Council (MRC) guidelines.

In summary, the data within the database includes:

• Patient details: Year of birth, sex, practice registration date, practice de-
registration date, ethnicity

• Morbidity data: Symptoms, diagnoses with dates, referrals to hospitals
• Prescribed medication: All prescriptions with date issued, drug name, formula-

tion, strength, quantity, dosing instructions
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Fig. 1 Age of patients in the THIN component of the IQVIAMedical Research Data (version1805)
compared to that of the rest of the UK in 2017

• Immunisations: All in-practice immunisations
• Lab tests and other health data: Smoking status, height, weight, blood pressure,

pregnancy, birth, death.

Each year, three updated datasets of IQVIA Medical Research Data are released.
These data are available to a range of groups including providers and commissioners
of health care services (e.g., NHS England), academics and universities, life science
industries, patient support groups and charities. IQVIA Medical Research Data may
only be made available to external researchers for protocol-driven studies under
specific Data Sharing Agreement (DSA) terms that restrict use of the data. At the
time of writing the dataset contains patient data collected up to April 2019 for UK
patients in England, Scotland, Wales, and Northern Ireland. In this dataset, there are
a total of over 18 million patients from over 800 GP practices that can be used for
research.Of these, around threemillion patients are currently active from370 actively
contributing practices. This represents about 4.5% of the total UK population.

Figure 1 shows the agedistributionof theTHIN1 component of the IQVIAMedical
Research Data compared with the UK, which is relatively similar.

Validation studies have been undertaken to examine how generalisable the THIN
component of the IQVIAMedical ResearchData is to the rest of the UK. Researchers
have found these patients to be representative of the UK in terms of demographics
(e.g., age, gender, socioeconomic status, andmortality), majorQuality andOutcomes
Framework (QOF) condition prevalence, and death rates (adjusted for demographics
and deprivation). These patients generally reside in slightly more affluent areas
compared to the rest of the UK, but the database is otherwise generalisable (Blak
and Thompson 2009; Blak et al. 2011).

1A Cegedim database.
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1.3 Available Data

1.3.1 Core Data: Demographics

IQVIA Medical Research Data contains information about a patient’s age, sex, and
region of residence. Some data on ethnicity are available but it is not comprehensive
and has not been validated. Age information is restricted to the year of birth for
patients over 15 and contains year and month of birth for paediatric patients under
15.

Important patient information such as date of registration with their data
contributing practice and registration status (active, temporary resident, deceased)
are also collected for research purposes such as assigning controls and calculating
denominators.

1.3.2 Primary Care Data

Patients who consult with a GP will have a record of appointment details such as
the date of consultation, symptoms, diagnoses, referrals, laboratory and physical
tests, and diagnostic and therapeutic interventions. All these data (after excluding
the patient identifiers) are part of the IQVIA Medical Research Data.

The Read clinical code system is used, which is a comprehensive clinical coding
language including terms relating to observations (signs and symptoms), diagnoses,
procedures and investigations. There are also codes for various administrative func-
tions. The version used in the data is Version 2 which contains over 100,000
codes.

1.3.3 Prescription Data

Details of any prescriptions issued in primary care will appear in IQVIA Medical
Research Data. Private prescriptions for GP prescribed medications not covered by
NHS reimbursement (e.g., antimalarials, hepatitis A travel vaccination) may appear,
but these medications are often prescribed in private medical travel clinics, in which
case they will not appear. Over-the-counter pharmacy preparations bought by the
patient are unlikely to appear in the IQVIA Medical Research Data (e.g., short term
anti-diarrheal medications, laxatives, and low dose ibuprofen). Prescriptions issued
by secondary care (specialists, hospitals) will not appear in the patient’s electronic
record and therefore will not be seen in the database. However, if secondary-initiated
therapy requires continuation by the GP, these prescriptions will be in the patient’s
electronic record and therefore found in the IQVIA Medical Research Data. For
example, if a drug for controlling hypertension (e.g., nifedipine) is prescribed in
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hospital then it will be continued by the GP. In contrast, if a patient is discharged
on an anticoagulant like clexane for an additional, fixed four-week post-operative
prophylaxis this is likely to be provided by the hospital pharmacy at discharge and
will not appear in the GP record.

Drugs aremapped to system-specific codeswhich are in turnmapped to theBritish
National Formulary (BNF) coded dictionary where the drug codes are organised into
largely therapeutic chapters (i.e., anti-arrhythmics, anti-depressants, etc.). There is
also a mapping to the international ATC classification system.

Prescription information will include the generic name of the drug, dosage, and
quantity to be dispensed. The GP may also include information on how often the
patient should take the drug. As each prescription has a date of issue, it is possible
to track prescribing over time.

There is no direct indicator in the IQVIA Medical Research Data that iden-
tifies the specific clinical “indication” for which the drug was issued, although
searching the concurrent GP visit diagnoses will commonly provide an indication.
For example, a prescription for trimethoprim and a diagnosis of “urinary tract infec-
tion or pyelonephritis” will permit an inference to be made on the underlying cause.
For chronic diseases, there is less likely to be a concurrent indication. For example,
if a patient with a chronic history of back pain and dysmenorrhea is prescribed
an NSAID. Both these indications will already be in the history and may not be
re-entered.

1.3.4 Additional Health Data (AHD)

IQVIAMedicalResearchData containsAHDinformation that includes lifestyle data,
height and weight information, preventative healthcare measures, immunisations,
laboratory test results (e.g., haemoglobin, lipids, renal function), and cause of death
details. Identifying pregnancy within IQVIA Medical Research Data is possible
through use of various algorithms, as GPs do not reliably code it as “pregnancy”.
Researchers at NottinghamUniversity have undertaken extensive work on pregnancy
outcomes and linkage to babies (using the household flag) in the THIN component
of the IQVIA Medical Research Data.

1.3.5 Secondary Care Data

A referral to secondary care is recorded by the GP and will be seen in the
IQVIA Medical Research Data. In the UK, almost all specialist care occurs in a
secondary/tertiary care environment outside of the primary care centre. Once the
patient has been seen in the hospital, the specialist is under obligation to provide the
GPwith a summary of the findings. Upon discharge from secondary care, a discharge
summary will always be sent to the GP; increasingly the patient is also given a copy
of the communication from the hospital. The GP will make an entry in the patient’s
record that such correspondence has been received; this can be seen in the IQVIA
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Medical Research Data. The GP will code the important diagnoses (e.g., myocardial
infarction, angioplasty) but may not code other “short-term resolved conditions” that
occurred in hospital during the same episode (e.g., pneumonia, heart failure).

The level of detail available in the IQVIA Medical Research Data is dependent
on the technology available at the practice. If a practice uses optical character recog-
nition, then the content of the hospital correspondence can be seen; this may include
diagnoses, length of stay, recommended prescribing, etc. If the correspondence is
stored in scanned image format, then the content cannot be seen.

1.4 Strengths and Limitations

1.4.1 Strengths

The IQVIAMedical Research Data contains comprehensive recording of GP consul-
tations and details including diagnoses, symptoms, and prescriptions issued, all in
non-identified format. This provides high quality, longitudinal data onmany diseases
and a patient’s general health. It is a repository of patient health information collected
in a non-interventional manner reflecting a ‘real-world’ setting. As the UK popu-
lation register with a GP who is the main contact for all health care, data recorded
in IQVIA Medical Research Data are reflective of the general UK population and
validation studies of the THIN component have confirmed this.

The IQVIA Medical Research Data is an invaluable research database as vast
amounts of pre-collected data are readily available to use. The database also allows
for researchers to select control subjects from the same source population as cases.
Furthermore, the data format and coding systems allow researchers to develop
and hone methodologies. It is also possible to study relatively rare exposures and
outcomes due to IQVIA Medical Research Data’s large patient population. Addi-
tionally, as the IQVIA Medical Research Data is continually updated, the effects of
new treatments can also be assessed quickly.

1.4.2 Limitations

The main limitations of UK primary care databases are incomplete hospitalisation
and secondary care records, and a lack of information regarding actual prescrip-
tion dispensation compared with the prescribed drugs in IQVIA Medical Research
Data. Such databases are also not appropriate for studies examining over-the-counter
(OTC) medications as these are not routinely recorded by GPs. The data collected
are primarily for the GP to manage a patient’s care and not as a research tool. As
such, only data the GP deems of relevance to their management of a patient’s care
are likely to be recorded and this should be considered in study design, e.g., a GP
may not record the weight of patients where weight is not considered to be relevant.
This may result in biased data.
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1.5 Validation

Validation activities are undertaken both internally and externally to quantify the
completeness of data within IQVIAMedical Research Data. Validation studies have
been published on the THIN component of the database to examine how demo-
graphics, QOF condition prevalence, and death rates of patients compared to the
rest of the UK; these were found to be similar, except slightly more patients in the
THIN component were represented by the highest socioeconomic quintile (Blak et al.
2011).

Quality assurance measures are also performed at the practice level. Feedback
reporting to practices identifies where data recording is not as accurate or complete
as it should be. Previous feedback reports include the areas of diabetes, coronary
heart disease, epilepsy, and asthma.

In addition, qualitymeasures are undertaken and provided to researchers to inform
their studies. For example, the date each practice’s recording of death rates reached
within three standard deviations of the regionally and demographically expected
value is calculated and provided to researchers; This is known as the Acceptable
Mortality Reporting (AMR) date.

1.6 Governance and Ethical Issues

The THIN data collection scheme and research database received NHS Health
Research Authority [formerly known as the NHS Multi-Centre Research Ethics
Committee (MREC)] approval in 2003.

In 2009, the independent Scientific Review Committees (SRCs) were established
to review THIN database studies only. Studies that require patient involvement at
some level (i.e., questionnaire completion) require individual approval from theNHS
Health Research Authority (HRA) that covers each applicable GP practice.

In 2018, the NHSHRA approved the use of the SRC for review of IQVIAMedical
ResearchData incorporating data fromTHIN, a Cegedim database and data collected
from comparable GP systems.

SRCs are composed of academic and industry researchers who are familiar with
the IQVIA Medical Research Data and review studies on a volunteer basis. Each
committee comprises three reviewers—one of which is the Chair and has the final
verdict—and generally returns reviewed protocols to researchers within a three-week
period.

Reviewers evaluate submitted protocols for scientific merit relating to IQVIA
Medical Research Data and general feasibility; this process ensures that all studies
conducted using IQVIAMedicalResearchData thatwill be shared externally arewell
designed and use the data appropriately. The establishment of SRCs has simplified
the application process for researchers and has led to a substantial decrease in the
time required for scientific approval.
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Contributing practices are required to display a notice in the practice waiting area
detailing their involvement in the data collection scheme. Patients are able to opt out
if they are uncomfortable with having their medical records used for research.

IQVIA Medical Research Data are used for research that falls into the following
categories authorised by the NHS HRA:

• Epidemiology
• Pharmacoepidemiology
• Drug safety
• Public health research
• Drug utilisation studies
• Outcomes research
• Health economics research/Resource utilisation.

Small number restrictions are in place to ensure identification of patients is not
possible. The identities of contributing GPs are also protected.

IQVIAMedical ResearchData can be accessed via a sublicense, a ‘cut’ of the data,
or commissioning IQVIA Real World Solutions (RWS) to conduct data analyses.

1.7 Documents and Publications

The bibliography contains over 700 publications and can be obtained on request
to IQVIA. These publications show the potential scope of utilising a primary care
database to investigate drug therapy risks, combine data across countries for rare
events, analyse mother and baby linkage risks, investigate missed opportunities for
earlier disease detection, and provide earlier signal detection of adverse drug events.

1.8 Administrative Information

The IQVIAMedical ResearchData ismaintained by IQVIAand funded via the provi-
sion of research services to commercial organisations, governmental institutions, and
academic institutions.

Contact Details
Research: IQVIA Ltd., 210 Pentonville Road, London N1 9JY, +44 20 3075
5000

Website: https://www.iqvia.com/
Email: UKRWESDataScience@uk.imshealth.com

https://www.iqvia.com/
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2 Practical Experience with the Database

Research on IQVIA Medical Research Data can involve a variety of methodologies
depending on the researchers’ experience, the format of the data they are using (i.e.,
a sublicense or extract), and the type of study they are performing. The following
scenario represents an example of the criteria researchers would need to outline in
order to effectively extract IQVIA Medical Research Data for research.

Example: A teamof researcherswould like to examine how the risk of experiencing
first myocardial infarction (MI) differs between type 2 diabetics on anti-diabetic
medication and type 2 diabetics who are not on anti-diabetic medication.

The researchers will be required to select a study period for the inclusion of cases
and controls and to define appropriate baseline and follow-up periods. This will
ensure quality and sufficient data content. They will also need to define their index
date.

Study period: 1 January 2013–31 December 2018.

Index date: Date of first myocardial infarction.

Baseline: At least 1 year of data prior to index date.

Follow-up: At least 1 year of data following index date.

End date: The earliest of 31 December 2018 or death.
The researchers will then be required to define the population characteristics

they would like to be included in the study, as well as exclusion criteria to remove
unsuitable patients from the study.

Inclusion Criteria (case):

• Age 45–65 years at index date
• First myocardial infarction between 1 January 2013–31 December 2017
• Prescription for study medication (would be defined) commencing ≥6 months

prior to index date but not before 1 January 2013.

Inclusion Criteria (control):

• Age 45–65 years at index date
• First myocardial infarction between 1 January 2013–31 December 2017
• No prescription at any point in their medical record of study medication.

Exclusion Criteria (both):

• Prior myocardial infarction
• Type 1 diabetes diagnosis.

The researchers may wish to stratify their results by looking at comorbidities that
could be related (i.e., atherosclerosis).

As this information will all be coded in IQVIA Medical Research Data, the
researchers will need to look up the relevant Read codes for diagnoses and drug



76 M. Myland et al.

codes for medications they would like to be included. Once these lists have been
finalised, they can set to work on extracting their study population.

If the researchers had access to an IQVIA Medical Research Data sublicense,
they would extract these patients on their own according to the criteria they had
outlined as described above. In the case of a data extract, IQVIA would provide the
researchers with a cut of the data including only the patients who fulfil the above
criteria as approved by the researchers.

After outlining their study and population characteristics they would like to be
included, the researchers would then commence the analysis of their choice. IQVIA
Medical Research Data are available in CSV, SQL, and SAS formats to be analysed
with a variety of statistical packages.
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Abstract The IrishHealth Service Executive-Primary Care Reimbursement Service
(HSE-PCRS) database is a national repository of pharmacy claims data, representing
dispensed prescriptions that were wholly or partially funded by public funds. It has
been used in pharmacoepidemiology research, drug utilisation research, and health
services research. This chapter provides a brief outline of how the Irish health care
systemoperates, a description of themain features of the national dispensing database
inclusive of information available and validity, examples of research using these data,
and a comment on the future direction of the database.

1 Database Description

1.1 Introduction

The Irish Health Service Executive-Primary Care Reimbursement Service (HSE-
PCRS) database is a national repository of pharmacy claims data, representing
dispensed prescriptions that were wholly or partially funded by public funds. It
has been used in pharmacoepidemiology research, drug utilisation research, and
health services research. This chapter provides a brief outline of how the Irish health
care system operates, a description of the main features of the national dispensing
database inclusive of information available and validity, examples of research using
these data, and a comment on the future direction of the database.
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1.2 Brief Description of the Irish Health Care System

The Irish health care system is organised under the HSE; the public body responsible
for the provision of publicly funded health and personal social services for everyone
living in Ireland. The health system is predominantly tax funded and operates on a
complex two-tiered basis (Connolly andWren 2019). Across these public and private
tiers, the majority of pharmaceutical expenditure is funded through the National
Shared Services HSE-PCRS. Three principal community drug schemes exist under
this system: (i) General Medical Services (GMS) scheme; (ii) Drug Payment (DP)
scheme and (iii) Long Term Illness scheme (LTI). Other smaller specific schemes
also exist, for example, the methadone treatment scheme for opioid dependence
and a high technology drugs scheme which provides access to high cost innovative
treatments, e.g., immunologics and cancer treatments, but these schemes are not
discussed further here (Health Service Executive 2018).

1.2.1 General Medical Services Scheme

In 2018, almost 33% of the Irish population (1.6 million people) were in receipt
of public health insurance or were covered by the GMS scheme (known locally as
medical card holders) (Health Service Executive 2018). TheGMS scheme entitles the
individual to primary care services and hospital services free at the point of access.
The exception to this is that prescription medications are subject to a flat copayment.
The current copayment (as of January 2018) is e2.00 per item (capped at e20 per
month per household) (Health Service Executive 2018). Copayment exemptions are
extended to children in the care of the HSE, for example, in foster care and people
living in emergency reception accommodation under the Irish Refugee Protection
Programme. The supply of methadone for opiate dependence is also not subject
to copayment. Eligibility for the GMS scheme is on the basis of income-related
means-testing (Health ServiceExecutive 2018).Automatic entitlement for those aged
≥70 years occurred between July 2001 and December 2008, however, since January
2009means-testingwas introduced for those aged≥70years butwith a higher income
threshold than those aged≥66 years and those aged <66 years. Discretionarymedical
cards may be awarded in certain cases, for example, at diagnosis of cancer.

1.2.2 Drugs Payment Scheme

The remainder of the population ineligible for the GMS scheme is referred to as
being in the “private” tier. Although hospital services are free to all individuals in
Ireland, a proportion (approximately 43% in 2017) avail of private health insurance,
the main advantage of which is more rapid access to secondary and tertiary specialist
services (Connolly and Wren 2019; Health Insurance Authority 2017). For the most
part, private health insurance does not cover primary care services, thus out of pocket
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payments for General Practitioner (GP) visits are standard practice. Individuals in
the private health care system receive government-subsidised access to prescription
medications through the DP scheme. Under the DP scheme, an individual or family
pays up to a maximum of e134 per month (as of 2018) for their medications. Once
this limit is reached, the individual or family incurs no further costs for the duration of
the month (Health Service Executive 2018). In 2018, 6% of the population accessed
medication under this scheme (Health Service Executive 2018). This reflects the
proportion with medication costs ≥e134 per month.

1.2.3 Long Term Illness Scheme

Eligibility for the LTI scheme is independent of income and provided on the basis
of individuals having been diagnosed with one of 16 chronic illnesses, for example,
diabetes mellitus or epilepsy. Individuals in receipt of care on this scheme, approx-
imately 4% of the population, are provided with prescription medicines relevant
to the management of their chronic illness without any copayment (Health Service
Executive 2018). However, individuals are responsible for GP consultation fees.
Together, the LTI and GMS provide population-wide coverage for a number of
chronic conditions, for example, diabetes and epilepsy.

1.3 Database Characteristics

All community pharmacists dispensing medications on the main drug schemes in
Ireland submit their claims everymonth to the IrishHealthServiceExecutive-Primary
Care Reimbursement Service (HSE-PCRS) for reimbursement. The vast majority do
so electronically (Health Information and Quality Authority 2019). The HSE-PCRS
database thus captures data on every prescription filled in Ireland on theGMS scheme
and the LTI scheme. However, data for medications dispensed on the DP scheme are
incomplete because medications are paid for in full by the individual/family up to
the monthly threshold. Hence, there is no requirement to submit a claim to the HSE-
PCRS for medications already paid for by the individual. Drugs administered in
hospital are not available in this database.

Individuals are eligible for inclusion in community drug scheme cohorts from
the start of their eligibility for each scheme. Entry into the database occurs when a
prescription is dispensed. Each individual can be followed for the duration of their
eligibility and can be censored at the date on which eligibility is lost.

The majority of prescription claims in the HSE-PCRS derive from the GMS
scheme, so the focus of this chapter is this scheme. The GMS population is approx-
imately 33% of the Irish population (Health Service Executive 2018), but those
who are socio-economically disadvantaged, women and those aged ≥70 years are
over-represented, hence, there may be some limitations as regards generalisability
in pharmacoepidemiological studies that rely solely on data from the GMS scheme
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Table 1 Proportion of Irish men and women on GMS scheme in 2015

Age group (years) % Men % Women

0–15 36.2 35.5

16–24 35.1 39.6

25–34 24.4 30.2

35–44 27.0 31.2

45–54 29.9 31.0

55–64 33.2 34.8

65-69 43.4 51.5

70+ 80.0 85.0

Total 35.6 39.2

Source Health Service Executive and Central Statistics Office (Central Statistics Office 2016)
Notes The % column represents the % men/women in the Irish population on the General Medical
Services (GMS) scheme
GMS General Medical Services scheme

(Brown et al. 2015). For those aged ≥70 years, the database is representative of the
Irish population at the same age, attributable to the fact that themajority of those aged
≥70 years are eligible for the GMS scheme (Central Statistics Office 2013). As of
2015, 80% of men and 85% of women aged ≥70 years were eligible (Central Statis-
tics Office 2016). Therefore, studies in those aged ≥70 years have greater external
validity than for other age-groups. For example, a study comparing the prevalence of
potentially inappropriate prescribing (PIP) in the Republic of Ireland and Northern
Ireland (which provides care via theUKNationalHealth Service) found that PIP rates
were similar between the two populations when restricted to those aged ≥70 years
(Bradley et al. 2012).

However, less than 50% of the Irish population aged <70 years of age is eligible
for the GMS scheme (Table 1). The impact of this limitation on generalisability was
highlighted in a study comparing PIP between the Republic of Ireland and Northern
Ireland in those aged 45–64 years; differences in the prevalence of potentially inap-
propriate prescribing between the settings were attributed to a larger proportion of
socially-disadvantaged middle aged adults in the Irish database (Cooper et al. 2016).
Additionally, greater proportions of those covered by the GMS scheme are smokers
and women than in the general population (Brown et al. 2015). In studies of drug
effects, caremust be taken to ensure no prior evidence of confounding or effect modi-
fication by age, gender or smoking status. If no confounding or effect modification
exists (or can be accounted for), one could reasonably assume that the effects of a
drug in this population will be no different to a general population (Brown et al.
2015).

Within the HSE-PCRS pharmacy claims database, data are available from 1998
(Health Information and Quality Authority 2019). It is updated monthly due to the
monthly processing of claims.
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1.4 Available Data

1.4.1 Demographic Data

Information on age (age bands, e.g., 0–4; 5–11; 12–15;16–24, etc.) and gender at
the individual level are available in the database, most complete for GMS and LTI
eligible individuals. Information on the HSE region and one of nine community
health organisations (CHOs) for each individual is also recorded. Unfortunately,
clinical data and data on lifestyle behaviours are not available in this database. Due
to the means-testing for GMS eligibility it is assumed that socio-economic status is
lower than in the general population when restricted to <70 years. Deprivation can,
however, be retrieved at the level of the prescribing GP (Cahir et al. 2014b). Data
for date or cause of death are not routinely available although bespoke linkages have
been constructed (see below section).

1.4.2 Drug Data

For each drug dispensed in Ireland and reimbursed by HSE-PCRS, data are available
in the database for the date of dispensing, quantity of medication provided, strength,
dosage form, route of administration, ingredient cost, community drug scheme on
which drug was dispensed, and dispensing fees to the pharmacist. Prescriptions
are coded using the World Health Organisation Anatomical Therapeutic Chemical
(WHO-ATC) classification system and corresponding Daily Defined Dose (DDD)
(WHO Collaborating Centre for Drug Statistics Methodology 2019). Missing data
are negligible for all medication-related fields.

1.4.3 Other Data

The majority of drugs reimbursed and available in the HSE-PCRS database are from
prescriptions written by GPs in primary care. Some prescriptions, however, may
have been initiated by hospital consultant physicians including those on the high tech
drugs scheme, e.g., interferon for multiple sclerosis or oral anti-cancer drugs. Data
on diagnoses, procedures, laboratory results, and similar are not available because it
is primarily a pharmacy claims database.

1.4.4 Linkages

The National Cancer Registry Ireland (NCRI), a population-based cancer registry,
has been linked with HSE-PCRS data, so that detailed information on medication
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use is available for those with GMS eligibility and a diagnosis of cancer. This linked
database facilitates detailed and high quality pharmacoepidemiological studies of
cancer survivalwith drug exposure data available in combinationwith comprehensive
clinical data on type and staging of cancer (Spillane et al. 2014; Flahavan et al. 2014).
A second linkage has been established with The Irish Longitudinal Study of Ageing
(TILDA), a nationally representative cohort study of over 8000 adults aged >50 years
(Kearney et al. 2011). This linkage has permitted the conduct of high quality health
services research, in particular of potentially inappropriate prescribing (Moriarty
et al. 2015a, 2016). Linkages have also been established for hospital data (McMahon
et al. 2014), central treatment lists formethadone users (Cousins et al. 2016), bespoke
cohorts, for example, a cohort admitted to hospital with an adverse drug event (Cahir
et al. 2017) or a community dwelling cohort (Cahir et al. 2014a, c; Kim et al. 2018;
McLoughlin et al. 2019), and mortality data (Moore et al. 2017).

1.5 Strengths and Limitations

The national HSE-PCRS pharmacy claims database in Ireland is large and accu-
rate. Although it is limited by its’ generalisability in those aged less than 70 years,
it is almost completely representative of those aged ≥70 years. This is significant
because older people will make up more than 20% of Ireland’s population by 2040
(McGill 2010). Furthermore, older people use the most medications in the popula-
tion (Kaufman et al. 2002). Thus, the ability to carry out pharmacoepidemiological
research in this population is of paramount importance. For pharmacoepidemiolog-
ical research seeking to make associations between drug causes and effects (adverse
events, effectiveness) the generalisability to the younger population is of concern
if gender, age, and smoking are confounding variables or effect modifiers of the
medication under study.

There are no clinical or outcome data in the HSE-PCRS database, but linkages to
other databases are possible where patient consent is available.

Other limitations are common to all international databases of prescription claims
(Schneeweiss and Avorn 2005). For example, information on medications not reim-
bursable by the HSE-PCRS is not available in the database. This is somewhat amelio-
rated in the Irish database due to a comprehensive reimbursable medications list. The
relatively low copayment alsomeans that those eligible for the GMS schememay opt
to get a prescription for an item that can be bought over the counter, if the copayment
is less than the item cost. There is no information on the indication for the medication
or on outcomes of any medications.

Despite these limitations, the HSE-PCRS database represents the largest source of
drug exposure data in Ireland and has been demonstrated to be of good quality. It has
contributed significantly to national policy-making. Additionally, universal knowl-
edge and understanding are amplified through pharmacoepidemiology studies in
cancer, health service research in inappropriate prescribing, and pharmacoeconomic
analyses at the end of life stage.
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1.6 Validation

Pharmacy claims databases are thought to be highly accurate because the data
collected must be complete, correct, and up-to-date for reimbursement purposes
(Schneeweiss and Avorn 2005). In a study of 97 patients in two Irish hospitals, it
was found that the HSE-PCRS database was the most accurate method of medicine
reconciliation relative to GP records and records from individual community phar-
macies (Grimes et al. 2013). Considering difficulties relating to patient recall found
in a study comparing self-reported drug data to dispensed drugs in HSE-PCRS in
2641 patients aged over 50 years (Richardson et al. 2013), the HSE-PCRS database
represents the most accurate and complete source of information on drug utilisation
in the GMS/LTI populations (Grimes et al. 2013; Richardson et al. 2013).

Furthermore, prior research indicates an association between drug exposure
measured through dispensed drug records and clinical outcomes (Franklin et al.
2015; Lo-Ciganic et al. 2016). Thus, pharmacoepidemiological studies using phar-
macy claims data can reasonably attempt to establish associations between causes
(medications) and outcomes (for example, side effects or medication effectiveness).
One limitation of HSE-PCRS data for assessing exposure to medications is worth
noting. At present, there is no number of days’ supply or duration of use variable,
which is common in some other international prescription claims databases (Sinnott
et al. 2016a). There are two workarounds to this limitation. First, the date on which
a medication is dispensed along with the quantity provided can be used to esti-
mate a duration of use. Secondly, the number of defined daily doses (DDDs) can be
calculated as a proxy for days’ supply by multiplying the strength of the medication
dispensed by the quantity dispensed and then dividing this number by the DDD.
For example, if a person is dispensed 112 tablets of 500 mg metformin, which has a
DDDof 2000mg, the person received 28DDDs [i.e., (112 * 500)/2000]. Thismethod
has been shown to be generally accurate for drugs such as anti-hypertensive agents,
proton pump inhibitors (PPIs), and cyclo-oxygenase-2 inhibitor anti-inflammatory
painkillers (Sinnott et al. 2016a). However, the method can overestimate exposure
for statins, atypical anti-psychotic agents, and warfarin and can underestimate for
sporadically used agents such as non-selective non-steroidal anti-inflammatory drugs
(Sinnott et al. 2016a).

1.7 Governance and Ethical Issues

TheHSE-PCRSdatabase falls under the remit of theHSENational ServicesDivision.
Overall responsibility and accountability for this Division lies with the HSENational
Director of National Services. Requests for aggregate data can be made to the HSE-
PCRS Analysis and Reporting Unit, however, there is no standard policy in place for
handling such requests (Health Information and Quality Authority 2019).
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1.8 The Future

The Health Information and Quality Authority (HIQA) is a statutory body that has
regulatory functions in the provision of health and social services in Ireland and also
has responsibilities for supporting sustainable improvements. HIQA has acknowl-
edged that the continual development of the Irish health system is dependent on the
availability of good quality data to facilitate monitoring, evaluation, and improve-
ment.HIQAhas also recognised the power and promise of theHSE-PCRSdatabase in
addressing research and policy questions of relevance and importance to the domestic
and the global population. With this in mind, HIQA has made a series of recommen-
dations to the HSE-PCRS focusing on governance and use of information. A core
recommendation is that the HSE-PCRS should develop an over-arching long-term
strategy that deals with data governance and quality improvement, for example, on
how HSE-PCRS data can be used to generate information that in turn can be used
to improve the health service. A second key recommendation is that accessibility to
the data should be improved to all relevant stakeholders, e.g., patients, clinicians,
policy-makers, researchers (Health Information and Quality Authority 2019).

The foundations for acting upon the HIQA recommendations have been partially
laid already. The recent legislation for a unique health identifier in Ireland will assist
in the development of a more complete clinical-medication database (Oireachtas
Eireann 2014). Moreover, the current move to incorporate an electronic health record
for each individual in Ireland presents a new paradigm for pharmacoepidemiological
research in Ireland,within a frameworkof anonymity, consent, and appropriate gover-
nance (eHealth Ireland 2020). The availability of electronic health record data and the
potential for linkages to other databases via a unique health identifier present unpar-
alleled opportunities to carry out much needed research related to national health
policies, drug effectiveness, and drug safety in large and heterogeneous populations.

Given the current era of big-data, rapidly advancing software technology, and an
emphasis on making data-driven decisions it is now essential for government/public
bodies, the regulator, and all invested stakeholders to align on a set of strategic
priorities for this most valuable data source.

2 Practical Experience with the Database

2.1 Chronic Disease Epidemiology

Methods to calculate burden of disease metrics frequently require weighting of the
data to reflect underlying population trends that cannot be detected in sample-based
surveys or cohort studies. The HSE-PCRS database allows calculation (rather than
estimation) of disease prevalence in specific populations such as those aged≥70years
and those with specific diseases. For example, Naughton et al. calculated the preva-
lence of chronic disease in those aged >70 years (Naughton et al. 2006). Sinnott et al.
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and Murphy et al. have relied on GMS and LTI data, which when combined provide
data on every diabetes medication dispensed in Ireland thus capturing all treated
individuals with diabetes, to examine the epidemiology of diabetes and geographic
variation in prescribing (Sinnott et al. 2017a; Murphy et al. 2017). A limitation of the
data is that without codes for diagnosis/indication somemisclassification is possible,
for example, women with polycystic ovary syndrome who are prescribed metformin
may be included in the diabetes numerator (Sinnott et al. 2017a).

2.2 Health Services Research

The availability of the HSE-PCRS database has enabled the conduct of high
quality drug utilisation research, research into adherence to medicines, and also
pharmaceutical policy analysis.

2.2.1 Drug Utilisation Research

Drugutilisation research refers to the studyof theuseofmedicines in populationswith
special emphasis on the resultingmedical, social, and economic consequences (World
Health Organisation 2003). Trends in the prescribing of (1) psychotropic medicines
and antibiotics in paediatric populations (Boland et al. 2015; Keogh et al. 2012),
(2) pyschoactive and sedative medicines in both a general and an older population
(Byrne et al. 2018; Cadogan et al. 2018), (3) vitamin-D supplementation in a breast
cancer population (Madden et al. 2018), and (4) the prevalence of polypharmacy (≥5
concurrent prescribedmedications) have all been explored (Boland et al. 2015;Keogh
et al. 2012; Moriarty et al. 2015b). The effectiveness of randomised interventions
designed to improve prescribing of (i) antibiotics and (ii) preventive therapies in
cardiovascular disease was evaluated using data held in the HSE-PCRS database
for each GP practice involved in each of the trials (Naughton et al. 2007, 2009).
Drug utilisation studies are an essential tool in evaluating the effect of prescribing
interventions and provide an important resource for the conduct of pragmatic trials.
This is contingent upon the availability of an up-to-date claims database and consent
of involved parties.

The Health Products Regulatory Authority, the regulatory agency for medicines
and medical devices in Ireland, frequently publishes drug safety warnings (Health
Products Regulatory Authority 2020). A recent examination of domperidone
dispensing after a 2014 safety warning revealed no decline in dispensing nor any
change in the co-precribing of drugs interacting with domperidone (Teeling et al.
2018). In 2010, Irish pharmacists were issued formal guidance to restrict the sale
of over-the-counter codeine containing products. An analysis of dispensing data
demonstrated that in the years after the implementation of this guidance there was
some growth in the prescribing/dispening of the restricted products indicating that
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individuals who had been using codeine over-the-counter had started accessing the
product via their GPs as an alternative route of access (Kennedy et al. 2019).

The practical value of the database in making predictions for future costs to
government has recently been explored. The demographic structure of Irish society is
rapidly changing owing mostly to an aging population (McGill 2010). The impact of
this demographic change on medication costs on the GMS scheme has been forecast
using current HSE-PCRS data and Central Statistics Office population projections.
It is estimated that the GMS medications bill will rise from e1.3 billion in 2016 to
e1.9 billion in 2026 (Conway et al. 2014). A related study using HSE-PCRS data
found that proximity to death may be a more important driver of pharmaceutical cost
than age alone (Moore et al. 2017).

2.2.2 Adherence and Medication Taking Behaviour

Pharmacy records or pharmacy claims data offer one tool for assessing medication
taking behaviour in patients with chronic diseases, amongst others, and are particu-
larly useful for the evaluation of drugs intended for long-term therapy. Medication
taking behaviour can be defined in terms of two distinct variables: (1) adherence
which is acting in accordance with the agreed prescribed interval and dosage of the
treatment and (2) persistence which is continuing the treatment for the prescribed
duration of time (Osterberg and Blaschke 2005). The HSE-PCRS has been used
successfully to describe treatment adherence, persistence, initiation, and switching
(Grimes et al. 2015). It has also been used to make comparisons of adherence to
chronic illness medicines with other countries (Menditto et al. 2018; Sinnott et al.
2017b). A linkage to the TILDA cohort study has facilitated an examination of
adherence to anti-hypertensive therapy and the role it plays in health service utili-
sation (Walsh et al. 2019). It is important to acknowledge, however, that adherence
and persistence measures based on dispensed drug data reflect drug availability as
opposed to true exposure.

2.2.3 Pharmaceutical Policy Analysis

After the global economic recession in 2008, several policy measures were imple-
mented in Ireland to help reduce expenditure on publicly reimbursed medications.
First, a copayment on the GMS scheme was introduced in October 2010 at 50 cents
per prescription item. Using HSE-PCRS data to evaluate the impact of this policy
Sinnott et al. found that adherence to less-essentialmedicineswas affected to a greater
degree than adherence to essential medicines. The exception to this pattern was that
adherence to anti-depressant medicines was reduced substantially after the introduc-
tion of the copayment and its subsequent increase to e1.50 (Sinnott et al. 2016b).
Second, reference pricing, generic substitution, and preferred drug initiatives have
all been evaluated using HSE-PCRS data relying on dispensing trends and associated
cost data (Spillane et al. 2015; McDowell et al. 2018).
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2.2.4 Pharmacoeconomics and Health Technology Assessment (HTA)

Pharmacoeconomic analyses are used to decide whether the use of a new drug is
likely to represent value for money for the health care system. Such analyses are
generally comparative in nature, requiring information on the costs and utilisation
of alternative treatments in specific indications (Tilson and Barry 2010). Real-world
pharmacy claims data are also helpful in establishing whether evidence from the
highly selected populations in phase III randomised controlled trials are transferrable
to the unselected populations of everyday clinical practice (Grimes et al. 2016). The
numbers of eligible recipients of new drugs can be calculated from existing pharmacy
claims data to provide an estimate of the likely budget impact of introducing or
reimbursement of these new medicines (Sinnott et al. 2017a).

Acknowledgements This chapter is based on an article the authors published in 2017 (Sinnott
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Pharmacoepidemiological Research Data
Sources in the Nordic
Countries—Administrative Registers
in Finland, Sweden, and Norway

Tuire Prami, Rosa Juuti, and Ilona Iso-Mustajärvi

Abstract Froma pharmacoepidemiological point of view, administrative real-world
register data originating from routine medical practice are essential in post-approval
observational studies. Finland, Sweden, and Norway are located in the north of
Europe, and their combined population is around 20 million people.

1 Database Description

1.1 Introduction

From a pharmacoepidemiological point of view, administrative real-world register
data originating from routinemedical practice are essential in post-approval observa-
tional studies. Finland, Sweden, and Norway are located in the north of Europe, and
their combined population is around 20 million people. The Nordic countries have
a common history and strong cultural ties, including similar political systems. The
social structure is similar, and free education and health care cover the whole popu-
lation. In addition to Finland, Sweden, and Norway, the Nordic countries include
Denmark and Iceland, but this chapter concentrates on the three countries firstly
mentioned.
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1.2 Database Characteristics

The Nordic national health registers have population-wide coverage within each
country. Inclusion is not based on incomes, insurances or other social statuses,
and the overall quality of the registers is high. All Nordic citizens have unique
personal identification numbers (IDs), which makes linkage of different registers
possible. The main Finnish, Swedish, and Norwegian administrative registers used
in pharmacoepidemiological studies are described below.

1.2.1 Prescription Registers

The prescription registers contain information on outpatient medication purchases.
In Finland, the data have been electronically available since 1994, in Sweden since
2005, and in Norway since 2004 (Table 1). The prescription-only medicines are sold
exclusively in pharmacies, and for dispensing, a prescription issued by a physician or

Table 1 Personal level data availability in the selected Nordic health registers

a

b c

a

d

aNationwide coverage
bOutpatient hospital visits and day surgeries
cDay surgeries
dOutpatient hospital visits
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a dentist is required. The data in the prescription registers are updated continuously
(at least monthly), but the final data for the particular year are available during the
first quarter of the following year.

In Norway, the prescription register is a so-called pseudonymous register (Furu
2008). In practice, this results in a few limitations in using the data for register-based
researchwhere data linkage is required. It is, for example, not possible to form a study
cohort in the Norwegian prescription register and deliver the IDs of this population
to other registers for data extraction. Instead, another register must form the cohort
and deliver the ID information to the prescription register for further prescription
data extraction and linkage.

Apart from the prescription registers, there are separate vaccination registers in
each country. Adequate data have been available only since the 2010s, and they cover
mainly children vaccinations and vaccinations given under national immunization
programs. In recent years, the aim has been to include other sectors in the data
too to cover self-imposed vaccinations as well as vaccinations administered via the
private sector and occupational health care. In Finland, the responsible authority for
registering vaccinations is the Finnish Institute for Health and Welfare, in Sweden
the Public Health Agency and in Norway the Norwegian Institute for Public Health.

1.2.2 Patient Registers

Nationwide data on all inpatient and outpatient visits to hospitals are recorded in
all Nordic countries. A hospital discharge register was established in Finland in
1956 (nationwide coverage from 1967 onwards), in Sweden in 1964 (nationwide
coverage from 1987 onwards) and in Norway in 1997 (Table 1) (Lovdata 2020;
Ludvigsson et al. 2011; Sund 2012). The Finnish Care Register for Health Care is
one of the oldest in the world. The Finnish register was supplemented with data on
day surgeries and outpatient hospital visits in 1998, and the Swedish register in 1997
and in 2001, respectively (Ludvigsson et al. 2011; Sund 2012). In addition to this,
data on primary care has been available through a separate register in Finland since
2011 (Sund 2012) and in Norway since 2017 (Bakken et al. 2019).

Data within the Norwegian patient register have been documented at individual
patient level since 2007 and were linked with IDs and names only after that (Lovdata
2020). This means that in the Norwegian patient register, a single person could be
identified only ever since the law came into effect in 2007.

Hospital care registers in all countries are updated regularly. The Swedish register
is updated monthly and the Finnish and Norwegian registers once a year. In Finland,
the data for the previous year are available in September, and in Norway between
March and June as the different health care sectors update their data at different
times.
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1.2.3 Cancer Registers

Finland, Sweden, and Norway all have a long history of cancer registration (Table 1).
The Nordic cancer registries are among the oldest population-based registries in
the world with more than 60 years of complete coverage (Pukkala et al. 2018).
Notification is compulsory for all health care providers in these countries (Finnish
CancerRegistry 2019;Larsen et al. 2009;Nilsson et al. 2014). In Finland andNorway,
information from death certificates is by default reported to the cancer registers,
whereas in Sweden a separate notification is needed to transfer autopsy-related cancer
diagnoses to the register (Barlow et al. 2009; Nilsson et al. 2014).

Lag time of the Finnish Cancer Registry is somewhat longer than in other health
registers because of the delays in notification: approximately two years (Korhonen
et al. 2002). In Norway and Sweden, the lag time is approximately one year.

1.2.4 Medical Birth Registers

Finland, Sweden, and Norway have been keeping medical birth registers (MBRs) for
an extensive period of time (Table 1), and notification to the registers is compulsory
(Langhoff-Roos et al. 2014). For example, in Norway, the MBR was founded partly
because of the thalidomide catastrophe (Irgens 2000). All live and stillbirths are
reported to the registers. In these registers, the new-born child is usually followed-up
until discharge from the hospital or until the end of the first week of life, whichever
comes first (Gissler 2010). In Finland, additional data are collected on premature
infants. Congenital anomalies are either recorded in the MBR as in Norway, or
reported to a specific malformations register as in Finland and Sweden (Finnish
Institute for Health and Welfare 2020a; Källén 2015). Data lag times of the registers
are between 9 and 12 months.

In all three countries, the MBR data of labours originate from maternity wards in
public hospitals where in practise all children are born. These data are supplemented
by birth and death certificates (Finnish Institute for Health and Welfare 2020b). For
example, information on perinatal deaths (stillbirths or deaths during the first week
of life) is revised and supplemented from the cause of death registers. This cross-
linking of themedical birth registers’ data with those in population and cause of death
registers increases the quality and completeness of the birth data (Gissler 2010).

In Finland, Sweden, andNorway, planned home births represent between 0.01 and
0.15% of all births (Gissler 2010). Finland and Norway have separate statistics on
unplanned home births and births during transportation to hospital. They represent
0.2 and 0.7% of the births in these countries, respectively. The Nordic medical birth
registers cover even these cases.



Pharmacoepidemiological Research Data Sources in the Nordic … 95

1.2.5 Cause of Death Registers

Statistics on all deceased people who live in a particular country or live abroad
but are registered in that country are recorded in the cause of death registers in
the Nordic countries (Norwegian Institute of Public Health 2020b; Socialstyrelsen
2020a; Statistics Finland 2020a). Nationwide cause of death registers were estab-
lished in the 1950s–1960s (Table 1). The lag time for data updates varies from
8 months in Sweden to 13 months in Finland.

1.3 Available Data

The Nordic registers share many similarities such as common data content and
structure. In each country, it is possible to collect the population-wide information
without informed consent from the individuals. There are, however, some differ-
ences in coding systems and general processes (Furu et al. 2010). Lifestyle factors
such as smoking habits and alcohol consumption, as well as detailed clinical data,
such as blood pressure measurements, are lacking in these registers or are only
recorded sporadically. Some of the quality registers include this kind of data with
better coverage.

1.3.1 Prescription Registers

In Sweden and Norway, all prescribed medicines purchased in pharmacies are
included in the prescription registers (Norwegian Institute of Public Health
2019; Socialstyrelsen 2019). The data on non-prescription over-the-counter (OTC)
medicine sales are not in the prescription databases. As an exception, prescribed and
dispensed OTC drugs, e.g., for chronic diseases are included.

In Finland, the information in the prescription register contains purchasesmade by
outpatients in pharmacies, but is limited to those purchases of prescribed medicines
reimbursed by the government. This excludes, for instance, most contraceptives.
Since 2011, electronic prescriptions irrespective of the reimbursement status have
been recorded in a separate e-prescription register.

This Finnish electronic prescription system has been compulsory in public health
care since April 2013, in private health care since January 2015, and in small
private clinics that write less than 5000 prescriptions per year since January 2017.
It is possible for the patient to refuse the e-prescription and have a traditional
paper prescription instead, in which case the information is not recorded in the
e-prescription register but in the traditional prescription register instead.

In all countries, the prescription register data include, for example, information
on the prescriber, ID of the patient (revealing the date of birth and sex of the patient),
generic name of the drug, anatomical therapeutic chemical classification of the drug
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(ATC code), brand name, formulation and package size, amount in defined daily
doses (DDD), and date of purchase.

In general, indication for or intended duration of drug use as such are not available
in prescription registers. The indication (as well as the exact prescribed dose) is
available only as free text, which cannot be easily utilized for research purposes. The
reimbursement code may, however, function as a proxy for diagnosis in some cases
(Furu et al. 2007). In Finland, information on chronic diseases can be obtained from
a separate register on special reimbursements for treatment of chronic diseases.

1.3.2 Patient Registers

All Nordic countries have a hospital care register (including both in- and outpa-
tient visits), and they include demographic variables as well as data on time and
place of treatment, duration of hospitalizations, primary and secondary diagnoses,
and surgical procedures performed. Data on drugs administered during hospital care
are widely underreported and this variable is thus considered unusable. The diag-
noses have been recorded using the 10th revision of the International Classification
of Diseases (ICD-10) in all hospital care registers in Nordic countries since the
late 1990s. Procedures are recorded using NOMESCO classification for surgical
procedures (NCSP) in all three countries.

In Finland, there has been a nationwide register for public primary care available
since 2011 (Sund 2012) and in Norway since 2017 (Bakken et al. 2019; Helsedi-
rektoratet 2020b). In general, these registers include similar data to the hospital
care registers, but in the primary care setting. In both registers, the diagnoses are
coded with the 2nd edition of International Classification of Primary Care (ICPC-2)
codes. Sweden does not have a nationwide primary care register with data available
for research due to problems with data integrity and data volumes, but they have a
nationwide quality system through which aggregate data can be viewed (Swedish
Association of Local Authorities and Regions 2020b).

Data from occupational health care organized often in the private sector are not
available in nationwide registers. In Finland, information on occupational health
care service usage is available from the hospital care register from 2019 onwards,
but without patient-level information on, e.g., diagnoses (Terveyden ja hyvinvoinnin
laitos 2020a).

1.3.3 Cancer Registers

In all three countries, malignant cancers are recorded in the cancer registers. Many
in situ tumours are also reported, though there have been some temporal and anatom-
ical site-related changes in the registration of these as well as in their inclusion in the
national statistics (Pukkala et al. 2018). The variable contents are basically similar
in the three countries. The registers include data on socio-demographic details of
the patient, time of the diagnosis, topography and morphology of the tumour, and
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clinical stage of the disease (Finnish Cancer Registry 2019; Larsen et al. 2009; The
National Board of Health and Welfare 2020). In Finland and Norway, the cancer
treatment is also available, although only the treatment given and planned at the time
of reporting is recorded (Finnish Cancer Registry 2019; Larsen et al. 2009).

1.3.4 Medical Birth Registers

Some variation between the medical birth registers exists, but they all include back-
ground information (e.g., marital and smoking statuses) and diagnoses (ICD codes)
of the mother as well as information on previous pregnancies and deliveries. Details
of the current pregnancy and delivery, including the course and possible interven-
tions taken, and details on the health of the newborn are also recorded in all three
countries (Gissler 2010).

There have been changes to the data content of the MBRs over the years in order
to improve reliability of the register. In addition, updates of the notification forms
have been carried out to bring the collected information more in line with current
care practices.

1.3.5 Cause of Death Registers

Cause of death registers include demographic variables as well as data on cause (ICD
codes), time, and place of death. Data, for example, on underlying causes of death,
nature of injury, and information on surgery within four weeks before death or intent
in cases of injury or poisoning are also available from the registers.

1.4 Strengths and Limitations

Finland, Sweden, andNorway havewell-developed population-wide register systems
with tens of years of longitudinal data (Table 1). In each Nordic country, all residents
have a unique personal ID that encodes date of birth and sex. Based on similar
legislation, use of different health registers is allowed for research purposes in all
countries, and data linkage between different registers is possible at the individual
level by using the IDs. This is an important factor behind the long tradition of register-
based epidemiological studies in the Nordic countries. In general, the data are free
of charge but moderate costs occur for administrative tasks and data mining. Pooling
data from several countries enables running a powerful study with an international
but homogenous population.

Main challenges in using these registers for research lie in the need of knowledge
of local health care systems, local language, and the inherent limitations of the data
collection in each country. In the data management phase, in-depth understanding of
differences between coding and variable structure in different countries is required.
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Thus, it is very important to have collaborators in each country with experience on
working with the registers.

In Sweden and Norway, there are, in addition to administrative registers, several
regional and nationwide quality registers, which can be used for research purposes
in different therapy areas (Cancer Registry of Norway 2020; Swedish Association
of Local Authorities and Regions 2020a). In Finland, national development for set-
up of quality registers has begun in 2018 (Terveyden ja hyvinvoinnin laitos 2020b).
Quality registers often gather data from different health registers, but they also collect
data from patients with surveys. In general, data linkage between different individ-
uals, e.g., family members, is not possible if not embedded into the original data
(e.g., maternal and new-born information in MBRs). In Sweden and Norway, there
are, however, separate generation databases (the SwedishMulti-generation Register;
Generation Database held by Statistics Norway) that enable the linkage of family
members.

1.5 Validation

1.5.1 Prescription Registers

Quality of the data in the Finnish Prescription Register has been estimated very
high. Quality assessments performed by the register holder can be found since 2006
(Kansaneläkelaitos 2019). Coverage of the Finnish Prescription Register containing
information on all reimbursed drug purchases of all permanent residents in Finland
is about 97% of the prescriptions. Missing data includes, e.g., relatively inexpensive
packages with no reimbursement.

The Swedish PrescribedDrugRegisterwas evaluated in 2007 and in 2016 (Waller-
stedt et al. 2016; Wettermark et al. 2007). A dropout from the register can occur, e.g.,
due to a misrecorded ID or protected identity of the patient. The rate of missingness
varies between recorded variables, being nowadays approximately 0% for the most
important variables (Socialstyrelsen 2020f).

The quality of the Norwegian Prescription Database was evaluated in 2008 (Furu
2008). The proportion of prescriptions having invalid ID information was approx-
imately 2% in 2007. In order to detect possible inconsistencies, the register holder
runs frequent routine checks on the data before transferring it to the actual register.
Overall, the quality of the data is high.

1.5.2 Patient Registers

The quality of the patient registers in general is very good. The validity of the docu-
mented data varies between different types of diagnoses in all countries. The positive
predictive value (PPV) for rare diagnoses is lower than for common diseases.
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In Finland, the data coverage in recent years has been reported to be 95% of
the visits. Among the recorded visits, 8% of outpatient visits and 0.1% of inpa-
tient visits were lacking diagnosis data (Finnish Institute for Health and Welfare
2020c). InSweden, thePPVof documented diagnoses is generally 85–95%, but sensi-
tivity varies between different diagnoses (Ludvigsson et al. 2011). Diagnosis data
was lacking in approximately 1% of all visits between 1988-2016 (Socialstyrelsen
2020d). In Norway, the data coverage is presented in comparison to various disease-
specific quality registers by dividing the number of observations in the patient register
by the combined number of observations in the patient register and the quality register
in question. This way, the coverage percentage per specific disease varies between
84 and 100% (Helsedirektoratet 2020a).

1.5.3 Cancer Registers

The accuracy of the data in the Finnish Cancer Registry was regarded good when
the records were checked by specialists. The total false-positive discrepancy rates
varied from 2.4 to 10.7% for eight major cancer sites (including, e.g., lung, prostate,
stomach, and pancreatic cancers) (Korhonen et al. 2002). Between 2009 and 2013,
the record completenesswas estimated at 96 and 86% for solid tumours and non-solid
tumours, respectively (Leinonen et al. 2017). Underreporting was most prominent
for hematological malignancies and other tumours not histologically verified.

A quality study published in 2009 compared data from the Swedish Cancer
Register to that of the patient register and found the underreporting rate to be approxi-
mately 4% (Barlow et al. 2009). The differences were highly dependent on the cancer
site and age of the patient.

Sweden is the only Nordic country with no legal basis to routinely use cancer
information from the death certificates to supplement the national cancer registry
(Pukkala et al. 2018). This reduces the completeness of registration particularly
for poorly investigated cases, and the validity of incident cancer cases becomes
incomplete. Due to this, the proportion of underreporting of cancer cases is higher
in Sweden than in the other Nordic countries.

Underreporting in the Cancer Registry of Norway was estimated to be 2.2% in
2005 (Larsen et al. 2009). This was especially evident in hematologic and central
nervous system malignancies. In another Norwegian study, patient register data was
compared with data from the Cancer Registry of Norway and was found to differ
for different cancer diagnoses (Bakken et al. 2012). For the studied diagnoses the
compliance rate was between 81 and 97%.

The core characteristics of the Nordic cancer registers were recently described
and compared by a multinational research team including members from all five
Nordic cancer registers (Pukkala et al. 2018). This publication explains differences
in cancer incidence rates across the countries. Even though the information in the
Nordic cancer registries can be in general considered very similar, there are many
differences in registration routines, classification systems and inclusion of some
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tumours. These differences are important to be aware of when comparing trends
between the countries.

1.5.4 Medical Birth Registers

The statistical coverage of birth cases as such is up to 100% in the Nordic countries.
Validation of the medical birth registers has been conducted in each country, but
only in relation to certain outcomes or variables and for different periods of time
(Baghestan et al. 2007; Gissler and Shelley 2002; Mattsson et al. 2016). The results
from the validation studies have been used to improve notification and quality control
routines (Langhoff-Roos et al. 2014). In Finland and Sweden, the registers publish
yearly quality descriptions of the data (Finnish Institute for Health and Welfare
2020b; Socialstyrelsen 2020c).

1.5.5 Cause of Death Registers

Data coverage in causes of death registers is extremely high. In all three countries, the
coverage of the register is very close to 100% because all deaths are verified against
the population register. In recent years, the number of missing death certificates from
the yearly statistics has been 0.9% in Finland, 1–2% in Sweden and less than 2%
in Norway (Pedersen and Ellingsen 2015; Socialstyrelsen 2020b; Statistics Finland
2020b). The greatest source of uncertainty is the reporting doctor’s determination
and further the proper recording of the cause of death.

1.6 Governance and Ethical Issues

1.6.1 Legal Issues

Strict laws about confidentiality of data in health registers apply in all Nordic coun-
tries. National regulations set limits on the disclosure of data that may lead to identifi-
cation of individuals. By default the register holders of health registers are prohibited
from disclosing information of specific individuals when personal identification is
possible. In general, only aggregated or de-identified data can be delivered from the
original register holders to the applicant. Through an exception identifiable data can
be, however, provided for research purposes.

Personal level data—even with the possibility to identify a particular person—
can be used for scientific purposes in certain circumstances. This applies to specific
researchprojects that are described in detail, and inwhich there is a need for individual
level data in order for the results to be purposeful. The data may be disclosed if it is
clear that no damage or harm will be caused for the individual or someone close to
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him/her. The researchers need to be experienced enough and have feasible resources
to handle confidential register data.

As the Nordic countries have long traditions of strict personal data legislation,
the European Union (EU) General Data Protection Regulation (GDPR), valid since
2016 and put into effect in the member states in 2018, did not substantially alter the
underlying premise for performing research based on register data or register linkage,
or the movement of data within EU countries (Privacy Europe 2019). This can be
stated at least from a northern European point of view, where the issue remains for
close monitoring.

1.6.2 Ethics Committee Review

An ethical committee evaluates the purpose of the study andwhether it can be consid-
ered ethically unobjectionable. In all Nordic countries, independent ethics commit-
tees (ECs) evaluate whether studies have been planned in an ethically acceptable
manner. No unnecessary harm or risks must be caused to potential research subjects.
Particular emphasis is given to safety, legality, and rights of the subjects. Ethics
committees are not responsible for granting licenses or permits to carry out the
planned study.

There are several ethics committeeswithin eachNordic country, but an application
must be sent to only one of the boards, usually to the regional ethics committee based
on the principal investigator’s location. In principal, this is the case also among
different countries within the European Union. EC permit processes are liable to a
fee. In eachNordic country, the applicant receives the EC decisionwithin twomonths
of submission of a complete application.

In Sweden, there has been a law (2003:460) in force since January 1, 2004,
which deals with vetting the ethics of all studies that involve humans and handling
sensitive personal level data. Also in Norway, ethics committee approval is needed
for pharmacoepidemiological studies if identifiable personal information from one
or several health registers is used.

According to the Finnish legislation (488/1999), approval from an ethics
committee is required formedical research that interveneswith the integrity of human
subjects. This act does not apply solely to document- or statistics-based register
studies. It is then possible to run a pure register-based study without vetting issued
by an EC. An EC approval can, however, be requested for these types of studies if
considered applicable by the researchers.

1.6.3 Data Permit Processes

Data from health registers can be accessed after a study permit process. In case
of pharmacoepidemiological studies, the application is based on a detailed study
protocol with scientific aims. The procedure for applying for data is separately
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described in detail for each data holder in different countries. The application
processes are usually carried out in the local languages.

Commonly in all Nordic countries, many of the data holders are responsible for
more than one register. In these cases, the data from all the registers under one
organization can be applied for with one permit. These permit processes are handled
by the particular register holder, as is the case with data permit processes including
one source register only.

If data are requested from different register holders, a separate application is
needed for all of them in Sweden and in Norway. This used to be the case in Finland
too, but since January 1, 2020, the new Health and Social Data Permit Authority
Findata is responsible for handling the data permit processes for studies with several
data holders in Finland, and thus only one data permit is required.

Data from different sources can be linked with the IDs. In Sweden and in Norway,
this data linkage phase is usually performed by one of the register holders involved in
the data delivery. This limits the transfer of the highly confidential data. In Finland,
Findata is responsible for linking data originating from different register holders.
Based on the new processes, this type of Finnish data is not in priniciple delivered to
the researchers anymore but Findata stores them and gives researchers remote access
to them.

For register studies, the permit processes take 3–6 months in Sweden (Social-
styrelsen 2020e). Also in Norway, the permit processes are well described and
scheduled. Depending on the level of data linkage, the data are delivered 30–
60 days after submission of an approved application (Norwegian Institute of Public
Health 2020a). In Finland, this study phase has been unpredictable and unnecessarily
time-consuming. One purpose of Findata is to speed up the permit process.

1.6.4 Governance and Data Protection Authorities

The informed consent of an individual to participate in a study is usually not needed
in scientific studies where all information originates from registers and individuals
are not contacted, and where the information collected does not affect the treatment
of the individual.

When collecting data from health registers, a new register will eventually be
formed. The research organization is responsible for lawful management of personal
data as data controller. According to the GDPR, the data controller must be able
to prove its GDPR compliance. This means, for example, ability to demonstrate a
designated data protection officer, train the research staff for secure data handling,
and document the data collection, storage andhandling processes. The data protection
authorities regulating personal data handling are the Office of the Data Protection
Ombudsman (in Finland), the SwedishData ProtectionAuthority, and theNorwegian
Data Protection Authority.
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1.7 Documents and Publications

A number of articles published in peer-reviewed journals reflect the contribution of
Nordic registers to pharmacoepidemiological studies. Wettermark et al. found that
from 2005 to 2010 a total of 245 studies were performed in Finland, Sweden, and
Norway using prescription databases (Wettermark et al. 2013). These studies were
found in PubMed in English. In addition to the internationally published studies,
surveys reported in local languages are numerous.

Of the 245 studies mentioned above, 97 were performed in Finland, 61 in Sweden,
and 87 inNorway.At the same time,Denmark contributed to the fieldwith 262 studies
(Wettermark et al. 2013).More than half of the studies fromFinland (55%)were drug
effectiveness or safety studies whereas drug utilization studies were highlighted in
Sweden (80%) and Norway (69%). This reflects the fact that in the Finnish studies,
it was more common to link data from other registers to the exposure data (70%,
52%, and 31%, respectively). Drug utilization studies from Sweden concentrated on
polypharmacy, quality of prescribing, physicians’ adherence to clinical guidelines,
as well as on patients’ compliance. The drug utilization studies on abuse were mainly
performed in Norway.

Less than 10% of the studies reviewed by Wettermark et al. covered all drug
groups (2013). Most commonly studied medication therapy areas were the nervous
system (ATC class N; 42%), the cardiovascular system (ATC class C; 20%), and the
alimentary tract and metabolism (ATC class A; 13%). Studies in children originated
most commonly from Finland (12 studies) and Norway (10 studies) and studies in
the elderly from Sweden (19 studies).

To date, the review on the topic byWettermark et al. is still the most recent (2013).
In general, the number of pharmacoepidemiological studies has been increasing
including multinational studies.

One example involves all fiveNordic countries. Its cohort originating from nation-
wide registers covers the whole Nordic population (Furu et al. 2015). The subject
of this study handles the association between maternal drug exposure and birth
defects—an aspect often studied particularly in Nordic countries.

A recent study describes anti-diabetic treatment patterns in four Nordic countries.
All type 2 diabetes mellitus patients treated with glucose-lowering drugs between
2006 and 2015were identified in prescription registers inDenmark, Finland,Norway,
and Sweden (Persson et al. 2018). The data were linkedwith national patient registers
and cause of death registers.

1.7.1 Nordic Research Network

The Nordic PharmacoEpidemiological Network (NorPEN) is a network of
researchers in the five Nordic countries. Its purpose is to facilitate research
within the field of pharmacoepidemiology. The core activity of NorPEN relates to
annual/bi-annual scientific meetings which include educational elements.
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NorPEN was created by ten pharmacoepidemiology research groups in 2008.
Since then, a number of collaborative international research projects have been
conducted, and several scientific publications have derived from the network. A
list of these is published on the NorPEN web site (NorPEN 2019).

1.8 Administrative Information

.

1.8.1 Prescription Registers

In Finland, the register is run by the Social Insurance Institution, in Sweden by the
National Board of Health and Welfare and in Norway by the Norwegian Institute for
Public Health.

1.8.2 Patient Registers

Patient registers in Finland, Sweden, and Norway are run by the Finnish Institute for
Health and Welfare, the National Board of Health and Welfare, and the Norwegian
Directorate of Health, respectively.

1.8.3 Cancer Registers

Responsible authorities for cancer registers in Finland, Sweden, and Norway are
the Cancer Society of Finland, the National Board of Health and Welfare, and the
Institute of Population-based Cancer Research, respectively.

1.8.4 Medical Birth Registers

Medical birth registers in Finland, Sweden, and Norway are run by the Finnish
Institute for Health and Welfare, the National Board of Health and Welfare, and the
Norwegian Institute of Public Health, respectively.

1.8.5 Cause of Death Registers

The cause of death registers in Finland, Sweden, and Norway are run by Statistics
Finland, the National Board of Health and Welfare, and the Norwegian Institute of
Public Health, respectively.
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Marina Bakker and Ron Herings

Abstract The first linkage of healthcare databases that laid the basis for the
PHARMO Database Network dates back to the first quarter of 1989 and was an
initiative of Prof. Dr. B.Ch. Stricker and Dr. R.M.C. Herings. Drug exposure files of
community pharmacies (now the Out-patient Pharmacy Database) were linked to the
hospital administration records of the national Hospital Database creating the PHAR-
macoMOrbidity linkage. With these linked data, questions on the use, effectiveness,
and safety of drugs in daily clinical practice could be answered.

1 Database Description

1.1 Introduction

Thefirst linkage of healthcare databases that laid the basis for thePHARMODatabase
Network dates back to the first quarter of 1989 andwas an initiative of Prof. Dr. B.Ch.
Stricker and Dr. R.M.C. Herings. Drug exposure files of community pharmacies
(now the Out-patient Pharmacy Database) were linked to the hospital administration
records of the nationalHospitalDatabase creating thePHARmacoMOrbidity linkage.
With these linked data, questions on the use, effectiveness, and safety of drugs in
daily clinical practice could be answered. Since then,manyother healthcare databases
were linked, creating the PHARMO Database Network.
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1.2 Database Characteristics

ThePHARMODatabaseNetwork is a population-based network of electronic health-
care databases and combines anonymous data from different primary and secondary
healthcare settings in the Netherlands (see Fig. 1).

These different data sources, including data from general practitioners (GP),
in- and out-patient pharmacies, clinical laboratories, hospitals, the cancer registry,
pathology registry, and perinatal registry, are linked on a patient level through vali-
dated algorithms. To ensure the privacy of the data in the PHARMO Database
Network, the collection, processing, linkage, and anonymisation of the data is
performed by STIZON. STIZON is an independent, ISO/IEC 27001 certified foun-
dation, which acts as a Trusted Third Party (TTP) between the data sources and
the PHARMO Institute. Caregivers join the PHARMO Database Network so that
they can improve their quality of care via scientific research and feedback informa-
tion (benchmarking information and feedback on quality indicators). Detailed infor-
mation on the methodology and the validation of the used record linkage method
can be found elsewhere (van Herk-Sukel et al. 2010; Herings and Pedersen 2012).
It is possible to link additional data collections to the existing database network,
such as data collected from chart reviews, patient-reported outcomes (PRO), or data
from an interventional trial among patients in the GP setting. The additional data is
collected by the healthcare provider who reports the additional information back to
STIZON, including patient identifiable information that allows linkage to the data in

Fig. 1 PHARMO database network
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the PHARMO Database Network. The additional data collections are anonymised
before they are shared with PHARMO for research purposes.

The longitudinal nature of the PHARMO Database Network system enables the
patient-centric follow-up of more than 9 million persons of a well-defined popu-
lation in the Netherlands for an average of twelve years. In 2018, the PHARMO
Database Network covered 6 million active persons out of 17 million inhabitants of
the Netherlands. Data collection period, catchment area, and overlap between data
sources differ. Therefore, the final cohort size for any study will depend on the data
sources included. As data sources are linked on an annual basis, the average lag time
of the data is one year.

1.3 Available Data

All electronic patient records in the PHARMO Database Network include informa-
tion on age, sex, socioeconomic status (based on zip code), and mortality (only date
of death). Other available information depends on the data source. Two types of
databases can be distinguished in the PHARMO Database Network. The in-house
databases are collected and processed by STIZON. The core partnership databases
are collected and processed by other parties.

1.3.1 PHARMO In-House Databases

The PHARMO in-house databases include the GP Database, the Out-patient Phar-
macy Database, the In-patient Pharmacy Database, and the Clinical Laboratory
Database.

TheGPDatabase comprises data fromelectronic patient records registered byGPs
from 2003 onwards. The records include information on diagnoses and symptoms,
laboratory and (physical) examination test results, referrals to specialists, lifestyle
factors, and healthcare product/drug prescriptions. The prescription records include
information on type of product, indication, prescription date, brand name/code,
dosage regimen, quantity and route of administration as well as prescriber infor-
mation. Drug prescriptions are coded according to the WHO Anatomical Thera-
peutic Chemical (ATC) Classification System. Diagnoses and symptoms are coded
according to the International Classification of Primary Care (ICPC) but can also
be entered as free text. ICPC codes can be mapped to ICD codes. GP data cover a
catchment area representing 3.2 million residents (~20% of the Dutch population).

TheOut-patient PharmacyDatabase comprisesGP or specialist prescribed health-
care products dispensed by the out-patient pharmacy, irrespective of reimbursement.
The In-patient Pharmacy Database comprises drug dispensings from the hospital
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pharmacy, given during a hospitalisation. The dispensing records of both the Out-
patient and the In-patient Pharmacy Database (1985 onwards) include information
on the type of product, date, dosage regimen, quantity, route of administration, and
for the Out-patient Pharmacy Database also prescriber specialty and costs. Drug
dispensings are coded according to the ATC Classification System. The Out-patient
PharmacyDatabase covers a catchment area representing 4.2million residents (~25%
of the Dutch population). The In-patient Pharmacy Database covers a catchment area
representing 2.0 million residents (~10% of the Dutch population).

The Clinical Laboratory Database comprises more than 3 billion results of
tests performed on clinical specimens. These laboratory tests are requested by
GPs, medical specialists or other healthcare providers in order to get information
concerning diagnosis, treatment or prevention of disease. The electronic records
include information on date and time of testing, test result, unit of measurement,
and type of clinical specimen. Laboratory tests are coded according to the Dutch
WCIA Coding System. Clinical laboratory data cover a catchment area representing
3 million residents (~20% of the Dutch population).

1.3.2 Core Partnership Databases

For research purposes, the PHARMO Database Network is yearly, or on an ad hoc
basis, linked to core partnership databases including the National Hospital Database,
National Cancer Registry (NKR), Pathology Registry, and Perinatal Registry via the
TTP.

The Hospital Database comprises datasets containing data on hospital admis-
sions, ambulatory consultations, and high budget impact medication. The Hospital
Database is collected and maintained by the Dutch Hospital Data Foundation (www.
dhd.nl) and comprises records from nearly all hospitals in the Netherlands. The
hospital admissions dataset comprises hospital admissions for more than 24 h and
admissions for less than 24 h for which a bed is required (i.e., in-patient records).
The records include information on hospital admission and discharge dates, discharge
diagnoses, andprocedures. The ambulatory consultations dataset comprises all ambu-
latory consultations (i.e., out-patient records). The records include information on
each contact, including date, diagnoses, and procedures. The high budget impact
medication dataset comprises all dispensed high budget impact medication, which is
dispensed through hospitals. The records include information on date of dispensing,
type of medication, number of units, indication of use, and prescriber. Diagnoses
are coded according to the International Classification of Diseases (ICD 9 and ICD
10) and procedures are coded according to the Dutch Hospital Data Foundation
registration system for procedures, which links to the Dutch declaration codes. Drug
dispensings are coded according to theDutch Z-index code. TheDutchHospital Data
Foundation has been collecting hospitalization records from nearly all hospitals in
the Netherlands since 1963. Permission for use of the data is obtained from each

http://www.dhd.nl
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hospital and PHARMO has data on hospital admissions from over 80% of the hospi-
tals. Data on ambulatory contacts and high budget impact medication are available
from 2017 onwards from over 50% of the hospitals.

The Cancer Registry is maintained by the Netherlands Comprehensive Cancer
Organisation (IKNL 2020) and comprises information on newly diagnosed cancer
patients in the Netherlands, including cancer diagnosis, tumour staging (according
to the TNM-classification), tumour site (topography), and morphology (histology)
[according to the WHO International Classification of Diseases for Oncology (ICD-
O-3)], co-morbidity at diagnosis, and treatment received directly after diagnosis.

The nationwide network and registry of histopathology and cytopathology in the
Netherlands is maintained by the PALGA foundation (PALGA 2020) and comprises
excerpts of histological, cytological, and autopsy examinations. Electronic records
include a summary of the pathology report and the so-called PALGA diagnosis
which is structured along five classification axes: topography, morphology, function,
procedure, and diseases.

The Netherlands Perinatal Registry (PRN) is maintained by Perined (PRN 2020)
and comprises data on pregnancies, births, and neonatal outcomes of births in the
Netherlands. All data is voluntarily collected by perinatal caregivers, mainly for
benchmarking. Records include information onmothers (e.g., maternal age, obstetric
history, parity), pregnancy (e.g., mode of conception, mode of delivery), and children
(e.g., birthweight, gestational age,Apgar score). Pregnancies resulting inmiscarriage
or abortion are included as long as the mother already has visited a midwife or
gynecologist. Mothers and children (and other family members) are linked using
address data. Diagnoses and symptoms are coded according to the Perinatal Registry
code lists.

1.4 Strengths and Limitations

The major strength of the PHARMO Database Network is that it provides unprece-
dented rich anddetailed information ofmore than 9million residents of awell-defined
population in theNetherlands for an average of twelve years. Through yearly updates,
the longitudinal follow-up of individuals in the network increases. Tailor-made and
disease-specific cohorts are created from the PHARMO Database Network which
are based on the cradle to grave principle. Moreover, individual medical information
may even be available from before birth through linkage with the PRN or by identi-
fying mother-child relationships in the PHARMO databases. Through linkages with
various healthcare databases, a complete profile of an individual’s medical history
throughout life can be created, giving a complete overview of a patient’s journey.
If required, additional patient data can be collected by reaching out to the treating
physicians in reported outcomes studies.

The GP Database is representative for the Netherlands in terms of sex and age
distribution. All patients in the Netherlands should be registered with a GP as this is
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a requirement of the mandatory health insurance in the Netherlands. The represen-
tativeness of the pharmacy databases enables the study of real-life drug use in the
Netherlands.All drugusebypatients, excludingOTCdrugs,will be captured;with the
In-patient Pharmacy Database capturing all drug use administered in-hospital (e.g.,
intravenously administered chemotherapies) and the Out-patient PharmacyDatabase
capturing all drugs dispensed outside the hospital.

As with any healthcare database, identification of medical events is limited to data
that are captured as part of the medical record or other linked data sources. These
data are not primarily collected for research purposes and will rely on recording of
appropriate diagnostic codes to detect these events. Furthermore, reporting of events
depends on the information deemed relevant by the treating physician to record in the
system. This applies specifically for information regarding lifestyle (e.g., exercise
habits, alcohol consumption, and cigarette smoking). Also, mild adverse events may
be underreported for that reason. On the other hand, completeness of information in
the GP Database has increased in recent years as health insurance companies reim-
burse higher amounts to GPs with more complete data (benchmarking), providing an
extra incentive to improve completeness. Serious adverse events leading to hospital
admissions are more likely to be detected because all admissions are captured in the
Hospital Database.

Selecting the optimal data source for a specific study question is important. For
example, the biometric data recorded in the GP Database are to some extent not
complete and may be biased to include more information of patients with a higher
risk profile (higher HbA1c, higher BMI, higher blood pressure) than the overall
population, while in the Clinical Laboratory Database all results of tests performed
on clinical specimens are recorded, regardless of the test results.

1.5 Validation

The PHARMO Database Network consists of different healthcare databases which
are linked on a patient level through validated algorithms. Detailed information on
the methodology and the validation of the used record linkage method can be found
elsewhere (van Herk-Sukel et al. 2010; Herings and Pedersen 2012). For each study,
it is determined per patient from which time point onwards the patient is registered
in the different databases and from which time point the patient is lost to follow-up
(due to, for example, death or moving out of the database catchment area). Patients
are regarded eligible to be included in a study if they are registered and can be
followed in all required databases. Furthermore, specific study checks on the linked
data are performed. These partially depend on the specific databases required for
the study and on their importance to the selection of patients or outcomes. For
example, for the dispensing records, dosage regimen and dispensed quantity are
checked and extremely high dosages and quantities for the specific type of drug are
regarded asmissing values. PHARMOcan apply for chart review to extract additional
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information about a case at the corresponding healthcare provider. However, approval
is needed from the individual healthcare providers.

1.6 Governance and Ethical Issues

Since 2012, the PHARMO Database Network has been created by STIZON
(Stichting Informatievoorziening voor Zorg en Onderzoek). STIZON is an indepen-
dent, ISO/IEC 27001 certified foundation which acts as a Trusted Third Party (TTP)
between the data sources and the PHARMO Institute. STIZON is authorised by the
data providers to manage and process the identifiable patient data. STIZON collects
and maintains the identifiable patient data retrieved from the various data providers
(e.g., general practitioners and pharmacists) and links the data on a patient level.
Before the PHARMO Database Network can be used for research by the PHARMO
Institute, the data is depleted of personal information that may be traced back to
persons (such as date of birth). The use of the PHARMO Database Network of the
PHARMO Institute is controlled by an independent compliance committee, which
consists of representatives of the participating data providers and an independent
privacy expert. Access to the PHARMO Database Network is granted only in the
context of approved research projects. Researchers from the PHARMO Institute as
well as academics from universities or research institutes are granted the opportunity
to perform scientific studies using the anonymised data from the PHARMODatabase
Network. This endeavour is in linewith the policy andmission of the PHARMOInsti-
tute to contribute to a better understanding of the use, safety, effectiveness, and cost
of pharmaceuticals as used in real life.

Each data request is checked against the policies that apply for use of data from the
PHARMO Database Network and the agreements with the relevant data providers.
The PHARMOInstitute conducts research according to the latest directives regarding
privacy and handling of data. A study using solely the PHARMODatabase Network
is a retrospective, non-interventional study and therefore does not pose any risks
for patients. Confidentiality of patient records is maintained at all times. All study
reports contain aggregate data only and will not identify individual patients, health-
care providers, and institutes. PHARMO is not allowed to disclose any information
that may be traced back to identifiable persons or that is on a patient level. However,
aggregated data may be shared with research partners, e.g., for pooled analyses.

Because of the use of de-identified data from existing databases without any
direct enrolment of subjects or breach of confidentiality with regards to personal
identifiers or health information, ethical approval or informed consent is not neces-
sary according to the Dutch law regarding human medical scientific research [Wet
medisch-wetenschappelijk onderzoek met mensen (WMO)], which is enforced by
the Central Committee on Research involving Human Subjects (Centrale Commissie
Mensgebonden Onderzoek, CCMO).

Additional data collections, such as data collected from chart reviews or patient-
reported outcomes (PRO) require PHARMO’s compliance committee approval,
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ethics review board approval, healthcare provider approval, and, if needed, informed
consent. De-identification algorithms need to be reversed by STIZON (the same
party responsible for de-identification of the databases) to obtain original patient id
numbers that allow access to the patient (charts). After obtaining the required infor-
mation for research, all personal information will be removed again by STIZON
before researchers are allowed to access the data and perform their research.
Reporting of the chart review information will never disclose information traceable
to individual patients, in accordance with WMO.

1.7 Documents and Publications

To date, over 500 publications of studies using data from the PHARMO Database
Network have appeared in peer-reviewed journals. These mostly concern drug util-
isation studies describing the pattern, persistence, and/or determinants of drug use,
studies on the effectiveness of drugs, and studies on the safety of drugs. Publi-
cations describing the PHARMO Database Network include a general description
of the PHARMO Database Network (Herings and Pedersen 2012) and a publica-
tion focused on the linkage with the Cancer Registry (van Herk-Sukel et al. 2010).
Recent examples of drug utilisation studies include the use of topical tacrolimus
and primecolimus in four European countries (Kuiper et al. 2018), the treatment
of type 2 diabetes across Europe (Overbeek et al. 2017), chemotherapy in patients
with ovarian cancer (Houben et al. 2017), the use of oral contraceptives in three
European countries (Bezemer et al. 2016b), and anticoagulant treatment for VTE
(Bezemer et al. 2016a). Examples of publications on drug effectiveness include a
comparison of liraglutide and basal insulin regarding glycemic and weight control
(Overbeek et al. 2018), LDL-C goal attainment following lipid-modifying therapy
(Kuiper et al. 2017b), survival related to chemotherapy exposure in patients with
Chronic Lymphoid Leukaemia (Kuiper et al. 2017a), and an evaluation of smoking
cessation drugs(Penning-van Beest et al. 2011).

Relevant papers on drug safety include studies on the association between
coumarin use, renal function and serious bleeding events (Houben et al. 2018b), the
risk of lymphoma and skin cancer in users of topical tacrolimus, pimecrolimus and
corticosteroids (Castellsague et al. 2018), safety outcomes in children using proton
pump inhibitors or histamine-2 receptor antagonists (Houben et al. 2018a), a PASS
comparing quetiapine to risperidone and olanzapine (Heintjes et al. 2016), and the
association between pioglitazone and bladder cancer in patients with type 2 diabetes
(Korhonen et al. 2016). Finally, publications particularly highlighting the linkages
with our partnership databases, including the Hospital Database, Cancer Registry,
Pathology Registry and Perinatal Registry, include a study in which the Hospital
Database was used to determine the rate of prostate surgery and acute urinary reten-
tion in men treated with dutasteride or finasteride (Kuiper et al. 2016), a study using
the Cancer Registry for identification of breast cancer patients and staging (Over-
beek et al. 2019), a study in which the Pathology Registry was used to select patients
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with lung cancer (van Herk-Sukel et al. 2013), and a study on the risk of morbidities
and healthcare utilisation in children born following preterm labour compared to
full-term labour using data from the Perinatal Registry (Houben et al. 2019).

1.8 Administrative Information

The PHARMO Database Network is maintained by STIZON (Stichting Infor-
matievoorziening voor Zorg en Onderzoek) and funded by own resources.

Contact Details
Organisation/affiliation: PHARMO Institute and STIZON, Van Deventerlaan
30-40, 3528 AE Utrecht, The Netherlands

Administrative Contact: Heleen van Engeland, Office Manager,
pharmo@pharmo.nl/stizon@stizon.nl, +31 30 7440 800

Website: www.pharmo.nl/www.stizon.nl
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German Pharmacoepidemiological
Research Database (GePaRD)

Ulrike Haug and Tania Schink

Abstract The German Pharmacoepidemiological Research Database (GePaRD) is
an administrative database based on claims data from statutory health insurance
providers in Germany. It was set up for research on the utilization and safety of drugs
and vaccines in the real-world setting, but is also used for other purposes such as the
utilization of screening tests.

1 Database Description

1.1 Introduction

The German Pharmacoepidemiological Research Database (GePaRD) is an admin-
istrative database based on claims data from statutory health insurance providers
in Germany. It was set up for research on the utilization and safety of drugs and
vaccines in the real-world setting, but is also used for other purposes such as the
utilization of screening tests. In Germany, about 90% of the general population are
covered by statutory health insurance (Statista 2020).Membership in statutory health
insurance is compulsory but there are exceptions, e.g., for persons with a very high
income and for civil servants. These persons can choose private health insurance, i.e.,
they belong to the 10% of the population not covered by statutory health insurance.
Around 75%of these higher-income patients, however, remain voluntarymembers of
statutory health insurance. The health insurance system in Germany is characterized
by uniform access to all levels of care and free choice of providers. An advantage
of data from German health insurance providers is the stability of their membership
which makes long-term follow-up studies feasible. In a pilot database of more than
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3.5 million insurants from three statutory health insurance providers, membership
was stable in about 75% of all subjects over four years (Pigeot and Ahrens 2008).

1.2 Database Characteristics

GePaRD is based on claims data from four statutory health insurance providers and
currently (as of January 2020) includes information on about 25 million persons
who have been insured with one of the participating health insurances since 2004
or later. Per data year, there is information on approximately 17% of the German
population and all geographical regions of the country are represented. The four
health insurance providers participating in GePaRD are not equal in size; two of
them cover the majority of persons in GePaRD. In previous analyses, the data has
been shown to be representative with respect to drug prescriptions (Fassmer and
Schink 2014; Schink and Garbe 2010). All persons insured with one of the four
health insurance providers contributing to GePaRD entered the database on January
1, 2004 or at the start of insurance with the respective provider (whichever came
first) and are followed up until the end of insurance or death. Usually, the database
is updated annually and the lag time is about two years.

1.3 Available Data

GePaRD contains demographic information such as year of birth, sex, and region of
residence as well as information on hospitalizations, outpatient visits, and outpatient
drug prescriptions.

Information on hospitalizations includes the date of admission, the admission
diagnosis, diagnostic and surgical/medical procedures during the hospital stay, the
discharge date,main and secondary discharge diagnoses, and the reason for discharge
(incl. death).

Outpatient data include diagnoses as well as outpatient diagnostic and therapeutic
procedures and services. Physicians in the outpatient setting are expected to code
the disease(s) for which they treat their patients once per quarter (GBA 2019; KBV
2011). Additionally, it is mandatory in the outpatient setting to code the diagnostic
certainty. This coding differentiates between “confirmed”, “suspected”, “status post”,
and “excluded” diagnoses. Outpatient diagnosis codes are thus available on a quar-
terly basis only. However, given that an exact date is available for outpatient visits, the
diagnosis can be assigned to the date of the visit if there was only one outpatient visit
in the respective quarter, i.e., the exact date of diagnosis can partly be determined
indirectly.

Hospital and outpatient diagnoses are coded using the International Classification
of Diseases, version 10 in the German Modification (ICD-10-GM) with at least four
digits; diagnostic and surgical/medical procedures are codedusing theOperations and
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Procedures Coding System (OPS) and outpatient treatment/diagnostic procedures
as well as immunizations are coded using claim codes for outpatient services and
procedures (Einheitlicher Bewertungsmaßstab, EBM).

GePaRD contains information on all drugs prescribed by physicians that were
dispensed in a pharmacy and were reimbursed by the health insurance provider.
Information on drugs is coded based on the German modification of the Anatomical
Therapeutic Chemical (ATC) Classification System. Information on drugs that are
purchased over the counter (OTC) is not available in the database. Furthermore,
there is no information on medication administered in the hospital, but there are a
few exceptions regarding expensive drugs (e.g., monoclonal antibodies).

Outpatient drug data include the dates of the prescription and dispensation, the
number of prescribed packages, the specialty of the prescribing physician, and the
central pharmaceutical number of the drug. Based on the central pharmaceutical
number, information on the generic and brand name of the drug, packaging size,
strength, the defined daily dose (DDD), and further pharmaceutical information (e.g.,
route of administration) is linked to GePaRD.

If lab tests and physical exams were performed, the related information including
the date is available in the database provided that they are reimbursable. The results of
these examinations or lab tests are not available, but can partly be derived indirectly
if specific ICD-10 diagnoses or treatments are coded subsequently to the test or the
exam.

There is no lifestyle information in GePaRD. Certain subgroups that have devel-
oped diseases due to an unhealthy lifestyle may be identified through diagnosis codes
(e.g., obesity, liver diseases due to alcohol abuse) or specific treatments. There is also
an ICD-10 code for heavy smoking but it is expected that this information is only in
the database if the person was treated for this condition. The socioeconomic status
can be approximated through information on the educational level for the majority
of persons in GePaRD.

There is information in GePaRD allowing for research on drug safety during
pregnancy. Based on the respective codes, algorithms to identify pregnancies and
classify pregnancy outcomes (Mikolajczyk et al. 2013; Wentzell et al. 2018), to
estimate the beginning of pregnancy (Schink et al. 2020) and to link mothers with
their offspring (Garbe et al. 2011) have been developed.

Linkage of GePaRD to other data sources such as cancer registries is possible
for specific research questions if approved by the health insurance providers and the
responsible authorities but the required data flow is complex due to strict regulations
for data protection (see Sect. 1.5). It is not possible to access patient records for case
validation or to contact patients, e.g., for the collection of bio-samples unless the
health insurance provider is willing to do this within a research project approved by
an ethics committee.



122 U. Haug and T. Schink

1.4 Strengths and Limitations

A major strength of the GePaRD database is its large sample size allowing, for
example, investigation of rare exposures and outcomes. In addition, millions of indi-
viduals can be followed up over a long period of time given that only a minority of
persons in Germany switches between health insurance providers. In the outpatient
setting, the data cover the care provided by general practitioners and specialists.
While in databases recording only the prescription of drugs it is uncertain whether
prescriptions were actually filled, GePaRD only contains information on drugs that
were actually dispensed, i.e., this part of primary non-adherence is not an issue in
GePaRD. In terms of drug safety in pregnancy, it is advantageous that the beginning
of pregnancy can be estimated very precisely and that the majority of newborns can
be followed up for many years, i.e., outcomes occurring later in life can also be
studied.

There are limitations inherent to the fact thatGePaRD is based on claims data. This
includes the lack of information on lifestyle factors, lab values, and other measure-
ments (e.g., lung function), overall frailty, the severity of diseases, cause of death,
and OTC medication. Particularly in the outpatient setting, miscoding or unspecific
coding of diseases may occur, i.e., algorithms combining different types of informa-
tion are typically applied to define cases. Furthermore, information on the prescribed
daily dose is not available in GePaRD; thus the dose and intended duration have to
be estimated and sensitivity analyses have to be performed to check the robustness
of the results.

1.5 Validation

As mentioned before, direct validation by linking GePaRD to other data sources
for specific research questions is possible but the required data flow is complex
due to strict regulations for data protection. Such linkages have successfully been
conducted, e.g., to validate the vital status and the date of death in GePaRD (Langner
et al. 2019; Ohlmeier et al. 2016).

Other options typically used to plausibilize algorithms developed for the defini-
tion of diseases include the comparison of prevalences and incidences with other data
sources (indirect validation), e.g., disease registries (Czwikla et al. 2017). Further-
more, for certain outcomes such as acute liver injury, the positive predictive values of
algorithms developed based on claims have been determined by applying the algo-
rithm to data from a hospital information system (Timmer et al. 2018). Finally, there
is the option of reviewing a random sample of patient profiles including all codes
available in GePaRD by clinical experts blinded to the classification of the algorithm.
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1.6 Governance and Ethical Issues

Although GePaRD is maintained by BIPS, the data contained in GePaRD are legally
still owned by the respective statutory health insurance providers. Access to the
database is granted only at BIPS in the context of approved research projects. Third
parties may only access the data in cooperation with BIPS and after signing an
agreement for guest researchers at BIPS.

In Germany, the utilization of health insurance data for scientific research is regu-
lated by the Code of Social Law. All involved health insurance providers as well as
the Federal Office for Social Security (formerly German Federal (Social) Insurance
Office) and the Senator for Science, Health, and Consumer Protection in Bremen
as their responsible authorities have to approve the use of GePaRD data for specific
research questions. Informed consent for studies based on claims data is required
by law unless obtaining consent appears unacceptable and would bias results, which
is typically the case in pharmacoepidemiological studies. According to the Ethics
Committee of the University of Bremen studies based on GePaRD are exempt from
institutional review board review.

1.7 Administrative Information

The database is maintained by BIPS and has been established by own resources.

Contact Details
Organization/affiliation: Leibniz Institute for Prevention Research and
Epidemiology – BIPS GmbH, Achterstrasse 30, 28359 Bremen, Germany

Administrative Contact: gepard@leibniz-bips.de
Website: https://www.bips-institut.de/en/research/research-infrastructures/

gepard.html
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Frank Andersohn and Jochen Walker

Abstract The InGef (former: Health Risk Institute; HRI) database is an anonymized
administrative database consisting of claims information frommore than 60 German
statutory health insurances (SHIs). Primary aim of the InGef is to perform health
services research in cooperation with external research teams and SHIs.

1 Database Description

1.1 Introduction

The InGef (former: Health Risk Institute; HRI) database is an anonymized adminis-
trative database consisting of claims information from more than 60 German statu-
tory health insurances (SHIs). Primary aim of the InGef is to perform health services
research in cooperation with external research teams and SHIs.

1.2 Database Characteristics

In Germany, about 85% of the population (70 million inhabitants) are insured in an
SHI while the remaining persons are insured in private health insurances. The InGef
database currently (December 2019) includes longitudinal data from approximately
nine million SHI members insured in one of the contributing SHIs (mainly company
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or guild health insurances) and covers all geographic regions of Germany. The type
and structure of claims data submitted by health care providers to German SHIs is
regulated by law in Germany. As a consequence, data from different SHIs can be
pooled without problems related to coding, etc.

The claims data that are used to establish the database are collected in a special-
ized data center owned by SHIs, providing data warehouse and IT services. All
data entered into the InGef database are anonymized by the data center, acting as
a trust center for this anonymization process. The anonymization process ensures
that an identification of individual insurance members, physicians (or other health
care providers), or SHIs is not possible. Access to the anonymized data is strictly
controlled. No person level data is allowed to be transmitted for analysis, i.e., all data
analyses have to be performed in-house by InGef employees or trained associated
researchers.

To comply with the InGef data protection concept, the available calendar time
for analyses is limited to a look-back period of six years. Project-related data sets
may be stored for longer time periods if required (e.g., to comply with good research
principles or regulatory requirements) but shall only be used to clarify requests on
the results of the specific research project. The persistence (membership over time) is
rather high in the InGef database: During a period of five years (2009–2013), 70.6%
of insurance members survived and remained insured with the same SHI without
any gap in their observational time (Andersohn and Walker 2016). Persons leaving
one of the participating SHIs and entering another participating SHI, can be linked
during yearly database consistency updates and are thus not lost over time. The InGef
database is dynamic in nature, i.e., claims data are updated in an ongoing process and
SHIs may join or leave the database. The lag-time (i.e., delay of data being available
in the database) is approximately 3–9 months, depending on the type of data (e.g.,
hospital data is usually available before ambulatory data).

1.3 Available Data

German SHI claims data available in the InGef database include information on
demographics (quarter of birth, gender, quarter of death if applicable, region of resi-
dence on administrative district level), hospitalizations, outpatient services (diag-
noses, treatments, specialities of physicians), dispensings of drugs, dispensings of
remedies and aids, and sick leave and sickness allowance times. In addition, costs
or cost estimates from the SHI perspective are available for all important costs of
all healthcare sectors. All diagnoses in Germany are coded using the International
Classification of Diseases, version 10 in the German Modification (ICD-10-GM).

Content and coding of hospitalization data are strictly formalized in Germany, as
hospitalizations are reimbursedbasedondiagnosis-relatedgroups (DRGs). Important
data elements to be submitted by hospitals include dates of admission and discharge,
admission diagnosis and type of admission (e.g., normal or emergency), primary,
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secondary, and ancillary discharge diagnoses, procedures performed during the in-
hospital stay (e.g., surgery), and the reason for discharge. In addition, the claimed
DRG number and the associated costs are included in the dataset. With the exception
of some very expensive medications, data on in-hospital drug treatment is usually
not available. Some treatments (such as anti-cancer chemotherapy) may, however,
be identified via related procedure codes.

All ambulatory physicians providing services to SHI insurance members are
required to record and code diagnoses related to these services on a quarterly level.
In contrast, services are coded on day level. Coding of services is crucial for the
physician to receive payment, i.e., each service is related to a certain number of
service points that are afterwards converted into actual Euro values.

Drug dispensings by pharmacies only include those that are reimbursed within
the German SHI system. Drugs that are not reimbursable by SHI are, for instance,
those categorized as lifestyle medications, e.g., oral contraceptives used by adults
≥20 years of age. With some exceptions, drugs available over the counter (OTC)
are also not reimbursable in Germany and are thus not contained in the database.
Data on the product dispensed include a unique identifier (central pharmaceutical
number = Pharmazentralnummer, PZN) that can be used to exactly identify, e.g.,
the actual package dispensed with important characteristics such as brand name,
tablet strength, number of tablets, etc. In addition, data on the day of prescribing,
day of dispensing, number of packages dispensed, an anonymized identifier of the
prescribing physician and the dispensing pharmacy, and costs are included in the
data set.

Sick leave periods are also included in the InGef database and usually include
information on the start and end of the respective sick leave period, as well as related
diagnoses. In Germany, sickness allowance is paid by SHIs after a sick-leave period
of sixweeks (i.e., the first sixweeks have to be covered by the employer, the following
times, in principle, by the SHI). Sickness allowance times are thus also included in
the data with similar data elements as for sick leave periods in addition to the costs
from SHI perspective.

1.4 Strengths and Limitations

Strengths of the InGef database include the large number of insurants in the database,
allowing analyses on rather rare exposures and outcomes. A maximum follow-up
period of six years is usually sufficient for most research questions. A randomly
selected research subset of approximately four million insurants that exactly matches
the age- and sex structure of the German SHI population is available. The rather short
delay of data being available in the database (3–9 months) is certainly a strength if
the availability of very recent data is required to answer the research question. The
data source has been used for several observational studies, e.g., in the areas of drug
utilization (Schmedt et al. 2019b; Viniol et al. 2019), disease epidemiology (Haas
et al. 2016; Ohlmeier et al. 2019), health economics (Bode et al. 2017; Lonnemann
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et al. 2017), and comparative drug safety and effectiveness (Hohmann et al. 2019;
Schmedt et al. 2019a).

The InGef database shares disadvantages of claims data with other administrative
databases, such as missing or incomplete data on socioeconomic factors, lifestyle,
lab values, physical examinations, quality of life, and drugs dispensed outside the
SHI system. Drug exposure times needs to be estimated from dispensings only, i.e.,
without having data on the prescribed daily dose. Due to the anonymized nature of
the database, no case validation using medical charts, patient/physician interview is
possible. In Germany, ambulatory diagnoses are only available on a quarterly basis
which often needs to be considered already by the study design (e.g., definition of
the start of observation).

1.5 Validation

Before entering the InGef database, the data elements are checkedwith respect to data
format, completeness, and plausibility. Due to the anonymized nature of the database,
no direct validation of the data (e.g., using medical charts as the gold standard)
is possible. However, indirect validation by comparison of important measures of
morbidity and overall mortality with respective reference values from the underlying
population from national statistics was performed. Results for hospitalization rates,
overall mortality, and drug dispensing rates of the 20 most often reimbursed drug
classes were in good accordancewith national reference data (Andersohn andWalker
2016, Fig. 1).

1.6 Governance and Ethical Issues

All data in the anonymized InGef database are owned by the respective SHIs and
approval for each research project by the SHIs is necessary. As it would be infeasible
to request approval from all SHIs for each project, the decision about acceptance of a
study is made by the internal InGef scientific research group. As all research projects
with the InGef database utilize completely anonymized data only, no additional
permissions from authorities are necessary. It is not allowed to transmit any patient
level data of the InGef database, i.e., all analyses have to be performed in-house.
All variables that may allow de-identification of individuals are anonymized and
coarsened if necessary. As a consequence, the data can be considered anonymized in
accordance with German law (§ 67 SGB X), i.e., de-anonymization is not possible
or requires an unreasonably high amount of time, effort, and costs. Informed consent
of SHI members or approval by an ethics committee is not required for studies using
these anonymized data sets.
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1.7 Administrative Information

The database is maintained by InGef.

Contact Details
Organization/affiliation: Institute for Applied Health Research Berlin (InGef)
GmbH, Spittelmarkt 12, 10117 Berlin, Germany.

Administrative Contact: Dr. Jochen Walker, jochen.walker@ingef.de, +49
(0) 30 586 945-444.

Website: https://www.ingef.de
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Abstract SNIIRAM (Système National d’Informations Inter-Régimes de
l’Assurance Maladie) is the French National claims database from the health
insurance system. The SNIIRAM database includes information from the three main
claims systems Caisse nationale de l’assurance maladie des travailleurs salariés
(CNAMTS), Régime social des indépendants (RSI) now merged with CNAM, and
Mutualité sociale agricole (MSA) and an increasing number of the smaller systems.

1 Database Description

1.1 Introduction

SNIIRAM(SystèmeNational d’Informations Inter-Régimes de l’AssuranceMaladie)
is the French National claims database from the health insurance system. The
SNIIRAM database includes information from the three main claims systemsCaisse
nationale de l’assurance maladie des travailleurs salariés (CNAMTS), Régime
social des indépendants (RSI) nowmerged with CNAM, andMutualité sociale agri-
cole (MSA) and an increasing number of the smaller systems. SNIIRAM is linked
to the national hospital discharge database (PMSI) and the national death registry
(CepiDC) to form the Système National des Données de Santé (SNDS), now part of
the Health Data Hub since January 2020.

The purpose of the SNDS is to provide a tool for researchers to explore all aspects
of the French health care system at a population level.

N. Moore (B) · P. Blin · R. Lassalle · N. Thurin · P. Bosco-Levy · C. Droz (B)
INSERM CIC1401, Bordeaux PharmacoEpi, University of Bordeaux, 33076 Bordeaux Cedex,
France
e-mail: nicholas.moore@u-bordeaux.fr

C. Droz
e-mail: cecile.droz@u-bordeaux.fr

© Springer Nature Switzerland AG 2021
M. Sturkenboom and T. Schink (eds.), Databases for Pharmacoepidemiological
Research, Springer Series on Epidemiology and Public Health,
https://doi.org/10.1007/978-3-030-51455-6_10

131

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-51455-6_10&domain=pdf
mailto:nicholas.moore@u-bordeaux.fr
mailto:cecile.droz@u-bordeaux.fr
https://doi.org/10.1007/978-3-030-51455-6_10


132 N. Moore et al.

1.2 The French Health Care System

The French health care system features a mix of public and private services. General
practitioners (GPs) and most specialists are in private practices. Secondary care
is offered by private clinics and local hospitals, tertiary care by public university
hospitals.

Patients have the freedom of choice when consulting a GP or specialist, but
must be registered with a primary physician. The primary physician is supposed to
refer the patient to specialists and hospitals (except for gynaecology, ophthalmology,
paediatrics or psychiatry, or in an emergency).

The health care system is universal and covers, to various degrees, most medical
expenses through a public system called Social Security (Sécurité sociale), which is
complemented by public mutual funds and private insurance companies. Coverage
includes the vast majority of drugs.

When incurring a medical expense, or upon admission to a hospital, the patient
presents a smartcard (carte Vitale) which is used to transmit reimbursement infor-
mation to the health care system’s insurance system, which is in charge of the
reimbursement.

There are several dozen different health care insurance systems with similar char-
acteristics, based on mutual insurance. There is no relevant difference between the
systems in coverage. The three main systems for salaried persons (CNAMTS), for
self-employed professionals (RSI, nowmergedwith CNAM), and for farmers (MSA)
cover over 95%of the population. There are other smaller systems that share the same
general principles and coverage.

Hospitals are reimbursed trough diagnosis-related groups for diseases and through
cost modifiers, such as concomitant diseases or organ failures, and duration of stay.
In addition, there are payments covering the hospitals’ costs for a restricted list of
expensive drugs and medical devices.

1.3 Database Characteristics

Claims information is systematically retrieved at the source of the claims (e.g., in
pharmacies, in physician offices) using a patient smartcard to retrieve and identify
data, linked to a patients’ unique identifier. Data from local centres are transferred
to regional concentrators and then to the national database.

The SNDS database includes all claims information for over 99% of the French
population (68 Million persons).

All French citizens enter the database at birth when the national identification
number is attributed. During childhood, attribution of claims can be to the child’s
or the parents’ identification number, but this is usually solved at data entry. Only a
person’s own identification number is used beyond the age of 18.
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Exit is by death or expatriation. Patients changing jobs or health care insurance
systems (e.g., from the salaried workers to the independents or farmers) retain the
same identification number, allowing continuous data acquisition. Patients remain in
the database even in the absence of any health-related activity.

For repatriates, re-entry (using the same identification number) can occur when
patients are reintegrated into the national health care system.

Data in SNIIRAM are available from 2003 for CNAMTS and from 2009 for RSI
and MSA. No end of the data collection is envisioned. Follow-up of patients in the
SNIIRAM database is potentially lifelong.

Data in SNIIRAM are continuously updated. Claims data are considered to be
99% complete within six months after the event. Some paper-based claims can be
submitted up to two years after the event. Hospital data is updated in the third quarter
of the year following the year of interest (i.e., September 2015 for 2014 data).

1.4 Available Data

1.4.1 Core Data

Core demographic data include age, sex, and region of residence.No data on ethnicity
is available. Salaried and independent (self-employed) persons as well as students
and several other specific statuses can be identified through their health care insur-
ance plan. Unemployed people can also be identified directly through the presence
of CMU (Couverture Maladie Universelle), which indicates joblessness. The CMU
is a public system of health insurance coverage in France for those who are not other-
wise covered through business or employment. Poverty (i.e., low social economic
status) can also be identified through the CMU. Other databases exist including
socioeconomic information, but these are not linked to the SNDS databases yet.

The national death registry includes the dates of deaths. Causes of death are
available in the national death registry and are starting to be included from 2014 with
a 3-year lag time.

1.4.2 Diagnoses

The SNIIRAM data include the presence of outpatient chronic diseases and their
dates of first registration. Chronic diseases are registered according to a list of 30
disease areas along with 3,448 ICD-10 codes.

The PMSI database contains data on all hospital admissions, including main,
secondary, and associate diagnoses, which are coded in ICD-10.
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1.4.3 Medication

All reimbursed outpatient prescription medication is recorded as dispensed prepara-
tions packs, including a unique registration code (CIP), as well as ATC and European
Pharmaceutical Market Research Association (EPhMRA) codes. The description of
the packs includes the number of tablets, the strength, the number of packs dispensed,
the date of prescription, the nature of the prescriber, the date of dispensing, and the
dispensing pharmacy (anonymized).

Drugs that are sold over-the-counter (OTC), but can also be prescribed and then
are reimbursed (OTC strength drugs), such as ibuprofen or paracetamol, may be
found in the database if they were prescribed. True OTC and prescription drugs that
are not covered are not recorded.

There is no information available about in-hospital prescriptions, except for expen-
sive drugs on a specific list. This concerns essentially public hospitals. Private clinics
may provide more information.

1.4.4 Procedures

The date and the nature of physician as well as paramedical (nurses, physiothera-
pists, etc.) interventions are recorded in the database, including procedures such as
endoscopy.

In-hospital procedures and devices and outpatient devices are recorded as LPP
(Liste des produits et prestations) codes in the PMSI database.

The date and nature of medical transports are also available in the database.

1.4.5 Laboratory Results

The date and nature of all laboratory tests are recorded. The results of laboratory
tests are not available, except in case they are the indication for a hospital admission.
Physical examination results are not available.

1.4.6 Other Information

The number of days a patient was on paid sick leave as well as certain lifestyle
interventions or aids, such as wheelchairs or crutches, are available in the database.

1.4.7 Cost Information

All of the above-mentioned information is accompanied by costing information
including total costs, the amount reimbursed by the main health care insurance and
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by possible complementary mutual funds or private insurances. This information
though is often complex to decrypt and difficult to understand without expertise.

1.4.8 Hospitalisation Data (PMSI)

The claims database is linked to the national hospital information database PMSI.
The PMSI database contains data from both public and private hospitals. It includes
hospital admissions in medical, surgical, and obstetrical wards. Psychiatric hospi-
talisations are included as well as treatment in rehabilitation centres. In addition to
admission data and length of stay, it includes information such as the source of the
admission and the destination of discharge, which may be another department of the
same hospital or another hospital, in addition to discharge for home or death.

1.4.9 Death

The third component of SNDS is the linkage to the national death registry, which
provides date of death. Cause of death is available for 2013–2015.

1.4.10 Linkage

Family members (e.g., mothers with children) can be identified in the database if
the children are registered with the mother’s insurance number and upon specific
request.

Other linkages are still under study (e.g., linkage to a tax database which includes
income levels).

The development of the national health data hub should include linkable hospital
data repositories and GP databases, including clinical data and lab test results or
other information such as biomarkers or tumour pathology.

It is not possible to re-identify subjects and to gather additional information or
re-contact the patient, e.g., for bio samples. It is, however, possible to link from the
patient to the database using either determinist matching with the national health
ID number (NIR) with ethical and data protection committee approval and written
consent, or probabilistic matching after data protection committee approval. This
matching allows the pairing of clinical data (from primary data collection or pre-
existing cohort data) to the health care claims data.
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1.5 Strengths and Limitations

One major strength of the database is its exhaustiveness of documented medical
events; all prescribed reimbursed medical activities, all prescribed drugs, all hospital
admissions (to public or private hospitals), and all deaths are recorded.

Anothermajor strength is its size and representativeness for the French population.
The database includes all claims information for over 99% of the entire French
population.

Internationally applied coding systems, such as ICD-10 and ATC are used. In
addition, the hospital diagnoses undergo audits by the health care insurance system
and cross audits between hospitals.

On the other hand, the whole data array represents over a hundred tables, with an
extremely complex architecture. The main source data was developed to ensure the
reimbursement of individual medical expenses and claims, not for medical research.
Using these data to follow individual patients over time and across different types
of information and linking the data to the two other databases can be challenging.
Considerable work is being done to facilitate the use of the database for research
purposes and to develop compatibility with common data models (OHDSI, EHDEN,
EU-ADR).

1.6 Validation

Data are checked on an ad-hoc basis for outliers, as part of the usual datamanagement
before analysis.

Validation of specific hospital diagnoses from the PMSI database has shown a high
validity of main diagnostic codes (>75% PPV) (Bezin et al. 2015), in addition to the
systematic quality assurance process of the hospital coding systems (Gilleron et al.
2018). Researchers cannot identify individuals from the anonymised database, and
so no direct revalidation is possible from the general database. Methods of internal
validation are being developed (Thurin et al. 2018, 2019).

Diagnostic certainty has been shown to be reasonably good for outpatient chronic
diseases. The sensitivity for chronic diseases is potentially lower. Some chronic
diseases are not registered because of social stigma issues (psychiatric diseases,
epilepsy), or because disease treatment is already covered (e.g., registration for
hypertension if heart failure or ischemic heart disease is already present).
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1.7 Governance and Ethical Issues

The SNDS database is owned by the national health care system and the French state.
Access to the data is regulated by law. SNDS is directly accessible to the health

care insurance system and to a number of public institutions such as the French
medicines agency (ANSM) or to regional health agencies. For researchers, the access
is authorised on a per-protocol basis by the Institut National des Données de Santé
(INDS). A request for data access, including a full protocol and the source of the
financing, is submitted to INDS, reviewed by a scientific committee for pertinence
and public health interest. After approval the protocol is transmitted to the national
data protection agency (Commission Nationale de l’Informatique et des Libertés,
CNIL). There are a number of variables that cannot be accessed simultaneously,
such as date of birth, place of residence, date of hospital admission, date of death.
After approval, the CNAM which is the data curator needs to sign a convention for
data access. Data can be accessed on a reserved space on the CNAM servers, or can
be transferred to a security referential compliant computer system.

Further information on this evolving process and the impact of the Health Data
Hub can be found on their websites (Health Data Hub 2020; Plateforme des Données
de Santé 2020).

The time-frame for study approval is twomonths for INDS and scientific approval,
2–4 months for the CNIL, and 2–6 months for the CNAM convention. Despite much
improvement the time to access the data is still 9–12 months.

Data cannot be exported outside the authorised structure, but studies can be redone
upon request, or data extraction can be re-requested from the same source for study
validation purposes.

All persons desiring to access SNDS need to attend formal training (3 days) in
accessing the database to obtain accreditation. Access is authorised on a per-study
basis.

The three databases (SNIIRAM, PMSI, and the national death registry) are linked
through a unique personal identification number (numéro d’inscription au repertoire
des personnes physiques, NIR), which is de-identified using two successive hash
scrambling operations (Quantin et al. 1998a, b; Quantin et al. 1996, 1997). This
one-way scrambling algorithm allows the linkage of the different databases but does
not permit to go back to the original NIR or to the patients. The national death
registry is maintained by the national institute for statistics and economic studies
(Institut national de la statistique et des études économiques, INSEE). The hospital
database (PMSI) is maintained by regional health authorities (ARS) and the agency
for hospital information (ATIH), which transfers it on a yearly basis to SNIIRAM.

Due to the anonymous nature of the data, patient consent is not required. Patients
have no possibility to opt out from the database.
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1.8 Documents and Publications

The SNDS database and their potentials for epidemiological, pharmacoepidemiolog-
ical, and health economics studies have been described (Tuppin et al. 2010; Moulis
et al. 2015; Bezin et al. 2017).

Many studies have used the National health care system data on drug related risks,
including benfluorex and valvular disease (Weill et al. 2010), pioglitazone and cancer
of the bladder (Neumann et al. 2012), olmesartan and malabsorption (Basson et al.
2016), Glargine and cancer (Fagot et al. 2013), on the comparative effectiveness of
statins (Neumann et al. 2014), and on the risk of bleeding after oral anticoagulants
(Maura et al. 2015).

The pharmacoepidemiology unit of the university hospital in Bordeaux has
performed a series of studies concerning, for instance, the identification of rheuma-
toid arthritis (Bernard et al. 2012), treatment patterns in Parkinson’s disease (Blin
et al. 2015), utilisation of ‘over-the-counter’ and prescription-strength NSAIDs
(Duong et al. 2014), Insulin glargine and cancer (Blin et al. 2012) or the deter-
mination of the denominator in case-population studies (Moore et al. 2013). Many
studies are on-going.

Overall, more than 150 publications refer to SNDS or SNIIRAM.More may exist
that did not use these identifiers.

1.9 Administrative Information

• Organisation responsible for maintaining the database
CNAM (National health insurance system)—Health Data Hub.

• Funding
Public funding by health insurance system.

• Contact details (administrative, scientific, and technical contact)
Contact any of several research units using the database;
Institut National des données de santé
19, rue Arthur Croquette
94220 Charenton-le-Pont
Tél: 01 45 18 43 90
Fax: 01 45 18 43 99

• URL of website
https://www.health-data-hub.fr/
https://www.indsante.fr/fr/deposer-une-demande.

https://www.health-data-hub.fr/
https://www.indsante.fr/fr/deposer-une-demande


National Health Insurance Claims Database in France (SNIRAM), … 139

2 Practical Experience with the Database

The database has proven to be suitable for drug utilisation studies, drug safety studies,
comparative effectiveness studies, and market access studies. Studies on long-term
effects are limited to the data years that are currently available (15 years in some
cases). Longer term data will be made available in time.

Studies based on SNDS data can be of any of the standard pharmacoepidemio-
logical designs based on exposures or events: cross-sectional studies, cohort studies,
nested case–control studies, self-controlled case studies, and case-population studies.

The SNDS database is currently being used in several international projects in
cooperation with OHDSI, EHDEN, and other networks in Europe and worldwide.

Different research teams have developed different tools to manage and analyse
the data.

The main challenge in using the database lies in the size and complexity of the
database. Some extractions can be very large and consequently require significant
computing power, as well as data-managing resources.
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Agenzia Regionale di Sanità della
Toscana (ARS)

Rosa Gini

Abstract Italy has a universal, single-payer healthcare system funded by the general
taxation: the national government provides regional governments with funding,
which they must dedicate to ensure that their resident population has access to a
nationally-defined list of services. Starting in the mid-nineties, regional governments
were requested to electronically record services provided to their population and to
transmit the information to the national government.

1 Database Description

1.1 Introduction

Agenzia regionale di sanità della Toscana (ARS) is an agency of the Tuscany
Region in Italy and acts as a technical and scientific consultant both to the regional
government and to the Regional Council of Tuscany.

1.2 Database Characteristics

Italy has a universal, single-payer healthcare system funded by the general taxation:
the national government provides regional governments with funding, which they
must dedicate to ensure that their resident population has access to a nationally-
defined list of services. Starting in the mid-nineties, regional governments were
requested to electronically record services provided to their population and to
transmit the information to the national government. The list of services whose
recording is compulsory has grown steadily. The information is recorded by the local

R. Gini (B)
Agenzia regional di sanità della Toscana—ARS, Via Pietro Dazzi 1, Florence, Italy
e-mail: rosa.gini@ars.toscana.it

© Springer Nature Switzerland AG 2021
M. Sturkenboom and T. Schink (eds.), Databases for Pharmacoepidemiological
Research, Springer Series on Epidemiology and Public Health,
https://doi.org/10.1007/978-3-030-51455-6_11

141

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-51455-6_11&domain=pdf
mailto:rosa.gini@ars.toscana.it
https://doi.org/10.1007/978-3-030-51455-6_11


142 R. Gini

healthcare providers and transmitted in a standard electronic format to the region,
which in turn transmits it to the national government (Trifiro et al. 2019).

The core data that ARS has access to are the healthcare administrative databases of
the population of the Italian region of Tuscany, which amounts to around 3.6 million
inhabitants. The Tuscany Region transmits a copy of its healthcare administrative
databases to ARS, which is entitled by regional law to use it for its institutional
purposes, upon permission of a board representing the Regional Council.

As is the case in every Italian region, the reason for entering the database is the
registration with a primary care physician, which may happen upon immigration or
upon birth; the reason for exiting the database is emigration or death.

Upon permission by a regional ethical review board, ARS may also access and
linkwith its core data the cancer registry, the congenital anomaly registry and the rare
disease registry, all collected on the whole Tuscan population. On occasion, ARS
may request to retrieve information from medical records and/or laboratory results
of specific subpopulations and link it to its core data.

All the data transferred to ARS is pseudonymized with a regional identifier.
Data collection of the most important tables has been available since 2003. The

database is updated every 2–3 months, and the lag time is about 2–3 weeks, but data
is incomplete for 4–5 months.

1.3 Available Data

The administrative databases contain tables that are described in the next paragraphs.

Registry of inhabitants

Right to healthcare is granted to all persons who are legal inhabitants of Tuscany.
In order to access healthcare, inhabitants (or their parents in case of children) must
request a primary care physician, which is a general practitioner for adults or a
pediatrician for children. The registry of inhabitants records the date of birth, date of
registration, date of exit (if persons transfer out of Tuscany), date of death, identifier
of the primary care physician, citizenship, and address. The registry is longitudinal.

Hospital discharge records

Hospital discharge records are created when a person is discharged after hospital
admission, which may last one or multiple days. A record includes the date of admis-
sion, principal discharge diagnosis (which is the diagnosis which justifies the cost
allocated to the admission), up to five secondary and ancillary diagnoses, up to
six diagnostic and surgical/medical procedures during the hospital stay, discharge
date, and status at discharge (including death). Diagnoses and procedures are coded
using an Italian modification of the ICD9-CM coding system. Records from recent
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years also contain the education level and diagnoses may be labeled as ‘present on
admission’.

If the record refers to a birth, the code of the hospital discharge record of the
mother is included.

Specialist visits, diagnostic tests

The decision to include drugs in the national drug formulary, i.e., deciding which
drugs will be covered by the National Healthcare System, falls within the remit of
the Italian Medicines Agency (Agenzia Italiana del Farmaco, AIFA). In general, all
“life-saving” and chronic medications are refundable, i.e., approximately 70% of all
marketed drugs in Italy.

Three data sources record dispensations of drugs reimbursed by the healthcare
system:

• dispensings in community pharmacies
• dispensings in hospital pharmacies for outpatient use
• dispensings in hospital pharmacies for inpatient use.

The third data source (drugs for inpatient use) is the only administrative source
lacking the patient identifier: The identifier of the ward where the patient is admitted
is the only information recorded, and the identity of the patient may only be obtained
by probabilistic record linkage.

All three sources record the amount of product dispensed, and the product which
is labeled by the Italian code for marketing authorization, as released by AIFA. This
in turn can be linked to brand name, ATC, number of defined daily doses (DDD)
dispensed, and number and strength of posologic units (if applicable). The batch
number is also available.

Outpatient activity

Inhabitants have the right to access a number of outpatient healthcare services:
specialist visits, diagnostic tests, rehabilitation procedures, and therapeutic proce-
dures. This list of services is updated regularly by the national government and
coded with a national coding system. Tuscany may add additional services coded in
the regional coding system, or record an additional, more detailed regional code. It
must be noted that specialist visits are recorded but diagnoses are not; and utilization
of tests is recorded but results are not.

Services are recorded with date (in case of recurring services, start date, end date,
and number of episodes of care) and place of service.

Exemptions

Inhabitants are requested to contribute financially to some of their healthcare at the
point of service. Exemption from this requirement is granted to children younger than
six and to the elderly (unless they are wealthy). Moreover, exemption is granted for
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specific healthcare services to patients who have a diagnosis that requires recurring
use of those services.

The records of exemptions from copayment contain the date of exemption and
the ICD-9-CM code of the disease.

Emergency admission

Upon admission to an emergency service, the following information is recorded: date,
anamnesis, diagnoses, procedures, and possible admission to hospital. Anamnesis is
provided in free text, diagnoses and procedures in ICD-9-CM.

Other administrative databases

Other administrative databases collect mental healthcare, services in residential,
semi-residential, and home settings, and rehabilitation services.

Non-administrative databases

Besides administrative databases, ARS also receives a copy of other registries.
In the case of births or still births (i.e., number ofweeks of gestation higher than 22)

information is recorded on the place of birth, on socio-economic characteristics of the
parents, on the pregnancy (e.g., gestational age, body mass index before pregnancy,
smoke status during pregnancy), on the delivery, on characteristics of the newborn
(e.g., weight), and possibly on congenital anomalies or the cause of death.

Other registries are: the spontaneous abortions and induced terminations registry,
the death registry, the vaccine registry (also recorded with batch number), and the
pathology registry, which are collected on the whole Tuscan population.

1.4 Strengths and Limitations

Amajor strength of the ARS database is its size, comprehensiveness of a large Italian
region and long follow-up time.

Record linkage and its quality

The potential of the ARS database lies in the possibility of linking within and across
data tables. With the exception of inpatient drug use, record linkage is deterministic.
The quality of record linkage is determined by the quality of recording of the personal
identifier.When conducting descriptive and analytic studies, study subjects should be
restricted to those recorded in the inhabitant registry, because those are the only ones
whose care is systematically recorded in the ARS database. After 2010, the registry
of inhabitants compares well with the sex- and age-specific counts released by the
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National Institute of Statistics. Moreover, person identifiers (whose pseudonymiza-
tion is received by ARS) are increasingly compiled automatically. However, a small
amount of loss to record linkage needs to be taken into account.

Completeness

A strength of administrative databases is their internal completeness, due to legal and
funding motivations. However, external completeness needs to be discussed, since
access to private healthcare is common in Italy to shorten time to access to healthcare.

Private hospitalization can be considered residual in Tuscany.
Medicinal products which are not reimbursed are not recorded, but even reim-

bursed drugs may often be purchased over-the-counter (OTC) if they are cheap or
if the copayment is comparable to the price. According to AIFA estimates, in Italy
in 2017, 1708.2 DDDs per 1000 inhabitants were dispensed. Of those, 66.2% were
reimbursed by the National Healthcare System, while 33.8% were purchased by
patients OTC.

As for outpatient activities, according to the National Institute of Statistics, in
2012/2013, around 40% of specialist visits (excluding primary and dental care),
23% of specialist diagnostic tests, and 13% of blood tests were paid privately by
patients.

Healthcare and events which are not recorded

Primary care visits are not recorded, since primary care physicians are paid based
on the number of persons they assist. As already mentioned, therapies administered
during inpatient care are not recorded, nor are diagnoses issued by specialists or
results of diagnostic tests recorded.

1.5 Validation

Validation of samples of records from hospitalizations, access to emergency care,
or specialist visits is possible via access to medical records. Emergency care and
pathology registers also have free text records which can be used for validation
purposes.

1.6 Governance and Ethical Issues

According to regional law, ARS can execute studies on its database, provided the
control board of the Regional Council approves the activity.

Enrichmentwith external sources, such as validation or access to laboratory result,
needs to be approved by the Ethical Review Board of the corresponding hospitals.
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1.7 Administrative Information

ARS is a public institution whose budget is provided by the Regional Government
of Tuscany.

Contact details
Organization/affiliation: Agenzia regionale di sanità della Toscana—ARS via
Pietro Dazzi 1, Florence, Italy

Website: www.ars.toscana.it
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Abstract The Italian publicly funded National Health Service (NHS) provides
universal health care, mainly free of charge, to all NHS beneficiaries, that is, the
whole Italian population. The NHS has three levels of management. At the national
level, the health ministry is responsible for upholding citizens’ rights to health care
and its main aim is to define the so-called essential levels of health care, i.e., the
services that the NHS must supply free of charge after payment of a registration and
maintenance fee.

1 Database Description

1.1 Introduction

The Italian publicly funded National Health Service (NHS) provides universal health
care, mainly free of charge, to all NHS beneficiaries, that is, the whole Italian popu-
lation. The NHS has three levels of management. At the national level, the health
ministry is responsible for upholding citizens’ rights to health care and its main aim
is to define the so-called essential levels of health care, i.e., the services that the
NHSmust supply free of charge after payment of a registration and maintenance fee.
The Ministry transfers the responsibilities of health care governance to the single
regions, giving the regions a strong independence in the service management. Each
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region is then divided into Local Health Units (LHUs), which have a direct role in
the management of health care services in their respective areas within the region.

The Caserta record linkage database contains individual claims databases with
information on health care services covered by the NHS. All claims databases from
the Caserta LHU can be linked to each other through anonymized unique patient
identifiers. Themost widely used claims databases include drug dispensing databases
and hospital discharge diagnosis databases. The degree of patient coverage over the
catchment area is very high, since practically all persons living in Caserta, as in all
Italian cities, are NHS beneficiaries.

Information in the Caserta record linkage database was recorded as early as 2000
and reached its maximum completeness and consistency starting in 2009. In the
following years, several disease (such as chronic obstructive pulmonary disease,
hypertension, diabetes mellitus) and health care service (low protein diet products)
registers were launched in the catchment area, further increasing the volume of avail-
able health care data. In addition, a new system based on electronic prescriptions for
drugs prescribed by specialists was introduced in 2015. The value of these electronic
prescriptions is that they contain information on the dosing regimen as well as on the
indication of use of the dispensed drugs, which is not available in pharmacy claims.
The claims database can be linked to other useful data sources, such as electronic
medical record databases including prescriptions with associated indication of use
sent by general practitioners (GPs). The GP prescription database was set up by the
Caserta LHU in 2000 with the initial aim of facilitating clinical auditing of GPs
practicing in the Caserta area concerning the management of the most frequent acute
and chronic diseases. Data was collected until 2015 and various attempts to restart
it have not yet succeeded. This GP database is the only one in Italy which allows
the systematic linkage of GP prescription data to claims data on a patient level. The
Caserta linkage database has been used extensively for research over the past decade,
including studies on drug utilization (Oteri et al. 2010; Ingrasciotta et al. 2014; Trifirò
et al. 2007; Sultana et al. 2015), drug safety (Ingrasciotta et al. 2015), risk minimiza-
tion measures (Viola et al. 2016) and disease epidemiology (Trifirò et al. 2014). The
Caserta linkage database has also been used to conduct studies within a network of
databases in the context of schizophrenia research (Sultana et al. 2019) and more
widely, to conduct studies on the use and safety of biologic drugs (Ingrasciotta et al.
2019; Belleudi et al. 2019; Marciano et al. 2018).

1.2 Software for Data Collection

In addition to traditional claimsdatabases, informationonprescriptionsmainly issued
by specialists is collected through Sani.A.R.P., a health information system used in
the Campania Region. Sani.A.R.P. was launched by the Caserta LHU in 2002 with
the aim of managing prescriptions more efficiently by using an online platform.
Since 2013, Sani.A.R.P. has been considered an essential part of the Regional Health
InformationSystemandmanyprescribing and dispensing pathways are progressively
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monitored and managed using this platform. Sani.A.R.P. collects data concerning
electronic prescriptions in a community setting with over 6000 prescribers. It allows
real-time monitoring of health care delivery in partner pharmacies and integrates
patient-level data on health care from diagnosis onwards. The use of Sani.A.R.P.
has also reduced medication errors by linking prescriptions to the regional health
system and the regional formulary, thus verifying its temporal validity. Sani.A.R.P.
is ethically transparent, as it is mandatory to collect informed consent from patients
who are directly registered on the portal. Since patients explicitly give their consent
to share their clinical information, prescribers are able to access the patient’s drug
history.

1.3 Data Sources

As previously mentioned, the Caserta linkage database consists of several compo-
nents which can be linked to each other via anonymized unique patient identifiers:
claims databases, disease registries and a general practicioner (GP) prescription
database. The Caserta linkage claims database currently contains demographic and
clinical information on 1,159,385 persons residing in the Caserta catchment area
from 2009 to 2019. Of these, 985,275 were active as of 31 December 2019. For a
subset of 654,378 (66.4%) subjects, GP prescriptions with associated indication of
use can be linked to the claims databases at the patient level. The general character-
istics of the underlying population are shown in Table 1. The average follow-up time
of persons registered in the database is about 8.0 years for the whole population and
5.4 years for the GP subset. The shorter average follow-up for the GP subset is due
to the necessity of using a dedicated algorithm to identify valid observation periods
based on the availability of data for a specific GP. Data collection stopped in 2014.

1.3.1 Claims Databases

Sincemost of the health care costs in Italy are covered by theNHS, electronic data are
collected for administrative purposes from pharmacies, hospitals, laboratories, and
outpatient specialist centres in the context of primary, secondary, and tertiary care.
NHS claims data are collected for patients from birth until death. Claims databases
in Italy are very similar within each Italian region and within each city. They have
been described in great detail elsewhere (Trifirò et al. 2019). Caserta claims data
conform to this description.

There is a specific claims database from the Caserta LHU for each branch of
health care service provided. These databases can be linked to GPs’ prescriptions at
the patient level through anonymized unique patient identifiers. Due to the fact that
data are anonymized, it is not possible to re-contact persons in the database for the
collection of additional data. However, it is possible to identify the GPs caring for
specific patients, to contact the GPs, and to ask them for further information. This
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Table 1 General characteristics underlying population for the Caserta record linkage database
(2009–2019) and for the sub-population identified directly from theGPprescription database (2000–
2015)

Overall Caserta LHU residents N
= 1,159,385 (%)

GP prescription database N =
654,378 (%)

Sex

Male 573,435 (49.5) 318,572 (48.7)

Female 585,950 (50.5) 335,806 (51.3)

Mean age ± SD 35.5 ± 23.2 39.5 ± 20.5a

Age classes (years)

<45 755,756 (65.2) 398,645 (60.9)

45–64 253,014 (21.8) 166,134 (25.4)

65–80 117,073 (10.1) 73,253 (11.2)

>80 33,542 (2.9) 16,346 (2.5)

Mean follow-up (years) 8.0 ± 3.0 5.4 ± 2.0

Cumulative person-years 9,338,503 3,511,084

aGPs in Italy only have patients who are 14 years or older; younger patients are visited by family
pediatricians. Abbreviations GP—general practitioners; LHU—local health unit; SD—standard
deviation

can be useful when validating diagnoses identified through algorithms. Usually, the
claims databases are updated every six months and the lag time for new data to be
available is about one year. The individual claims databases are outlined below.

• Demographic registry: These data consist of an updated list of inhabitants who are
registered with a GP practicing in the Caserta LHU catchment area. This registry
contains information about age, gender, date of registration in the regional health
care system, and where applicable, date of death or deregistration of the persons
cared by GP. There is no information on the cause of death.

• Drug dispensing database: This database contains data on outpatient drug
dispensing which occurs via direct distribution through public or private pharma-
cies. The database contains data concerning only the dispensing of drugs which
are reimbursed by the Italian National Health System (NHS) for persons regis-
tered with the Caserta LHU. Drug dispensing data contain information on the
drug name, number of prescribed packages, the national drug code, and cost of
the packages. The national drug code (Autorizzazione Immissione in Commercio)
is assigned to each medication when it is approved to be marketed in Italy. It is
specific to the active pharmaceutical product, the strength, route of administra-
tion, and marketing authorization holder. This means that through this code, all
drugs identified in the database can be described in detail. Drug information in
the database is also coded using the Anatomic and Therapeutic Chemical (ATC)
classification code. From 2015, approximately 70% of all pharmacy claims for
drugs covered by the NHS collected from community pharmacies had the indi-
cation of use registered through the International Classification of Diseases, 9th
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edition, with clinical modifications (ICD-9-CM) code. Over-the-counter drugs are
not reimbursed in Italy. For this reason, prescriptions for these drugs cannot be
captured in the Caserta claims linkage database. Drugs which are reimbursed by
the NHS but which are not bought through the NHS are also not captured. Infor-
mation on the duration of a pharmacy claim is deduced based on the assumption
that the doses prescribed are in line with the ‘defined daily dose’ as outlined by
the World Health Organization.

• Therapeutic plans database: This database contains information on expensive
drugs which can only be prescribed by qualified specialists. Specifically, the
generic name of the drug prescribed, the date of dispensing, the indication of
use, and the dosing regimen including daily dosage and duration are captured.

• Hospital discharge database: This database contains information from hospital
discharge records for persons living in the Caserta LHU catchment area. Each
hospital discharge record contains the admission and discharge date, the primary
diagnosis (i.e., the main cause of hospitalization) as well as up to five secondary
diagnoses and performed hospital procedures with associated costs. Diagnoses
are coded using ICD-9-CM codes. Data concerning discharge diagnoses from
hospitals within as well as outside (around 5–10% of all hospitalizations) Caserta
LHU are captured. In the latter case, persons living inside the LHUCaserta catch-
ment area have been treated in hospitals outside of this area, which leads to
approximately one year extra lag time for data collection.

• Emergency department admissions database: This data concerns the reasons for
admission to emergency departments of the hospitals inCaserta LHU, coded using
ICD-9 CM codes. Date of admission and discharge are also available.

• Referrals for outpatient diagnostic tests and specialist’s visits database: This
database contains the referrals for both outpatient radiologic and laboratory diag-
nostic tests which are performed in public health care centres and are reimbursed
by the NHS. In addition, special ambulatory procedures (e.g., dental extraction)
and specialist visits are also registered. The procedure or examination costs based
on the regional formulary are reported. Data are coded using a regional diagnostic
test coding system and are available for all residents in the catchment area of the
Caserta LHU. The date of a procedure or examination as well as the name of the
laboratory where the tests were carried out are also available. The results of these
tests are available for approximately 20% of the catchment population covered in
the whole claims database.

• Laboratory tests values database: Around 20% of the laboratory tests for people
residing in Caserta are performed in public health care clinics using a common
software facilitating centralization of the results of these tests, which are captured
in a dedicated database.

• Database of co-payment exempt patients: This database contains coded infor-
mation about specific diseases (often chronic and/or debilitating diseases such
as diabetes and Parkinson’s disease, respectively) or socioeconomic factors that
render a subject eligible for exemption from health care co-pay, i.e., from the
contribution fees for a particular service. For patients with an exemption code,
the date of start and, if applicable, end of exemption are available.
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1.3.2 Frailty Registry

For all persons who are ≥65 years, yearly comprehensive geriatric evaluation forms
have to be electronically filled by theirGP (Guerriero et al. 2015). Currently, for about
80%of elderly persons in the catchment area, there is at least one evaluation form.The
available information concerns drug prescriptions, co-morbidities, and functional
status. The functional status is a rich source of geriatric data as it contains the results
of specific evaluation scales on accommodation, activities of daily living, mobility,
nursing needs, social conditions, mental conditions, ability to speak and hear, seeing
ability, physical activity, urinary and intestinal continence, as well as smoking status,
alcohol consumption, and weight and body mass index. The evaluation of the forms
is carried out by the GPs once a year with the obligation to record the information.

1.3.3 Clinical and Disease Registries

From 2015, the Caserta LHU has launched several disease- and therapy-specific
registries to evaluate the appropriate use of health care resources and tomonitor health
care expenditure. Currently, registries for diabetic patients, hypertensive patients,
coeliac disease patients, patients undergoing dialysis, and those with chronic kidney
disease on a low protein diet are available. These databases contain data which can
be linked to pharmacy claims and to clinical values of specific tests. For example,
it is possible to identify the blood pressure values, low density cholesterol level
values, glycated hemoglobin, and body mass index, etc. In 2018, there were 63,275
patients in the diabetes registry (5% of persons in the Caserta claims database) and
213,599 persons with hypertension in the hypertension registry (18.4% of persons
in the Caserta claims database).

1.3.4 GP Prescription Database

GPs act as gatekeepers in the Italian national health care system for patients aged
14 years or older, issuing drug prescriptions and referring patients to specialists for
examinations, hospitalizations (except for those via emergency department), and
diagnostic tests. GPs who contribute to the GP database and record prescription
data during their daily clinical practice use dedicated software and send anonymized
data on prescriptions and indications of use to a coordinating centre on a monthly
basis. All data are checked for completeness and stored in a central server. The GP
prescription database covers about 60% of the inhabitants of the Caserta catchment
area, as not all GPs practicing in the same area transfer data periodically to the central
database. A comparison of the population identified from the claims database and
from the GP prescription database is outlined in Table 2.

TheGPprescription database contains information ondrug prescriptions issued by
GPs with the related indication of use coded using ICD-9-CM. Prescriptions written
by specialists are also updated to the patient prescription history in the Caserta claims
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Table 2 Overview of available data in the Caserta claims linkage database

Type of database Data source Starting from Population covered

Claims Demographic registry 2000 Caserta LHU population
(reference) (%)

Drug dispensing (from either
private pharmacies or direct
distribution from specialist
center) database

2004 100

Oncologic drug registry 2013 100

Therapeutic plan database 2011 100

Hospitalization and hospital
procedures database

2000 100

Emergency department
admissions

2012 100

Request for outpatient
diagnostic tests and specialist
visits database

2007 100

Registry for exemption
code-granted patients

2000 100

Laboratory test values 2014 ~20

GPs’ prescriptions with
associated indication of use

2000 ~63

Frailty database Multidimensional geriatric
assessment

2013 ~80% of ≥65 years old

Disease registries Disease-registries (e.g.
diabetes mellitus, celiac
disease, etc.)

2015 Disease specific

Abbreviation GP—general practitioner; LHU—local health unit

linkage database if the drugs are reimbursed by the NHS. For each prescription,
the date of prescription, anonymized physician code, number of prescribed drug
packages as well as the national drug code are available. As with the pharmacy
claims database, the duration of the prescription is not available, but is deduced
based on the assumption that the doses prescribed are in line with the ‘defined daily
dose’ as outline by the World Health Organization.

1.4 Strengths and Limitations

The main strength of the Caserta record linkage database is its multifaceted patient
data derived from both clinical and administrative data sources in a large general
population with several years of follow-up. The high coverage of the population in
the catchment area is another important strength of the claims database, as practically



154 G. Trifirò et al.

all persons living in Caserta are NHS beneficiaries and would therefore have their
data captured. Since most medications available in Italy are covered by the NHS,
there is also a high coverage of medications used, provided that they are purchased
through the NHS. Another important strength is the availability of the information
about indications of drug use. While these are available only up to 2015 from the
database containingGPprescriptions, the electronic prescriptionswhich startedbeing
collected in 2015 have continued providing this information. The presence of yearly
comprehensive geriatric evaluations, available for approximately 80% of the elderly
persons living in Caserta, is another strength of the Caserta data. In general, such
information is rarely recorded routinely in claims databases.Data related to frailty can
be very useful if adjusted for confounding, which is usually unmeasured. The data in
Caserta has expanded in recent years. For example, recently, data collection has begun
for a pregnancy registry,which contains detailed information aboutmaternal health as
well as information on the delivery and infant health. This pregnancy registry allows
mother-baby linkage, which is very useful for pharmacoepidemiological studies.
Pregnantwomen can currently only be identified for data analyses using specific ICD-
9-CM codes indicating pregnancy identified from the hospital discharge database
and/or the GPs’ prescriptions with indications. Altogether this information provides
a very detailed overview of the general population,making the Caserta record linkage
database a valuable tool for pharmacoepidemiological research.

The Caserta data also has some limitations. The hospital discharge database is the
main manner in which explicit diagnoses are recorded in all of the Caserta claims
databases. This means that persons who are not hospitalized will likely not have any
other diagnoses recorded in other claims. In addition, the diagnoses from the hospital
discharge claims are more likely to concern acute rather than chronic diseases. As
a result, the identification of diseases in the Caserta claims data is usually done
through proxies (e.g., using anti-diabetic drugs to identify diabetics) or through
complex algorithms, based on patient characteristics, which are relevant to a specific
disease. There are also some limitations concerning drug use capture, such as the
lack of data on dosing regimen for all drugs that are dispensed without a therapeutic
plan. All information on drugs that are not covered by the National Health Service
(e.g., benzodiazepines) as well as drugs dispensed during hospital stays are also not
captured. Another limitation is that data concerning laboratory test results, geriatric
evaluations, and GP prescriptions are only available for a subset of the Caserta
population that can be linked to the claims database population.

1.5 Quality Checks

There are several quality checks that are performed on the Caserta claims linkage
database at different phases of data collection and analysis. The completeness of
the data is checked in-house (e.g., missing records, correct and/or valid data format,
duplicate records), data quantity and quality over time is compared to ensure that
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it is consistent (e.g., comparing new data to past validated data) for internal valida-
tion, and external validation is conducted by bench-marking, i.e., by comparing the
demographic characteristics of the population under study, frequency of drug utiliza-
tion as well as comorbidities in the single databases with other databases and/or
national estimates as provided by the Italian national statistics office. Frequencies
of recorded codes and patient numbers are calculated yearly to identify unexpected
differences in available data. An external check is also conducted using IQVIA
data for Caserta, allowing checks on drug purchasing and costs related to both reim-
bursed and not-reimbursed drugs purchased in pharmacies and hospitals. This type of
external check provides a reliable drug-level measure about the proportion of drug
prescriptions/dispensing that are non-reimbursed (mainly over-the-counter drugs),
and that are, for this reason, not recorded in the Caserta claims linkage database.
This validation provides an overview of the volume of dispensed drugs that cannot
be otherwise captured in the Caserta claims linkage database.

1.6 Governance and Ethical Issues

The use of Caserta claims and associated data is allowed through a specific agreement
which is signed by the Caserta Local Health Unit (data owners) and the public
institution requesting data use (e.g., University of Messina). Data contained in the
Caserta record linkage database are fully anonymized and securely transferred and
stored in a central server. All studies carried out using the Caserta record linkage
database are non-interventional, observational, retrospective studieswhich in Italy do
not require any approval from the Ethical Committee (only notification) or informed
consent for included subjects as long as data privacy is guaranteed. Therefore, the
Ethical Committee of the Academic Hospital G. Martino of Messina is only notified
of all studies conducted using the Caserta record linkage database. All observational
studies are carried out according to the terms of the above mentioned agreement and
with the active participation of a special team of health professionals and researchers
from Caserta LHU. Sharing data at the patient level is not allowed, while fully
anonymized aggregated data can be shared in case of multiple database studies.

1.7 Publications

Several studies were published in the area of chronic kidney disease (Ingrasciotta
et al. 2014, 2015; Trifirò et al. 2014; Sultana et al. 2015), diabetes (Trifirò et al. 2016;
Rafaniello et al. 2015), and cardiovascular diseases (Trifirò et al. 2008a; Ferrajolo
et al. 2014; Piacentini et al. 2005) using the Caserta record linkage database. Drug
utilization and/or safety studies were also conducted on central nervous system drugs
(Trifirò et al. 2007, 2008b;Alacqua et al. 2009;Oteri et al. 2010) and the effectiveness
and safety of bisphosphonates (Lapi et al. 2013; Ghirardi et al. 2014a, b). The Caserta
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record linkage database was also used to assess the effect of an educational program
in primary care (Arcoraci et al. 2014) and the effects of theL’Aquila earthquake on the
prescribing pattern of antidepressant and antipsychotic drugs (Trifirò et al. 2013).
The Caserta data have also been widely used to study biologics along with other
databases in Italy (Ingrasciotta et al. 2019; Belleudi et al. 2019;Marciano et al. 2018).
Today the Caserta claims linkage database Arianna is increasingly used to carry out
epidemiological studies in several research fields as well as post-authorization safety
studies, many of which are currently in progress.
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Pedianet Database

Anna Cantarutti and Carlo Gaquinto

Abstract Pedianet is an independent network of family paediatricians established in
1998 to collect information from outpatient family paediatricians in Italy for clinical
and epidemiological research (e.g., pharmacovigilance studies, studies onprescribing
patterns, and studies of the efficiency of health services). The Pedianet database’s
beginning dates back to January 2000. The Pedianet system has the advantage of
collecting data at a population level as a by-product of routine activities, therefore
generating a far larger quantity of data than ad hoc studies.

1 Database Description

1.1 Introduction

Pedianet is an independent network of family paediatricians established in 1998 to
collect information from outpatient family paediatricians in Italy for clinical and
epidemiological research (e.g., pharmacovigilance studies, studies on prescribing
patterns, and studies of the efficiency of health services). The Pedianet database’s
beginning dates back to January 2000. The Pedianet system has the advantage of
collecting data at a population level as a by-product of routine activities, therefore
generating a far larger quantity of data than ad hoc studies.

In January 2007, a new law came into force in Europe, which states that for
registration of new drugs it is mandatory to present a Paediatric Investigation Plan
to the European Medicines Agency (EMEA). In addition, there are a number of
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incentives for companies to obtain a paediatric licence for drugs that are already on
the market, both under patent and “off patent”. In this context, the role of Pedi-
anet not just as a database (especially for pharmacovigilance studies) but as an
organised structure in which different competencies converge is essential. This is
being confirmed by the presence and participation of Pedianet in important Euro-
pean projects, such as TEDDY (Ceci et al. 2009), which is an EU-funded Network of
Excellence (NoE), EU-ADR, EU-ADR alliance (both on pharmacovigilance), EMIF
(European Medical Information Framework) and ADVANCE (Accelerated develop-
ment of vaccine benefit-risk collaboration in Europe) as well as by the increasing
interest European institutions, research groups, and pharmaceutical companies are
showing to collaborate with Pedianet.

1.2 Database Characteristics

The Pedianet system is based on the transmission of specific data (determined by
individual studies) from computerised clinical files, which the paediatricians in the
network fill out during their daily professional activities. Data are anonymously
collected and validated by a central server in Padua. The database is owned and
maintained by the Società Servizi Telematici (So.Se.Te). Approximately 200 paedi-
atricians throughout the country (3% of all Italian paediatricians) have thus far been
participating in the project, regularly sending information on their activities for the
Pedianet database. The coordination of the database and data analyses is carried out
by a scientific committee, which includes internationally well-known paediatricians,
epidemiologists, and researchers. In Italy, paediatric primary care is provided exclu-
sively by primary care paediatricians (PCPs). Primary care includes general first-
access care for children and adolescents (0–16 years), which is provided by PCPs
paid through a state collective agreement. The Italian Public Health Care System
requires that all children have an identified primary care provider (Corsello et al.
2016).

Data collection started in January 2000 with a 3-year test period and is still
ongoing. Pedianet counts about 265,0001 children aged between 0 and 16 years
old. Children enter the database with the first visit recorded by their paediatrician
and exit when reaching the age of 14 and/or changing residence and/or dying. The
average follow-up time is 14 years, demographic and socioeconomic status infor-
mation are recorded respectively for parents and the child. The Pedianet database is
representative of the paediatric Italian population.

The data from paediatric general practitioners and family paediatricians form
a unique resource, both for studying individual diseases, as well as for studying
the interactions between different areas of health care and population health. The
database is updated in real time.

1On December 31, 2015.
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1.3 Available Data

The data include demographic information as well as information on inpatient
diagnoses (48,000,001), drug prescriptions (31,500,001), anthropometric measures
(16,400,001), specialist medical examinations (12,000,001), and physical examina-
tions or lab tests (16,000,001).

Demographic data include year of birth, age, sex, region of residence, nationality,
and information about the parents (e.g., nationality, smoking habits, educational level
of the mother and the socioeconomic level, were recorded). In addition, the type of
breastfeeding at 1, 3, 6, 9, and 12 months after birth, parity, Apgar score at 1, 5, and
10 min after birth, gestational age, birth weight, birth height, jaundice and family
illnesses are recorded. Additional information on the health status of the mother may
also be available but is not routinely documented. Date and cause of death of a patient
are also recorded in the Pedianet database.

Information on outpatient diagnoses and symptoms includes primary and ancillary
diagnoses, the date of diagnosis, and diagnostic certainty. Diagnoses are coded using
the International Classification of Diseases, version 9 (ICD-9) with at least four
digits. Outpatient prescriptions, treatment, including immunizations, and diagnostic
procedures (laboratory tests and physical examinations) are also recorded.

Outpatient prescription information, both for reimbursed and non-reimbursed
drugs, includes the date of prescription and the date of dispensation, the indica-
tion, the ATC code, the Italian MinSan code, the number of prescribed packages,
and the dose prescribed.

Information about physical examinations and laboratory tests is generally docu-
mented, including the measured value, the date, and if necessary, the reason for
performing the examination or test.

Patients can be re-contacted through the participating paediatrician to gather addi-
tional information. It is also possible to identify familymembers (brothers and sisters)
within the database.

The Pedianet project team is now developing a system to link Pedianet databases
with other administrative databases such as the Immunisation database or the hospi-
talization database. This will greatly improve the completeness of data available for
research.

1.4 Strengths and Limitations

A major strength of the Pedianet database is its size. The database counts 265,000
Italian children aged from 0 to 16 years old. Information on diagnoses, prescriptions,
and outcomes are quite comprehensive reflecting the field work of paediatricians.
The size and the long follow-up time allow studying rare events and rare exposures.
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Finally, the data are produced in clinical practice and thereby represent a unique
observational experience that allows studying the dynamics of the various aspects of
healthcare (including effectiveness and impact studies) as well as the state of health
of the population.

The main limitations of the database include the lack of information of the family
environment, an underreporting of hospitalization and immunization data, and the
lack ofmanyOTCprescriptions. Thismakes Pedianet not fully appropriate for studies
on non-specific outcomes. However, these studies can be performed through prospec-
tive observational cohort studies which have been successfully carried out using the
Pedianet network.

1.5 Validation

Validation is an important process tomake Pedianet data suitable for both prospective
and retrospective studies thanks to the possibility to contact paediatricians to check
the validity of the information. Data validation is ensured through:

1. Checking the correspondence of data with information on the child’s medical
record

2. Contacting the treating doctor to ask for patient information and comparing this
information with that in the Pedianet database

3. Checking for outliers
4. Ensuring that the medication prescribed to a patient is consistent with the

diagnosis
5. Ensuring that the results of medical tests performed are consistent with the

diagnoses.

In the near future, data will be directly transferred to the Pedianet database from
the electronic health records (the so called Fascicolo Sanitario Elettronico, FSE),
which collects all hospitalization, medical tests, and examinations done. From then,
the validation of these data is no longer necessary, or will at least be faster.

1.6 Governance and Ethical Issues

The Pedianet database has been registered according to the Italian law. Data are
included in the database only after written informed consent is obtained from the
parents of the child. Data are collected anonymously on a central server in Padua,
where it is validated and prepared for research.

Access to the database is allowed only for Pedianet researchers in the context of
research projects that have been approved by both the Steering Committee and the
Ethics Review Board (if required). It is not permitted to give third parties access to



Pedianet Database 163

the data. Patient level data cannot be shared, however aggregated data may be shared
with research partners, e.g., for pooled analysis.

The coordination of the projects and data analysis is carried out by a scientific
committee that includes internationally well-known paediatricians, epidemiologists,
and researchers.

1.7 Documents and Publications

Over 30 clinical epidemiological studies on major paediatric diseases or pharma-
covigilance have been carried out or were ongoing up to 31th December, 2015.
These studies have resulted in over 70 publications and conference presentations.

Relevant papers on risk quantification includeDona et al. (2016);Menniti-Ippolito
et al. (2000); Sturkenboom et al. (2005). Some examples of published results of
studies on the incidence of specific disease are Cantarutti et al. (2015); Pacurariu
et al. (2015); Nicolosi et al. (2003); Barbato et al. (2003).

1.8 Administrative Information

The database is maintained and owned by the Società Servizi Telematici Srl. The
maintenance of the database is funded through different research projects. Studies
carried out to date have been financed by public bodies (European Commission,
Istituto Superiore di Sanità, AIFA, Consiglio Nazionale delle Ricerche, Regione
Veneto,Aziende Socio Sanitarie, Istituto Zooprofilattico delle Venezie, etc.), or private
groups such as pharmaceutical companies or international research groups.

Contact Details
Organisation/affiliation: Società Servizi Telematici Srl, Via G. Medici 9/A, 35121
Padua (PD), Italy

Administartive Contact: Carlo Giaquinto
carlo.giaquinto@unipd.it
(+39) 049 8726723
Website: http://www.pedianet.it/en/
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Abstract BIFAP includes information routinely collected by primary care physi-
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1 Database Description

1.1 Introduction

Spain has a National Health Service (NHS) that provides universal access to health
services to the Spanish population through the Regional Healthcare Services. PCPs
at NHS primary care centers have a central role. They act as gatekeepers of the system
and also exchange information with other levels of care to ensure the continuity of
care. Most (98.9%) of the population is registered with a PCP under the Spanish
NHS (Ministerio de Sanidad Consumo y Bienestar Social 2019) and, in addition,
most drug prescriptions are written at the primary care level (Bernal-Delgado et al.
2018).

BIFAP (Base deDatos para la Investigación Farmacoepidemiológica en Atencion
Primaria) is a longitudinal population-based database of computer-based medical
patient records, fromPCPsbelonging to theNHS, and situated in anyoneof the partic-
ipating Autonomous Communities (Regions) throughout Spain (www.bifap.org).
BIFAP is a non-profit program financed by the Spanish Agency on Medicines
and Medical Devices (AEMPS), a government agency belonging to the Ministry
of Health, Consumer Affairs and Social Welfare. Ten out of 17 regions of Spain
collaborate in the program and participation of the regions in BIFAP is voluntary
(Maciá-Martínez et al. 2020).

The main use of BIFAP is for research purposes in order to evaluate the adverse
and beneficial effects of drugs and drug utilization patterns as used in the general
population under real conditions of use.

1.2 Database Characteristics

BIFAP includes information routinely collected by primary care physicians (PCPs) in
their practices (real-world data). In 2018, the BIFAP database included anonymized
and prospectively recorded data in the electronic medical records (EMR) of 7566
PCPs (6419 General Practitioners (GPs)/1147 pediatricians) up to the end of 2018.
The valid study period in BIFAP starts in 2001 when the EMRs where fully imple-
mented throughout Spain (Salvador Rosa et al. 2002). Information before EMR
implementation is available as registered by the GP.

The BIFAP database is updated yearly. The total number of patients available for
studies in the 2018 database is 12million (2.3million pediatric patients), representing
102million person-years of follow-up. Themean follow-upof patients in the database
is 8.6 years and the number of patients with follow-ups of 5 years or longer is 8.9
million (Fig. 1).

The number of patients with up-to-date information in 2018 (active patients) is 8
million, representing 17% of the total Spanish population. This percentage increases
to 57.6% if only the seven regions currently providing EMR data are considered.

http://www.bifap.org


BIFAP Program: A Data Resource for Pharmacoepidemiological … 167

0.7

1.9

2.9
3.5

4.1
4.6

5.1
5.6

7.8
8.4

8.9
9.4

9.9
10.5

11.1

11.9

0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

≥ 15y ≥ 14y ≥ 13y ≥ 12y ≥ 11y ≥ 10y ≥ 9y ≥ 8y ≥ 7y ≥ 6y ≥ 5y ≥ 4y ≥ 3y ≥ 2y ≥ 1y ≥ 0y

m
ill
io
ns

Fig. 1 Distribution of years of follow-up of patients included in BIFAP database. Y-axis: Nº of
patients in BIFAP (in millions). X axis: Minimum (≥) number of years (y) patients are followed
in BIFAP database (for instance, 7.8 million patients have at least 7 seven years of person-time of
follow-up in BIFAP)

The whole population of five Spanish regions (Aragón, Asturias, Castilla y Leon,
Murcia, and Navarra) is currently covered (population-based scheme) and inclusion
of the whole population of the other participants’ regions is foreseen within the next
two years. The yearly evolution of the number of active patients in BIFAP and the
geographical distribution of patient data contributing to BIFAP within Spain are
shown in Figs. 2 and 3, respectively.

1.3 Available Data in BIFAP

ThePCPs’ electronicmedical records contain details on demographics, prescriptions,
episodes of care (diagnoses/symptoms), specialist referrals, other additional health
data (test results, interventions, etc.) and clinical notes registered as free text. Detailed
information is included in the following subsections and summarized in Table 1.

Information in BIFAP is anonymized and no patient’s personal identifiers are
included in the BIFAP database. Most, but not all participating regions share the
same EMR software. Consequently, there is heterogeneity in how the information
is provided to BIFAP. The information is harmonized into a BIFAP common data
model in order to be available for research purposes. The structure of the BIFAP
common data model is displayed in Fig. 4.

Administrative/Sociodemographic information
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Regions in BIFAP
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11,916,725 8,070,546 (57.6%)

(17.3%)

Fig. 3 Geographical distribution of patient data contributing to BIFAP in Spain

BIFAP data include information on the dates patients were registered or left a PCP’s
practice. Additional demographic data such as age and sex are also collected. Date
of death is registered in primary care for administrative purposes whilst the cause of
death is available only if registered by the PCPs. No structured information is avail-
able on the socioeconomic status and ethnicity of patients. Nevertheless, this infor-
mation might be available as free text or by using related codes for an undetermined
number of patients depending on the PCP’s registering habits.

Health problems information (Episodes of care)
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Table 1 Data available in BIFAP

Type of patient data Data available

Administrative data Dates when patients were registered or have left
a PCP’s practice, including date of death

Socio-demographic data Age, gender

Lifestyle data/additional health data Smoking, alcohol intake, weight, height, blood
pressure

Laboratory test results

Health problems in primary care Diseases/symptoms leading to patient
consultation (episodes of care)

Results of diagnostic procedures Laboratory, imaging

Recorded either in structured format or as free
text

Referrals to specialists/information of other
levels of care

Referrals to specialists (out-patient/in-patient)
and to emergency services

Essential data derived from referral (new
diagnoses, interventions, results of specialized
tests, etc.) are recorded either in structured
format or as free text

Hospital discharge diagnosis Through linkage with hospital registries; present
coverage: 50% of patients included in BIFAP in
the last 5 years

Interventions: medicines Medicines prescriptions

Dispensings (coverage in 2018: 75% of all
recorded prescriptions)

Vaccination records

Interventions: other Recorded either in structured format or as free
text

Death Date of death included for administrative
purposes

Cause of death through linkage with Spanish
Mortality Registry (expected 2021)

Currently, two coding systems with different levels of granularity coexist in BIFAP:
The International Classification of Primary Care (ICPC) (WONCA International
Classification Committee 1998) and the International Classification of Diseases
(ICD-9) (Centers for Disease Control and Prevention 2015). The ICPC is the coding
system for eight of the participant regions, and its granularity is limited as compared
with ICD-9 (~1300 vs. ~13,000 codes, respectively).

In EMR software, the episode of care is coded and also labeled as incident
symptom/diagnosis (DI), personal history (PH), and/or clinical problem list (CPL).
Any action taken by the PCP and related to that episode (referrals, prescriptions,
procedures, laboratory tests, radiology, etc.), and the additional clinical notes as free
text, must be linked to the DI. The clinical notes as free text, once anonymized, can
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Fig. 4 Structure of the BIFAP Common Data Model

be used: To better characterize the coded entries for validation purposes; to identify
diagnoses not properly coded or to obtain specific information about the diagnosis
registered by the PCP (i.e., cancer stage, specific interventions, etc.).

To facilitate the identification of the episode of care, the EMR software contains
an internal thesaurus where a list of descriptors of diseases, signs or symptoms
is linked to the different dictionary codes. Often, these descriptors provide more
detailed information than that in the corresponding code. Also, only for ICPC-based
EMR software, new descriptors can be included at the local level, and the PCPs can
also modify or add information to the selected episode of care descriptor. This EMR
software flexibility results in a large number of different diagnosis descriptors in the
BIFAP database (8.5 million).

To standardize this, BIFAP has developed its own research dictionary (ICPC-
BIFAP) by adding a fourth digit to the original three-digit ICPC code of the most
frequently used descriptors, increasing its granularity. In 2018, the ICPC-BIFAP
dictionary included 5100 indexed terms. Concerning the regions coding with ICD-9,
the diagnosis information received in BIFAP is already normalized, given the high
granularity of themedical terms dictionary information and the quality control proce-
dures performed. Thus, no further actions are performed in BIFAP. Both together,
ICPC-BIFAP and ICD-9 codes cover about 88.7% of all diagnoses registered in
BIFAP (221.8 million).

To ease the management of events in epidemiological studies, specific algorithms
have been developed that identify valid clinical events to be included in the BIFAP
catalog of events. Clinical event algorithms include related codes in both ICD-9
and ICPC-based BIFAP dictionaries. Depending on the characteristics of the event
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and, in order to maximize its sensibility and specificity, the algorithms might also
include laboratory test results, additional health data, string text search strategies in
GP clinical notes, etc.

The validity of the clinical event algorithms is addressed by reviewing a sample
of cases (internal validity) and by comparing epidemiological measurements (i.e.,
incidence, prevalence) with the available evidence. To date, the BIFAP catalog of
events includes 260 events including those most frequently used in pharmacoepi-
demiological studies and also others developed in the context of the studies already
performed with the database.

Drug prescription information

Drug prescription information in BIFAP includes the product name, the active
substance, number of prescribed packages, the intended duration, the dosage regi-
mens, the strength and the indication for the prescription. Prescriptions are coded
according to the Anatomical Therapeutic Chemical (ATC) classification system
(WHO Collaborating Centre for Drug Statistics Methodology 2019).

Drug prescription information in BIFAP is based on prescription by PCPs who are
responsible for most of the drug prescriptions in the Spanish NHS. Prescriptions for
patients are generated directly by the computer and prescription details (drug type,
dosage, etc.) are recorded digitally. Electronic drug prescription systems linked to
community pharmacies are being progressively implemented in the different regions
participating in BIFAP. This also facilitates the identification of dispensings by phar-
macies. In 2018, 75% of the prescriptions in BIFAP were e-prescription records
(OECD/European Union 2018) (see Fig. 5).

Prescribed medicines are linked to an episode of care record (describing symp-
toms or diagnoses) facilitating the analysis of the prescription’s indication although,
in some circumstances, this linkage may not reflect the indication accurately. The

Fig. 5 Proportion of electronic prescription-dispensation records among all prescription records
in BIFAP (by year)
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validity of the linkage of a prescription to its indication is limited by the granularity
of the medical terms dictionary, the availability of the indication as a code and the
prescription habits of the PCP. So, as a sensitivity analysis, it is always recommend-
able to also analyze all the diagnosis information included in the clinical profile
regardless of the linked code of the drug of interest.

Drugs prescribed by hospital doctors, other specialists or in the private health care
setting are not registered in BIFAP in a structured way, unless the treatment is to be
continued by the PCPs. Also, medications dispensed without a prescription (OTC)
are not available in PCP records and thus also not in BIFAP. However, the number
of drugs that can be prescribed OTC is limited in Spain.

Additional health data

EMR software allows registering other health care data such as lifestyle variables
(smoking, alcohol intake, body mass index, etc.), other measurements commonly
performed in the primary care setting (i.e., blood pressure, height, weight, etc.), and
vaccinations.

Laboratory test results are also available as entered by the PCPs or, more
frequently, by direct dump of the data into the PCPs EMR depending on the facilities
available when recorded.

Information on radiology results and diagnostic procedures is available as entered
by the PCPs in free text fields.

Information on other levels of care

Patients attending hospital or outpatient specialist care are usually referred by
PCPs, although self-referred patients to emergency departments are also possible.
The reason for the referral by the PCP is always available for administrative
purposes, but the availability of results of the referral and emergency department
visits in the EMRs depends on the PCPs manually entering this information, either
coded or as clinical notes in free text fields. Nevertheless, hospitalized patients are
frequently referred at discharge to the PCPs for follow-up of their diseases. In addi-
tion, currently, PCPs have on-line access to the patients’ specialist records (outpa-
tient specialist/hospitalizations). Consequently, specialist’s information is usually
available in the PCPs EMR.

Ability to link to external data

BIFAP is in the process of linking primary care records with records from other data
sources, specifically coded diagnoses at hospital discharge and mortality registry
information. To date, hospitalizations are available for a subset of periods and regions
participating in BIFAP, representing around half of the BIFAP population in the five
most recent years. Drug dispensings by pharmacies are also available in BIFAP
through the linkage of the electronic drug prescription systems to the commnity
pharmacies (see section drug prescription information and Fig. 5).
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Fig. 6 Proportion of patients in BIFAP with linkage to hospitalization discharge data by year

Concerningmortality, the linkage of BIFAP primary care recordswith the Spanish
mortality registry is expected for 2021. This will provide the cause of death as
registered in the mortality registry of patients included in the BIFAP database.

1.4 Strenghts and Limitations

The main strengths of BIFAP are related to:

• Its large sample size (12 million patients) and population-based nature, covering
57.6% of the population in the seven regions providing PCPs’ EMRs in BIFAP,
representing the whole population in five of the participating regions.

• The longitudinal nature of the database and data availability for many years,
enabling long follow-up of patients.

• The representativeness of routine clinical care and the validity and quality of the
information included in the database that has been assessed in multiple validation
studies.

• The availability of complete medical records from PCPs including clinical notes
as free text and the linkage to other healthcare data sources like hospital registries
and mortality registries.

• Complete and detailed information on characteristics of drug prescriptions and
dispensings including indication, dose, and intended duration.

• The annual updates of the database facilitating accessibility and efficiency to
perform pharmacoepidemiological studies without long delays.

• Support and full integration in the activities of the Agency on Medicines
and Medical Devices (AEMPS). A multidisciplinary team with expertise and
deep knowledge of the BIFAP database that includes senior epidemiologists,
statisticians, information technologies personnel, and administrative staff.
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Concerning the limitations of BIFAP, it is important to note that data are collected
primarily for clinical and routine use rather than for research purposes. Conse-
quently, consideration of the limitations of the data is neededwhen conducting studies
and interpreting the results. Specific considerations when using BIFAP data are the
following:

• Data on outpatient specialist care are not currently available through linkage
with the specific data sources. The in-patient specialist care (hospitalizations) is
available for a subset of patients and time periods. However, BIFAP is a primary
care database where the PCPs exercise a ‘gatekeeping’ role to secondary care.
Results of referrals to hospitals or to specialists are available as entered by the
PCPs either by coding or as clinical notes in free-text.

• The cause of death is not available systematically. Linkage with the Spanish
mortality registry is expected for 2021.

• Laboratory or imaging test results are not registered systematically in a structured
way, being more likely to be entered if abnormal.

• Data on drugs administered or dispensed in the hospital setting or prescribed in
private health care settings are not available.

• As in similar databases, treatment compliance is not recorded. Therefore, infor-
mation on a prescription dispensed does not necessarily mean that the drug was
actually taken.

• The linkage of a prescription to an episode of care may not properly reflect the
indication of the prescription. Indication studies based exclusively in the use of
linked codes are limited by the granularity of the medical terms dictionary, the
availability of the indication as a code and the PCPs’ prescriptions habits.

1.5 Validation

The validity of BIFAP depends on the quality and completeness of the data recorded
by the PCPs. The raw data provided by participating regions undergo extensive
quality control and validity checks by BIFAP database administrators for database
integration purposes. Patient-level data are also assessed, with patients considered as
acceptable for inclusion in the BIFAP database after several consistency and quality
control checks.

Complete patients’ clinical profiles as registered by the PCPs are available for
research purposes. This allows performing validation studies by reviewing clinical
profiles, including clinical notes as free text, in order to identify case events with
a high likelihood to be true events or to establish the positive predictive value of
event case detection algorithms. In addition, questionnaires might also be sent to
GPs allowing researchers to verify the information captured or to obtain additional
information.

Moreover, the availability of linkage of PCP records to other data sources like
hospital registries, allows the cross-validation of the event of interest in both sources
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and eventually, the selection of the best source of information according the specific
study needs.

To date, several studies including the validation of outcomes in BIFAP by clinical
profile review have been performed, confirming the validity (positive and negative
predictive values) of the algorithms defined to identify the clinical events in BIFAP
(de Abajo et al. 2013, 2014, 2015; García-Poza et al. 2015; Gil et al. 2011, 2019b;
Martín-Merino et al. 2015; Rodríguez-Martín et al. 2019a, b; Rodríguez-Miguel et al.
2019a; Saiz et al. 2017; Chacón García et al. 2010). Two of these studies (de Abajo
et al. 2013, 2014) also included an additional validation via questionnaires sent to
the PCPs. These two studies showed a high confirmation rate as compared to the
validation performed by BIFAP researchers by reviewing clinical profiles, although
the PCPs’ response rate was low.

Other examples of validation of the information in BIFAP are those related to
BIFAP participation in international collaborative multi-database projects in the
context of the European Commission work programs (SAFEGUARD, PROTECT,
ADVANCE). In this regard, the validation of seven cardiovascular, pancreatic, and
cancer outcomes performed in the context of the SAFEGUARD project, which
addresses the safety of oral antidiabetic drugs (Safeguard Consortium 2015), showed
a high positive predictive value of the events identified by codes (range 85–97.5%)
when verified by clinical profile review (including free text clinical notes) as gold
standard. Also, the compliance with the vaccination schedules of HPV vaccination
with 2–3 doses at patient-level has been also validated (Martín-Merino et al. 2019b).

The completeness (sensitivity) of diagnosis recording in BIFAP has also been
evaluated for a number of events in benchmarking processes with other databases
worldwide within the context of BIFAP international multi-database studies or other
specific studies. In these studies, incidence/prevalence figures of different events
are comparable to results obtained from other databases with similar characteristics
(de Groot et al. 2014; Huerta et al. 2016; Requena et al. 2014) and other available
evidence (i.e., literature, registries, etc.) used as gold standard (Gil et al. 2019b).

Concerning exposure information, the completeness and validity is very high
given the role of PCPs as gatekeepers in the context of the Spanish NHS, and the
fact that the prescription data are generated directly from the computer.

1.6 Governance and Ethical Issues

BIFAP is financed, coordinated, and administered by the Spanish Agency on
Medicines and Medical Devices (AEMPS). The collaboration with the partici-
pating regions is established through a formal agreement and enables the periodic
reception of anonymized electronic health care records. An Advisory Board, where
representatives of these regions participate, monitors the progress of the BIFAP
program.

Information in the BIFAP database neither includes patient personal identifiers
nor data fields containing strong identifiers (address, name, telephone, NHS number,
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etc.). Before EMR data are transferred to the AEMPS, there is a process of pseudo-
anonymization of personal identifiers followed by additional procedures (Article
29 Data Protection Working Party 2014) which ensure the anonymization of the
data available for investigators. In addition, patients’ privacy is warranted by the
appropriate technical and organizational measures to minimize any potential risk of
re-identification. Personal information of the PCPs and location of their practices are
not available in the BIFAP database.

Access toBIFAPdata follows a set of governance rules and procedures.A compre-
hensive governance document approved by theAEMPS in agreementwith theBIFAP
Advisory Board is publicly available on the BIFAPwebpage. This BIFAP data access
governance applies the principles of the General Data Protection Regulation (GDPR)
(European Parliament 2016).

1.7 Use of BIFAP to Perform Pharmacoepidemiological
Studies

The BIFAP research database is accessible to perform pharmacoepidemiological
studies by independent researchers in Spain belonging to the public sector and to
support the activities of the AEMPS. Independent researchers should first be accred-
ited. Then, they have to submit a study protocol which needs to be evaluated and
approved by an independent scientific committee. After that step, they have to sign a
commitment document.During the implementation of the protocol data are processed
and transferred following security measures adapted to the user and the characteris-
tics of the data. The steps needed to perform a study in BIFAP are summarized in
Fig. 7. The description of the projects performed with BIFAP is documented on the
webpage (BIFAP 2019).

Amultidisciplinary teamprovides support to researcherswith regard to the extrac-
tion of the information for the analysis on the basis of the approved protocol spec-
ifications and the characteristics of the BIFAP database. An anonymized dataset is
provided to the researchers to perform the study.

Several informatics tools have been developed for data extraction and anal-
ysis. As an example, BIFAP EXPRESS is an exploratory analysis tool based
on pre-aggregated data to perform customized analyses on the BIFAP database.
With BIFAP EXPRESS drug utilization indicators, population-based information
at active substance level (ATC classification), and demographic characteristics (age
groups/gender) are available. Severalmodules have been developed to date including:
Prevalence drug use module and trends; indication of use and prescribed daily dose.
Query results are produced in a fast and comprehensive way and can be exported
supporting different formats.

The informatics tools developed to facilitate data extraction and dataset generation
also include tools for the selection of potential cases of interest, incidence rate calcu-
lations and controls if needed (filter tool), the generation of covariates and exposures
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Fig. 7 Steps to perform a study in BIFAP: role of investigators and AEMPS. AEMPS: Spanish
Agency of drugs and medical devices

(data creator tool), and a clinical profile viewer. Additional tools tailored to different
study designs are being developed including case-control studies and comparison of
incidence rates of adverse events.

1.8 Documents and Publications

To date, 69 articles have been published in peer-reviewed journals, reflecting the
BIFAP contribution to the knowledge of the risks associated with drugs, either in the
evaluation of potential safety signals, risk quantification or drug utilization studies
(BIFAP 2019).

Relevant papers on risk quantification include the following: Those addressing
the cardiovascular risk of patients exposed to several drugs including NSAIDs and
non-narcotic analgesics (de Abajo et al. 2014; García-Poza et al. 2015), allopurinol
(de Abajo et al. 2015; Rodríguez-Martín et al. 2019a) and calcium supplements (de
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Abajo et al. 2017), colorectal cancer risk in patients exposed to NSAIDs and other
drugs for pain control (Rodríguez-Miguel et al. 2019a, b), risk of typical and atypical
fractures in patients exposed to oral bisphosphonates (Erviti et al. 2013a, b), risk of
fractures in patients exposed to benzodiazepines or antidepressant drugs (Requena
et al. 2016a; Souverein et al. 2016), risk of toxic epidermal necrolysis and Stevens-
Johnson syndrome associated with benzodiazepines (Martín-Merino et al. 2015),
liver injury risk in patients exposed to antibiotics (Brauer et al. 2016a; Udo et al.
2016) or risk of infections by herpes viruses in patients exposed to valproic acid (Gil
et al. 2019a).

In addition, drug utilization studies are usually performed to describe the patterns
and determinants of drug use. Some examples of published results are the following:
Characterization of patients using standard or intensive lipid lowering therapy with
statins for primary and secondary prevention (Macías Saint-Gerons et al. 2014, 2015),
trend patterns of drug use in patients with Alzheimer’s disease (Bonis et al. 2013),
anti-osteoporotic treatments (Martín-Merino et al. 2017a) or trend patterns in benzo-
diazepine (Huerta et al. 2016) and antiepileptic drugs (de Groot et al. 2014) and
antibiotic use (Brauer et al. 2016b) in BIFAP as compared to other seven European
electronic healthcare databases.

BIFAP also contributes to obtaining estimates of the incidence or prevalence of
health problems such as community acquired pneumonia (Chacón García et al. 2010;
Rivero-Calle et al. 2016; Saiz et al. 2017), dementia (de Hoyos-Alonso et al. 2016),
hip/femur fractures (Requena et al. 2014), colorectal cancer (Gil et al. 2019b), and
acute liver injury (Ruigómez et al. 2014).

Finally, it is worth mentioning the relevant role of sources of information like
BIFAP for the evaluation of the impact of risk minimization activities. For example,
studies performed in the BIFAP database to evaluate the impact of risk minimization
activities of calcineurin inhibitors (Oliva et al. 2012) or codein prescribing for pain
in children (Hedenmalm et al. 2019).

A summary of the main areas (drug/diagnoses) of research in BIFAP, including
the published articles by type of research (drug-event association studies and drug
utilization) is shown in Table 2.

The full list of articles based on BIFAP data published in peer-reviewed journals
is available on the website (BIFAP 2019).
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Table 2 Areas of interest (drugs and diagnoses) for research in BIFAP by type of research

Drug class (ATC) Drug-event association
studies

Drug utilization studies

Drugs used in diabetes (A10B) Cancer (bladder, pancreas,
etc.) (Safeguard
Consortium 2015)

Use (Safeguard Consortium
2015) (+)

Myocardial infarction
(Safeguard Consortium
2015)

Pancreatitis (Safeguard
Consortium 2015)

Pneumonia (Gorricho et al.
2017)

Calcium supplements (A12A) Myocardial infarction (de
Abajo et al. 2017;
Rodríguez-Martín et al.
2019b)

Antithrombotic agents (B01A) Bleeding, stroke (van den
Ham et al. 2019) (+)

Trends (Ibáñez et al. 2019) (+)

Low-ceiling diuretics, thiazides
(C03A)

Skin cancer

Lipid modifying agents (C10) Indication ( Macías
Saint-Gerons et al. 2014, 2015)

Topical calcineurin inhibitors
(D11A)

Impact of RMM (Oliva et al.
2012)

Estrogens (G03C, G03F) Trends (Baladé Martínez et al.
2016)

Antiandrogens (G03H) Meningioma (Gil et al.
2011)

Antibacterials (J01) Acute liver injury (Brauer
et al. 2016a; Udo et al.
2016) (+)

Use (Brauer et al. 2016b) (+)

Indication (urinary tract
infection)a

Vaccines (J07) Pertussis vaccine adverse
events (Weibel et al. 2019)

Coverage (Braeye et al. 2019;
Emborg et al. 2019;
Martín-Merino et al. 2019a)

Antiinflammatory drugs (M01) Myocardial infarction risk
(de Abajo et al. 2014)

Indication (Sáez-Jiménez and
Bonis 2015)

Colorectal cancer
(Rodríguez-Miguel et al.
2019a)

Gastrointestinal bleeding
(de Abajo et al. 2013)

(continued)
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Table 2 (continued)

Drug class (ATC) Drug-event association
studies

Drug utilization studies

Ischemic stroke
(García-Poza et al. 2015)

Antigout drugs (M04) Myocardial infarction (de
Abajo et al. 2015;
Rodríguez-Martín et al.
2019a)

Anti-osteoporotic drugs (M05B) Fractures (Erviti et al.
2013a, b)

Trends (Leon Vazquez et al.
2015)

Venous thromboembolism
(Martín-Merino et al. 2018)
(+)

Trends (Martín-Merino et al.
2017a) (+)

Use (Martín-Merino et al.
2017b)

Opioids (N02A) Impact of RMM (codeine)
(Hedenmalm et al. 2019) (+)

Impact of RMM (fentanyl)a

Antiepileptics (N03A) Herpes virus infection (Gil
et al. 2019a)

Use (de Groot et al. 2014) (+)

Antipsychotics (N05A) Indication (dementia)a

Anxiolytics, hypnotics and
sedatives (N05B, N05C)

Fractures (Requena et al.
2016a, b) (+)

Trends (Huerta et al. 2016) (+)

SCAR (Martín-Merino
et al. 2015)

Adherence (Martín-Pérez et al.
2019)

Antidepressants (N06A) Fractures (Udo et al. 2016)
(+)

Use (Abbing-Karahagopian
et al. 2014) (+)

Use (Macías Saint-Gerons et al.
2018)

Psychostimulants, agents used
for ADHD and nootropics
(N06B)

Valvular heart disease (Saiz
et al. 2020)

Trends (Raman et al. 2018) (+)

Anti-dementia drugs (N06D) Trends (Bonis et al. 2013)

Adrenergics, inhalants (R03A) COPD exacerbations
(Aguilar-Shea and Bonis
2019)

Trends (Rottenkolber et al.
2015) (+)

Overall SCAR (Rodríguez-Martín
et al. 2018)

1.9 Administrative Information

The Spanish Agency on Medicines and Medical Devices fully funds BIFAP and is
responsible for maintaining the database. Contact details are the following:
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• Organization/Affiliation:

BIFAP Program
Pharmacoepidemiology and Pharmacovigilance Division
Department of Medicines of Human Use
Spanish Agency on Medicines and Medical Devices
Campezo 1 edificio 8
28022 Madrid
Spain
Email: equipo@aemps.es
Website: www.bifap.org

2 Practical Experience with the Database

Given the BIFAP characteristics, the database is a powerful tool to perform pharma-
coepidemiological studies. Its large sample size and long-term follow-up (median
follow-up 8 years) facilitate studies of rare adverse events and long-term effects/risk
of drugs under real conditions of use. Studies performedwithBIFAP include themain
epidemiological designs (case-control, cohort, case-only designs, cross-sectional,
etc.). A significant number of papers of studies with the BIFAP database have been
published in peer-reviewed journals.

The BIFAP database is fully integrated in the AEMPS roles and activities as a
useful tool to assist post-authorization regulatory decision-making and to generate
scientific evidence on drug-related issues. This is realized by supporting routine phar-
macovigilance, performing post-authorization observational safety studies, assessing
drug use patterns of medicines, and evaluating the impact of regulatory actions.

BIFAP was launched in 2003 and has a multidisciplinary team to cover the
different areas of the project with a deep knowledge of the data characteristics and
long-time experience in performing studies with the database. BIFAP has actively
participated in multiple international collaborative projects with other data sources
worldwide in the context of the European Commission work programs. These
projects mainly aimed to address safety issues, i.e., SAFEGUARD (CORDIS. EU
research results 2019), improve the information available on the benefit-risk ratio
of marketed vaccines (www.advance-vaccines.eu), develop, test, and disseminate
methodological standards for the design, conduct, and analysis of pharmacoepi-
demiological studies applicable to different safety issues and using different data
sources (www.imi-protect.eu).

Several informatics tools have been developed for data extraction and analysis
(see section “Use of BIFAP to perform pharmacoepidemiological studies”). These
validated tools are useful for the standardization of the extraction and analytic proce-
dures. In addition, the tools are really flexible and thus may be used in different
scenarios tailored to the study requirements.

http://www.bifap.org
http://www.advance-vaccines.eu
http://www.imi-protect.eu
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BIFAP shares common development areas and challenges with other data sources
used for epidemiological research including: The accurate identification of health
outcomes of interest (Lanes et al. 2015), the precise measurement of the treatment
exposure, and methodological issues related to study designs, missing imputation,
outliers treatment, etc.

BIFAP development areas related to specific characteristics of the database are
the following:

• Increasing the size and representativeness of the database
In this regard, BIFAP is open to new regions in Spain willing to participate.

• Linkage with other health care data sources
Currently, BIFAP is a primary care database. A main interest for BIFAP is to link
primary care information with other health care databases. Current linkage of
PCP’s registry in BIFAP includes hospital and mortality registries. Other health
care data sources of interest are outpatient specialist and cancer registries.

• Harmonization processes of information from different electronic medical records
There are different EMRs in the regions participating in BIFAPwith different data
models. Main challenges are the harmonization processes of the heterogeneous
and evolving sources of information.

• Improvement of processing of information contained in natural language found
in free text of electronic patient records (Nadkarni et al. 2011).
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The Information System for Research
in Primary Care (SIDIAP)

Talita Duarte-Salles, María Aragón, and Bonaventura Bolíbar

Abstract The Information System for Research in Primary Care (SIDIAP 2020)
platformwas created in 2010 by theCatalanHealth Institute (ICS) and the IDIAPJGol
Institute. It was designed to provide a valid and reliable database of selected infor-
mation from electronic health records (EHRs) of patients registered in primary care
centres for use in biomedical research. SIDIAP includes information from EHR data
registered since January 1, 2006 by more than 30,000 health professionals during
routine visits at 328 primary care centres pertaining to the ICS in Catalonia, a region
in the North-East of Spain. SIDIAP has pseudo-anonymised records with 5.7 million
people active in 2019.

1 Database Description

1.1 Introduction

Spain’s National Health System scheme, which is decentralised to the autonomous
regions, covers more than 98% of the population and is funded by general taxes.
Primary care plays an essential role as it is the main entry point for accessing public
health services, it is the most accessible and most commonly used health service
which provides an integral and continuous care, and it is responsible for long-term
prescriptions and specialist and hospital referrals. Primary care services are delivered
through primary care centres, the basic unit of provision. These centres are composed
of general practitioners (GPs), paediatricians, dentists, nurses and social care prac-
titioners, nursing aids and administrative staff. As part of primary care, there is a set
of support services such as sexual and reproductive health or home care at the end
of life. In Catalonia, the Institut Català de la Salut (ICS, Catalan Health Institute)
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is the most important public primary health care provider, covering approximately
75% of the Catalan population.

The Information System for Research in Primary Care (SIDIAP 2020) platform
was created in 2010 by the ICS and the IDIAPJGol Institute. It was designed to
provide a valid and reliable database of selected information from electronic health
records (EHRs) of patients registered in primary care centres for use in biomedical
research (Bolíbar et al. 2012; García-Gil et al. 2011).

1.2 Database Characteristics

SIDIAP includes information from EHR data registered since January 1, 2006 by
more than 30,000 health professionals during routine visits at 328 primary care
centres pertaining to the ICS in Catalonia, a region in the North-East of Spain. It
is directly linked to primary care laboratories and to the Catalan pharmacy invoice
databases. It can also be linked to other data sources, such as the hospital discharge
database, on a project-by-project basis. SIDIAP has pseudo-anonymised records for
more than 7 million people, with 5.7 million people active in 2019.

People can enter the databasewhen they are born orwhen they visit an ICSprimary
care centre for the first time and leave the database when they are transferred out or
die. If a person is transferred out but subsequently comes back, this person’s EHR
will be related again to the same SIDIAP-ID, and their EHR history will be available
with the start date equalling the previous one. The SIDIAP database is updated annu-
ally at each start of the year, and the mean follow-up time of the population is ten
years. SIDIAP has been previously shown to be highly representative of the Catalan
population in terms of age, sex, and geographic distribution (Bolíbar et al. 2012). It
provides an excellent source of population-based data and reliably reproduces the
actual conditions of clinical practice. The high quality of these data has been previ-
ously documented, and SIDIAP has been successfully applied to epidemiological
studies of key exposures and outcomes (García-Gil et al. 2011).

The database is listed in the European Network of Centres for Pharmacoepidemi-
ology and Pharmacovigilance (ENCePP) catalogue (ENCePP 2020). Also, it has
been mapped in accordance with the Observational Medical Outcomes Partnership
Common Data Model (OMOP-CDM) from the Observational Health Data Sciences
and Informatics (OHDSI) community network, which will allow evidence genera-
tion using standardised open source analytic tools and promote collaborative studies
with other databasesworldwide (ObservationalHealthData Sciences and Informatics
2019).
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1.3 Available Data

The SIDIAP data comprises the clinical information registered by any primary health
care professional (GPs, nurses, paediatricians, gynaecologists, midwives, dentists,
and social workers) in EHRs as well as external information related to the primary
care visit, such as the results of laboratory tests, pharmacy dispensations, and other
external data.

The available information includes:

• Demographic data: Age, date of birth (only month and year can be provided), sex,
type of residency area (urban or rural), and nationality

• Mortality: Date of death
• Some socioeconomic indicators (SES):

– The ecological MEDEA index (Domínguez-Berjón et al. 2008): The MEDEA
index is assigned in quintiles through the census tract to each individual in the
database.

– The pharmaceutical copayment level related to the income level and work
condition of the person (Generalitat de Catalunya 2015).

– Since 2014, social class based on occupation has also been available for those
individuals who have taken sick leave at least once.

• Disease diagnoses registered by primary healthcare professionals during a visit
using the International Classification of Diseases, Tenth Revision, Clinical
Modification (ICD-10-CM) codification system

• Medication (prescription and dispensation): The SIDIAP includes all the drugs
prescribed in a primary health care centre (with posology and frequency of taking
available) as well as the drugs purchased at the pharmacy counters per month
(number of drugpackages dispensed). For eachdrug, the defineddaily dose (DDD)
recommended by the WHO, the strength, the number of units per package, and
the administration route are also available. Drugs purchased over-the-counter or
administered in hospitals are not included. Drug information is available from the
Anatomical Therapeutic Chemical (ATC7) Classification System

• Laboratory test requests by primary health care professionals and their results
(e.g., cell count, serology, biochemistry, etc.)

• Physical examination results and routine measurements (e.g., blood pressure,
weight, height, body mass index, spirometry results, test scores, measurements
related to child growth, etc.)

• Referral to other specialists by primary health care professionals including the
cause of referral (ICD-10-CM code to be validated by the specialist)

• Sick leave periods: Time and cause (ICD-10-CM code)
• Requested procedures in primary care (e.g., immunizations, diagnostic imaging

or different scales and tests used in primary care)
• Primary care visits (date, type of professional, and place of visit—in the centre,

at patient’s home or telematic visit)
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• Lifestyle information: Smoking status and alcohol consumption habits
• Pregnancies and related information: Date of last period, estimated date of

delivery, type of childbirth, closing circumstance of the pregnancy, gestational
age, etc.

• Vaccination (including the antigen and the number of administered doses)
• Adverse drug reactions to an ATC7 drug code
• Family linkage: A large number of longitudinal health records of both parents and

their children (only those born since 2006) are successfully linked in SIDIAP by
the ICS through the social security number.

Access to free text data is possible for a reduced sample of patients when needed
information is not already available in structured variables; for example, symptoms
or cause of death. In order to analyse free text data, this information has to be
anonymised beforehand.

SIDIAP also may gather additional information from patients through question-
naires to health professionals which can be administered through the ICS.

Furthermore, on a project-by-project basis, SIDIAP can be linked to other sources
of clinical information thanks to the collaboration with the PADRIS programme of
the Department of Health (AQUAS 2020). Thus, it is possible to have access to
hospital admission data and other sources such as mental health hospitals.

1.4 Strengths and Limitations

The main strengths of SIDIAP are its large size and the high population representa-
tiveness by age, sex, and region (Bolíbar et al. 2012), including approximately 75%
of the population living in Catalonia, as well as the type and amount of informa-
tion available including demographic and lifestyle-related variables such as nation-
ality, socioeconomic status, body mass index, smoking or alcohol exposures. Also,
the assessment of drug exposure is assumed to be quite complete in SIDIAP since
information on both prescription and dispensation is available.

Another strength of SIDIAP is the direct collaboration with the health provider
(ICS) which allows the improvement of the EHR system for data collection and
therefore also the improvement of the quality of the registered information. Thanks
to this close collaboration SIDIAP has also been able to link with external data
sources, to link mother- and father-child EHR data, and to obtain additional data
from the population through questionnaires to GPs.

As shown below, the high external validity of the register of a wide number of
outcomes has been demonstrated. Also, SIDIAP has been mapped in accordance
with the OMOP-CDM, which facilitates and promotes multi-database studies and
helps with data management and data analyses (Observational Health Data Sciences
and Informatics 2019).

As this is a primary care database, information on specialist prescribing, drug
dispensing in hospital setting, drugs purchased over the counter, and actual drug
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intake is missing. Furthermore, major attention has to be paid to underreporting,
missing data,misclassification and confounding, the general limitations of real-world
databases.

1.5 Validation

Different validation processes have been carried out in order to determine the quality
and potential use of its information.

1.5.1 Internal Validation

Quality checks to identify duplicate patient IDs are performed centrally at each
SIDIAP database update, which is done annually. As the original data are distributed
in different servers by regions, stratifications of variables by geographical zone and
years are performed in order to check if a concept is registered using the same codes
or if data homogenisation is needed. Heat maps and other visual representations
for the registration of the information by week of the year are checked during each
database update in order to quickly detect any possible problems in the original ETL
procedure. SIDIAP also checks logical values for measurements. In the biochemistry
data case, consistency for tests taken in different laboratories is assessed, and unit
conversion is undertaken when needed.

In addition, a specific quality control is performed for each requested project
before data is delivered to research teams. In this step, all the data selected for
the project are checked, including the calculation of counts, percentiles, maximums
and minimums, incidences and prevalences. A quality check report is shared with
researchers before data delivery to ensure an early detection of any inconsistencies
in the data extraction.

1.5.2 External Validation

The external validation of the record of several outcomes that have been previously
accessed in SIDIAP included:

• Twenty-five types of incident cancer cases were validated in SIDIAP using the
population-based cancer registries of Girona and Tarragona as the gold standard.
The sensitivity (76% for overall cancer), the positive predictive values (PPV; 61%
for overall cancer), and the time difference between the date of diagnosis entered
in SIDIAP versus that in the cancer registries (≤3 months of difference for most
cancers between the two sources) were calculated for overall and site-specific
cancers (Recalde et al. 2019).
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• Alzheimer’s disease and dementia diagnoses in primary care was validated using
additional information provided by GPs through an online survey, and the Girona
Dementia Registry. PPVs for Alzheimer’s disease ranged from 72.3 to 89.8%, and
sensitivities from 71.4 to 83.3%, depending on the gold standard used (Ponjoan
et al. 2019a). The overall PPV of dementia diagnoses was estimated as 91.0%
(Ponjoan et al. 2019b).

• Cardiovascular risk factors, including systolic and diastolic blood pressure,
glucose, total cholesterol, triglycerides, HDL-C, LDL-C, weight, and height,
as well as recorded diagnoses of diabetes, hypertension, hypercholesterolemia,
smoking, and obesity were validated against data from a cohort study in the region
of Girona in Catalonia. The prevalence of these cardiovascular risk factors and
their association with the incidence of vascular disease observed in SIDIAP were
consistentwith those observed in a longitudinal epidemiological population-based
study in which a standardised methodology was used to obtain the information
(Ramos et al. 2012).

• Musculoskeletal Disorders: Rheumatoid arthritis prevalence (4.2/1000 in 2012)
and incidence (0.20/1000 person-years) observed in SIDIAPwere similar to those
of other Southern European regions. Also, 73.9% of cases that had a rheumatoid
factor measurement were seropositive (≥10 IU/mL) (Fina-Aviles et al. 2014).
Ankylosing spondylitis was validated against HLA B27 laboratory test results;
62.4% of all people with a diagnosis registered in primary care also had a
positive result in this test (Muñoz-Ortego et al. 2014). Finally, fractures regis-
tered in SIDIAP were validated by comparing data to hospital admission and
patient-reported fracture records. In the comparison between SIDIAP and hospital
discharge data, sensitivity was 60.1% and PPVwas 70.8% In the comparison with
the patient-reported fracture records, corresponding sensitivity and PPVs were,
respectively: 56.1% and 82.1% for wrist/forearm; 66.7% and 92.3% for hip; and
50%, and 37.5% for clinical spine fractures (Pagès-Castellà et al. 2012).

1.6 Governance and Ethical Issues

IDIAPJGol is the institution in charge of the management of SIDIAP. There is a
Steering Committee comprised by the ICS and the IDIAPJGol that establishes the
strategic plan and evaluates the general performance of the database and its services.

SIDIAP can only provide patient level data to public research organisations or to
projects required by a regulatory agency such as the European Medicines Agency
(EMA). All projects have to be approved by a Scientific Committee and an Ethical
Committee. Data have to be used exclusively for the approved protocol and giving
data access to third parties is not allowed. Patient IDs are pseudonymised by the ICS
for data protection reasons. Therefore, informed consent frompatients is not required.
Furthermore, in each project, different methods for de-identification, specifically
generalisation and deletion, can be applied in some cases (e.g., rare events, sensitive
personal information).
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1.7 Documents and Publications

Since 2010, the SIDIAP data have been used in 262 research projects which have
generated 153 scientific publications in high-impact journals. The full list of all
conducted projects and publications can be found on the SIDIAP website (SIDIAP
2020).

The main areas of research that have been investigated in SIDIAP are cardio-
vascular diseases, diabetes, musculoskeletal disorders, respiratory problems, cancer,
and different pharmacoepidemiology studies. Furthermore, different types of studies
have been carried out and papers have already been published:

1. Healthmanagement (resources and costs in themanagement of different diseases)
Example:Apopulation-based study analysing the costs of poor glycaemic control
in type 2 diabetes mellitus (Mata-Cases et al. 2020)

2. Epidemiology

2.1. Incidence and prevalence of different diseases
Example: A retrospective cohort study about the incidence and risk factors
of clinically diagnosed knee, hip, and hand osteoarthritis (Prieto-Alhambra
et al. 2013)

2.2. Risk and prognostic factors
Example: A matched retrospective cohort studying the risk and predictors
of cirrhosis and hepatocellular carcinoma in adults with diagnosed NAFLD
(Alexander et al. 2019)

2.3 Associations between different factors and diseases
Example: A retrospective cohort studying the association between chronic
immune-mediated inflammatory diseases and cardiovascular risk (Baena-
Díez et al. 2018).

3. Geographical distribution and environmental factors
Example: A self-controlled case series study about the association between
sudden changes in ambient temperature and cardiovascular hospitalisations
(Ponjoan et al. 2017)

4. Evaluation of health care interventions and health policies
Example: A clinical trial evaluating a new decision tool for improving the
adequacy of anticoagulant therapy (Dalmau et al. 2018)

5. Pharmacoepidemiology
Different types of pharmacoepidemiological studies can be done with SIDIAP,
some of the studies carried out were drug utilization studies (DUS) and post-
authorisation safety studies (PASS) required by the EuropeanMedicines Agency
and other regulatory agencies.

5.1 DUS with different medicines and diseases
Example: A retrospective cohort study with the use of Apixaban (Ainhoa
et al. 2018)
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5.2 PASS with different medicines and diseases
Example: A cohort and nested case-control study about acute liver injury
and the use of Agomelatine and other antidepressants (Pladevall-Vila et al.
2019)

5.3 Prescription evaluation and adequacy
Example: A retrospective cohort study of the therapeutic inertia in type 2
diabetes mellitus (Mata-Cases et al. 2018)

5.4 Effectiveness of medicines
Example: A retrospective cohort study with the use of statins for primary
prevention of cardiovascular events and mortality in old persons (Ramos
et al. 2018).

1.8 Administrative Information

The database is maintained by IDIAPJGol and funded by own resources.

Contact details
Organization/affiliation: Fundació Institut Universitari per a la recerca a
l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol)

Gran Via de les Corts Catalanes, 587, 08007 Àtic
Barcelona, Spain.

Administrative Contact: Anna Moleras
e-mail: sidiap@idiapjgol.info
phone: +34 93 482 46 94
Scientific and technical contacts: Bonaventura Bolibar
e-mail: bbolibar@idiapjgol.org
phone: +34 93 482 46 94

Website: https://www.sidiap.org/

References

Ainhoa G, Cortés J, Giner-Soriano M et al (2018) Characteristics of apixaban-treated patients,
evaluation of the dose prescribed, and the persistence of treatment: a cohort study in Catalonia.
J Cardiovasc Pharmacol Ther 23:494–501. https://doi.org/10.1177/1074248418778544

Alexander M, Loomis A, Lei J et al (2019) Risks and clinical predictors of cirrhosis and hepato-
cellular carcinoma diagnoses in adults with diagnosed NAFLD: real-world study of 18 million
patients in four European cohorts. BMCMed 17:95. https://doi.org/10.1186/s12916-019-1321-x

AQUAS (2020) Programa d’analítica de dades per a la recerca i la innovació en salut. http://aquas.
gencat.cat/ca/ambits/analitica-dades/padris/. Accessed 20 Feb 2020

mailto:bbolibar@idiapjgol.org
https://www.sidiap.org/
https://doi.org/10.1177/1074248418778544
https://doi.org/10.1186/s12916-019-1321-x
http://aquas.gencat.cat/ca/ambits/analitica-dades/padris/


The Information System for Research in Primary Care (SIDIAP) 197

Baena-Díez JM, Garcia-Gil M, Comas-Cufí M et al (2018) Association between chronic immune-
mediated inflammatory diseases and cardiovascular risk. Heart 104(2):119–126. https://doi.org/
10.1136/heartjnl-2017-311279

Bolíbar B, Fina Avilés F, Morros R et al (2012) Base de datos SIDIAP: la historia clínica informa-
tizada de Atención Primaria como fuente de información para la investigación epidemiológica.
Med Clin (Barc) 138(14):617–621. https://doi.org/10.1016/j.medcli.2012.01.020

Dalmau R, Gonçalves A, Forcadell E et al (2018) A new clinical decision support tool for improving
the adequacy of anticoagulant therapy and reducing the incidence of stroke in nonvalvular atrial
fibrillation: a randomized clinical trial in primary care. Medicine 97:e9578. https://doi.org/10.
1097/MD.0000000000009578

Domínguez-Berjón MF, Borrell C, Cano-Serral G et al (2008) Constructing a deprivation index
based on census data in large Spanish cities (the MEDEA project). Gac Sanit 22(3):179–187.
https://doi.org/10.1157/13123961

ENCePP (2020) European Network of Centres for Pharmacoepidemiology and Pharmacovigilance.
http://www.encepp.eu/encepp/viewResource.htm?id=4646. Accessed 19 Feb 2020

Fina-Aviles F, Medina M, Méndez L et al (2014) The descriptive epidemiology of rheumatoid
arthritis in Catalonia: a retrospective study using routinely collected data. Clin Rheumatol 35.
https://doi.org/10.1007/s10067-014-2801-1

García-Gil MDM, Hermosilla E, Prieto-Alhambra D et al (2011) Construction and validation of
a scoring system for the selection of high-quality data in a Spanish population primary care
database (SIDIAP). Inform Prim Care 19(3):135–145. https://doi.org/10.14236/jhi.v19i3.806

Generalitat deCatalunya (2015)ConsellAssessor per a la Sostenibilitat i el Progrés del SistemaSani-
tari.Medicaments i Productes Sanitaris. https://catsalut.gencat.cat/ca/serveis-sanitaris/atencio-far
maceutica/financament-public-medicaments/. Accessed 18 Feb 2020

Mata-Cases M, Franch-Nadal J, Real J et al (2018) Therapeutic inertia in patients treated with two
or more antidiabetics in primary care: factors predicting intensification of treatment. Diabetes
Obes Metab 20(1):103–112. https://doi.org/10.1111/dom.13045

Mata-Cases M, Rodríguez-Sánchez B, Mauricio D et al (2020) The association between poor
glycemic control and health care costs in people with diabetes: a population-based study. Diabetes
Care: dc190573. https://doi.org/10.2337/dc19-0573

Muñoz-Ortego J, Vestergaard P, Rubio JB et al (2014) Ankylosing spondylitis is associated with an
increased risk of vertebral and nonvertebral clinical fractures: a population-based cohort study. J
Bone Miner Res 29(8):1770–1776. https://doi.org/10.1002/jbmr.2217

Observational Health Data Sciences and Informatics (2019) The book of OHDSI-observational
health data sciences and informatics. OHDSI, San Bernardino, CA

Pagès-Castellà A, Carbonell C, Avilés F et al (2012) Burden of osteoporotic fractures in primary
health care in Catalonia (Spain): a population-based study. BMC Musculoskelet Disord 13:79.
https://doi.org/10.1186/1471-2474-13-79

Pladevall-Vila M, Pottegård A, Schink T et al (2019) Risk of acute liver injury in agomelatine and
other antidepressant users in four European countries: a cohort and nested case–control study
using automated health data sources. CNS Drugs 33. https://doi.org/10.1007/s40263-019-006
11-9

Ponjoan A, Blanch J, Alves-Cabratosa L et al (2017) Effects of extreme temperatures on cardiovas-
cular emergency hospitalizations in a Mediterranean region: a self-controlled case series study.
Environ Health 16(1):32. https://doi.org/10.1186/s12940-017-0238-0

Ponjoan A, Garre-Olmo J, Blanch J et al (2019a) How well can electronic health records from
primary care identify Alzheimer’s disease cases? Clin Epidemiol 11:509–518. https://doi.org/10.
2147/CLEP.S206770

Ponjoan A, Garre-Olmo J, Blanch J et al (2019b) Epidemiology of dementia: prevalence and inci-
dence estimates using validated electronic health records from primary care. Clin Epidemiol
11:217–228. https://doi.org/10.2147/CLEP.S186590

https://doi.org/10.1136/heartjnl-2017-311279
https://doi.org/10.1016/j.medcli.2012.01.020
https://doi.org/10.1097/MD.0000000000009578
https://doi.org/10.1157/13123961
http://www.encepp.eu/encepp/viewResource.htm?id=4646
https://doi.org/10.1007/s10067-014-2801-1
https://doi.org/10.14236/jhi.v19i3.806
https://catsalut.gencat.cat/ca/serveis-sanitaris/atencio-farmaceutica/financament-public-medicaments/
https://doi.org/10.1111/dom.13045
https://doi.org/10.2337/dc19-0573
https://doi.org/10.1002/jbmr.2217
https://doi.org/10.1186/1471-2474-13-79
https://doi.org/10.1007/s40263-019-00611-9
https://doi.org/10.1186/s12940-017-0238-0
https://doi.org/10.2147/CLEP.S206770
https://doi.org/10.2147/CLEP.S186590


198 T. Duarte-Salles et al.

Prieto-AlhambraD, JudgeA, JavaidMet al (2013) Incidence and risk factors for clinically diagnosed
knee, hip and hand osteoarthritis: influences of age, gender and osteoarthritis affecting other joints.
Ann Rheum Dis 73. https://doi.org/10.1136/annrheumdis-2013-203355

Ramos R, Balló E, Marrugat J et al (2012) Validez del Sistema de Información para el Desarrollo
de la Investigación en Atención Primaria (SIDIAP) en el estudio de enfermedades vasculares:
estudio EMMA. Rev Esp Cardiol 65(1):29–37. https://doi.org/10.1016/j.recesp.2011.07.017

Ramos R, Comas-Cufí M, Martí-Lluch R et al (2018) Statins for primary prevention of cardiovas-
cular events andmortality in old and very old adultswith andwithout type 2 diabetes: retrospective
cohort study. BMJ 362:k3359. https://doi.org/10.1136/bmj.k3359

Recalde M, Manzano-Salgado C, Díaz Y et al (2019) Validation of cancer diagnoses in electronic
health records: results from the information system for research in primary care (SIDIAP) In
Northeast Spain. Clin Epidemiol 11:1015–1024. https://doi.org/10.2147/CLEP.S225568

SIDIAP (2020) Sistema d’Informació per al desenvolupament de la Investigació en Atenció
Primària. https://www.sidiap.org/. Accessed 19 Feb 2020

https://doi.org/10.1136/annrheumdis-2013-203355
https://doi.org/10.1016/j.recesp.2011.07.017
https://doi.org/10.1136/bmj.k3359
https://doi.org/10.2147/CLEP.S225568
https://www.sidiap.org/


Estonian Health Insurance Fund (EHIF)
Database

Helis Puksand and Sirly Lätt

Abstract The Estonian Health Insurance Fund (EHIF) database is an adminis-
trative database containing claims data from Estonian healthcare providers and is
financed by the Estonian Health Insurance Fund. It covers information on each
medical contact, as well as on prescription medicines, medical devices and bene-
fits for incapacity to work. Since the remuneration of the costs of treatments and
prescription medicines is based on the data, the main purpose of the database is to
finance healthcare and to monitor contracts.

1 Type of Database: Introduction

The Estonian Health Insurance Fund (EHIF) database is an administrative database
containing claims data from Estonian healthcare providers and is financed by the
Estonian Health Insurance Fund. It covers information on each medical contact, as
well as on prescription medicines, medical devices and benefits for incapacity to
work. Since the remuneration of the costs of treatments and prescription medicines
is based on the data, the main purpose of the database is to finance healthcare and to
monitor contracts.

1.1 Database Characteristics

Information on medical contacts (physician visit, hospital stay, etc.), including all
diagnostic tests and treatment provided, is based on claims data retrieved from all
healthcare providers that have signed a contract with EHIF and that offer healthcare
financed by EHIF, i.e., almost all Estonian healthcare providers. The Estonian health
care system is mainly publicly funded through solidarity-based mandatory health
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insurance contributions in the form of an earmarked social payroll tax. Due to that
fact, the health insurance systemcovers about 95%of theEstonianpopulation (around
1.3 million people). (Lai et al. 2013) In addition to the data of insured people,
the database also contains some information sent by contractual partners of EHIF
regarding services provided to uninsured people, for example, in case of emergencies.
The database contains information from 2004 onwards.

Information onmedical contacts (or ‘treatment episodes’) is registered bymedical
staff in an electronic system. This data is validated by a controlling system and enters
the EHIF database a day after insertion.Medical staff has to document treatment data
regularly (preferably daily), because it forms the basis for remuneration of the costs
of the services provided. Most of the information (invoices) has to be inserted by
the tenth of the following month, but corrections and some invoices can be inserted
later, too.

In addition to medical contacts, the database also contains data on prescription
medicines and medical devices like orthoses, glucose strips, etc. The database does
not contain information about over the counter medicines. The prescription data is
entered electronically in a prescription database, which is separate from the treatment
database. Doctors, pharmacists and patients can all insert and view their information
in the database. The information is visible in the prescription database right away,
however, it enters the EHIF database usually a day after insertion. The prescription
database is managed by EHIF. A similar system exists for medical devices. The
EstonianHealth Insurance Fund compensates part (0, 50, 75, 90 or 100%) of the costs
of prescription medicines. The respective amount will be deducted in the pharmacy,
so that a person can buy medicines at the reduced price.

The data concerning incapacity to work comes from four types of incapacity
sheets—incapacity due to sickness, maternity, adoption or care allowance. A doctor
documents the information from the incapacity sheets in an electronic system. The
information is then transmitted to the employer, who enters additional data about the
company and the salary. All information enters the EHIF database after it has been
validated by a controlling system.

1.2 Available Data

The EHIF database includes information on hospitalizations, outpatient visits,
primary care information, outpatient drug prescriptions, and incapacity to work of all
insured and uninsured people. Data includes core patient data—person’s ID number,
name, date of birth, date of death, sex, and address. Furthermore, information on
medical contacts includes information about the healthcare provider, doctor, type
of healthcare, main and co-diagnoses, date of admission, date of discharge, regular
procedures, surgical procedures, date of procedures, and amount of procedures. In
outpatient care, the date of admission and the date of discharge are mostly the same,
but they can also be different, e.g., in case a person has to repeat the visit or has to
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come back for a check-up on another day. For inpatient care, the Diagnosis Related
Groups (DRGs) are also included.

Data about prescription drugs and medical devices contain the same informa-
tion about the patient, doctor, and healthcare provider as the treatment episode data.
In addition, there is information about the dispensing pharmacy, the diagnoses, the
discount rate, the date when the medicine was prescribed, and also the date of issuing
and dispensing. Furthermore, the active substance code, the level of content, and the
total dispensed amount of the medicine, the prescribed dosage, the number of pack-
ages, the price of themedicine, the paid price, and the discount price are also included.
If a doctor prescribes themedicine using a certain trade name, thus prohibiting substi-
tuting the medicine with a product from a different manufacturer that uses the same
active substance, a medical reason for this limitation is also documented.

Data about the incapacity to work contains also information about the patient,
doctor, and healthcare provider. In addition, information about the company where
the patient works and his or her salary is included. Furthermore, the data contains the
start and end date of the incapacity to work, the reason why the person is incapable to
work, and the type of incapacity. Since 2015, diagnostic codes have to be documented
also on the incapacity sheet.

Diagnoses are coded using the International Classification of Diseases, version 10
(ICD-10). For each treatment episode, there has to be one main diagnosis which can
be supplemented by up to ten co-diagnoses. Prescription and incapacity to work data
contain only one diagnosis. The active substance code of medicine is coded using
the Anatomical Therapeutic Chemical (ATC) Classification System. For surgical
procedures, the NOMESCO Classification of Surgical Procedures is applied.

The database does not include information about vaccinations that cannot be
coded with ICD-10. It also does not include information about laboratory results and
physical examination results. In Estonia, there is a different database for doctors,
which includes all the information about laboratory and physical examination results.
EHIF does not manage this database. However, the EHIF database does contain
information about the dates and frequencies of procedures and laboratory tests.

EHIF data contains hardly any information about lifestyle. It is possible to see
whether a person is insured, which for adults usually means that the person has a job.
Obesity and alcohol abuse can be coded as a diagnosis.

EHIF data is automatically connected to the Business Register, which contains
information about healthcare providers, such as address, register number, etc.
Patient’s contact data (i.e., address, telephone number, etc.) comes from the Popu-
lation Registry. Information about a person’s insurance status comes automatically
from the Employment Registry. Other data sources could be linked to the EHIF
database through the person’s ID numbers if the Estonian Data Protection Inspection
allows it.
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1.3 Strengths and Limitations

The EHIF database has many strengths, with the main strength being the significant
amount of information it contains. The data is updated regularly and data is accessible
very quickly. The data is inserted electronically and the database is automatically
updated, which makes it fast and easy to use for both doctors and EHIF. The primary
strength of the prescription database may be that it contains information from the
medical staff in addition to the information from the pharmacies. The database also
contains information about prescriptions that were never actually filled. Further-
more, it is possible to examine differences in the data by comparing information
documented by doctors to that documented by pharmacies.

The main limitation of the EHIF database is the validity of the data. Accuracy
can only be guaranteed up to a certain level. For example, documented indications
(diagnosis codes) may occasionally be incorrect. Since diagnosis codes are not a
basis for financing, doctors are not sufficientlymotivated to document them correctly.
There is, however, a system in place to make sure that the majority of data inserted is
correct and constant improvements are being made by adding additional automatic
checks and analyzing the submitted data.

1.4 Validation

Data is validated on two levels. Firstly, when the data is inserted by the medical
staff, automatic checks are performed to verify whether the data format is right and
whether the information is coded correctly. Later, after the data has been inserted
into the database, economists check the data periodically. Some things that form the
basis for remuneration, such as the dates of the invoices, are checked every month,
while other data is checked more occasionally. If data is incorrect, medical staff has
to make corrections or the bill will be credited.

1.5 Governance and Ethical Issues

Access to the claims data is granted only to certain employees of the Estonian Health
Insurance Fund. It is not permitted to give third parties access to the database or to
identifiable data. Some of the aggregated data is published on the website of EHIF
and although everyone can make a request for additional aggregated data, every
request is assessed separately to avoid the possibility of identification of individuals.
Every data request must be well grounded.

If a large amount of patient level data is requested, EHIF concludes a data exchange
contract, determining that the data will not be accessible to third parties. In order to
prevent the identification of individuals in the data, the person’s ID number must be
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pseudonymized as a rule. If the requested data contains rare conditions or might be
identifiable EHIF insists on approval from the Estonian Data Protection Inspection.
All data requests must be approved by the legal department and the data protection
department of EHIF.

No areas of research are excluded. The only reasons why EHIF might decline
the provision of data are: (i) the request is not well grounded or (ii) the data is too
identifiable and the inquirer does not have approval from Estonian Data Protection
Inspection.

1.6 Administrative Information

The Estonian Health Insurance Fund is responsible for maintaining the databases.
The database maintenance is funded from the EHIF budget and does not have any
extra funding.

Contact Details
Organization/affiliation: Estonian Health Insurance Fund

Lembitu 10, 10114 Tallinn, Estonia

Administrative Contact: email: info@haigekassa.ee
tel: +372 6208 430

Website: https://www.haigekassa.ee/en

Reference

LaiT,HabichtT,KahurKet al (2013)Estonia: health system review.HealthSystTransit 15(6):1–196

https://www.haigekassa.ee/en


Icelandic Medicines Registry (IMR)

Larus S. Gudmundsson, Olafur B. Einarsson, and Magnus Johannsson

Abstract The Icelandic Medicines Registry (IMR) is a prescription database
containing all prescriptions filled in pharmacies for individuals living in Iceland who
are covered by the Icelandic social insurance system. The IMR was set up for the
Directorate of Health to evaluate national use of prescription medicines, to monitor
drug prescribing, and to promote rational use of drugs.

1 Database Description

1.1 Introduction

The Icelandic Medicines Registry (IMR) is a prescription database containing all
prescriptions filled in pharmacies for individuals living in Iceland who are covered
by the Icelandic social insurance system. The IMR was set up for the Directorate of
Health to evaluate national use of prescriptionmedicines, tomonitor drugprescribing,
and to promote rational use of drugs.
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1.2 Database Characteristics

The IMR covers drug prescribing information from general practitioners and special-
ists with license in Iceland. It also covers prescriptions filled in pharmacies. The
IMR does not include medication dispensed in hospitals. Everyone who has been
a legal resident in Iceland for six months automatically becomes a member of the
Icelandic social insurance system, regardless of nationality. This applies unless inter-
governmental treaties say otherwise. Laws on building a prescription database were
passed in parliament (Althingi) in 2003. The IMR was operational in 2005 and it
contains prescription information from January 2002 with full coverage from 2003.
For the data years 2002–2010, the database contains information on dugs dispensed
in general practice and not on those dispensed in institutions (e.g., hospices and
retirement homes) and hospitals. Over this period, the IMR is estimated (from sales
data) to cover about 80% of all prescription medication dispensed in Iceland. As of
2011, IMR also includes medication dispensed in institutions, thus covering about
90% of all prescription medication dispensed in Iceland. Since 2002 to date, about
99% of the Icelandic population, irrespective of residence, has been insured. From
2003 to 2014, the median person follow-up time was 10.03 years, IQR 6.18 years.

The database was maintained by the Social Insurance Administration (Tryggin-
gastofnun rikisins) until 2014, since then it has been maintained by the Directorate
of Health. In 2015, the IMR became a real-time database. The national prescrip-
tion databases in Denmark, Finland, Iceland (IMR), Norway, and Sweden have been
compared and are considered similar in their data structure and population coverage
(Furu et al. 2010). In 2014, the number of people with one or more medication
dispensed in a pharmacy in Icelandwas 247,670 representing 76.0%of the total popu-
lation (326,000) and in 2019, this number was 264,125 or 75.2% of the population
(356,991).

1.3 Data Description

The IMR has information on sex, birth year, age, and residence of each individual.
The information on each prescription in the database includes the de-identified social
security ID (kennitala) of the patient, the name of the prescriber, the date of issue,
the date when the drug was dispensed, the Nordic Article number, the ATC code
of the drug, the total amount dispensed in Defined Daily Doses (DDDs) and the
prescribed dose, form, package, and number of units. Since 2015, also a text providing
information on the dosing of the medication is included in the database. The IMR
does not include data on diagnoses, operations, hospitalizations, lifestyle information
or socioeconomic status. Results of laboratory tests and physical examinations are
not included. De-identified social security ID allows for linkage to other databases for
research purposes, applications for such linkage must be approved by the National
Bioethics Committee and by the Data Protection Authorities. Examples of such
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Table 1 National registers that can be linked to the IMR using personal ID

Registry Responsibility Data processing From year Items registered
including

Icelandic Cancer
Registry

DHa ICSa 1955 Cancer diagnosis

Icelandic Infectious
Disease Registry

HSCDCa HSCDC 1997 Infectious diseases

Icelandic Vaccination
Registry

HSCDC HSCDC 2002 Vaccinations

Icelandic Accident
Registry

DH DH 2002 Accidents

Icelandic Hospital
Discharge Registry

DH DH 1999 In hospital diagnoses

Causes of Death
Registry

DH DH 1996 ICD coded cause of
death

Icelandic Birth
Registry

DH NUHI 1982 Pregnancy, delivery,
birth defects

Icelandic Registry of
Contact with Primary
Health Care

DH DH 2004 Diagnosis in primary
health care

aDH—The Directorate of Health; ICS—Icelandic Cancer Society; HSCDC—Health Security and
Communicable Disease Control; NUHI—National University Hospital of Iceland (Landspitali
Haskolasjukrahus)
Table modified with permission (Johannsson and Haraldsdottir 2012)

linkage are date of death, link to family members, history of accidents, and history
of pregnancy for women. Other databases that can be linked to the IMR can be
seen in Table 1. It is not possible to re-contact patients in order to gather additional
information.

1.4 Strengths and Limitations

Amajor strength of the IMR database is its coverage of over 90% of all prescriptions
and representativeness. In 2014, the total number of dispenses in the database were
over 3.5 million and in 2019, the number was over 4.4 million. Non-response is not
an issue due to the administrative nature of the data. Except for hospital inpatient
and over-the-counter (OTC) therapy, which are not included in IMR, ascertainment
of drug exposure is assumed to be quite complete. Due to the nature of administra-
tive claims data, not all variables of interest can be assessed in the desired detail.
This applies, for example, to diagnosis, indication for medication administered, and
comorbid conditions. Additionally, an incomplete assessment must be assumed for
OTCmedication.Data on drugs administered during hospitalization are not available.
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It is recorded if a prescription was actually picked-up from the pharmacy. Informa-
tion on adherence, that is, how much of the dispensed medication is actually used by
the patients is not available.

1.5 Validation

For validation purposes, the prescriptions dispensed in Iceland that have been docu-
mented in the IMR were compared to information from the Icelandic Medicines
Agency on all medications imported and domestically produced that were sold to
pharmacies in Iceland.Around 1500 drug items (usingNordicArticleNumbers)were
compared for the years 2007, 2008, 2012, and 2013 (Table 2). Dispensed medication
in pharmacies in DDDs was compared with medication sold to pharmacies in DDDs
as a ratio where 100% is considered full concordance. The concordance for the 25th
and the 75th percentiles of the ratios was between 91 and 97% and the concordance
between the medians was between 77 and 101%. The concordance was better for the
years 2012–2013 compared to 2007–2008 since the medians ranged from 91 to 97%
for the years 2007–2008 but 97–98% for the years 2012–2013 (Table 2).

For a more detailed comparison, three groups of drugs were selected that are
primarily dispensed in general pharmacies (less in hospitals) and that tend to be used
regularly by patients. The medians for the ratios between the amount of drugs in
DDDs dispensed in pharmacies and the amount of drugs in DDDs sold to pharmacies
ranged from 91 to 102%. More detailed information about this study, such as the
included ATC groups, can be retrieved from the study report (Aradottir et al. 2015).

Table 2 Dispensed drugs (in DDDs) according to the IMR as a ratio of sales (in DDDs) according
to Icelandic Medicines Agency, all drugs that were sold in magnitude greater than 200 DDDs/year
in 2007–2008 and 2012–2013

Year 2007 2008 2012 2013

Prev. of Nordic Article N.a 1563 1660 1615 1676

Percentile

10th (%) 54 57 69 64

25th (%) 77 82b 88 86

Median, 50th (%) 91 96 97 97

75th (%) 98 102b 102 101

90th (%) 109 136 120 115

aPrevalence of Nordic Article Numbers of drug in table for each year
bInterpretation of table. If we look at the year 2012 there were 1615 Nordic Article Numbers for
drugs sold in amount greater than 200 DDDs/year. We take the ratio for each of these Nordic Article
Numbers, of drugs dispensed in pharmacies inDDDs, according to the IcelandicMedicines Registry
database (IMR) divided by drugs sold to pharmacies according to the Icelandic Medicines Agency,
and we sort the ratios according to magnitude. Then we can see that the 25th percentile for the ratios
is 88% and the 75th percentile is 102%
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1.6 Governance

IMR isfinancedby the government and coordinatedbyTheDirectorate ofHealth. The
IMR research database is accessible to perform pharmacoepidemiological studies
by independent researchers. Independent researchers must submit a study protocol
which needs to be evaluated and approved by the National Bioethics Committee and
The Data Protection Authority. An anonymized dataset is provided to the researchers
to perform the study.

1.7 Related Publications

To date, a number of articles have been published in peer-reviewed journals reflecting
IMR’s contribution to drug utilization studies and to pharmacoepidemiological
studies, that is, knowledge of the potential risks and/or benefits associated with drug
use. There are a couple of reviews available, one covering pharmacoepidemiological
research in Iceland, the IMR, and other databases available for pharmacoepidemio-
logical and clinical epidemiological research (Johannsson and Haraldsdottir 2012).
There are also reviews on pharmacoepidemiological research in the Nordic countries
(Wettermark et al. 2013; Furu et al. 2010).

There are examples of drug utilization studies covering Iceland using the IMR,
for example, on psychotropic drug use in children (Zoega et al. 2009), ADHD
drugs in adults (Geirs et al. 2014), and use of proton-pump inhibitors among adults
(Halfdanarson et al. 2018).

There are studies covering the Nordic countries, using the IMR and corre-
sponding databases in the other Nordic countries, for example, on use of Attention-
Deficit/Hyperactivity Disorder (ADHD) drugs (Furu et al. 2017; Karlstad et al. 2016;
Zoega et al. 2011). There is also an example of an international study covering use
of antipsychotic drugs in 16 countries (Halfdanarson et al. 2017).

There are also pharmacoepidemiological studies, for example, on drug use, preg-
nancy and birth-related outcomes, use of selective serotonin reuptake inhibitors
(SSRI) and serotonin and nor-adrenaline reuptake inhibitors (SNRI), and antide-
pressants during pregnancy (Zoega et al. 2015). SSRI use and risk of pulmonary
hypertension in newborns (Kieler et al. 2012), use of (SSRIs), venlafaxine and birth
defects (Furu et al. 2015), SSRI use during pregnancy and risk of stillbirth and
infant mortality (Stephansson et al. 2013), use of antidepressants and association
with elective termination of pregnancy, and methylphenidate and amphetamine use
in pregnancy (Kieler et al. 2015) and risk of congenital malformations (Huybrechts
et al. 2018).

Other examples include use of opioids, sedatives, and proton-pump inhibitors
(PPIs) and risk of fractures (Thorsdottir et al. 2017), PPI use and risk of cancer
(Halfdanarson et al. 2019a), use of PPIs and mortality among patients with
prostate cancer (Halfdanarson et al. 2019b), and association between prescription
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of hypnotics/anxiolytics and mortality in multimorbid and non-multimorbid patients
in primary care (Linnet et al. 2019). One of the first studies published based on data
from the IMR showed an increased risk of cardiovascular events following the use
of Rofecoxib, mainly among young adults (Gudbjornsson et al. 2010). This study
led to safer treatment for patients suffering from arthritis.

1.8 Administrative Information

The government funds the IMR and the Directorate of Health is responsible for
maintaining the database. Contact details are the following:

• Organization/Affiliation:

The Directorate of Health in Iceland
Email: landlaeknir@landlaeknir.is
Website: landlaeknir.is
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The Régie de l’assurance maladie du
Québec (RAMQ) Databases

Machelle Wilchesky and Samy Suissa

1 Database Description

1.1 Introduction

In Quebec, administrative data are collected for the purposes of health system
management and provider payment. Individuals are eligible for health care coverage
once they have established residence and have registered with the Régie de
l’assurance maladie du Québec (RAMQ) for a health card. Persons residing outside
of Quebec for more than 183 days,1 and non Canadian students with the exception of
those covered under a social security agreement.2 In 2018–2019, a total of 8 million
persons residing in all regions of the province (95% of the population) were covered
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by the RAMQ health plan, of which 3.7 million (44%) were covered by the public
RAMQ drug plan.3

1.2 A Brief History of Health and Medication Insurance
in Quebec

Canada’s national health insuranceprogramhasbeendesigned to ensure that allCana-
dian residents have reasonable access to medically necessary hospital and physician
services on a prepaid basis (Health Canada 2016). Canadian federal and provincial
governments have different responsibilities in the delivery of the program, which is
composed of 13 interlocking provincial and territorial health insurance plans that
share certain common features and basic standards of coverage (Health Canada
2016; Madore 2005). As such, each province administers its own public health care
insurance plan and is responsible for health care delivery to constituents within that
province (Madore 2005). Most Canadians have access to insurance coverage for
prescription medicines through public and/or private insurance plans, with federal,
provincial, and territorial governments offering varying levels of coverage (Health
Canada 2018). Established in 1969, the RAMQ is the government agency which
administers the public health and public prescription drug insurance plans in the
Province of Quebec.

Prior to 1996, the RAMQ plan provided medication coverage insurance to both
the elderly (age 65 and older) and to social assistance (welfare) recipients. New
legislation was then enacted to enhance the equity of access to prescription drugs
by providing drug insurance for all Quebecers, including approximately 1.2 million
who were previously uninsured (Martin 1996). The compulsory insurance plan (not
a public drug benefit program) was implemented in two stages (Morgan 1998). In
August 1996, a deductible and a 25% co-insurance charge on medication were insti-
tuted for the elderly and those on social assistance who had previously received free
medications.

As of January 1, 1997, the RAMQ plan has provided medication insurance
coverage for persons who were not eligible for basic coverage for prescription drugs
through either group insurance or employee benefit plans (‘private plans’). At this
time, individuals eligible for a private plan were also mandated to join that plan and
to provide coverage for their spouses and children (Régie de l’assurance maladie du
Québec 2020a; Morgan et al. 2017).

3https://www.ramq.gouv.qc.ca/sites/default/files/documents/rappann1819.pdf, Accessed on
November 20, 2020

https://www.ramq.gouv.qc.ca/sites/default/files/documents/rappann1819.pdf
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1.3 Database Characteristics

Computerised administrative health databases capture health care information
pertaining to fee-for-service medical claims, hospital and pharmacy records in
Quebec. The two governing bodies charged with managing these data are the RAMQ
and the Ministry of Health and Social Services (Ministère de la Santé et des services
sociaux, MSSS). RAMQ manages four databases that include (1) files on demo-
graphic data, (2) drug insurance information, (3) pharmaceutical service data, and
(4) fee-for-service physician billing information.4 TheMSSSmanages six databases:
(1) the Maintenance et exploitation des données pour l’étude de la clientèle hospi-
talière (MED-ÉCHO), which maintains files on hospital stay information; (2) the
Système d’information du Registre des traumatismes du Québec (SIRTQ), which
maintains files on trauma care; (3) the Banque de données communes des urgences
(BDCU), which includes information on services use pertaining to episodes of care
provided in emergency departments; (4) the Système d’information sur la clien-
tèle et les services des CLSC (I-CLSC), (5) Performance hospitalière (APR-DRG)
where APR-DRG groupings, resource intensity weights and other management indi-
cators are available for in-patient and day surgeries in the acute care setting; and
(6) Registre des événements démographiques which provides demographic event
information including births, stillbirths, and deaths (See Footnote 4).

Although data are recorded in multiple files covering different domains of health
care, each of these files contains a unique patient identifier that permits the linkage
of these data files.

Participants of the medication insurance program are defined as individuals regis-
tered for the RAMQ plan who have filled a prescribed medication at least once
during the financial period in question.5 During the 2018–2019 fiscal year, for
instance, participants of the medication insurance program included 310,758 indi-
viduals receiving social assistance, 1,361,840 individuals 65 years and older, and
1,193,561 adherents [other persons not eligible for either employee benefit plans or
group insurance (private plans)].6 Considering the age of theses participants, 235,382
were children aged 18 or younger, 1,268,937 were adults aged 18–64, and 1,361,840
were adults aged 65 and older, corresponding to medication insurance plan coverage
of 15%, 24%, and 86% of the overall Quebec population within these age groups,
respectively (Statistics Canada and l’Institut de la statistique du Québec 2019).

4https://www.stat.gouv.qc.ca/recherche/#/donnees/administratives/sante
5https://www.ramq.gouv.qc.ca/sites/default/files/documents/rappann1819.pdf, page 51, footnote
42
6https://www.ramq.gouv.qc.ca/sites/default/files/documents/rappann1819.pdf, page 52

https://www.stat.gouv.qc.ca/recherche/#/donnees/administratives/sante
https://www.ramq.gouv.qc.ca/sites/default/files/documents/rappann1819.pdf
https://www.ramq.gouv.qc.ca/sites/default/files/documents/rappann1819.pdf
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1.4 Available Data

1.4.1 Available Data in the RAMQ Databases

Demographic data: The Medicare beneficiary file (Fichier des bénéficiaires)
contains demographic information pertaining to approximately 95% of Quebec resi-
dents covered by the RAMQ plan in 2018–2019. Demographic variables include
age, sex, health region and local community service center (CLSC) territory of the
insured, three-digit postal code, and date and cause of death where applicable.

Drug insurance plan eligibility data: This file contains information identifying
the sub-program under which the person had received coverage (adherent, social
assistance, or aged 65 and over) and the start and end dates of eligibility.7

Prescription drug data: The RAMQ medication insurance plan covers over 7,000
medications listed on the province’s formulary (liste de medicaments) (Régie de
l’assurance maladie du Québec 2020b) which is published periodically by RAMQ.
It is the most generous of the Canadian drug plans, listing a total of 33.4% of all
medicines approved by Health Canada between 2008 and 2017 as compared with
an average 25.6% in the drug plans in other provinces (Labrie 2019). In certain
circumstances, medications not formally listed on the formulary are covered under
the plan. These “exceptional medications”, which are published in a separate section
of the formulary, require a physician to send RAMQ a payment authorisation request
and, once authorised, to include a designated code on the prescription in order for
these drugs to be automatically insured.

The RAMQ drug files contain data pertaining to all filled outpatient prescriptions
prescribed by aQuebec-licensed health professional toRAMQplanparticipants filled
at community pharmacies. Information available for each dispensed prescription
includes: The dispensing date, the drug identification number (DIN), the American
Hospital Formulary Service (AHFS) drug class and drug generic name/common
denomination (denocom) codes, the dosage form (e.g., tablet, capsule, topical cream
or inhaler), the strength, quantity and units of the drug dispensed, and the duration
of treatment.8 In addition, the database includes codes that indicate whether the
prescription is new or a renewal, whether the pharmacist dispensed the exact drug as
written or an equivalent medication, the drug cost and deductible contribution of the
insured, the specialty of the prescribing health professional, and whether or not the
prescribing health professional is registered with RAMQ and practising in Quebec
(Gouvernement duQuébec 2019b). The data containedwithin the prescription claims
database has been shown to be both valid and comprehensive (Tamblyn et al. 1995).

Physician claims data: The physician claims database contains data pertaining
to all physician claims for outpatient medical services remunerated on a fee-for-
service basis. Fee-for-service billing represented 82%of the costs ofmedical services

7https://www.stat.gouv.qc.ca/recherche/#/donnees/administratives/sante/banque/1/1
8https://www.stat.gouv.qc.ca/recherche/#/donnees/administratives/sante/banque/1/2

https://www.stat.gouv.qc.ca/recherche/#/donnees/administratives/sante/banque/1/1
https://www.stat.gouv.qc.ca/recherche/#/donnees/administratives/sante/banque/1/2
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rendered in the province in 2018.9 Data elements available include the date of service,
a diagnosis coded in the International Classification of Diseases (ICD) 9th Revision
format, a RAMQ fee-for-service code, the location of service delivery (e.g., inpatient,
emergency, clinic), and both an anonymous identifier and the medical specialty of
the treating and referring physician, if applicable (See Footnote 9). Only one diag-
nosis code is registered by the billing physician on his request for payment, and this
diagnosis is neither mandatory in order to justify the billed services nor is it vali-
dated. Validation of the RAMQ medical services claims data, however, has found
diagnosis codes to be highly specific but variable in terms of their sensitivity for
many conditions (Wilchesky et al. 2004).

1.4.2 Available Data in the MSSS Databases

Hospital inpatient data: The MED-ÉCHO database contains data pertaining to all
discharges from Quebec hospitals providing general and specialised care. These
data, compiled by hospitals and available since April 1, 1987, include acute care
(physical and mental) and day surgery and contain information pertaining to hospital
stays, diagnoses, procedures, services, tumors, and intensive care (Gouvernement du
Québec 1987). In addition, the database also records the gestational age for planned
abortions, miscarriages, and deliveries (Santos et al. 2011).

Available variables include dates of admission, discharge and length of stay,
discharge type, type of admission (day surgery vs. inpatient stay), type of estab-
lishment and a de-identified establishment code, destination establishment type for
patients who are transferred to another institution, and type of death (pre- or post-
operative, maternal, neonatal, other). One primary and up to an additional 15 diag-
noses are reported (in either ICD-9 or ICD-10-CA format for discharges taking place
afterApril 1, 2006) aswell as a diagnostic characteristic code (i.e., indicatingwhether
a diagnosis was a complication or infection) and up to 15 procedure codes with corre-
sponding procedure dates (Gouvernement du Québec 1987).10 Data pertaining to the
hospital department, specialty code of the associated service provider, intensive care
unit code, number of days and number of episodes of admission to an ICU, and
number of days a patient was admitted to a given non-ICU service is also available.
Recorded hospital discharge information has been shown to be both comprehensive
and valid (Levy et al. 1995; Lambert et al. 2012; Mayo et al. 1993).

The BDM-SIRTQ database contains information pertaining to admissions to the
61 designated trauma centers in Quebec. Data recorded include the date and time of
the event, cause of trauma (e.g., motor vehicle accident, fall, stabbing), the location
where the trauma took place (e.g., home, school, industrial area, farm) as well as the
means of transport to access the trauma centre (Gouvernement du Québec 2019c;
Direction générale des affaires universitaires 2009). Inclusion criteria into the registry

9https://www.stat.gouv.qc.ca/recherche/#/donnees/administratives/sante/banque/5
10https://www.stat.gouv.qc.ca/recherche/#/donnees/administratives/sante/banque/3

https://www.stat.gouv.qc.ca/recherche/#/donnees/administratives/sante/banque/5
https://www.stat.gouv.qc.ca/recherche/#/donnees/administratives/sante/banque/3
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beforeApril 1, 2010 required one ormore of the following: Death as a result of injury,
admission with a hospital stay of three days or more, direct admission to an intensive
care unit, or inter-hospital transfer. For traumatic events after March 31, 2010, all
admitted or enrolled deaths and all admitted cases were included. Trauma registry
data are available from April 1998 until the last complete fiscal year (Gouvernement
du Québec 2019c).

The BDCU database includes information on services use pertaining to episodes
of care provided in emergency departments from April 1, 2014. It includes variables
such as the date, hour, minute, and second of the start (i.e., time of registration in
the emergency department at reception or by triage), and end of a treatment episode,
triage code, autonomy level of the patient after triage, reason for the ER visit, primary
diagnosis made by the ER physician, major diagnosis category, whether the patient
was admitted to either an intensive care ward or an isolation room as well as infor-
mation about transfers, death/autopsy, whether or not the patient is followed by a
primary care physician. This database is also used to draw a portrait of the emergency
clientele and to monitor the use of stretchers within the emergency. As such, vari-
ables pertaining to the duration of several key transitional care benchmarks such as
the wait time (in minutes) before the admission request, the request for admission to
the hospital center, the first triage, and the time before the patient occupied a stretcher
are available for study (Gouvernement du Québec 2019a).

The I-CLSC database captures health services use within Quebec’s local commu-
nity service centres or centres local de services communautaires. This information is
available fromApril 1, 2000, but only data fromApril 1, 2012may be linked with the
other databases. Variables include the date of the episode, the type of service rendered
(e.g., medical, psychosocial, home care, nutrition, occupational therapy, vaccination,
perinatal), reasons for any interventions rendered, and information pertaining to both
the users and the providers of these services (Gouvernement du Québec 2019d).

Demographic events: In addition to the administrative health data described above,
the Fichier des évènements démographiques du Québec contains the vital statistics
data pertaining to births and deaths, including perinatal death. Information pertaining
to date of death, amedical code corresponding to the underlying cause of death aswell
as the location (e.g., home or institution code) where the death took place is available.
The numéro d’assurance maladie (NAM) is obtained from death certificates and is
available for individuals who have died. As of the year 2000, both the initial cause
of death and secondary causes of death are available (in ICD-10 format). The file
also provides demographic variables on the mother, father, and baby as well as birth
weight and gestational age for live births and stillbirths (Bérard et al. 2007b).11

11https://www.stat.gouv.qc.ca/recherche/#/donnees/administratives/sante/banque/7

https://www.stat.gouv.qc.ca/recherche/#/donnees/administratives/sante/banque/7
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1.4.3 Possibilities of Data Linkage

The RAMQ, MED-ÉCHO, and ISQ computerised databases can be linked via the
health insurance number, or NAM, which is a unique identifier assigned to all legal
residents of Quebec. For the purposes of research, the NAM variable is de-identified
(anonymised) for each study before dissemination. Although the ISQ data does
not include the NAM for individuals who are alive, mother-child linkage has been
achieved using the name, surname, and date of birth of both the mother and the child
(Bérard et al. 2007a). In addition, linkage to other databases such as the Société
de l’assurance automobile du Québec (SAAQ) database has been possible, which
has provided the opportunity to assess the association between exposure to various
medications and the risk of motor vehicle crashes (Hemmelgarn et al. 1997; Delaney
et al. 2006b; Orriols et al. 2013; Fournier et al. 2015).

1.4.4 Timeliness of Data Access

Drug data becomes available for dissemination approximately one year after they
are sent to RAMQ (for example, researchers requesting data in 2009 were only
able to obtain drug data for 2008 and earlier) (Rawson 2009). Physician service and
hospitalisation data, however, tend to become available approximately two years
after they are received by RAMQ (Rawson 2009). Delays have been an issue for
researchers when acquiring Quebec data. In 2014, RAMQ indicated that one should
expect a turn-around of between six to ninemonths following submission of a request
excluding the government’s Commission d’accès à l’information (CAI) approval
process (Rawson 2009), which is required when requesting RAMQ or other health
care linkable data. However, anecdotal evidence from local users suggested that
linking databases historically led to delays of up to 12 months or longer although
this has improved in recent years.

In 2019, the Quebec government mandated the ISQ to implement a simplified
process for accessing research data in order to reduce data processing times. Since
spring 2019, all requests for RAMQ and MSSS data must be made online via the
“ISQResearch Data Access Point”.12 Using this new system, only one access request
is necessary, regardless of the department or body holding this data, and application
for authorisation from the CAI is included in the process (See Sect. 1.7).

1.4.5 Socioeconomic Status

While no specific variable for socioeconomic status or education level exists in these
data per se, researchers have been successful in applying algorithms matching the
three-digit postal code variable available in the RAMQ database with census data on
relevant indicators (e.g., education, employment, average income, marital status) to

12https://www.stat.gouv.qc.ca/recherche/#/a-propos/guichet-acces-donnees

https://www.stat.gouv.qc.ca/recherche/#/a-propos/guichet-acces-donnees


222 M. Wilchesky and S. Suissa

produce validated ecologic measures of material and social deprivation (Pampalon
and Raymond 2000).

1.4.6 Variables Not Available

Information pertaining to use of over-the-counter medications, results from labora-
tory, imaging, or other tests, information obtained via physical examination, family
medical history, and lifestyle variables such as exercise, diet, and alcohol and tobacco
use are unavailable for study.

1.5 Strengths and Limitations

With 3.5 million people—representing 43% of all Quebec citizens—covered by
the medication insurance program, a major strength of the RAMQ databases is the
size and comprehensiveness, which results in the ability to capture important health
information and events. Each database file includes a unique patient identifier that
can be used to link database files and create longitudinal histories of health care
and medication use. The availability of diagnostic information within all hospital
and most medical visits to Quebec physicians represents an important opportunity
to capture clinical outcomes for health-related research, to assemble cohorts for
epidemiological study, and to engage in population-based surveillance.

One limitation of the data is the fact that the prescriptions database captures
data pertaining only to outpatient prescriptions, such that longitudinal histories of
medication use will have missing data during periods of hospitalisation (or other
institutionalisation). When a period of time during follow-up (for a cohort study)
or prior to the index date (for a case-control study) exists during which a subject
cannot be recognised as being exposed, that period of time is called “immeasurable”
which gives rise to the possibility of “immeasurable time bias” (Suissa 2008). When
using these data to define exposure history, it is therefore necessary for researchers to
employ methods and procedures to carefully account for periods where medication
use is unknown (Wilchesky et al. 2012). An additional limitation of the data stems
from the nature of the insurance plan in that the Quebec medications database has
been found to over-represent individuals of lower socioeconomic status (Bérard and
Lacasse 2009).

Other limitations of the data are inherent to the use of administrative databases in
general. They do not, for example, capture over-the-counter medications or samples
obtained from physicians, and, given that prescription claims data only record drugs
which have been dispensed (and not taken), drug exposure can be misclassified.
Studies estimatingmedication adherence using prescription refill data, however, have
found prescription claims data to be relatively valid (Grymonpre et al. 1998; Lau et al.
1997). As is the case with other administrative data, the RAMQ databases also lack
information on many potentially important confounding factors, including lifestyle
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information (smoking, exercise, diet), alcohol and/or illicit drug use, environmental
exposures, information pertaining to work occupation, and family history of various
medical conditions.

A limitation of the outpatient diagnosis data lies in the fact that only one diag-
nosis code is requested from physicians by RAMQ for billing, and therefore only
one diagnosis is available per visit recorded in the fee-for-service physician claims
database. In 2005, the prevalence of multi-morbidity among Quebec adults seen
by family physicians was found to be high, with nearly 50% of patients presenting
with five or more chronic conditions (Fortin et al. 2005). In 2011, the Canadian
Institute for Health Information reported that seniors with three or more reported
chronic conditions accounted for 40% of health care use and used an average of six
prescription medications regularly (twice as many medications as seniors with only
one chronic condition) (Canadian Institute for Health Information 2011). In Quebec,
the diagnosis recorded on a fee-for-service physician claim is not linked to remuner-
ation. Given both the high prevalence of multi-morbidity and the fact that acute or
episodic conditions are often the underlying reason for a given patient visit, the diag-
noses recorded in these administrative data represent a choice of one among possibly
several diagnoses which has been made by that billing physician. It is, therefore, not
all that surprising that studies which have validated RAMQ diagnoses have found
them to be highly specific but much lower in sensitivity.

1.6 Validation

1.6.1 Internal Validation

A number of measures of control and verification, including inspection visits
and pharmacy prescription requests made by letter to pharmacists, have been
implemented by RAMQ to ensure that services have been rendered and invoiced
appropriately (Régie de l’assurance maladie du Québec 2019).

1.6.2 External Validation

The RAMQ databases have been used extensively for research purposes, and infor-
mation pertaining to the validity of the data contained therein has been published
in a number of studies. In a 1995 study by Tamblyn et al., in which data from a
regionally stratified random sample of 65,349 Quebec elderly in 1990 were used,
the prescriptions claims database was found to be both comprehensive and accurate
(Tamblyn et al. 1995). Data pertaining to essential variables such as drug, quantity,
date dispensed, duration, and patient identifier were found to be complete with less
than 0.5%missing or out of range (Tamblyn et al. 1995). Furthermore, when database
information was compared with information abstracted from the clinical files of a
subsample of 306 elderly patients who had attended an internal medicine clinic, 89%
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had perfect matches for medication and prescribing physician, and 69.1% and 72.1%
had perfect matches for quantity prescribed and prescription duration, respectively
(Tamblyn et al. 1995).

The validity of diagnoses recorded within the RAMQ physician claims data has
been assessed in a number of studies that have also used clinical chart information as
a gold standard for comparison. In a 2001 study by Wilchesky et al., the diagnostic
information abstracted from the medical charts of 14,980 patients for 14 conditions
associated with drug disease contraindication were found to be highly specific but
varied substantially with respect to sensitivity (Wilchesky et al. 2004).Whenmedical
claims information from both primary care and specialist physicians were combined,
most diagnoses had a specificity of 95% or higher, with specificity for hypertension,
Chronic Obstructive Pulmonary Disease (COPD), and glaucoma being lower at 82%,
88%, and 94%, respectively. The sensitivity of the diagnoses, however, ranged from
76% for glaucoma to 1% for postural hypotension. The same study also assessed
validity of the set of diagnoses associated with the 17 conditions used to calculate the
Charlson Comorbidity Index (Charlson et al. 1987; Romano et al. 1993; Deyo et al.
1992) and again found the data to be highly specific but variable in terms of sensitivity
(Wilchesky et al. 2004). Similarly, Cadieux et al. assessed the accuracy of RAMQ
physician billing claims for identifying episodes of acute respiratory infection in
primary care and found the data to have high specificity and high positive and negative
predictive value (PPV and NPV). However, sensitivity for diagnoses was below 50%
(Cadieux and Tamblyn 2008). Tamblyn et al. found that using both diagnostic and
procedure codes in combination provided a sensitive measure of injury occurrence
in the elderly (in particular when a time window of −3 to +14 days of the recorded
injury date was used), but sensitivity varied by the type of injury and by the presence
of injury-specific billable procedures (Tamblyn et al. 2000). A 2017 study by Oskoui
et al. reported the sensitivity and specificity of RAMQ data for cerebral palsy were
65.5% and 99.9%, respectively and that sensitivity was higher in children from rural
regions, born preterm, with spastic quadriparesis, and with higher levels of motor
impairment (Oskoui et al. 2017).

Finally, two recent studies have assessed the suitability of the RAMQ physician
claims data for the purpose of syndromic surveillance. The first, by Chan et al., found
that diagnoses in children for influenza-like illness provided an earlier signal of flu
epidemic than records of visits to emergency departments (Chan et al. 2011). The
second, by Cadieux et al., assessed the potential ability for these data to identify
five specific syndromes (fever, gastrointestinal, neurological, rash, and respiratory,
including influenza-like illness) in community health care settings and found that
the diagnostic codes had low sensitivity, moderate to high PPV, and near-perfect
specificity and NPV (Cadieux et al. 2011).

Assessments of validity pertaining to the other linkable databases are also avail-
able, and these studies have found the information contained within these databases
to be accurate. A study by Lambert et al., conducted in a fairly large contempo-
rary cohort of cardiac patients hospitalised in a representative sample of Quebec
hospitals, found that discharge data were reliably coded and compared favourably
with medical record review to predict mortality (Lambert et al. 2012). Conditions
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evaluated included those contained in the Charlson Comorbidity Index in addition
to several other important predictors of mortality for either acute myocardial infarc-
tion (AMI), coronary angioplasty or coronary artery bypass graft. These were found
to be highly specific, with high positive and negative predictive values and demon-
strated sensitivities ranging from 55% for previousAMI to 94% for “diabetes without
complications” (Lambert et al. 2012). In another study that assessed the accuracy
of hospital discharge coding for stroke from five acute-care hospitals in Montreal
where chart review was conducted by a neurologist, the primary discharge ICD-9
codes for “subarachnoid hemorrhage” and “intracerebral hemorrhage” were found
to have a PPV of 100%, with overall PPV for the entire set of stroke diagnoses
being between 74 and 80% (Mayo et al. 1993; Andrade et al. 2012). Finally, in a
study that evaluated the validity of pregnancy-related variables recorded in Quebec
administrative databases, a comparison between the ISQ demographics database file
andmedical charts for categorical maternal and infant characteristics found variables
such as “previous pregnancy”, “previous live birth(s)”, and sex of the baby had near
perfect sensitivity, specificity, and predictive values ranging from 92 to 99% (Vilain
et al. 2008).

1.7 Governance and Ethical Issues

As mentioned in Sect. 1.4.5, researchers interested in accessing RAMQ data must
now submit a request via the ISQ Research Data Access Point. Researchers outside
Quebec must collaborate with a Quebec researcher who will assume responsibility
for use and handling of the data. There are 12 steps in this new process (Institut
de la statistique Québec 2019), the first being creating a user account followed by
preparing and submitting the data request. In the second step, the ISQ assesses the
completeness and feasibility of the request. If complete, the ISQ will then assess
its capacity to select cohorts and link data from the various files and will verify
the availability of all the variables requested for the selected research period. At this
point, it is possible that the ISQmay initiate discussions with the researchers in order
to clarify their needs. At the end of this step, a summary cost assessment is provided
in order to confirm financial capacity to carry out the project.

The third step involves application to the Commission d’accès à l’information
(CAI), if applicable. The ISQ will forward the final version of the data request from
step two to the CAI along with all supporting documents, including the assessment
report, and researchers are informed of the date these documents are sent. The CAI
may request additional information from the researchers during this time. The CAI
will then issue its decision and communicate it to all parties involved, namely the
researcher, the data holders, and the ISQ.Upon receipt of a favourable decision by the
CAI, step four involves the dissemination of the assessment report prepared by the
ISQ and the documentation provided by the researcher to each data holder targeted by
the access request to ask for their authorisation. Data holders (e.g., RAMQ, MSSS)
must communicate their decision to the researcherswithin ten business days once they
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have received all the necessary information. Once all the necessary authorisations
have been granted, step five involves a final review of the project to identify the
work to be done and the preparation of contractual commitments and costs. If the
researcher agrees to these terms, the commitments are signed, and the ISQwill begin
working on the project.

The final steps involve preparation of and obtaining access to the research
file, monitoring of the request and management of the research project until its
completion, and eventual destruction of the data (Institut de la statistique Québec
2019).

1.8 Documents and Publications

The RAMQ databases have been extensively used in pharmacoepidemiological
studies for a wide variety of conditions including (but not limited to): Pregnancy
outcomes (Bérard et al. 2019), Alzheimer’s disease (Billioti de Gage et al. 2014),
cardiac arrhythmia (Essebag et al. 2003; Wilchesky et al. 2012), myocardial infarc-
tion (Bally et al. 2017, 2018), cataracts (Garbe et al. 1998), cerebrovascular disease
(Perreault et al. 2009), chronic obstructive pulmonary disease (Ernst et al. 2007;
Wilchesky et al. 2012), clostridium difficile (Dial et al. 2004), diabetes (Suissa et al.
2010), epilepsy (LeLorier et al. 2008), glaucoma (Garbe et al. 1997a, b), inflamma-
tory bowel disease (Brassard et al. 2014), pneumonia (Filion et al. 2014), prostate
disease (Delaney et al. 2006a), depression (Lunghi et al. 2017), and rheumatoid
arthritis (Dixon et al. 2011; Bernatsky et al. 2008; Bernatsky and Ehrmann Feldman
2008).

1.9 Administrative Information

Régie de l’assurance maladie du Québec
Direction de l’analyse et de la gestion de l’information
Email: statistiques@ramq.gouv.qc.ca
http://www.ramq.gouv.qc.ca/fr/donnees-et-statistiques/donnees-sur-dem
ande/chercheurs/Pages/chercheur-affilie-a-une-universite.aspx

http://www.ramq.gouv.qc.ca/fr/donnees-et-statistiques/donnees-sur-demande/chercheurs/Pages/chercheur-affilie-a-une-universite.aspx
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Medicaid and Medicare

Dirk Enders, Tania Schink, and Til Stürmer

Abstract Medicaid is the largest health care program for persons with low income
in the US and is jointly funded by the federal and individual state governments, while
Medicare is solely funded by the federal government and provides health care for
the vast majority of elderly persons. Both programs were established in 1965 and are
overseen by the Centers of Medicare and Medicaid Services (CMS) of the United
States Department of Health and Human Services.

1 Database Description

1.1 Introduction

Medicaid is the largest health care program for persons with low income in the
US and is jointly funded by the federal and individual state governments, while
Medicare is solely funded by the federal government and provides health care for
the vast majority of elderly persons. Both programs were established in 1965 and are
overseen by the Centers of Medicare and Medicaid Services (CMS) of the United
StatesDepartment ofHealth andHuman Services. TheCMS alsomaintain a database
with administrative data from both health care programs, which is the main source
for researchers working with Medicaid or Medicare data (Leonard et al. 2017). The
administrative data of Medicaid has been used to answer pharmacoepidemiological
research questions since the early 1980s (Hennessy et al. 2012a). Administrative data
of Medicare has increasingly been used for this purpose since the implementation of
prescription drug coverage in 2006 (Hanlon and Donohue 2010).
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1.2 Database Characteristics

Medicaid originally covered expenditures for low income pregnant women, families
with children or elderly patients as well as chronically disabled patients in all federal
states of the US. In 2014, the eligibility was extended to all low income patients
in the course of the Patient Protection and Affordable Care Act, but extension is
voluntary and varies by state. Medicare covers most patients aged 65 years and
above as well as some disabled persons and patients with end-stage renal disease or
amyotrophic lateral sclerosis. TheMedicare program is divided into four parts. Part A
is available to all Medicare enrollees and covers inpatient and hospice/nursing home
care. Part B is available for an additional monthly fee and covers outpatient physician
visits, services or products. Part C includes Medicare Advantage plans, which can be
demanded by Part A or B enrollees and cover additional services, typically paid by an
extra premium each month. However, the claims of Part C are generally not available
for research through CMS. Part D was implemented in 2006 as part of the Medicare
ModernizationAct of 2003 and covers outpatient prescriptions. To be included in Part
D, patients must enroll in stand-alone prescription drug plans orMedicare Advantage
prescription drug plans, which are administered by private health insurances. As the
eligibility criteria for Medicare and Medicaid overlap patients could be enrolled in
both Medicare and Medicaid.

The trend of enrolled patients over time is depicted in Fig. 1. There has been a
steady increase in enrolled persons over the last 50 years in both health care programs
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with a steeper increase in enrollment for Medicaid than for Medicare (Part A or B).
Table 1 shows the latest demographic characteristics.Medicaid covered 74.49million
people in 2012 and 58.48millionwere enrolled inMedicare in 2017, corresponding to
23.7 and 18.0% of the US population, respectively (U.S. Census Bureau Population
Division 2018). The beneficiaries of Medicaid are not representative for the US
population, as children, females as well as non-white persons are over-represented
due to the selective eligibility criteria of the program. For the same reason, white
persons, females and seniors are overrepresented in Medicare. Over 10.6 million
patients are currently enrolled in bothMedicare andMedicaid (Centers for Medicare
and Medicaid Services 2020).

The raw administrative data of Medicaid is processed by the CMS and made
available for research purposes via research identifiable files (RIFs). For Medicaid,
the administrative data needs three to four years to become available and the RIFs
currently cover data from 1999 up to 2013 for all federal states and up to 2015 for
some of them. The administrative data of Medicare Part A, B, and D is updated
more frequently than the Medicaid data and is now available after approximately
one year. Currently, the RIFs of Medicare cover the years 1999 to 2017 and 2018
data is expected to be complete at the beginning of 2020 (Part D data is available
from 2006 and already includes 2018 data).

1.3 Available Data

Medicaid data is stored in five different data files, which are referred to as Medical
Analytic eXtract (MAX) files by the CMS:

• The Personal Summary File contains demographic characteristics of the patients,
e.g., date of birth, gender and race/ethnicity, date of death (without cause of death).
It also contains information about the eligibility status (e.g., eligibility group,
months of eligibility, dual eligibility to Medicare and Medicaid) and summary
measures on use of the health system (e.g., number and duration of hospital stays,
total number of prescribed drugs, payments).

• The Inpatient File contains all hospital stay records for enrollees using inpatient
services. Included are hospital admission dates, type and begin/end of services,
status at discharge and payments. Diagnoses are coded by the International Clas-
sification of Diseases, 9th Edition, Clinical Modification (ICD-9-CM and proce-
dures by ICD-9-CM, Healthcare Common Procedure Coding System (HCPCS)
level I-III or state-specific codes.

• The Other Therapy File includes claims from outpatient and inpatient physician
visits (including physician specialty), aswell as outpatient hospitals, clinics, home
health care and hospices with respective dates. Diagnoses and procedures are
coded in the same manner as in the Inpatient File. Outpatient laboratory and
radiology records are also contained, but lab results are not reported.
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• The Prescription Drug File covers all drug claims of Medicaid, which are coded
according to the National Drug Code (NDC) system. Drugs identified by other
codes such as HCPCS or state-specific codes are contained in the Other Therapy
file. Note that most drugs for patients which are dually eligible for Medicaid
and Medicare are contained in the Medicare files. All drugs are contained with
prescription date, prescription fill date, strength, quantity and duration of supply,
and identification number of the prescribing physician. Non-reimbursable drugs
administered at hospital and indications for drugs are not contained.

• The Long Term Care File includes claims from long-term care facilities, i.e.,
nursing homes, intermediate care facilities, and psychiatric facilities. The file
includes admission dates to the facility, dates of services, diagnoses coded in
ICD-9-CM, and discharge status of the patient.

The data of Medicare is available via numerous data files, which can be linked
via unique subject identifiers:

• TheMaster Beneficiary Summary File contains demographic characteristics such
as sex, race, region of residence, date and cause (only from 1999 to 2008) of
death, monthly enrollment information for Plan C and D, and summary measures
on costs and uses of services.

• TheStandardAnalytic Files (SAFs), also knownasMedicareClaimsFiles, contain
claims from institutional and non-institutional health care providers. Institutional
data covers inpatient and outpatient data as well as claims from skilled nursing
facilities, hospices, and home health agencies. Non-institutional claims cover
durable medical equipment and data on physicians and free-standing facilities
such as clinical laboratories. In general, diagnosis (coded in ICD-9-CM) and
procedures (coded in ICD-9-CM or HCPCS) are included together with the date
of service and the amount of reimbursement.

• The Medicare Provider and Analysis Review (MedPAR) Files contain inpatient
hospital and/or skilled nursing facility final action claims with diagnoses and
procedures (coded in ICD-9-CM) and the corresponding date of service and reim-
bursement amount. Contrary to the SAFs, each record represents a complete stay
in a hospital or nursing facility and thus might contain multiple claims if they
belong to the same stay.

• Information on prescription claims is available via the Part D Drug Event (PDE)
File. This file contains one record per prescription and contains prescription date,
NDC, days of supply and quantity dispensed. As in theMedicaid data, indications
for drugs are missing. Further, medication administered at the hospital is covered
by Plan A and is thus not contained in the PDE file. Information on prescription
drug plans, pharmacies, drugs and prescribers is available in supplemental files.

Medicaid and Medicare data can be linked to each other but also to other data
sources. For example, since laboratory results are absent, a study has been performed
to link Medicare data of 10 eastern states data of a large national laboratory service
(Hammill et al. 2015). For studies involving cancer, linkage of Medicare data with
the Surveillance, Epidemiology, and End Results (SEER) program of the National
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Cancer Institute is possible to obtain detailed information on cancer site, stage and
histology. The Personal Summary File of Medicaid also contains state-specific case
numbers identifying the Medicaid cases which each individual belongs to. Palmsten
et al. (2013) used this number to identifymother-infant pairs. The authors showed that
linkage is in general feasible, but the percentage of linked deliveries varies greatly
by state.

1.4 Strengths and Limitations

A major strength of Medicaid and Medicare is their enormous size, which enables
studies of rare events even in small subpopulations. The induced homogeneity by the
eligibility criteria increases control for confounding and restriction to subpopulations
might be possible, where treatment effects might be detectable in contrast to the
general population. However, the non-representativeness precludes studies aiming to
describe the overall US population. Further, although a small proportion of patients is
included in Medicaid without gaps of enrollment (Leonard et al. 2017), membership
toMedicaid is generally not stable over timeprecluding studies of long-termeffects of
most treatments (Hennessy et al. 2012b). In contrast, members ofMedicare generally
stay in the program once they entered such that studies with long follow-ups are
possible.

As with all administrative databases, Medicaid and Medicare lack information
on important confounders such as lifestyle factors (e.g. smoking, diet) or occupa-
tion. Regarding prescriptions, the databases face the common problem that over-
the-counter medication is not captured. Additionally, the prescription drug plans of
Medicare Part D each differ with respect to drug coverage and cost-sharing options
and drug availability thus differ across plans. Prescription data in Medicaid was
shown to be accurate and complete (Leonard et al. 2017), but this might not hold for
low cost generics (Choudhry and Shrank 2010).

1.5 Validation

Medicaid data of each state is validated internally by the CMS (Centers for Medicare
andMedicaid Services 2016) and anomalies are reported in validation tables. For both
Medicare and Medicaid, reimbursement of the health care providers is determined
by the recorded procedures, which are thus checked for errors and can be considered
as accurate. However, a validation study comparing medical records for surgical
procedures of hip fractures with Medicaid claims found some procedures coded for
another purpose (Wysowski and Baum 1993).
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Outpatient prescription data of Medicaid was validated in the 1980s and found to
be accurate (Lessler and Harris 1984). Leonard et al. (2017) recently investigated the
quality of prescription claims in Medicaid and noted that 95–99% of the prescrip-
tion claims were identifiable in a commercially-available database of NDCs. Further,
the absolute number of prescriptions increased steadily and consistently over time,
which suggest completeness of prescription claims. Validation of prescription claims
was also performed with Medicare data. Colantonio et al. (2016) e.g. validated the
prescription claims of lipid lowering drugs in Medicare with self-reported drug use
and observed that many beneficiaries reported drug use although no claims in Medi-
care exist. However, both data sources might have caused this discrepancy e.g. due to
recall error in self-reports or due to missing incentives to submit claims to Medicare
for reimbursement.

Leonard et al. (2017) further found that hospital data inMedicaid was underrepre-
sented in patients aged 45 years and above due to patients with poorer health status,
who are dually eligible for Medicare and Medicaid. The authors therefore advised to
additionally consider Medicare data for patients 45 years and older in case hospital-
ization data is needed to answer the study question of interest. Further, although no
gross diagnostic miscoding in the in- and outpatient claims of Medicaid occurred,
the authors acknowledged that the validity of health outcomes of interest generally
remains open.

The gold-standard of outcome validation represents medical record validation,
which was performed in a variety of studies. Hennessy et al. (2010) e.g. reviewed
codes of inpatient and emergency department encounters in Medicaid to identify
sudden cardiac death and ventricular arrhythmia originating in the outpatient setting
and found very good agreement with medical records. Hernandez-Trujillo et al.
(2015) performed medical record validation for primary immunodeficiency disease
diagnoses. They observed low positive predicted values for individual ICD-9-CM
codes and propose to use additional data sources to define disease status. Different
methods to retrieve medical records were summarized in a Medicare-based example
study validating adverse events of special interest (Wright et al. 2017). Othermethods
besides medical record validation were also performed. Brouwer et al. (2015) e.g.
compared an algorithm to define myocardial infarction in Medicaid HIV patients
with clinical cohort data and an algorithm to identify chronic kidney disease in
older Medicare adults was validated with the Reasons for Geographic and Racial
Differences in Stroke (REGARDS) study (Muntner et al. 2015).

1.6 Governance and Ethical Issues

The personnel information of Medicaid or Medicare is protected under the Privacy
Rule of the Health Insurance Portability and Accountability Act of 1996, which
prohibits disclosure of protected health information (PHI) without written consent.
Exceptions are granted for research purposes under certain conditions (Office for
Civil Rights 2018). A study using PHI via research identifiable files of CMS
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requires a data use agreement and must be approved by the Privacy Board of
CMS (Research Data Assistance Center 2020a, b). The study should assist CMS
in monitoring, managing and improving the Medicaid and Medicare program and
the services provided to the beneficiaries. Researchers must demonstrate experience
in conducting research with files containing PHI and may only apply for the data
files which are necessary to appropriately answer their study question. They further
need to define a cohort in advance, since the provision costs depend on the number
of patients in the cohort and the data files which are requested. However, there are
some public use files containing non-identifiable data on a summary level, which
can be requested without a data use agreement and without approval of the Privacy
Board.

1.7 Documents and Publications

The Research Data Assistance Center (ResDaC), a contractor funded by the CMS,
provides introductoryworkshops andwebinars onMedicaid,Medicare and the corre-
sponding data files. The ResDac website also includes a detailed description of all
information included in the RIFs (https://www.resdac.org/).

Importantmethodological and applied example studies in pharmacoepidemiology
were summarized byHennessy et al. (2012b): Using routine data of elderlyMedicaid
beneficiaries of New Jersey Stürmer et al. (2005) compared conventional confounder
adjustment with propensity score adjustment and adjustment using disease risk
scores but found no major difference between the three methods. Schneeweiss et al.
(2009) proposed an algorithm for automated confounder selection for propensity
score models and evaluated its performance in three studies based on elder Medi-
care patients. The algorithm resulted in estimates that were all closer to the results
of corresponding randomized clinical trials. Roumie et al. (2009) investigated the
risk of cardiovascular events for certain non-steroidal anti-inflammatory drugs in
Tennessee Medicaid enrollees and observed an increased risk for current users of
rofecoxib, valdecoxib and indomethacin compared to non-users in patients without
a history of cardiovascular diseases. The relation between adherence osteoporosis
treatment and the risk of fractures in elderly Medicare beneficiaries was analyzed
by Patrick et al. (2010), who found a consistent relation between adherence and risk
reduction.

Recently conducted studies showed that Medicaid and Medicare data are still
used frequently in diverse fields of epidemiological research: Leonard et al. (2018)
compared new users of different antidiabetic monotherapies regarding the risk of
severe hypoglycaemia in a cohort based on Medicaid beneficiaries from California,
Florida,NewYork,Ohio andPennsylvania and found the highest rate of serious hypo-
glycaemia for sulfonylureas. The prevalence of antidiabetic and antilipidemic medi-
cations in children and adolescents treatedwith atypical antipsychoticswas estimated
by Varghese et al. (2016) in Virginia Medicaid beneficiaries. The authors observed
that the medication was more often prescribed in atypical antipsychotic users than

https://www.resdac.org/
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in non-users. Ray et al. (2015) compared time-dependent propensity scores with
conventional adjustment of time-dependent confounders and inverse-probability-of-
treatment (IPT) weighted estimation of parameters in marginal structural models in
a cohort of opioid users of the Medicaid population in Tennessee in the absence of
confounders on the causal pathway. IPT weighted estimates were shown to be less
efficient than the other two in this example. Santos et al. (2016) analyzed the use of
cytomegalovirus prophylaxis in kidney transplant recipients of Medicare and found
that prophylaxis use was common. In an empirical example with Medicare patients
Gokhale et al. (2016) illustrated the considerable loss of power, when steps in the
design study reduce sample size to minimize potential bias. Gilbertson et al. (2016)
examined the influence of different time-windows for baseline confounder assess-
ment on the mortality risk in a simulation study based on haemodialysis patients of
Medicare and concluded that the timing of confounders should be taken into account
for improvement of confounder control.

1.8 Administrative Information

The administrative data of Medicaid and Medicare is maintained by CMS, but
ResDaC helps with data requests.

Contact details
Organization/affiliation: Research Data Assistance Center

University of Minnesota School of Public Health

Division of Health Policy and Management

420 Delaware Street SE, Mayo D355

Minneapolis, MN 55455

Administrative Contact: resdac@umn.edu

1-888-973-7322

Website: https://www.resdac.org/
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Abstract The IBM® MarketScan® Research Databases contain individual-level,
de-identified healthcare claims data including clinical utilization, expenditures,
insurance enrollment/plan benefit for inpatient, outpatient, prescription drug, and
carve-out services for a large population of individuals and their dependents with
employer-provided commercial insurance in the United States.

1 Database Description

1.1 Introduction

The IBM® MarketScan® Research Databases contain individual-level, de-identified
healthcare claims data including clinical utilization, expenditures, insurance enroll-
ment/plan benefit for inpatient, outpatient, prescription drug, and carve-out services
for a large population of individuals and their dependents with employer-provided
commercial insurance in the United States.
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1.2 Database Characteristics

In the U.S., individuals with commercial insurance (including employer- and non-
group-sponsored) plans or Medicare-based plans account for approximately 55 and
20% of the population, respectively (The Henry J. Kaiser Family Foundation 2018).
Two core MarketScan Databases include large samples of these populations: the
IBM® MarketScan® Commercial Database and the IBM® MarketScan® Medicare
SupplementalDatabase. Specifically, theMarketScanCommercialDatabase contains
data from active employees, early retirees, Consolidated Omnibus Budget Recon-
ciliation Act (COBRA) continues, and dependents insured by employer-sponsored
health plans, whereas the MarketScan Medicare Supplemental Database contains
data from Medicare-eligible retirees with employer-sponsored Medicare Supple-
mental plans. Additional data are available in the following IBM® MarketScan®

Databases: Multi-State Medicaid Database, Health and Productivity Management
Database, Benefit Plan Design Database, Lab Database, Health Risk Assessment
Database, Dental Database, Hospital Drug Database, Weather Database, Inpatient
Drug Link File, and Explorys® Claims-EMR Data Set (Hansen 2019; IBM Watson
Health 2019a).

Altogether, the MarketScan Research Databases (1995–2018), constructed by
IBMWatson Health, include health-related data from more than 350 unique carriers
on over 200 million people residing in all 50 states and the District of Columbia
(Fig. 1) (Hansen 2019). The total annual enrollee person-time increased from 26.8
million person-years in 2006 to 44.9 million person-years in 2012; 2018 contains
23.0 million person-years (Fig. 2). The annual database is typically available for
purchase after an approximate two year lag time; however, early release versions of
the data are also available.

1.3 Available Data

TheMarketScan Commercial Database and theMarketScanMedicare Supplemental
Database contain de-identified enrollee-level health data including clinical utiliza-
tion, expenditures, insurance enrollment/plan benefit for inpatient and outpatient
visits, and prescription drugs. Each individual in the MarketScan Databases is
assigned a unique enrollee identifier, which is created by encrypting information
provided by data contributors. The enrollee identifier provides links between years
of data and across the MarketScan Databases. Linkage within a family, including
mothers and babies, is possible in the MarketScan Commercial Database, and has
become easier since 2010 when a familial id variable was first included (Panozzo
et al. 2013; Cortese et al. 2015; Asfaw et al. 2012). Enrollee-level linkage to external
data sources is limited; however, IBM has helped health services customers under-
take unique linking projects to link theMarketScanResearchDatabaseswith external
data (Hansen 2019).
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Fig. 1 Percentage of 2016US state populationwith employer or non-group insurance represented in
the 2016 IBMMarketScanCommercial Database. Employer-based coverage includes those covered
through a current or former employer or union, either as policyholder or as dependent. Non-group
coverage includes those covered by a policy purchased directly from an insurance company, either
as policyholder or as dependent. MarketScan data were person-time; results for grey states were
not presented per request from IBM MarketScan (The Henry J. Kaiser Family Foundation 2018)

Both the MarketScan Commercial Database and the MarketScan Medicare
Supplemental Database contain data related to demographics, medical informa-
tion, health plan, financial information, drugs, and enrollment. Demographic infor-
mation includes age, sex, employment status and classification, relationship to
primary enrollee, state, metropolitan statistical area, and industry. Medical infor-
mation includes dates of service such as admission and discharge dates for inpatient
admissions, principal and secondary diagnosis codes, discharge status, major diag-
nostic category, principal and secondary procedure codes, diagnosis-related group
(DRG), length of stay, place of service, and quantity of services. Inpatient and outpa-
tient diagnoses are coded using the International Classification of Diseases, 9th Revi-
sion, Clinical Modification (ICD-9-CM) and ICD-10-CM codes, while procedures
are coded primarily using ICD-9-CM and ICD-10-PCS procedure codes, Healthcare
Common Procedural Coding System (HCPCS) procedure codes, and Current Proce-
dural Terminology, 4th Edition (CPT-4) codes. Pregnant women can be identified by
prenatal care and deliveries. Health plan information includes plan type (e.g., HMO,
POS, PPO). Financial information includes several payment amounts including total,
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Fig. 2 Trends in annual person-time in the IBM® MarketScan® Commercial Database, 2006–2018

net, to physician, to hospital, and total admission as well as the source of the payment
including patient out-of-pocket payments and employer/plan liability. Outpatient
drug information includes generic product ID, average wholesale price, prescription
drug payment, therapeutic class, therapeutic group, days supplied, dosage, national
drug code, and refill number. Enrollment information includes dates of enrollment
and disenrollment and member days. The Lab Database captures laboratory tests
and results for a subset of the covered lives in both the MarketScan Commercial
Database and MarketScan Medicare Supplemental Database and mainly represents
lab tests ordered in office-based practice. Laboratory values are available on patients
who have a test ordered and submitted to a specific large, national testing company.
The laboratory test results can be linked temporally to the claims data (Brookhart
et al. 2014). In the 2012 MarketScan Commercial Database, about 5% of recipients
had at least one lab test result.

1.4 Strength and Limitations

The MarketScan Databases have several strengths. First, the databases offer one
of the largest convenience samples in proprietary databases. Second, MarketScan
data provide the ability to track enrollees and families longitudinally using the
unique person-level identifier across an individual’s enrollment, medical, and drug
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records. Thus, these data capture the full continuum of care in all reimbursed inpa-
tient and outpatient settings: Physician office visits; hospital stays; and retail, mail
order, and special pharmacies. Third, MarketScan data sources allow strong longi-
tudinal tracking of enrollees over multiple years. Individual-level month-by-month
enrollment information allows for the creation of a continuous enrollment period;
however, due to what are likely administrative gaps in coverage, wherein a person is
missing a month or two of enrollment data and then resumes coverage, allowances
are often made to allow gaps in coverage. For example, individuals initially enrolled
in 2010 have an average continuous enrollment of 2.4 years (interquartile range,
0.8–3.0 years) through 2018 (allowing a 105 day difference between the end of one
month of coverage and the start of the next available month of coverage).

As a US healthcare claims database, the MarketScan data have many limita-
tions shared by all such databases. The data generally lack clinical measures (e.g.,
blood pressure and body mass index), physical examination results, lifestyle factors,
and patient-reported measures. However, for a selected subsample of the popula-
tion, some of these measures are available in the Lab Database, the Health Risk
Assessment Database, and the Explorys® Claims-EMR Data Set. The laboratory
data, although representative (Brookhart et al. 2014), capture only a small fraction
of the results from the laboratory tests that were ordered. The pharmacy claims
capture use of outpatient prescription medications, but not over-the-counter drugs or
inpatient medications. They also do not capture use of samples and the data may not
capture all low-cost genericmedication offered by some pharmacy chains. Claims for
healthcare and medications may also be missed if enrollees are eligible for more than
one insurance plan without coordination of benefits. For example, some enrollees
may have Veterans Administration (VA) benefits as well as their private insurance
coverage. The indication for the prescriptionmedication is also not available. Health-
care obtained in a VA facility may not be captured in the commercial claims data.
The diagnostic codes associated with hospitalizations, and particularly outpatient
encounters, may not reliably identify patients with or without disease conditions
due to variation in coding practices and depending on whether a comorbidity was
related to a given hospitalization or outpatient visit (Brookhart et al. 2010; Nickel
et al. 2016). The use of these codes and billing practices may also change over time.
For example, the number of observation stays rather than direct hospital admissions
has increased in patients with commercial insurance, which may lead to spurious
trends in admissions and under-ascertainment of hospitalizations in studies using
contemporary administrative healthcare data (Overman et al. 2014).

The MarketScan Databases also have some specific limitations beyond those
shared by all US claims databases. First, the population is based on a large, non-
random convenience sample from mostly large employers, which limits the gener-
alizability of study findings. However, the MarketScan Databases provide weights
which can be used to calculate more nationally representative estimates (Hansen
2019; IBM MarketScan Research Databases 2018). Second, there is little opportu-
nity for external data linkage at the enrollee level due to data use restrictions. Third,
information is not available regarding reasons for insurance disenrollment such as
change of employer, switch to Medicare coverage, or death. Independent predictors
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of disenrollment during the calendar year (January 1 to December 30) are related to
health status, including age, comorbidities, frailty, hospitalization, emergency room
visits, use of durable medical equipment (DME), use of preventive care, and use of
prescription medications, whereas independent predictors of year-end disenrollment
(December 31) are related to health plan characteristics including insurance plan and
geographic characteristics (Butler et al. 2019). Fourth, enrollees have limited enroll-
ment durations, on average. Of enrollees beginning coverage in 2015, 18.4% had
lost eligibility by six months, 31.2% by one year, and 70.7% by three years. Fifth,
individualsmay appear in theMarketScanDatabases with different unique identifiers
due to a simultaneous change in employer and insurer. Sixth, mortality information is
limited to in-hospital death data obtained through the disposition at discharge, which
may be inaccurate, and has not been available since 2015 (Hansen 2019). In 2015,
4.1% of patients discharged dead continued to accrue non-DME medical claims
15–365 days after death. Lastly, information is not available on race, ethnicity, or
socioeconomic status; however, it is possible to approximate these variables within
metropolitan statistical areas using external data sources.

1.5 Validation

MarketScan claims data undergo rigorous validation methods to ensure that claims
and enrollment data are complete, accurate, and reliable. All claims have been fully
paid and adjudicated (Hansen 2019). The MarketScan Databases are created as a
snapshot in time and are based on a calendar-year period. For validity purposes,
checks are performed for selectedfields including age, sex, dates of service, zip codes,
and diagnosis and procedure codes. Sanity checks are also performed on additional
data to check the distribution of categorical fields. In addition, several published
studies report on the use of algorithms using MarketScan data (Katz et al. 2013;
Zuckerman et al. 2007; Marsico et al. 2014). Evidence suggests that trends and other
patterns in biomarker levels in theMarketScan population reflect trends in nationally
representative data (Brookhart et al. 2014). Validation of clinical outcomes is rare
in MarketScan data due to the very limited ability to link MarketScan Databases to
clinical databases.

1.6 Governance and Ethical Issues

TheMarketScanDatabases, which are owned by IBMWatsonHealth, can be licensed
for research purposes. The associated license fees depend on the number of data
years and the number of data products requested. Fees are discounted for academic,
non-profit, and federal government funded research. Requests can be initiated at the
company website: https://www.ibm.com/watson-health.

https://www.ibm.com/watson-health
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The MarketScan Databases are fully compliant with the Health Insurance Porta-
bility and Accountability Act of 1996 (HIPAA). TheMarketScan Databases meet the
criteria for a limited-use dataset and contain none of the data elements prohibited by
HIPAA for such datasets. In addition, IBM Watson Health periodically subjects the
MarketScan Databases to review by an external independent consultant to verify that
the databases are fully statistically de-identifiedwith respect toHIPAA requirements.
Although meeting these requirements is optional given the current MarketScan
licensing process, this additional step demonstrates the IBMWatson Health commit-
ment to HIPAA compliance and to protecting the confidentiality of patient-level and
provider-level data. All patient-level and provider-level data within the MarketScan
Research Databases contain synthetic identifiers to protect the privacy of individuals
and data contributors. Any public reporting of Marketscan-derived information by
geography must be reviewed and approved by IBMWatson Health; this requirement
comes from the data contributors. With the release of the 2017 data, additional steps
have been implemented to protect the anonymity of the data contributor pool. For
example, geographic areas are now masked in certain circumstances where any one
data source dominates the data pool (IBM MarketScan Research Databases 2018).

1.7 Documents and Publications

The MarketScan Databases have been used in over 2000 peer-reviewed articles
published in leading journals since the first article by Hillman et al. was published
in the New England Journal of Medicine in 1990 (Hillman et al. 1990; IBMWatson
Health 2019b). Other highly cited papers include: (a) Hu et al. Burden of migraine
in the United States—Disability and economic costs (1999); (b) Naccarelli et al.
Increasing prevalence of atrial fibrillation and flutter in the United States (2009);
(c) Peery et al. Burden of gastrointestinal disease in the United States (2012); and
(d) Crystal-Peters et al. Treating allergic rhinitis in patients with comorbid asthma:
the risk of asthma-related hospitalizations and emergency department visits (2002).
Research with the MarketScan Databases has made substantial contributions to the
scientific literature and formulation of evidence-based healthcare guidelines in the
U.S.

1.8 Administrative Information

The IBMMarketScanResearchDatabases aremaintained and fundedby IBMWatson
Health.
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Contact Details
Organization/affiliation: IBM Corporation

Route 100
Somers, NY 10589, USA

Website: https://www.ibm.com/watson-health

2 Practical Experience with the Database

The MarketScan Databases are suitable for several different types of health services
studies, including comparative effectiveness research; cost effectiveness and cost
offset studies; pharmacoeconomic outcomes evaluations; burden of illness anal-
yses; surgical and pharmaceutical treatment comparisons; forecasting and modeling;
assessment of best practices and benchmarking against empirical norms or clinical
practice guidelines; and clinical trial planning and support (Hansen 2019).
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The Australian Pharmaceutical Benefits
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Abstract The Australian Pharmaceutical Benefits Scheme (PBS) database is
a routinely collected, whole-of-population collection comprising data on the
dispensing of medicines listed on the PBS, the Australian Government’s national
drug subsidy program. The database was established for administrative and payment
purposes but has been used for routine monitoring, surveillance, and research for
many years.

1 Database Description

1.1 Introduction

The Australian Pharmaceutical Benefits Scheme (PBS) database is a routinely
collected, whole-of-population collection comprising data on the dispensing of
medicines listed on the PBS, the Australian Government’s national drug subsidy
program. The database was established for administrative and payment purposes but
has been used for routine monitoring, surveillance, and research for many years.

1.2 Setting and Database Characteristics

Australia has a publically funded universal healthcare system entitling all Australian
citizens and permanent residents to a range of subsidized health services. Medicines
prescribed in the community and in private hospitals are subsidized under the
Commonwealth’s PBS, which supports the Australian general population, or the
Repatriation Pharmaceutical Benefits Scheme (RPBS) for returned servicemen and
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women and their dependents. The database, which extends back to the early 1990s,
contains whole-of-population data for Australia’s 25 million residents from every
State and Territory (Australian Bureau of Statistics 2019). Persons enter the database
at birth and are followed until death.

The level of PBS subsidy depends on the beneficiary status of the patient.
Concessional patients, including pensioners, seniors, low-income earners, expatri-
ates, and Indigenous Australians receiving treatment for chronic illness, have a low
co-payment threshold (Department of Health 2019a). Eligible veterans and their
dependents are also entitled to medicines at the concessional rate and receive addi-
tional pharmaceutical items at concessional prices under the RPBS. The level of
RPBS entitlement depends on the type of Repatriation Health Card held1 (Depart-
ment of Veterans’ Affairs 2019b). All other patients are considered general benefi-
ciaries and have a higher co-payment threshold. In 2019, the patient co-payment was
AUD$40.30 for general beneficiaries and AUD$6.50 for concessional beneficiaries
(Department of Health 2019b). For medicines costing more than the relevant benefi-
ciary co-payment (i.e., over co-payment), additional costs are paid by the Common-
wealth. Low-cost PBSmedicines falling under the general patient co-payment (under
co-payment) are not subsidized, but paid in full by the patient. Currently all PBS-
listed medicines are priced above the concessional beneficiary co-payment but may
be priced above or below the general beneficiary co-payment.

Prescriptions dispensed to public hospital inpatients are not PBS-subsidized;
hospitals are funded by individual States and Territories and are responsible for
these costs. Since 2002 the Australian Government has established individual agree-
ments with most Australian States and Territories, enabling participating hospi-
tals to provide discharging patients and outpatients with PBS-subsidized medicines
(Department ofHealth 2017).At the timeofwriting, the state ofNewSouthWales and
the Australian Capital Territory had not signed the agreements. All private hospital
inpatients are entitled to PBS-subsidized medicines.

In Australia medicines can be PBS-listed for a specific indication after approval
by Australia’s regulator, the Therapeutic Goods Administration. The Pharmaceutical
Benefits Advisory Committee (PBAC) assesses the medicine for subsidy on the
basis of efficacy, safety, and cost-effectiveness. Approved medicines are listed on
the scheme as unrestricted, restricted, or authority-only medicines. The latter two
categories limit the use of the medicine to certain indications, conditions, patient
groups, or quantities. Where a medicine is not PBS-listed or used for a different
indication, the medicine is supplied by private prescription, unsubsidized by the
PBS and funded entirely by a patient or private health insurer. Once a medicine
has been PBS-listed, private health insurers will not subsidize the medicine for that
indication.

1Repatriation Gold Card holders (ex-prisoners of war, World War I and II veterans and mariners,
and their war widows/widowers) and Orange card holders (eligible British Commonwealth and
allied veterans and mariners) have full RPBS entitlements; White Card holders (other veterans and
mariners) receive RPBS benefits for the treatment of specific conditions.
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1.3 Available Data

When a PBS/RPBS subsidized medicine is dispensed, the administering pharmacy
or hospital provides the Australian Government Services Australia (SA) with infor-
mation relating to the identity of the patient, prescription dispensed, prescriber, and
supplying pharmacy. The database is continually updated as the records are processed
by SA. Until recently, only medicines attracting a government subsidy (over co-
payment medicines) were captured in the database. As of 1 April 2012, the database
was expanded to capture all under co-payment dispensings in addition to PBS and
RPBS subsidized dispensings (Department of Health 2019e). Other unsubsidized
medicine use including over-the-counter purchases, private prescriptions, and the
majority of dispensing to public hospital inpatients is not ascertained in the dataset.

The characteristics of the dispensed medicine are described in the database using
the item’sAnatomical Therapeutic Chemical (ATC) code and/or PBS item code. PBS
item codes provide more detail at the product level, including generic name, form,
strength, administration route, quantity per unit (pack size), and approved indication
(also given via streamlined authority code2), where relevant.

Additional data available on the prescription includes date (of prescription by
the clinician, supply by the pharmacy, and/or processing of the claim by SA), script
type (original or repeat), cost (to patient, government, pharmacy, and overall), brand
of medicine dispensed, script category (e.g., PBS, RPBS, under co-payment), and
Regulation 493 and Regulation 254 status. The prescribed dose and duration of treat-
ment does not form part of the dispensing record. Information on the indication for
prescribing is limited. Some cautious inferences can be made using the PBS item
code, streamlined authority code, or through access to a separateAuthorityApprovals
database held by SA.

Available patient information includes patient category (including general bene-
ficiary, concessional beneficiary, etc.), age (most often supplied as month and year
of birth/death), sex, and location (based on State or postcode). However, individual
characteristics, such as age and sex, were not reliably collected in the PBS dataset
until May 2002, and no information is available on patient ethnicity. Patient location
information such as statistical area canbemapped to indices of socio-economic disad-
vantage. Information is also available on the prescribing doctor (including specialty
and location) and the dispensing pharmacy (location).

2Authority-only prescriptions require approval from SA before prescription of the medicine is
permitted. Some of these authority-only prescriptions have ‘streamlined’ authorization, whereby
provision of an authority code by the prescriber is sufficient for the medicine to be dispensed.
This is in contrast to other authority-only medicines requiring telephone or written authorization
from SA. Only streamlined authority codes are provided in the PBS database; telephone or written
authorisation codes are stored in a separate authority approvals database.
3Indicates that all repeats are supplied at the same time (previously Regulation 24).
4Indicates ‘immediate supply necessary’ prescriptions, whereby additional or early repeat supply
is permitted.
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A comprehensive outline of the data collection is detailed elsewhere (Mellish et al.
2015). Table 1 is an extract from this paper describing the core variables available
in the PBS collection.

Medicine use can be quantified in a variety of ways in the PBS dataset, including
volume of prescriptions, dispensing episodes, or costs. The strength of the medicine
and quantity supplied can also be used to calculate defined daily dose (DDD) per 1000
population per day, a widely used measure of utilization allowing for standardization
of drug use across countries and different forms of the drug. The DDD metric,
established by the WHO Collaborating Centre for Drug Statistics Methodology, is
based on the estimated mean daily dose of the drug when used for its main indication
in adults (WHO Collaborating Centre for Drug Statistics Methodology 2018).

There are also opportunities for person-level linkage between the PBS/RPBS
database and other routine data collections, enabling exploration of the relationships
between medicines exposure and a variety of outcomes. Person-level PBS/RPBS
dispensing data has been linked with Commonwealth databases such as the Medi-
care Benefits Scheme (MBS) collection. This database contains whole-of-population
information on subsidized health care services, including visits to health care prac-
titioners (including general practitioners, specialists, limited allied health profes-
sionals), and diagnostic and therapeutic procedures (such as pathology tests and
imaging). Diagnostic information is available where MBS item numbers are diag-
nosis specific. MBS data include services provided to outpatients and private inpa-
tients; however, inpatient data for public patients admitted to public hospitals is not
available.

The PBS/RPBS data collection has also been linked to datasets under the custodi-
anship of the individual Australian States and Territories, including hospital separa-
tions, emergency department presentations, cancer notifications, perinatal data, and
fact and cause of death data (Colvin et al. 2009; Pratt et al. 2011; Pearson and Schaffer
2014).

Family members can be linked within the database, as they appear on the same
Medicare card. However, children listed on the card may include for example step-
children and adopted children. Children may also be listed on multiple cards (e.g.,
birth mother’s card and step-mother’s card). The only way to ensure certainty as
to the relationship between family members is through birth records held by the
State. These would need to be linked to the PBS dataset, a process impeded by
cross-jurisdictional issues.

Maximising the value of Australia’s health data has had its challenges. The feder-
ated health system, where Commonwealth or State and Territory governments are
responsible for specific aspects of care, means health data collections are under
the custodianship of different agencies. To undertake comprehensive health system
research, data must be linked at the person level (a linkage complicated by the lack
of a common patient identifier) and across jurisdictional boundaries. While Australia
has a number of approved integrating authorities responsible for undertaking these
large-scale, population level linkages, the ethical and governance requirements for
gaining approval to link and the limited capacity of the integrating authorities have
meant significant delays in data access; sometimes up to five years from initial
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Table 1 Core variables present in the PBS data collection

Variable Definition

Medicine details

ATC code Internationally accepted, WHO-defined codesa that classify
medicines over five levels, starting broadly with the anatomical
site of action (e.g. nervous system) and ending specifically with
the chemical substance (e.g. oxycodone) (WHO Collaborating
Centre for Drug Statistics Methodology 2018)

PBS item code Pharmaceutical Benefits Scheme defined codes that provide
medicine details at the product level, including generic name,
form, strength, administration route, quantity per unit (pack
size), and approved indication, where applicable

Medicine section Classification according to section of the PBS Schedule
(Sect. 85 or 100)

Prescription details

Date of prescription Date on which the prescription was written

Date of supply Date on which the medicine was supplied/dispensed by the
pharmacy or hospital

Date of processing Date on which the claim was processed by SA

Prescription type Describes whether the prescription is an original, repeat,
deferred supply, authority, etc.

Total cost The gross price of the prescription, including the patient
contribution plus the net benefit

Patient contribution The amount paid by the patient for the prescription

Government contribution The benefit paid to the pharmacy by the Australian Government

Prescription category The program under which the prescription was dispensed (e.g.
PBS, RPBS, under co-payment, etc.)

Regulation 49 status Indicates that the original supply and all repeats were dispensed
at once

Streamlined authority code Indicates the physician-declared indication or reason for
prescription for Authority required (STREAMLINED)
medicines

Patient details

Patient identifier A unique, scrambled patient identifier provided by the
Australian Government, allowing derivation of additional
patient characteristics such as age (via date of birth), sex and
geographical location

Patient category The beneficiary status of the patient (e.g. concessional, general,
safety net, doctors bag, under co-payment, closing the gap);
determines how much the patient contributes to their medicine
cost

Patient location The location (e.g. state, statistical area) of the patient

Measures of utilisation

Quantity The quantity of medicine supplied to the patient

(continued)
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Table 1 (continued)

Variable Definition

Number of dispensings/scripts The number of prescriptions dispensed (including original and
repeat)

DDD/1000 pop/day A measure of utilisation based around the WHO Defined Daily
Dose (DDD), allowing for standardisation of use across
different countries and drug formulations; provides a rough
estimate of the proportion of the population treated daily with
the medicine of interest (WHO Collaborating Centre for Drug
Statistics Methodology 2018)

Prescriber information

Prescriber identifier A unique, scrambled number identifying the prescribing doctor

Prescriber specialty Identifies the specialty of the prescribing doctor (e.g. general
practitioner, psychiatrist etc.)

Prescriber location The location (e.g. state, statistical area) of the prescribing
doctor

Pharmacy information

Pharmacy identifier A unique, scrambled number identifying the dispensing
pharmacy

Pharmacy location The location (e.g. state) of the dispensing pharmacy

Availability to researchers depends on the data extract
From: The Australian Pharmaceutical Benefits Scheme data collection: A practical guide for
researchers (Mellish et al. 2015)
ATC Anatomical Therapeutic Chemical; DDD/1000 pop/day Defined daily dose per 1000
population per day; SA Services Australia;WHO World Health Organisation
aATC codes provided in the PBS dataset may occasionally differ from those determined by WHO

ethical approval to data provision. This situation has impacted significantly on the
capacity to undertake timely pharmacoepidemiology research. Moreover, the tradi-
tional approaches to ethical approvals on a project-by-project basis are inefficient
and have further impeded timely output that can translate directly into clinical and
policy practice.

However, Australia’s health data linkage landscape has changed dramatically in
recent years. The May 2017 release of the Productivity Commission (the Australian
Government’s independent advisory body) report on ‘Data Availability and Use’
(Productivity Commission 2017) promoted sweeping reform to increase access to
public sector data for use between different levels of government, the private and
research sectors. Australia’s Department of Prime Minister and Cabinet responded
formally to the Productivity Commission Report endorsing the proposed reforms and
pledging AUD$65 million over the next four years to reduce the historical imped-
iments to use and re-use of public data, including changes to existing legislation
(Department of Prime Minister and Cabinet 2018). In recent years, the Australian
Institute of Health andWelfare has been working with the Commonwealth and State
and Territory health authorities to develop enduring linked data assets. In December
2016, the Australian Health Ministers’ Advisory Council approved the National
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Data Linkage Demonstration Project (NDLDP), a proof-of-concept project to deter-
mine the value of linking data from Commonwealth and State health care agencies to
inform health policy and in 2019 theNational IntegratedHealth Services Information
(NIHSI)AnalysisAsset (AA)was created. TheNIHSIAAcontains de-identified data
from FY2011 onwards on admitted patient care and emergency department services,
MBS and PBS data, Residential Aged Care and National Deaths Index data. This
dataset is now in use by Commonwealth and State agencies, but was not available to
third parties such as researchers at the time of writing.

The Department of Veterans’ Affairs (DVA) RPBS dataset deserves partic-
ular mention in the context of data linkage due to its relative freedom from
cross-jurisdictional restraints. The DVA oversees total healthcare for approximately
210,000 eligible veterans and their dependents across Australia (Department of
Veterans’ Affairs 2019a), maintaining custodianship over a variety of routine data
collections including RPBS dispensing claims, medical service claims, and hospi-
talizations. This arrangement provides ready linkage of health data within this popu-
lation. As such, the majority of studies using PBS and RPBS data linked to other
datasets have employed the veteran population via person-level data held by the
DVA (Pearson et al. 2015). However, the DVA cohort is elderly (average age of 74)
and diminishing (Department of Veterans’ Affairs 2019a), making recent efforts to
extend linkage between PBS claims and other collections across Australia of vital
importance.

1.4 Strengths and Limitations

As a result of its universal healthcare arrangements, Australia is one of the few
countries in the world to have access to a whole-of-population dispensing database.
The PBS database contains records onAustralia’s 25million citizens and all PBS and
RPBS listed prescriptions, amounting to more than 200 million prescriptions each
year (Department ofHealth 2018). In 2011, the database captured approximately 75%
of prescribed medicine use in Australia (Department of Health 2012). The inclusion
of under co-payment medicines in the collection since April 2012 has increased
the capture of prescribed medicines; for example our recent study demonstrated
the PBS collection captures approximately 90% of all opioids prescribed in the
Australian community (Gisev et al. 2018). The database is also highly accurate
due to its administrative purpose and real-time, automated collection of claims data
by pharmacies (Parkinson et al. 2011). Indeed, electronic dispensing records are
considered the gold standard of prescribed medicine data information compared
with patient notes and self-reported information (West et al. 1994, 1995).

However, the PBS database has several limitations.
First, the PBSdatabase does not capture use of over-the-countermedicines; unsub-

sidized prescriptions dispensed privately in the community; or inpatient prescriptions
in public hospitals, which are covered by hospital budgets. However, prescriptions
supplied to private hospital inpatients, public hospital outpatients and discharging
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inpatients are captured under the Public Hospital Pharmaceutical Reforms for partic-
ipating hospitals in five States and one Territory of Australia (Department of Health
2012, 2015).

Second, as previously mentioned, dispensed prescriptions were not reliably
attributed to individuals until 2002, hence individual-level analyses and aggregated
studies based on individual characteristics such as age and sex are possible only for
more recent data. Additionally, the utilization of under co-payment medicines was
not captured in the dataset until 1 April 2012 (Department of Health 2019e), resulting
in under-ascertainment of low cost (often older, off-patent) medicines prior to this
date. These medicines were only captured for beneficiaries with lower co-payment
thresholds, such as concessional beneficiaries and DVA clients. Due to this limita-
tion, many previous studies have restricted their study populations to concessional
beneficiaries and DVA clients, for whom complete ascertainment of medicine use
was possible (Pearson et al. 2015).

Third, the PBS database also does not ascertain the indication for which the
medicine was prescribed. As mentioned above, medicines categorized as restricted
and authority-only are only PBS-approved for use in certain indications. While the
PBS item code and streamlined authority code provide some indication of the likely
reason for use, there is no guarantee that the clinician is providing the medicine
for this purpose. Further, no information on indication is available for medicines on
unrestricted benefits (for which no indication is specified for PBS listing).

Fourth, despite the prescribed dose of the medicine being written on all
prescriptions, these data are not recorded in a PBS dispensing claim.

Researchers should also be aware of additional features of the dataset that may
impact utilization estimates, such as seasonal variations in dispensing and changes in
data capture over time.The following references discuss key analytical considerations
(Mellish et al. 2015; Kemp et al. 2012).

1.5 Validation

The PBS database was designed for administrative rather than research purposes.
While this feature ensures the accuracy of the data, there has been little validation of
the database for use in pharmacoepidemiological research. Indeed, our recent system-
atic review of Australian pharmacoepidemiological research based on PBS claims
demonstrates that out of 228 studies using PBS or RPBS data between 1987 and
2013, only 14 could be classified as having a methodological or validation purpose
(Pearson et al. 2015). Most of these methodological studies did not validate PBS
dispensing claims directly, focusing instead on validation of prescribing indicators.
However, there are a range of Australian validation studies assessing the capacity
to ascertain specific diagnoses and procedures in hospital data collections (Stavrou
et al. 2012; Robertson et al. 2014; Goldsbury et al. 2012; Powell et al. 2001). Clearly
this is important for drug safety studies.
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1.6 Governance and Ethical Issues

PBS/RPBS dispensing claims are processed by the Australian Government Services
Australia (previously Department of Human Services, Medicare Australia and the
Health Insurance Commission) and provided to the Department of Health (DoH)
and the DVA (RPBS only) for monitoring, evaluation, and health service plan-
ning. Limited aggregated (de-identified) PBS and RPBS data are publically available
online through SA Services Australia 2019) or DoH (Department of Health 2019c),
while more detailed, customized reports in aggregated or unit record formats can be
requested from SA, DoH, or Department of Veterans’ Affairs (DVA; RPBS only) to
address specific research questions. Data are provided on a cost recovery basis.

The PBS dataset is also available in combination with other data in aggregated or
individualized formats. The Drug Utilization Sub-Committee (DUSC) of the PBAC
was established in 1989 for the assessment of medicine use and costs and to assist in
decisions regarding medicine subsidy (Department of Health 2012). Until recently,
DUSCmaintained a database that included both the PBS/RPBS dataset and estimates
of non-subsidized under co-payment and private prescriptions ascertained from an
ongoing Pharmacy Guild Survey of a representative sample of approximately 370
community pharmacies. This combined dataset had the advantage of providing more
complete medicine capture than the PBS database alone. Limited aggregated DUSC
data can be obtained via the yearly Australian Statistics onMedicines (ASM) reports
(Department of Health 2019d), available online from 1997 to 2015 (and in print
from 1991 to 1996). However, the combined database ceased to exist in August
2012 when the Pharmacy Guild Survey was terminated. Although data on under co-
paymentmedicine use are still collected (in the PBS dataset fromApril 2012), there is
currently no comprehensive source of data on the dispensing of private prescriptions
in Australia. Data received for research purposes can be released without individual
patient consent. As such, various ethical and privacy issues exist, and researchers
must abide by the Privacy Act 1988 and Health Records and Information Privacy
Act 2003 with regards to the use and disclosure of data under the custodianship of
the Commonwealth and the various State acts if linking to their collections. Data
are provided without identifiers such as name and address details. Individuals can
be tracked in the data through scrambled personal identification numbers that are
assigned on a project specific basis.

1.7 Documents and Publications

The PBS claims database has been of significant value from a research perspective
over the last three decades.We have recently conducted a comprehensive reviewof all
published literature using Australia’s PBS dispensing records over a 25-year period,
from 1987 to 2013, identifying 228 studies using PBS data (Pearson et al. 2015).
All studies in the review accessed PBS data via a waiver of individual consent; the



264 E. A. Karanges et al.

review did not include cohort studies where patients had consented to the linkage of
PBS data. These studies explored a range of research questions, primarily concerning
trends in drug utilization (33%) and clinician or patient practices around medicine
use (26%), including co-prescribing, potential drug interactions, medicine switching
or patient adherence. Drug use and outcomes (18%), evaluations of intervention
impacts (17%), and methodological issues (6%) were also examined.

The database has been used widely in both aggregated and unit-level analyses and
in linked and unlinked forms. Specifically, we identified 106 analyses solely based
on PBS data, approximately half of whichwere claim-based and half individual-level
analyses. The remaining 122 studies combined PBS data with additional health data,
63 of which linked person-level dispensing claims with other routine data collections
such as hospitalizations, cause of death or medical service claims. However, cross-
jurisdictional issues limiting linkage of dispensing data with other health data have
meant that a limited number of drug safety studies have been conducted. Recent
developments in data linkage bring the promise of increased research productivity
in this field.

The PBS database therefore places Australia in a powerful position to conduct
pharmacoepidemiological research into the quality use of medicines. Recent years
have seen the growth and development of PBS-based pharmacoepidemiological
research, with amovement from descriptive drug utilization studies using aggregated
data to an increasing focus on patient and clinician behavior, outcomes and interven-
tions through individual-level analyses. Recent changes in data capture, such as the
inclusion of under co-payment data in the PBS dataset from 2012, have encouraged
movement away from restricted patient populations, such as concessional cohorts
or DVA clients. Similarly, investments in data linkage initiatives will likely expand
research opportunities, providing the means to examine as-yet understudied popula-
tions (such as children, pregnant women), medicines (such as antineoplastic (cancer)
therapies), and research questions (such as outcomes).

1.8 Administrative Information

Limited Pharmaceutical Benefits Schedule statistics are publically available online
in aggregated format from:

http://www.pbs.gov.au/info/browse/statistics

Requests for PBS data can be placed by contacting the Australian Government
Services Australia at: statistics@servicesaustralia.gov.au.

Further information about data access is available at: https://www.servicesaustralia.
gov.au/organisations/about-us/statistical-information-and-data

For information about data linkage contact:

Data Integration Services Centre (DISC) Unit

http://www.pbs.gov.au/info/browse/statistics
https://www.servicesaustralia.gov.au/organisations/about-us/statistical-information-and-data
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Australian Institute of Health and Welfare (AIHW)

linkage@aihw.gov.au

Australian Bureau of Statistics (ABS) Statistical Data Integration

data.integration@abs.gov.au.
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Japan—National Insurance Claims
Database (NDB)

Daisuke Sato and Kazuhiko Ohe

Abstract The Japanese National Insurance Claims Database (NDB) is an adminis-
trative database based on claims data from Medical Insurance Claims and Specific
Health Checkups and Guidance.

1 Database Description

1.1 Introduction

The Japanese National Insurance Claims Database (NDB) is an administrative
database based on claims data from Medical Insurance Claims and Specific Health
Checkups and Guidance.

The government enacted theAct onAssurance ofMedical Care for Elderly People
during the health care reform in 2008. In 2006, the Ministry of Health, Labour and
Welfare (MHLW) has commenced discussions on a framework for the optimization
of the healthcare expenses, which aims to evaluate the structure of the increase in
healthcare expenditure (Health Insurance Bureau 2019).

The NDB was developed as a tool for investigation and analysis by MHLW in the
context of the Health care reform. In addition, the NDB is used for the development
of academic research in order to contribute to the implementation and evaluation of
healthcare policy management.
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1.2 Database Characteristics

1.2.1 Sources of Data

Data contained in the NDB come from two different sources; firstly, data from all
the data of Medical Insurance Claims across the country is collected on a monthly
basis and secondly, data from Specific Health Checkups and Guidance (SHCG)
conducted by health insurers is collected on a yearly basis. The claims data are
subject to anonymous treatment by the agencies such as Health Insurance Claims
Review and Reimbursement Services (HICRRS), etc., and SHCG data are subject to
anonymous treatment by the insurers.

NDB data are characterized by nation-wide completeness. This means that
the MHLW has collected insurance claim data of medical and dental treatments
from all the medical institutions and pharmacies in Japan. Therefore the database
covers nation-wide reimbursement information such as inpatient and outpatient data,
prescriptions as well as SHCG data.

1.2.2 Description of Database Population

Claims data of the NDB include only the insured medical treatment data. There
are uncovered treatments such as preventive treatment, cosmetic treatment, and
childbirth (normal delivery).

The cumulative number of Medical Insurance Claims registered between April
2009 and January 2018 is 15.3 billion. The cumulative number of SHCG registered
between the fiscal years 2009 and 2018 is 255 million. Although the NDB covers
almost all medical insurance claims in Japan, as described in the next section, it
covers SHCG data only from people who get the checkups at their own initiative
between 40 and 74 years of age, because only this age-group is targeted by the
SHGG initiative. The checkup rate among people between 40 and 74 years old is
about 50%.

1.2.3 Start of Data Collection

Since 2006 the MHLW has been promoting the conversion to electronic storage
of medical insurance claims, which allows medical insurance institutions to submit
their claims data online and through electronic media. They have stored NDB data
since the fiscal year 2009. The coverage rate of medical institutions differs from
year to year because of the progress of acceptance by medical institutions. In April
2015, there were about 92 million pieces of claims data; electronic coverage reached
98.1% in total, 99.9% in medical institutions, 97.4% in medical clinics, 93.5% in
dental institutions, and 99.9% in pharmacies.
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Essentially, the NDB has collected the data of medical institutions in all periods
and from each insurance practice. The claims data in the NDB is updated monthly
with a lag time of about two months. SHCG data are updated yearly with a lag time
of about one year (updated every February).

1.3 Available Data

NDB data include demographic information for patients, such as “age group”, sex,
insurer ID (anonymized), institution’s secondary medical areas code (SMAs), and
outcome (“death” or “survival”).

Diagnoses (both inpatient and outpatient) are coded according to the ICD-10. In
particular, in acute care, hospitals register several diagnoses distinguishing the main
diagnosis from comorbidity and complications using the Japan Diagnosis Procedure
Combination Code (DPC) (Sumitani et al. 2014).

Theprescription claims information describes pharmaceutical names, prescription
date, total dose, and number of days. NDB has prescription claims data from both
outpatient and inpatient settings. They don’t include data from non-reimbursable and
OTC Medicines, but pharmacies on dispensed medicines.

Inpatient information on medical procedures includes date of admission, length
of stay, type of medical treatment (examination, treatment, operation, surgery, medi-
cation, etc.), and the charge. Outpatient information on medical procedures includes
date of visit, number of visits, type of treatment (examination, treatment, opera-
tion, surgery, medication, etc.), and payment. The coding of treatments and surgeries
follow Japan’s local procedure and surgical coding, whichwas specifically developed
for insurance claiming.

The laboratory data include Japan’s local codes for claiming of tests and the
volume of tests executed. They do not include the result of laboratory tests. While
on the other hand, the data of SHCG include date of visit, determination score
(normal/abnormal), outcome scores of health guidance, and results of laboratory
tests (HbA1c, LDL, HDL, etc.).

SHCG physical examination data include the results of blood pressure, bodymass
index (BMI), and abdominal circumference measurements.

Lifestyle information collected from an SHCG health interview sheet includes
family history and lifestyle information (smoking, alcohol, exercise).

There is no data on the socioeconomic status, such as income and education level.
The NDB cannot be linked to other databases, because the data are anonymized.

It is only permitted to link between claims data and SHCG data within the NDB.
Family members can also not be linked.

It is not possible to access patient records for case validation or to contact patients
to collect bio-samples.
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1.4 Strengths and Limitations

A major strength of the NDB is its exhaustiveness or completeness of insurance
claims. The NDB collects data from all insured people nationwide and covers 98.1%
of the medical institutions in Japan. The insured medical treatment was based on
medical practice determined by the Central Social Insurance Medical Council. It
could be claimed for medical treatment in accordance with criteria for institutional
structure or patients’ comorbidity.

In the Japanese healthcare delivery system, insured people may visit any hospital
or clinic at any time. Therefore, the NDB has claims information with the cross-
medical institutions nationwide. Those data are consistent and can be used to follow
patients receiving long-term care across institutions.

The NDB has several limitations. Firstly, the NDB data has no unique individual
identification numbers directly derived from an individual ID such as the Social Secu-
rityNumber. Therefore, each individual record in theNDBonly has a “hashed-value”
generated from the combination of patient’s name, sex, date of birth, insurer’s ID,
and insured number with the aim of protecting personal identification information.
Theoretically hashed-value has the following characteristics.

1. It is generated as a fixed-length pseudorandom number from the source data.
2. It is extremely difficult to generate the same hash ID from different data.
3. It is impossible to reproduce the original data from a hash ID.

In the NDB, all the records have two kinds of hashed-values: the Hash-1 is gener-
ated from the combination of insurer’s ID, insurer-dependent insured number, date
of birth, and sex. The Hash-2 is generated from the combination of patient’s full
name, date of birth, and sex.

Secondly, claims do not contain exact dates, e.g., of procedures. Data is summa-
rized as monthly information, because insurance claims are reimbursed on a monthly
basis. For example, we do not know if a procedure took place before surgery or after
surgery within one month.

1.5 Validation

Internal validity in claims data is verified by matching the Hash-1 and the Hash-2.
Consequently, there is a possibility of mismatch because of changing owing to fluc-
tuation of data, for example, the family name or the insurer. The rate of matching
between the Hash-1 and Hash-2 is indicated to be less than 1%. The matching tech-
nique is referred to in Kubo S, Noda T, Imamura T, et al. National Database of
Health Insurance Claims and Specific Health Checkups of Japan (NDB): Outline
and Patient-Matching Technique. External validity is verified by comparing national
health expenditures with the NDB. The component ratio of national health expendi-
tures similarly supported the above trend, and the result of comparison with medical
expenditure by diagnosis was similar.
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1.6 Governance and Ethical Issues

1.6.1 Governance Structure

The owner of the NDB is the MHLW, Government of Japan. If a researcher wants to
use NDB data, he or she must apply to the Expert Meeting on Provision of Medical
Insurance Claims (Expert Committee) to examine the propriety of the application
with applicant information, research plan, extracting item, data management, etc.

The principal criteria are as follows.

1. The purpose of use is the development of academic research in order to contribute
to the implementation and evaluation of healthcare policy management.

2. Extracting NDB data is a minimum requirement for the research. Personal
information is not identified.

3. The place where NDB data will be used is a domestic area in Japan.
4. Data and the computer system shall not be connected to an external network

system such as the Internet.
5. Ownership shall not be transferred to others, and information shall not be

exchanged.

After examination by the Expert Committee, the MHLW submits the result to the
Minister of Health, Labour and Welfare. Finally, the Minister of Health, Labour and
Welfare presents a judgment on the application.

1.6.2 Ability to Share or Release Data

TheMHLWprovides aNDB sampling dataset, avoiding the possibility of identifying
personal information. This sampling database is composed of inpatient, outpatient,
Diagnosis Procedure Combination Code/Per-Diem Payment System (DPC/PDPS),
and pharmacy data within a single month. The dataset is extracted from 10 and 1%
of the inpatient and outpatient data, respectively. To avoid the possibility of personal
identification, rare disease codes are left unidentified. Moreover, insurer and region
information are deleted.

Since April 2015, the MHLW has established an On-site Research Center where
researchers having experience with the NDB data are available. The MHLW used
to provide the extracted data according to proposals from each researcher. Now, the
researchers can directly access the predetermined database in the On-site Research
Center. The researchers can use their data files through examining the results of user
analysis or extraction by Expert Committee.

Clarifying the management responsibility, they limited data copying to only once.
If a researcher used their data on multiple computers, they would have to offer the
data on every computer.
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The criteria of the release of study results are defined as follows by the Expert
Committee.

1. The unit of patient summary may not be less than 10 patients in an SMA or a
prefecture.

2. The unit of area summary may not be less than 100 patients in a municipality.
3. If it a specific institution or insurer is identified, the unit may not be less than 2.
4. The offer must specify publication in the application and submit to inspection

by the Expert Committee.

1.6.3 Methods for De-Identification

The NDB does not use any personally traceable ID. The NDB uses a “hash ID”
generated by patient name, sex, date of birth, and insurer number with the aim of
protecting personal identifying information. The source data of the hash ID is deleted
in the NDB.

Five-year age-groups are developed; those 100 years old or older are classified into
one group. The region groups classify medical administration area or municipality.
Cross-tabulation by the insurer in principle is not allowed (except through permission
of the insurer).

Personal Identifying information such as post code, address, name and telephone
number of insurers, name of doctor, insured ID, and visitor’s name are eliminated
from the SHCG database.

1.6.4 Ethics Committee

The NDB does not include personal identifying information. However, NDB data
are subject to examination research ethics and ethical guidelines for epidemiological
research. The NDB user policy stipulates data on management, terms of use, access
control, period of use, data handling, release of results, Information SecurityManage-
ment System (ISMS), andmeasures against illegal use. TheNDBManagement Rules
stipulate user access, security, written oaths, and operations.

1.7 Administrative Information

The NDB is maintained by the MHLW and funded by own resources.

Contact Details
Organization/affiliation: Office of Insurance System Advancement Promotion

Division for Health Care and Long-term Care Integration,
Health Insurance Bureau,
Ministry of Health, Labour and Welfare (MHLW), Government of Japan
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Administrative contact:
email suisin@mhlw.go.jp
Phone 03-5253-1111

Website: https://www.mhlw.go.jp/english/policy/health-medical/health-insurance/
index.html.

2 Practical Experience with the Database

2.1 Epidemiology of Psoriasis and Palmoplantar Pustulosis:
A Nationwide Study Using the Japanese National Claims
Database

This research indicated the national prevalence of psoriasis and palmoplantar pustu-
losis (PPP) in Japan. They determined whether psoriasis and PPP disease activity
varies by season and whether disease severity is associated with concurrent diabetes
mellitus, hyperlipidemia, and hypertension.

The limitation of this study is that psoriasis and PPP diagnosis codes have not
been validated. Therefore, the true national prevalence may be higher or lower than
that reported here. One concern is disease misclassification.

2.2 The Effectiveness of Risk Communication Regarding
Drug Safety Information: A Nationwide Survey
by the Japanese Public Health Insurance Claims Data

Although risk communication from the regulatory agencies and pharmaceutical
companies is very important for the proper use of approvedmedications, there is little
evaluative research of safety measures in Japan except our previous paper (Hanatani
et al. 2014) analyzing the hospital information database.

This study objectively evaluated the effectiveness of risk communication of
pharmaceuticals and medical devices safety information (PMDSI) directed safety
measures using the NDB.

The implementation rate of the hepatitis virus-monitoring test increased from
14% before to 18% after the warning letter announcement in March 2010 in all
methotrexate (MTX)-administered patients with rheumatoid arthritis (RA).

This research suggested that the installation of a drug information management
room (DIMR) is one of the important factors affecting risk communication.

https://www.mhlw.go.jp/english/policy/health-medical/health-insurance/index.html


274 D. Sato and K. Ohe

Limitation of this study is that theNDBdid not have the exact date formedical care
and pharmaceutical dispensing because the claims data contain only monthly data,
not daily data. Therefore, they could not determine the order of virus examination
and MTX dispensing in the same month.

2.3 Regional Variations in In-Hospital Mortality, Care
Processes, and Spending in Acute Ischemic Stroke
Patients in Japan

This study investigated the regional variations and associations among eight
outcomes and processes of care measures in each Secondary Medical Area (SMA).

The regional variations among SMAs in in-hospital mortality, spending, and tPA
utilization were 3.2-, 1.7-, and 5.9-fold, respectively. Higher physician supply was
significantly associated with lower in-hospital mortality and higher spending. Addi-
tionally, spending had a significantly negative correlation with regional continuity
of care planning rate but a significantly positive correlation with rehabilitation rate.

This study had three limitations. Firstly, as with any analysis based on claims
data, some important clinical information was not available.

Secondly, conclusion of the study concerning the associations between the physi-
cians’ workforce and the targeted measures may not be generalizable to all of Japan
because this study area only included 8 of the 47 prefectures.

Thirdly, the only mortality measure that was feasible for this study approach was
in-hospital mortality.
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Population-Based Electronic Health Data
Environment in Taiwan

K. Arnold Chan

Abstract The National Health Insurance (NHI) program in Taiwan was launched
in 1995 and coverage is comprehensive and compulsory for all citizens. Since the
late 1990s, NHI data has been utilized for clinical and public health research. Subse-
quently, additional data have become linkable to the NHI data for research purposes.
This chapter describes the current status of the research environmentwith population-
based electronic health data in Taiwan. The focus is on public domain research carried
out by academic and research institutions with funding from public agencies or the
private sector.

1 Database description

1.1 Introduction

The National Health Insurance (NHI) program in Taiwan was launched in 1995 and
coverage is comprehensive and compulsory for all citizens. Since the late 1990s,
NHI data has been utilized for clinical and public health research. Subsequently,
additional data have become linkable to the NHI data for research purposes. This
chapter describes the current status of the research environment with population-
based electronic health data in Taiwan. The focus is on public domain research
carried out by academic and research institutions with funding from public agencies
or the private sector.
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1.2 Database Characteristics

Four main data sources are available for epidemiology and health services research,
and they are linkable through the unique national identification number for each
Taiwan resident.

National Health Insurance

The NHI covers more than 99% of Taiwan residents and is administered by a govern-
ment agency. Insurance coverage includes medical services (outpatient, emergency,
and inpatient), pharmacy, dentistry, and eye care. Some traditional medicine services
are also covered. It is population-based and coverage for infants initiates at birth.
The only reasons for coverage termination are emigration to another country (less
than 1% per year) or death. The Taiwan NHI started in 1995, and most investigators
have been utilizing data since the late 1990s. Data are updated annually and available
about 15 months after the end of the year.

Mortality statistics

Date of death and cause of death are available through vital statistics in Taiwan.

Cancer registry

The cancer registry in Taiwan started in 1979, and registry data are available for
research. All cancer cases diagnosed in a hospital with 50 or more beds must be
reported. In addition, data on the 15 most common cancers in Taiwan have more
detailed information on treatment. Lag time before data become linkable to the other
health data is about three years.

National Immunization Information System

Publicly funded and mandatory vaccinations for infants born after 1995 are recorded
by the Taiwan Centers for Disease Control in this system, which include type(s)
and date(s) of vaccines administered. Non-publicly funded vaccinations are also
voluntarily reported by some health care providers to the same system.

1.3 Available Data

Sex and date of birth are available in the source data and are used to calculate age at
specific events. More than 95% of the NHI population is ethnic Han Chinese, and the
rest are aborigines (about 2.3%), non-Han Chinese spouses, and non-Han Chinese
guest workers. No ethnicity data is available in NHI. The total number of citizens
and non-citizens in the NHI data was approximately 24 million as of the end of 2018.
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Diagnoses associatedwithmedical services (outpatient, emergency, and inpatient)
have been recorded as ICD-9 codes through the end of 2015 and as ICD-10 codes
since January 1, 2016. A wide range of medications, including those available over-
the-counter in some countries (such as lowdose aspirin and certain non-steroidal anti-
inflammatory drugs), are reimbursed and drug dispensing is captured in the database.
Aunique code is assigned to eachdrug formulation anddose entity, including separate
codes for each generic version. The dispensing records include the amount of drug
units dispensed, which, along with the dose, can be used to infer duration of drug
use. Detailed drug use information during hospitalizations is also available. The
World Health Organization Anatomical Therapeutic Chemical Classification System
is commonly used in Taiwan, and drug libraries have been developed by research
groups. Use of drugs that are not reimbursed is not captured in the database. Unique
codes are assigned to surgical procedures and examinations (including pathology,
radiology, endoscopy, laboratory, and others) for billing purposes.

Like most other health insurance claims databases in the world, no laboratory or
examination results are available in NHI. Information on smoking, dietary patterns,
alcohol consumption, height, and weight is also not available. Pregnancy can be
inferred through codes for pre-natal examinations.

The type (clinics, community-based hospitals, medical centers) and location
(within each of six regions in Taiwan defined by the insurance agency) of the medical
care providers are available and have been utilized for health services research.
Income levels (in strata) and broad occupation categories have been used as proxies
for socioeconomic indicators.

Within the NHI data, a project linking mothers and newborn infants has been
completed and a mother-infant(s) database is available for research. Disease-specific
datasets, including that of female breast cancer, prostate cancer, hypertension,
diabetes, systemic lupus erythematosus, and others have also been developed. Cohort
or disease registry data can be linked with data described above. The current regu-
lation does not yet allow obtaining written medical records from medical care
providers to confirmmedical events of interest or contacting individuals to administer
questionnaires or obtain biological specimen.

1.4 Strengths and Limitations

The major strength of the Taiwanese electronic health data environment is the
population-based nature of the NHI system. For almost the entirety of the adult
population in Taiwan, almost 20 years of longitudinal health insurance claims data
are available. The single payer ensures complete capture of all relevant medical
events that resulted in insurance claims. For virtually all newborns after 1998 all
reimbursed clinical events are captured in the NHI. Financial barriers in terms of
co-payment are kept at a moderate level. Therefore, medical services and pharma-
ceutical coverage are available across the whole socioeconomic spectrum for Taiwan
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citizens. To date, this is the largest population-based electronic health data environ-
ment for a majority Han Chinese population. In addition, patient cohorts identified
from electronic medical records systems in medical centers can be linked with the
population-based NHI and other data, resulting in cohorts with rich and relevant
clinical information and long-term follow-up.

There are three major limitations. The first is the lack of an approved process
to review medical records of those who may have experienced a medical event of
interest. So far, there is no explicit guideline on whether waiving the requirement for
individual authorization before review of full text medical records is acceptable to
the Ministry of Health and Welfare and the medical care institutions. The second is
out-of-pocket payment for certain expensive medical devices and drugs. Utilization
records of these devices or drugs are not captured in NHI. The third is the lag time
between the worldwide introduction of new drugs and devices and the availability of
those products in Taiwan. As Taiwan is not a major market, new drugs and devices
are not necessarily registered in Taiwan immediately after approval in NorthAmerica
or Western Europe, and the delay may be more than one year.

1.5 Validation

The NHI data available for research has been ‘cleaned,’ but the detailed algorithm
and error rates with the raw claims data are not made public. Individual investiga-
tors routinely conduct additional ‘cleaning’ to delete apparently inconsistent data.
Investigators have conducted studies on individual disease entities, but there has been
no system level effort to conduct independent validation for research purposes. The
insurance agency does conduct routine audits to prevent fraudulent claims.

1.6 Governance and Ethical Issues

The Taiwan government owns all data described in this chapter and has invested
public funding to develop the data infrastructure. Access to the data can be granted
through the Department of Statistics, Ministry of Health and Welfare.

1.6.1 Department of Statistics, Ministry of Health and Welfare

A repository of health data has been established at the Health and Welfare Data
Science Center, Department of Statistics. In addition to the NHI, cancer registry,
vaccinations and mortality data, data from population-based surveys are available
and linkable. Access to the full datasets is available at the ‘clean rooms’ at 11 sites
across Taiwan, where investigators and analysts work with dedicated computers that
are not connected to the internet. The computing area is closely monitored and no
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cell phones or other electronic equipment are allowed. Analytic results are reviewed
by Center staff before their release to the investigators. Analytic results must be
consistent with objectives specified in the protocol, and cell counts of two or smaller
in a table are not allowed. Investigators need to prepare a study protocol, obtain
research ethics approval at their home institution, and have a budget for the data and
processing fees. The principle investigator must be Taiwan-based and affiliated with
an academic or research institution in Taiwan.

1.6.2 National Health Research Institute (NHRI)

The NHRI is a non-profit research organization established by the Taiwan govern-
ment. Historically de-identified datasets derived from the NHI were made available
through the NHRI for research, but there was no linkage capability with other health
data at the NHRI. Three datasets labeled as LHID2000, LHID2005, and LHID2010,
each comprising health insurance claims data for a representative sample of one
million NHI enrollees in 2000, 2005, and 2010, respectively, were developed. These
datasets were provided on electronic media at nominal costs and could be analyzed
on investigators’ computers within Taiwan. Per government policy, the NHRI has
stopped providing the one million subject datasets on November 30, 2015.

1.7 Documents and Publications

Detailed descriptions of data elements and data files are available in Chinese at the
website of the Health and Welfare Data Science Center (Ministry of Health and
Welfare 2020). Some university-based research centers have prepared documents in
English in order to promote collaborationwith international colleagues. For example,
additional information is available at the website of the National Taiwan University
Health Data Research Center (2020). Since the late 1990s, NHI data has been used
extensively for clinical and public health research. Selected peer-reviewed articles
of original investigations in recent years are those of Chang et al. (2012), Wu et al.
(2012), Yang et al. (2015), and Lee et al. (2019).

An editorial of Hsing and Ioannidis in a major medical journal reviewed the
strengths and limitations of this data environment (2015). A review by Hsieh et al.
described the NHI (2019).

1.8 Administrative Information

The Department of Statistics, Ministry of Health and Welfare is responsible for
maintaining the electronic health data environment for public health and clinical
research. International investigators interested in collaboration may contact one of
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the university-based research centers. The data environment is open for all qualified
investigators in Taiwan, and no center has exclusive access.

Contact Details
Organization: National Taiwan University Health Data Research Center*

33 Linsen South Road, Room 526
Taipei, Taiwan

Administrative contact
Email: ntuhdrc@ntu.edu.tw
Telephone 886 2 3366 8688

Scientific contact: K. Arnold Chan, MD, ScD, FISPE
Email: kachan@ntu.edu.tw
Telephone: 886 2 3366 8688
Website http://hdrc.ntu.edu.tw
*One of several research centers with experience in international collabo-

ration
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