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Abstract

Background: The widespread use of electronic health records (EHRs) has led to a growing number

of large routine primary care data collection projects globally, making these records a valuable
resource for health services and epidemiological and clinical research. This scoping review aims to
comprehensively assess and compare strengths and limitations of all German primary care data
collection projects and relevant research publications that extract data directly from practice
management systems.

Methods: A literature search was conducted in the electronic databases in May 2021 and in June

2022. The search string included terms related to general practice, routine data, and Germany. The
retrieved studies were classified as applied studies and methodological studies, and categorized by
type of research, subject area, sample of publications, disease category, or main medication analyzed.

Results: A total of 962 references were identified, of which 291 potentially eligible studies were

screened, and 241 studies based on six German EHR database projects were included. Five of the
databases were publicly funded and one was privately funded. The projects showed strong
heterogeneity in terms of project size, methods of data collection, and variables collected. The majority
of the studies (85%) were contributed by only one database and most of the studies (52%) focused on
pharmacoepidemiologic topics, including prescription patterns (n = 68) and studies about treatment
outcomes, compliance, and treatment effectiveness (n = 34). Epidemiologic studies (32%) mainly
focused on incidence and prevalence studies (n = 41) and risk and comorbidity analysis studies (n =
31). A small proportion (n = 23) of studies were in the field of health services research, such as
hospitalization.

Conclusion: The development and durability of primary care data collection projects in Germany is

hindered by insufficient public funding, technical issues of data extraction, and strict data protection
regulations. There is a need for further research and collaboration to improve the usability of EHRs for
health services and research.

Keywords: Data collection; Electronic health records; Primary care; Database projects; Routine data;
Scoping review.

Count: 3268 words
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Introduction

Electronic health records (EHRs) serve as a comprehensive record of a patient's health information,
capturing crucial details from each medical visit (1). While originally created for clinical purposes, EHRs
are now widely utilized in epidemiological and clinical research, as well as for improving healthcare
services (2, 3). Currently, about 36 large routine primary care data collection projects exist globally, in
which EHRs are directly collected from practice management systems (PMS). These projects, which
allow millions of patients to anonymously contribute data for health sciences, are mainly carried out
in English-speaking (United Kingdom, USA, and Canada) and European countries. The success and
longevity of these projects is influenced by factors such as strong academic and governmental support
as well as the use of comprehensive technical facilities for data extraction and analysis (4).

In Germany, the analysis of EHRs in primary care is largely based on health insurance data rather than
primary care data collection projects (5). However, health insurance data is primarily recorded for
accounting purposes and lacks valuable information such as clinical input data, reasons for encounters,
or diagnostic procedures (6). Additionally, privately insured patients, which account for approximately
13% of the German population, are often not included in such health insurance databases, potentially
leading to selection bias (7).

In Germany, primary care is predominantly delivered by general practitioners (GPs) but may also
encompass any outpatient physician that can be visited without a referral, regardless of their specialty
(8). Between 2002-2010, the Federal Ministry of Education and Research (Bundesministerium fiir
Bildung und Forschung [BMBF]) recognized the importance of family medicine in the improvement of
health services and research (9). During this time, the ministry also funded two primary care data
collection projects, MedVip (Medizinische Versorgung in Praxen) and CONTENT (CONTinuous
morbidity registration Epidemiologic NeTwork) (10). However, these projects ended due to limited
funding and technical challenges, and a standardized interface for extracting EHRs is still lacking, even
though there are over 132 different PMS available on the German market (11-13). Despite these
challenges, the use of EHRs in outpatient care continues to grow due to the vast amount of data
available. In 2020, for example, approximately 688 million outpatient cases were treated by 161,400
outpatient physicians in Germany, representing a “real world data treasure” (14).

EHRs have evolved from their initial purpose of billing to becoming a valuable tool for epidemiologic
and clinical research (2, 3). The increasing functionality and quality of EHRs have made them an
affordable and accessible data source (15). In clinical research, for example, EHRs can facilitate patient
identification and recruitment, assess study feasibility, and streamline data collection at baseline and
follow-up (15-17).

The aim of this scoping review is to identify and describe all German primary care data collection
projects and research publications dedicated to extracting data from PMS. This might facilitate further
research by describing the methodologic problems, amplifying possible solutions, and proposing the
potential of the projects to inform health policy and practice.
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Methods

Search strategy

This scoping review follows the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews (PRISMA-ScR) checklist (18). In order to identify studies relevant for our
research question, we explored two electronic databases, Medline (via OVID) and LIVIVO, the latter of
which is a German database for life sciences. The search was conducted in May 2021 and updated in
June 2022, searching for all records until this time point without any time restrictions. The search string
combined the terms "general practice" with synonyms like "family physician" as well as "routine data".
Other terms such as "electronic health record" or "Germany" were included to cover all relevant
aspects of our research questions. For each keyword, relevant Medical Subject Headings (MeSH) terms
were identified for the Medline exploration. The LIVIVO search was conducted in German with the
equivalent terms. When relevant projects were identified, the project names were added to the search
string to find further publications. In addition, we searched the project websites and contacted the
project’s principal investigators (Pls) using a comprehensive checklist that included a list of
publications retrieved by the search to identify any missing project information that was not publicly
available. With encouragement from the PI of the IQVIA™ Disease Analyzer, we also conducted a
search on PubMed (National Library of Medicine [NLM]) using the keywords "Disease Analyzer" and
"Germany" to gather all relevant publications from this database. The complete search strategy can be
found in the supplement (Table S1).

Inclusion/Exclusion Criteria

Abstract, title, and subsequently full-texts were reviewed independently by three researchers (KM, JM,
and JS) and checked for eligibility. All disagreements were resolved through consensus. If no consensus
was reached, a fourth researcher was consulted (SU).

Studies were eligible if they met the following inclusion criteria: 1) the study population consisted of
patients who received treatment from primary care physicians but could also include patients who
received care from other specialists who were not considered primary care physicians; 2) study data
were routinely collected and directly extracted from PMS; and 3) full-text publications in English or
German language. The following were excluded: 1) health research studies using primary data, health
insurance data, and data from disease registries; 2) conference contributions and publications in
languages other than English or German.

Data extraction

Information from the retrieved publications was extracted by KM, JM, and JS. JM and JS each reviewed
the included publications using a standardized data extraction template. The data was double checked
by KM and entered in Table S4. We extracted information on the following: German primary care data
collection projects including general information, data collection methods, data evaluation, and
recruitment strategies, and classified studies as applied studies and methodological studies and
categorized type of research into subject area, sample of publications, disease category, or main
medication analyzed.

Results

We identified 962 references, screened a 291 of those as potentially eligible studies, and included 241
studies conducted with data from six German EHR database projects (see Figure 1).
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Figure 1: PRISMA 2020 flow diagram for new systematic reviews which included searches of
databases and registers only

Database characteristics

Four out of six primary health care data collection projects are currently active and two have been
completed (Table 1). This overview is sorted by the year in which data collection began.

Of the six, the IQVIA™ Disease Analyser (DA) is the only German project out of the six identified by this
review that is exclusively funded by the pharmaceutical sector. It is specialized in
pharmacoepidemiologic research and is used as an information system for federal health monitoring
(19). Currently, it includes patient records from around 2815 practices, mostly general practices but
also including other specialties like cardiology, dermatology, and pediatrics, which are not linked across
practices (20). With approximately 34 million cases included, it is the largest German primary data
collection database and considered to be nationally representative (21).

The other five primary care data collection databases are publicly funded and organized by local
academic research groups. Main financiers are the BMBF and the German Research Foundation (DFG).
The MedVip project aimed to realize first solutions for the use of routine data documentation in the
general practice setting. At its peak, a total of 165 practices with approximately 153,000 patient
datasets were extracted from 21 different PMS providers. The CONTENT project was based on the
International Classification of Primary Care (ICPC) of episodes of care as the primary classification
system (22, 23). Up to 23 practices provided data including approximately 200,000 cases. The project
ended because of very high costs and organizational demand. BeoNet (Beobachtungspraxen-
Netzwerk)-Hannover was integrated within the German Center for Lung Research with an initial focus
on lung diseases and collects data from approximately 16 practices. Currently, the database includes
343.796 cases. RADARplus (Routine Anonymised Data for Advanced Health Services Research plus)
aims to develop the infrastructure and technologies, including electronic consent management due to
the German data protection regulations, and collects data from seven practices including 100
pseudonymous cases. BeoNet-Halle (24) is the most recent database and includes anonymized as well
as linked pseudonymized datasets from general practices and other types of practices in Germany. The
database includes 71,911 anonymized and 471 pseudonymized datasets from five practices in Saxony-
Anhalt region.

The frequency of data collection by the projects ranges from weekly (BeoNet-Hannover), monthly (DA,
BeoNet-Halle), and quarterly (CONTENT), to time points without a fixed interval (MedVip, RADARplus).
It is crucial to note that in principle the data export interval can be configured to any desired value,
including very short intervals.
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1

2

3 189 Table 1: Overview of German primary care data collection projects

4 IQVIA™ Disease MedVip (not active) CONTENT (not active) BeoNet-Hannover RADARplus* BeoNet-Halle

5 Analyzer (DA,

6 Mediplus)

; Funding sources Private Public

9 Homepage https://www.iqvia.com/  n.a. http://content-info.org/ https://www.mhh.de/fors https://generalpractice.u http://www.beonet.org

10 chung/beonet mg.eu/forschung/projekt

11 e/radarplus/

12 Research group IQVIA™ University Medical Department of general  Hannover Medical University Medical Medical Faculty of the

13 Commercial GmbH & Center Goettingen practice and health School and German Center Goettingen Martin Luther University

14 Co. OHG services research, Center for Lung Halle-Wittenberg

15 Heidelberg University Research

16 Hospital

17 Period of data Since 1992 2002 to 2010 2003 to 2014 Since 2016 Since 2016 Since 2020

8 collection

19

20 Included region Whole Germany Goettingen and Freiburg Baden-Wuerttemberg, = Whole Germany Goettingen Whole Germany

21 Hessen, Lower Saxony

22 and Rhineland-

23 Palatinate

24 Frequency Monthly No fixed interval (after a Quarterly Weekly No fixed interval (aftera Monthly

25 practice appointment) practice appointment)

26

27 Total_number of _ 2815 (3540) (November 165 (n.a.) (May 2008) 23 (41) (March 2014) 16 (27) (March 2023) 7 (n.a.) (February 2022) 5 (40) (February 2023)
practices (physicians) 2022)

28 included (n)

29

30 Total number of 34 million (-) 153,000 (-) 200,000 (-) 343.796 (-) n.a. (100) 71.911 (471)

31 anonymized

32 (pseudonymized)
patients included (n)

33

gg The data sources include both published and unpublished sources. *Data provided refers to the completed project RADAR, as data from the ongoing project RADARplus are not yet
available.

36 .

37 n: number; n.a.: not available

38 190

39

40

41

42 6

ji For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

45

46


about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank

oNOYTULT D WN =

191

192
193
194
195
196
197

198
199
200
201
202
203
204
205
206
207

208
209
210
211

212
213
214
215
216
217
218

BMJ Open

Data collection methods

While some projects exclusively collect anonymized data (DA, MedVip, CONTENT), other projects
(BeoNet-Hannover, RADARplus, BeoNet-Halle) implement informed consent procedures, whereby
identifiable data leaves the practice in accordance with data protection regulations (Table 2). The
projects are very heterogeneous in terms of workflows for collection, transfer, and storage of data,
including insertion of trust offices (RADARplus and BeoNet-Halle). These two projects also obtain
patient consent to re-contact patients.

Three projects (MedVip, BeoNet-Hannover, RADARplus) extract data using a universal interface
(Behandlungsdatentransfer [BDT]). BDT was implemented by the central institute for statutory health
care to support data exchange between different PMS. The MedVip project has shown the feasibility
of data extraction using BDT with various implementations by different software providers. However,
its use requires partly that PMS providers assist on-site in extracting the requested data. Despite
several updates to the BDT interface, it may still cause inadequate data quality when extracting data
from different PMS. Since June 2021, an “archive and exchange interface” is mandatory in PMS which
shall replace BDT. It is based on the interoperability standard HL7 FHIR (Health Level Seven
International Fast Healthcare Interoperability Resources), which has gained widespread adoption in
the healthcare industry and facilitates interoperability.

The other projects (DA, CONTENT, BeoNet-Halle) developed their own software solutions to extract
predefined datasets. The CONTENT project developed a tailored data extraction software and a
modular ICPC software. For BeoNet-Halle, specific exporting modules allow anonymized or
pseudonymized data extraction depending on a patient's consent status.

Some projects (DA, CONTENT, BeoNet-Hannover, and BeoNet-Halle) provide training on how to use
the software and others provide on-site support to extract data (MedVip and RADARplus). For most
projects, data can be uploaded manually by the physician. Some projects have also implemented
automatic upload to a secure network within the database location. Data validation and integrity
checks are run in all projects before data is uploaded to the database and subsequently to an analysis
server that can be assessed by researchers. This process is generally facilitated by a database
administrator.
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CONTENT (not active)

v

CD, Disc, DVD, email,
direct website upload,
digital data transfer using
GUS box

Modular ICPC
classification software

Heidelberg University
Clinic hospital

n.a.
Self

n.a.

n.a.

BeoNet-Hannover

v
v

Automatically or manually

to database

Interface for BDT-data
export

2

Hannover Medical School
Location

Postgre SQL

MUGS
Informationsgesellschaft
mbH

PrimeFaces

Java EE6
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1
2
3 219 Table 2: Data collection methods
4 IQVIA™ Disease MedVip (not active)
5 Analyzer
6 Export Anonymous v v
7 types  pseudonymous - =
8
9 Upload medium n.a. Floppy disc or CD send
10 via mail or on-site export
11
12
13 Software Interface Not based on BDT Interface for BDT-data
14 Details interface export
15 Exportfrom 2 PMSs with BDT interface
16 different
17 PMSs (n)
18 Databas Location Unknown Medical Center
19 e details Goettingen
20 Database n.a. MySQL
21 Developer n.a. Self
22
23
24
25 Graphical user n.a. Perl
interface
26 .
Operating n.a. Java
27 language
28 Linkage to other e No linkage to other -
29 databases or death IQVIA™ databases
30 records e Linkage to death
31 records available in a
32 subgroup of patients
33 (~20%)
34 The data sources include both published and unpublished sources.
35 n.a.: not available
36
37
38
39
40
41
42
43
44
45

RADARplus

v
v

Via USB into software
and ultimately to
database

Interface for BDT-data
export

PMSs with BDT interface

Medical Center
Goettingen

MySQL

Gesellschaft flr
wissenschaftliche
Datenverarbeitung mbH
Gottingen (GWDG)

n.a.

n.a.

BeoNet-Halle

v
v

Automatically or manually
to database

Universal interface to
create a copy of the PMS
database

>70

Martin Luther University
Halle-Wittenberg

Postgre SQL
Self

Python
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Collected variables and data quality

Due to the use of health insurance data and rules for structuring billing data, all primary care databases
generally contain data on patient demographics, drug prescriptions, diagnoses, and the frequency of
physician-patient contacts (25).

Lab tests (e.g., HbAlc) and health utilization variables, such as referrals or hospitalizations, are
recorded by all projects (Table S2). The majority of active projects (DA, MedVip, BeoNet-Hannover,
BeoNet-Halle) extract vital signs (e.g., blood pressure, height, weight, and Body Mass Index [BMI]) as
well as lifestyle-related factors (e.g., smoking status or allergies) (DA, BeoNet-Hannover, BeoNet-
Halle). Free text fields are not exported in active projects for data protection reasons, but some project
aims revolve around only extracting desired features from such entries (RADARplus, BeoNet-Halle).
The MedVip project partially extracted free texts because of missing data protection regulations during
that time. Regarding sociodemographic variables (e.g., education, income), number of children, or
substance abuse, these variables are not systematically recorded in German PMS. These variables may
be entered into structured or free text fields. To fill this information gap, some projects use
standardized questionnaires (BeoNet-Hannover, BeoNet-Halle) given out to patients who consented.

The CONTENT project can be considered the only project that attempted to improve data quality at
the point of data entry. Several quality circles were implemented and proposed solutions were
discussed on a regular basis including training on ICPC-2 coding.

Recruitment strategies

Strategies to recruit GPs and other specialists comprise various financial and non-financial incentives
(Table S3). The DA provides financial incentives of an undisclosed amount, supports practices by using
the exporting software, and provides quarterly feedback reports. Its popularity further seems to
contribute to its recruitment success.

Publicly funded projects use only some of these recruitment strategies along their project trajectories.
Snowball recruitment is usually implemented at the start of the project to get it running. There have
been some “cold” acquisition attempts (MedVip, RADARplus) including the distribution of circulars,
but they were associated with low recruitment rates. Some projects use regular or one-time financial
incentives (MedVip, BeoNet-Halle, and CONTENT) while others claim to support practices with
establishing a research infrastructure (BeoNet-Hannover, BeoNet-Halle, and CONTENT). Regular
feedback reports are provided by some projects (DA, MedVip, CONTENT, and BeoNet-Halle). CONTENT
particularly targeted practices with long-term commitment and willingness to code with ICPC. It is also
the only project that developed a protected access area where the patients’ own data could be
accessed. BeoNet-Halle and RADARplus favor practices that integrate consent management.

Applications of the databases

A total of 240 publications were identified (Table S4). Most articles described applied studies (n=230)
and 10 articles described methods (Figure 2). Methodologic studies mainly deal with project-specific
issues, such as project descriptions or data collection issues. Of the 230 applied studies, 31% were
industry-funded. Only 21 publications used data from more than one database. The mean time of
recruitment varied from study to study. However, the overall mean time of recruitment across all
studies was seven years in the DA, 4.75 years in MedVip, and three years in CONTENT.

Figure 2: Flow diagram of the extracted articles and their arrangement

Of the 240 publications included, 85% were contributed by the DA (Table S4).
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Over the past two decades, the DA published a total of 205 articles on applied studies (Figure 2). Most
of them (59%) deal with pharmacoepidemiologic topics including prescription patterns (n = 63) and
studies on treatment outcomes, compliance, and treatment effectiveness (n = 38). Epidemiologic
studies (36%) mainly focused on incidence and prevalence (n = 37) along with risk and comorbidity
analysis (n = 29). A small proportion included health services research studies (n = 10) with topics such
as hospitalization.

Discussion

In 2018, a European ranking on the status of EHR implementation placed Germany at 16 out of 20
analyzed countries. Especially Scandinavian countries, but also Estonia and the UK, can be considered
precursors and pioneers in EHR implementation (26, 27). Estonia, for example, introduced a country-
wide eHealth strategy in 2008 by relying on a mix of statutory financial incentives and sanctions to
encourage providers to implement technology to build a consistent eHealth infrastructure (28). Not
surprisingly, the pace of health system digitalization has highly impacted the development of primary
care data collection projects and the production of evidence using EHR.

Many countries introduced primary care data collection projects already in the late 1990s contributing
to many years of experience with EHRs (4). (4). For instance, the Clinical Practice Research Datalink
(CPRD), a large representative EHR database from the UK, was set up in 1987 and provided data for
over 3000 publications alone. This is more than 12 times the number of all German publications
retrieved by the projects in the present review (29). Moreover, CPRD links ambulatory datasets to
secondary care and death records, which is currently hampered in Germany due to data protection
restrictions.

The success of projects like CPRD is also due to the measures of improving quality of data entry having
been implemented early on in participating general practices. While documentation quality is
important, another vital aspect here is the involvement of PMS vendors in adapting PMS to implement
standardized fields instead of free text fields. As an example, symptoms in PMS in the UK may be
entered using a preformatted drop-down menu, which makes them categorical variables.

One main reason for the slow development and short duration of the publicly funded primary care
data collection projects identified by this scoping review might be a shortage of funding. Interestingly,
only the early projects identified in this review had comparatively large public funding at their disposal.
These projects also had a modest recruitment rate, compared to the most recent projects. The funding
of recent active projects is small, especially compared to governmentally supported projects from
other countries.

The funding of the DA by pharmaceutical companies appears to contribute to its success. EHRs are
particularly suited for pharmacoepidemiological research to detect uncommon and unexpected
adverse events. In 2011, the European Commission issued the EU-ADR Project (“Exploring and
Understanding Adverse Drug Reactions by integrative mining of clinical records and biomedical
knowledge”) to develop new methods for early detection and drug safety monitoring by combining
large EHR databases (30).

Another problem seems to lie in the difficulty in extracting data from multiple PMS despite mandatory
exchange interfaces like BDT or the "archive and exchange" interface mandated by § 371 Abs. 1 SGB V
(31). The development of such standardized interfaces is a major collaborative work as several
stakeholders are concerned with or affected by issues around the use of EHR data. These include
patients and patient advocacy groups, PMS vendors and the vendor community, standards
organizations, academic institutions, and others (3). National institutions are highly needed in the
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process of standardization (11). Currently, interfaces based on HL7 FHIR standard are in development
in the hospital sector (11). However, in ambulatory sector, no such standard is in development which
is why we conclude that PMS vendors were generally successful in restricting any external software
modification to their systems that impeded using EHRs more efficiently. Currently, it is not clear when
the gradual conversion of PMS to FHIR formats will take place, which would be attractive for health
care researchers in the face of interoperability (32).

The problem of data extraction is aggravated by most entries in German PMS being done in free text
fields and because no data entry standard exists today. These free text fields cannot be fully
anonymized. The close collaboration with the Medical Informatics Initiative (MIl) regarding data
protection issues and data linkage can be regarded as an important building block for the projects. The
initiative was successful in developing the concept of a broad consent (33). Obtaining broad consent
seems to be an inevitable requirement for obtaining unstructured medical data.

We therefore conclude that the ambulatory eHealth landscape in Germany is still not favorable for
carrying out EHR research.

Limitations

One major limitation of this scoping review is incomplete information about some projects. Some
information, especially from the DA, is not publicly available due to company confidentiality reasons.
A second limitation was mainly identified during the phase of classifying the publications. We
developed our own classification system, as we were not able to identify a common classification
method in the literature. Some publications listed by the projects’ homepages were not included in
our final analysis, because we were not able to verify that they included data using EHR databases.
Furthermore, out of all publications we were only able to retrieve 210 full-text papers and many
studies did not describe their study design in detail and might have been classified wrongly. Finally, we
only used three literature databases for our investigation, including one database (LIVIVO) that also
includes gray literature.

Conclusion

The development and sustainability of German primary care data collection projects are hindered by
limited funding, technical issues of data extraction, and strict data protection regulations. Interfaces
for data exchange and research are still not sufficiently implemented. Questions of data quality remain
as much of the information entered in PMS is done in free text fields, which can only partially be
exported with patients’ informed consent. This limits the scope of publications identified in this review
mainly to (pharmaco-)epidemiologic topics from one privately funded database. The full potential of
research that is possible using EHRs is therefore still not realized in Germany.
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Set

15.
16.
17.
18.
19.

Search Statement
exp Primary Health Care/

exp General Practice/

general practitioners/ or physicians, family/ or physicians, primary

care/

general practi*.tw.

(primary adj3 care).tw.

(family adj3 (practi* or doctor or physician®)).tw.
or/1-6

exp medical records/

exp routinely collected health data/

(routine* adj3 (collect* or record* or document*)).tw.
health servic* research.tw.

(electronic adj3 record®).tw.

CONTinuous morbidity registration Epidemiologic NeTwork.tw.

Disease Analyzer.tw.
or/8-14

exp Germany/
German™.tw.
or/16-17

7 and 15 and 18
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415

Search Strategies
Table 1: Search String for Ovid (June 2022)
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Table 2: Search String LIVIVO (June 2022)

Set

10

11

Search Statement
Haus?rzt
Primar?rzt*
Allgemein?rztlich*
Allgemeinmedizin*
Ambulant*

OR 1-5
Routinedaten*
BDT
Elektronische* Patientenakte*
OR 7-9

6 AND 10

Results

420

Pubmed (NLM)

Search terms (June 2022):

"Germany"[All Fields] AND "Disease Analyzer"[All Fields]

210 studies were imported
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Table S2: Collected variables

IQVIA™ Disease BeoNet Halle BeoNet Hannover CONTENT MedVip RADARplus
Analyzer
Physician All v v - = - -
types
GP v v v v v v
Pneumologists 4 v v = - -
Paediatricians v v - - - -
Internists v v - v v
Physician Physician number - v v - unknown unknown
demographics
Age v v - v - -
Gender v v - v - -
Years in practice v v - v - -
Practices Type v v v v - v
demographics
Region v v v v v v
east or west east or west east or west
Frequency of v v v
patients
No. of doctors v v v v
No. of employees v v v v
Patient Age v v v v v v
demographics
Gender v v v v v v
Patient since - v v - - -
Employment - - v v - -
Medical insurance v v v v - -
status
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1

2

3 (private or statutory) (private or statutory) (private or statutory) (private or statutory)

4

5 Medical insurance v - v - - -

6 provider

7 Region v v v v - -

8

9 east or west

10 Nationality ? v v v 5 -

11

12 BMI and risk factors BMI; smoking and BMI, BP, HR, BMI, risk factors, unknown smoking -

13 alcohol recording allergies, accidents, allergies
rarely documented operations smoking

1;' (~5%) status

16 Social history unknown - - unknown - -

17

18 Pregnancy or family status Pregnancy variable, pregnancy, number of pregnancy, number of unknown - -
gynecologist records; children children

19 family data

20 incomplete

21

22 Diagnosis Diagnosis, ICD 10 symptoms, medical  medical history, ICD  reasons for Diagnosis, ICD 10 Diagnosis (date, long-

23 codes and original history, ICD 10 codes 10 codes and original encounter, medical codes and original term and acute), ICD
text and original text, text, billing codes history, ICD 10 codes text, billing codes 10 codes and original

24 billing codes and original text, text, billing codes,

25 billing codes, ICPC

26 codes

27

28 procedures, findings, therapies lab test results; other lab and X-ray test lab and X-ray test lab test results unknown laboratory test results,

29 test results variably results, blood results, blood therapy
available or can be pressure, internal and pressure, internal and

30 requested from paper external findings, external findings,

31 files

32

33 drug information Drug name, route, drug name and ATC drug name and ATC Drug name, long term Drug name drug name, long-term

34 dosage, code, (long term) code, (long term) medication, dosage, medication, date
frequency, duration, medication, dosage, medication, cost of cost of therapy

35 cost frequency, cost of therapy

g? of therapy therapy

38

39

40

41

42
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Healthcare utilization

Images (e.g X-ray)

Questionnaires and other CRF

Missing Data

BMJ Open
Practice visits, referrals, sick leave, referrals, sick Practice visits, unknown
referrals, sick hospitalizations leave, hospitalization referrals, sick
leave, hospitalization s leave, hospitalization
s s
Unknown No No No No
yes, QoL yes, study specific yes, study specific n. a. yes, study specific
questionnaires upon
request
Social, economic data secondary care data, vaccination social and vaccination, vaccination, social
(salary, family status, social and economic economic data secondary care data, and economic data
employment), data (salary, family (salary, family status, social and economic (salary, family status,
secondary care data status, employment) employment) data (salary, family ~ employment)

status, employment)
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Table S3: Data evaluation and access and recruitment

IQVIA™ Disease
Analyzer

In-house data v
evaluation

Feedback reports to 4
practices

Interim project reports n.a.

Internal practice data -
accessibility

External data access v

Yes, but amount
unknown

Financial incentives

support how to use the
software

Type of physician
support

Recruitment Snowball n.a.

Strategy
Presentations n.a.

Circulars n.a.

Articles n.a.
Homepage n.a.

Patient recruiter -

n.a.: not available

BeoNet Halle

v

v

2 € per signed broad
consent

establishing a practice
research infrastructure

Attending physician or
study nurse

BMJ Open

BeoNet Hannover

v

establishing a practice
research infrastructure

Attending physician

CONTENT MedVip
v v
v v
v v
v -
Quarterly 375 € per 500 € once per
practice physician

Training in ICPC coding, On-site support to
hotline for software
problems & regular
quality circle meetings

v -
v v
with 2 reminders
v -
v -

- Attending physician
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Abstract

Background: The widespread use of electronic health records (EHRs) has led to a growing number

of large routine primary care data collection projects globally, making these records a valuable
resource for health services and epidemiological and clinical research. This scoping review aims to
comprehensively assess and compare strengths and limitations of all German primary care data
collection projects and relevant research publications that extract data directly from practice
management systems.

Methods: A literature search was conducted in the electronic databases in May 2021 and in June

2022. The search string included terms related to general practice, routine data, and Germany. The
retrieved studies were classified as applied studies and methodological studies, and categorized by
type of research, subject area, sample of publications, disease category, or main medication analyzed.

Results: A total of 962 references were identified, with 241 studies included from six German EHR

database projects. The projects exhibited significant heterogeneity in terms of size, data collection
methods, and variables collected. The majority of the applied studies (n = 205, 85%) originated from
one database with a primary focus on pharmacoepidemiologic topics (n = 127, 52%) including
prescription patterns (n = 68, 28%) and studies about treatment outcomes, compliance, and treatment
effectiveness (n = 34, 14%). Epidemiologic studies (n = 77, 32%) mainly focused on incidence and
prevalence studies (n = 41, 17%) and risk and comorbidity analysis studies (n = 31, 12%). Only 10% (n
= 23) of studies were in the field of health services research, such as hospitalization.

Conclusion: The development and durability of primary care data collection projects in Germany is

hindered by insufficient public funding, technical issues of data extraction, and strict data protection
regulations. There is a need for further research and collaboration to improve the usability of EHRs for
health services and research.

Keywords: Data collection; Electronic health records; Primary care; Database projects; Routine data;
Scoping review.
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Introduction

Electronic health records (EHRs) serve as a comprehensive record of a patient's health information,
capturing crucial details from each medical visit (1). While originally created for clinical purposes, EHRs
are now widely utilized in epidemiological and clinical research, as well as for improving healthcare
services (2, 3). Currently, about 36 large routine primary care data collection projects exist globally, in
which EHRs are directly collected from practice management systems (PMS). These projects, which
allow millions of patients to anonymously contribute data for health sciences, are mainly carried out
in English-speaking (United Kingdom, USA, and Canada) and European countries. The success and
longevity of these projects is influenced by factors such as strong academic and governmental support
as well as the use of comprehensive technical facilities for data extraction and analysis (4).

In Germany, the analysis of EHRs in primary care is largely based on health insurance data rather than
primary care data collection projects (5). However, health insurance data is primarily recorded for
accounting purposes and lacks valuable information such as clinical input data, reasons for encounters,
or diagnostic procedures (6). Additionally, privately insured patients, which account for approximately
13% of the German population, are often not included in such health insurance databases, potentially
leading to selection bias (7).

Primary care in Germany is predominantly delivered by general practitioners (GPs) but may also
encompass any outpatient physician accessible without a referral, irrespective of their specialty (8).
Between 2002-2010, the Federal Ministry of Education and Research (Bundesministerium fiir Bildung
und Forschung [BMBF]) recognized the importance of family medicine in the improvement of
healthcare services and research (9). During this time, the ministry also funded two primary care data
collection projects, MedVip (Medizinische Versorgung in Praxen) and CONTENT (CONTinuous
morbidity registration Epidemiologic NeTwork) (10). However, these projects ended due to limited
funding and technical challenges, and a standardized interface for extracting EHRs is still lacking, even
though there are over 132 different PMS available on the German market (11-13). Despite these
challenges, the use of EHRs in outpatient care continues to grow due to the vast amount of data
available. In 2020, for example, approximately 688 million outpatient cases were treated by 161,400
outpatient physicians in Germany, representing a “real world data treasure” (14).

EHRs have evolved from their initial purpose of billing to becoming a valuable tool for epidemiologic
and clinical research (2, 3). The increasing functionality and quality of EHRs have made them an
affordable and accessible data source (15). In clinical research, for example, EHRs can facilitate patient
identification and recruitment, assess study feasibility, and streamline data collection at baseline and
follow-up (15-17).

The aim of this scoping review is to identify and describe all primary care data collection projects and
research publications in Germany dedicated to extracting data from PMS. This might facilitate further
research by describing the methodologic problems, amplifying possible solutions, and proposing the
potential of the projects to inform health policy and practice. To this end, we chose to conduct a
scoping review, since our goal is to identify and map study characteristics and not to answer a clinically
meaningful question (18).
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Methods

Search strategy

This scoping review follows the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews (PRISMA-ScR) checklist (19). In order to identify studies relevant for our
research question, we explored two electronic databases, Medline (via OVID) and LIVIVO, the latter of
which is a German database for life sciences. The search was conducted in May 2021 and updated in
June 2022, searching for all records until this time point without any time restrictions. The search string
combined the terms "general practice" with synonyms like "family physician" as well as "routine data".
Other terms such as "electronic health record" or "Germany" were included to cover all relevant
aspects of our research questions. For each keyword, relevant Medical Subject Headings (MeSH) terms
were identified for the Medline exploration. The LIVIVO search was conducted in German with the
equivalent terms. When relevant projects were identified, the project names were added to the search
string to find further publications. In addition, we searched the project websites and contacted the
project’s principal investigators (Pls) using a comprehensive checklist that included a list of
publications retrieved by the search to identify any missing project information that was not publicly
available. With encouragement from the PI of the IQVIA™ Disease Analyzer, we also conducted a
search on PubMed (National Library of Medicine [NLM]) using the keywords "Disease Analyzer" and
"Germany" to gather all relevant publications from this database, since a considerable number of
publications were identified through the PubMed search which were not previously found through the
Ovid Medline search. The complete search strategy can be found in the supplement (Table S1).

Inclusion/Exclusion Criteria

Abstract, title, and subsequently full-texts were reviewed independently by three researchers (KM, JM,
and JS) and checked for eligibility. All disagreements were resolved through consensus. If no consensus
was reached, a fourth researcher was consulted (SU). We used two online tools for systematic reviews
for the screening process. Rayyan (https://www.rayyan.ai/) was used for title and abstract screening
and Covidence (https://www.covidence.org/) was used for full-text screening. Both tools allow for
each reviewer to decide if the text should be included, excluded or if it is undecided and to add a reason
for this decision. Decisions are blinded until both reviewers are done with the screening. After both
reviewers can see if they agree or disagree on the inclusion if a text.

Studies were eligible if they met the following inclusion criteria: 1) the study population consisted of
patients who received treatment from primary care physicians but could also include patients who
received care from other specialists who were not considered primary care physicians; 2) use of EHR
data that was initially entered into the PMS independently of primary or secondary data use; 3) data
was extracted from PMS and transferred to an EHR database; 4) studies utilizing data collected as part
of routine clinical practice; and 5) full-text publications in English or German language. The following
were excluded: 1) health research studies using primary data, health insurance data, and data from
disease registries; 2) conference contributions and publications in languages other than English or
German; and 3) studies collecting supplementary data beyond usual care.

Data management

The identified references were downloaded into the reference manager EndNote Version X7.8 where
potential duplicates were identified with the respective tool. Duplicates that were not identified by
the automated tool due to different spelling were removed manually during the review process.
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Data extraction

Information from the retrieved publications was extracted by KM, JM, and JS. JM and JS each reviewed
the included publications using a standardized data extraction template created with Microsoft Word.
The data was double checked by KM and entered in Table S4. We extracted information on the
following: German primary care data collection projects including general information, data collection
methods, data evaluation, and recruitment strategies, and classified studies as applied studies and
methodological studies and categorized type of research into subject area, sample of publications,
disease category, or main medication analyzed.

Patient and Public Involvement

None

Results

We identified 962 references, screened a 291 of those as potentially eligible studies, and included 241
studies conducted with data from six German EHR database projects (see Figure 1).

Figure 1: PRISMA 2020 flow diagram for new systematic reviews which included searches of
databases only

Database characteristics

Four out of six primary health care data collection projects are currently active and two have been
completed (Table 1). This overview is sorted by the year in which data collection began.

Of the six, the IQVIA™ Disease Analyser (DA) is the only German project out of the six identified by this
review that is exclusively funded by the pharmaceutical sector. It is specialized in
pharmacoepidemiologic research and is used as an information system for federal health monitoring
(20). Currently, it includes patient records from around 2815 practices, mostly general practices but
also including other specialties like cardiology, dermatology, and pediatrics, which are not linked across
practices (21). With approximately 34 million cases included, it is the largest German primary data
collection database and considered to be nationally representative (22).

The other five primary care data collection databases are publicly funded and organized by local
academic research groups. Main financiers are the BMBF and the German Research Foundation (DFG).
The MedVip project aimed to realize first solutions for the use of routine data documentation in the
general practice setting. At its peak, a total of 165 practices with approximately 153,000 patient
datasets were extracted from 21 different PMS providers. The CONTENT project was based on the
International Classification of Primary Care (ICPC) of episodes of care as the primary classification
system (23, 24). Up to 23 practices provided data including approximately 200,000 cases. The project
ended because of very high costs and organizational demand. BeoNet (Beobachtungspraxen-
Netzwerk)-Hannover was integrated within the German Center for Lung Research with an initial focus
on lung diseases and collects data from approximately 16 practices. Currently, the database includes
343.796 cases (25). RADARplus (Routine Anonymised Data for Advanced Health Services Research plus)
aims to develop the infrastructure and technologies, including electronic consent management due to
the German data protection regulations, and collects data from seven practices including 100
pseudonymous cases (21). BeoNet-Halle is the most recent database and includes anonymized as well
as linked pseudonymized datasets from general practices and other types of practices in Germany (26).
The database includes 71,911 anonymized and 471 pseudonymized datasets from five practices in
Saxony-Anhalt region.
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The frequency of data collection by the projects ranges from weekly (BeoNet-Hannover), monthly (DA,
BeoNet-Halle), and quarterly (CONTENT), to time points without a fixed interval (MedVip, RADARplus).
It is crucial to note that in principle the data export interval can be configured to any desired value,
including very short intervals.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

176

BMJ Open
Table 1: Overview of German primary care data collection projects
IQVIA™ Disease MedVip (not active) CONTENT (not active) BeoNet-Hannover RADARplus* BeoNet-Halle
Analyzer (DA)
Funding sources Private Public
Homepage https://www.iqvia.com/ n.a. http://content-info.org/  https://www.mhh.de/fors https://generalpractice.u http://www.beonet.org
chung/beonet mg.eu/forschung/projekt
e/radarplus/
Research group IQVIA™ University Medical Department of general  Hannover Medical University Medical Medical Faculty of the
Commercial GmbH &  Center Goettingen practice and health School and German Center Goettingen Martin Luther University
Co. OHG services research, Center for Lung Halle-Wittenberg
Heidelberg University =~ Research
Hospital
Period of data collection Since 1992 2002 to 2010 2003 to 2014 Since 2016 Since 2016 Since 2020
Included region Whole Germany Goettingen and Freiburg Baden-Wuerttemberg, = Whole Germany Goettingen Whole Germany
Hessen, Lower Saxony
and Rhineland-
Palatinate
Frequency of transferring  Monthly No fixed interval (after a Quarterly Weekly No fixed interval (after a Monthly
data from PMS to central practice appointment) practice appointment)

data collection site

Total number of practices 2815 (3540) (November 165 (n.a.) (May 2008) 23 (41) (March 2014) 16 (27) (March 2023) 7 (n.a.) (February 2022) 5 (40) (February 2023)
(physicians) included (n)  2022)

Total Anonymized 34 million - - - - 71.911
number of data
patients (n)

perdata  peoygonymized - 153,000 200,000 343.796* 100 47
category  gata

The data sources include both published and unpublished sources. *Data provided refers to the completed project RADAR, as data from the ongoing project RADARplus are not yet
available. **Marks a disagreement between our analysis and the projects principle investigator. The table indicates the statement of the principle investigator.

n: number; n.a.: not available
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Data collection methods

Anonymized data is exclusively collected by the DA and BeoNet-Halle, whereas all other projects
except for the DA obtain pseudonymized data. In order to collect pseudonymized data, BeoNet-
Hannover, RADARplus and BeoNet-Halle have instituted informed consent procedures (Table 2).
RADARplus and BeoNet-Halle employ an adapted version of the modular Broad Consent, as per the
template provided by the Medical Informatics Initiative (Mll), allowing for the transfer of identifiable
data in compliance with data protection regulations (27). Using Broad Consent, patients have the
option to provide consent for various modules, encompassing data collection, processing, scientific
utilization of their patient data, as well as the transfer and scientific use of their health insurance data,
along with the possibility for further contact. BeoNet-Hannover has introduced a study-specific
consent procedure. The projects exhibit significant heterogeneity in their workflows related to data
collection, transfer, and storage, including the integration of trust offices in the cases of RADARplus
and BeoNet-Halle.

Three projects (MedVip, BeoNet-Hannover, RADARplus) extract data using a universal interface
(Behandlungsdatentransfer [BDT]). BDT was implemented by the central institute for statutory health
care to support data exchange between different PMS. The MedVip project has shown the feasibility
of data extraction using BDT with various implementations by different software providers. However,
its use requires partly that PMS providers assist on-site in extracting the requested data. Despite
several updates to the BDT interface, it may still cause inadequate data quality when extracting data
from different PMS. Since June 2021, an “archive and exchange interface” is mandatory in PMS which
shall replace BDT. It is based on the interoperability standard HL7 FHIR (Health Level Seven
International Fast Healthcare Interoperability Resources), which has gained widespread adoption in
the healthcare industry and facilitates interoperability.

The other projects (DA, CONTENT, BeoNet-Halle) developed their own software solutions to extract
predefined datasets. The CONTENT project developed a tailored data extraction software and a
modular ICPC software. For BeoNet-Halle, specific exporting modules allow anonymized or
pseudonymized data extraction depending on a patient's consent status.

Some projects (DA, CONTENT, BeoNet-Hannover, and BeoNet-Halle) provide training on how to use
the software and others provide on-site support to extract data (MedVip and RADARplus). For most
projects, data can be uploaded manually by the physician or the research team. Some projects
(BeoNet-Hannover and BeoNet-Halle) have also implemented automatic upload to a secure network
within the database location. Data validation and integrity checks are run in all projects before data is
uploaded to the database and subsequently to an analysis server that can be assessed by researchers.
This process is generally facilitated by a database administrator.

Anonymization and Pseudonymization Processes

We could not find publications on specific details of the anonymization process by the DA. In the case
of MedVip, a custom Java program in doctors' offices removes identifiable BDT fields, except for the
patient ID, and encrypts BDT files. For CONTENT, the patient's name is replaced with a unique case
number before export. BeoNet Hannover generates automatic pseudonyms from patient IDs for
studies, and data is pseudonymized again before leaving the practice, with data processing managed
by the data manager. RADARplus follows a privacy-by-design approach, manually documenting
consented patients and separating identifiable and medical data. Identifiable data is encrypted and
replaced by a pseudonym provided by a trusted third party. For anonymized data, BeoNet Halle assigns
unique 35-character keys to patients created from the patient ID which changes from export to export.
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For pseudonymized data, it creates temporary pseudonyms for consenting patients sent to a trusted
third party for generating permanent pseudonyms, allowing data linkage across multiple sources.
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CONTENT (not active)

v
XML

CD, Disc, DVD, email,
direct website upload,
digital data transfer using
GUS box

Manual

Modular ICPC
classification software

Heidelberg University
Clinic hospital

n.a.
Self

n.a.

n.a.

BeoNet-Hannover

‘/ *
BDT

Internet and secure
HTTPS protocol

Automatic

Interface for BDT-data
export

2

Hannover Medical School
Location

Postgre SQL

MUGS
Informationsgesellschaft
mbH

PrimeFaces

Java EE6
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1
2
3 224 Table 2: Data collection methods
4 IQVIA™ Disease MedVip (not active)
5 Analyzer
6 Export Anonymous v -
7 types
8 ol Pseudonymous - v
9 Export format n.a. BDT
10 Medium used to n.a. Floppy disc or CD send
n upload into the via mail or on-site export
12 central database
13
14 Import to Database n.a. Manual
15 Software Interface Not based on BDT Interface for BDT-data
16 Details interface export
17
18 Export from 2 PMSs with BDT interface
19 different
20 PMSs (n)

Databas Location Unknown Medical Center
21 . .
2 e details Goettingen
23 Database n.a. MySQL
24 Developer n.a. Self
25
26
27 Graphical user n.a. Perl
28 interface
29 Operating n.a. Java
30 language
31 Linkage to other ¢ No linkage to other -
32 databases or death IQVIA™ databases
33 records e Linkage to death
34 records available in a
35 subgroup of patients

(~20%)

36
;73 the statement of the principle investigator.
39 n.a.: not available
40
41
42
43
44
45

RADARplus

v
BDT

Via USB into custom
software

Manual

Interface for BDT-data

export

PMSs with BDT interface

Medical Center
Goettingen

MySQL

Gesellschaft fur
wissenschaftliche

Datenverarbeitung mbH

Gottingen (GWDG)
n.a.

n.a.

BeoNet-Halle

v

v
Csv

Internet and secure
HTTPS protocol

Automatic or manual

Universal interface to
create a copy of the PMS
database

>70

Martin Luther University
Halle-Wittenberg

Postgre SQL
Self

Python

The data sources include both published and unpublished sources. *Marks a disagreement between our analysis and the projects principle investigator. The table indicates
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Collected variables and data quality

Most projects collect data that is part of health insurance records, encompassing basic patient
demographics, diagnoses, drug prescriptions, and billing codes (Table S2) (28).

Lab tests, such as HbAlc, and health utilization variables like referrals or hospitalizations, are
documented by most projects. Additionally, the majority of ongoing projects (DA, MedVip, BeoNet-
Hannover, BeoNet-Halle) capture essential vital signs, including blood pressure, height, weight, and
Body Mass Index (BMI), as well as lifestyle-related factors such as smoking status and allergies (DA,
BeoNet-Hannover, BeoNet-Halle). Regarding sociodemographic variables (e.g., education, income),
number of children, or substance abuse, these variables are not systematically recorded in German
PMS. These variables may be entered into structured or free text fields. To fill this information gap,
some projects use standardized questionnaires (BeoNet-Hannover, BeoNet-Halle) given out to
patients who consented.

As for the extraction of free-text data, limited information is available, except for BeoNet-Halle, which
extracts pseudonymized free text. The MedVip project has partially extracted free-text data due to the
absence of data protection regulations during that period.

The CONTENT project can be considered the only project that attempted to improve data quality at
the point of data entry. Several quality circles were implemented and proposed solutions were
discussed on a regular basis including training on ICPC-2 coding.

Recruitment strategies

Strategies to recruit GPs and other specialists comprise various financial and non-financial incentives
(Table S3). The DA provides financial incentives of an undisclosed amount, supports practices by using
the exporting software, and provides quarterly feedback reports. Its popularity further seems to
contribute to its recruitment success.

Publicly funded projects use only some of these recruitment strategies along their project trajectories.
Snowball recruitment is usually implemented at the start of the project to get it running. There have
been some “cold” acquisition attempts (MedVip, RADARplus) including the distribution of circulars,
but they were associated with low recruitment rates. Some projects use regular or one-time financial
incentives (MedVip, BeoNet-Halle, and CONTENT) while others claim to support practices with
establishing a research infrastructure (BeoNet-Hannover, BeoNet-Halle, and CONTENT). Regular
feedback reports are provided by some projects (DA, MedVip, CONTENT, and BeoNet-Halle). CONTENT
particularly targeted practices with long-term commitment and willingness to code with ICPC. It is also
the only project that developed a protected access area where the patients’ own data could be
accessed. BeoNet-Halle and RADARplus favor practices that integrate consent management.

Applications of the databases

A total of 241 publications were identified (Table S4). Most articles described applied studies (n = 230,
95%) and 5% (n = 11) of the articles described methods (Figure 2). Methodologic studies mainly deal
with project-specific issues, such as project descriptions or data collection issues. 30% (n = 72) of the
studies were industry-funded while only 9% (n = 21) of the publications used data from more than one
database. The mean time of recruitment varied from study to study. However, the overall mean time
of recruitment across all studies was seven years in the DA, 4.75 years in MedVip, and three years in
CONTENT.

Figure 2: Flow diagram of the extracted articles and their arrangement
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Of the 241 publications included, 85% (n = 205) were contributed by the DA (Figure 2 and Table $4).

52% (n = 127) of the studies deal with pharmacoepidemiologic topics including prescription patterns
(n = 68, 28%) and studies on treatment outcomes, compliance, and treatment effectiveness (n = 34,
14%). Epidemiologic studies (n = 77, 32%) mainly focused on incidence and prevalence (n = 41, 17%)
along with risk and comorbidity analysis (n = 31, 12%). A small proportion included health services
research studies (n = 10, 4%) with topics such as hospitalization.

Discussion

The findings presented in the results section shed light on the landscape of primary care data collection
projects in Germany, where databases are populated with EHRs from PMS. In this discussion, we delve
into the implications of these findings, drawing comparisons with other countries and addressing key
challenges and potential avenues for improvement.

One significant challenge identified in Germany is the data extraction from multiple PMS. Despite the
presence of mandatory exchange interfaces, such as Behandlungsdatentransfer (BDT) or the "archive
and exchange" interface, developing standardized interfaces has proven to be a complex and
collaborative effort involving various stakeholders (3, 29). This includes patients, PMS vendors,
standards organizations, and academic institutions. The lack of well-developed interfaces for research
in the ambulatory sector, similar to the hospital sector, hinders the effective utilization of EHR data for
research purposes (11). PMS vendors' resistance to external software modifications further seem to
exacerbate the situation (30).

Data quality is another challenge, with a predominance of free-text entries in PMS, making complete
anonymization a complex task (31). EHRs encompass structured data, which is organized, quantifiable
and easily analyzable due to its mostly standardized format, and unstructured data, including free-text
and images. A comprehensive understanding of a patients’ health history necessitates the integration
of both types (3). Collaboration with the MIl has introduced a Broad Consent concept that allows
patients to agree to the scientific use of their data, potentially easing the extraction of free-text
information in the future (27). Therefore, informed consent emerges as a vital component for
advancing EHR-based research.

The limited progress and short duration of publicly funded projects, as observed in this review, may be
attributed to insufficient funding and inadequate government support. Recent projects have received
notably meager funding, especially when compared to government-supported initiatives in other
nations (4). The initial projects highlighted in this review enjoyed comparatively substantial public
funding, indicating the need for sustained investment in healthcare research (9). The private funding
of the DA by pharmaceutical companies appears to be a contributing factor to its success.

The results indicate that Germany ranks 16th out of 20 analyzed countries in terms of EHR
implementation. This ranking places Germany behind countries like Sweden, Estonia, and the UK,
which have emerged as pioneers in EHR adoption and integration (32, 33). The rapid digitalization of
healthcare systems has significantly influenced the development of primary care data collection
initiatives (4). It is crucial to examine the reasons behind this disparity in EHR adoption and its impact
on healthcare research.

Sweden, for example, has efficiently collected and managed patient data through an integrated system
including a unique personal identity number, focusing on patient consent and supporting research and
quality enhancement (34). Estonia adopted a comprehensive eHealth strategy in 2008, utilizing
incentives and penalties to establish a cohesive eHealth infrastructure (35).The UK's Clinical Practice
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Research Datalink stands out as a prominent real-world research service that has contributed data to
over 3,000 publications, surpassing all German projects combined by more than twelvefold (36). The
success of these initiatives can be attributed to factors like opt-out regulations, data quality
improvements, and the engagement of healthcare providers (37).

Our findings, as presented in the results section, also hold implications for the use of EHR databases in
healthcare and epidemiological research. The results highlight the versatility of EHR databases in
addressing a wide range of healthcare-related questions, such as evaluating prescription patterns,
treatment outcomes, and analyzing incidence, prevalence, and comorbidities.

It's noteworthy that a substantial proportion of the studies we identified (n = 205, 85%) were derived
from the privately funded DA, with a substantial amount (n = 72, 30%) of the studies being industry-
funded. This raises important questions about the influence of commercial interests in health services
research. It underscores the critical need for transparency and rigor in such studies to maintain
scientific integrity, particularly in light of the increasing use of real-world evidence in early benefit
assessments of novel therapies (38).

Limitations

One major limitation of this scoping review is incomplete information about some projects. Some
information, especially from the DA, is not publicly available due to company confidentiality reasons.
A second limitation was mainly identified during the phase of classifying the publications. We
developed our own classification system, as we were not able to identify a common classification
method in the literature. Some publications listed by the projects’ homepages were not included in
our final analysis, because we were not able to verify that they included data using EHR databases. Out
of the 241 included publications, we retrieved full-text for 210 papers and extracted information from
the abstracts for the remaining 31. Many studies did not describe their study design in detail and might
have been classified wrongly. Finally, we only used three literature databases for our investigation,
including one database (LIVIVO) that also includes gray literature.

Conclusion

The development and sustainability of German primary care data collection projects face several
challenges, including limited funding, technical issues related to data extraction, and stringent data
protection regulations. Interfaces for data exchange and research remain inadequately implemented.
Furthermore, questions regarding data quality and the broad utilization of ambulatory EHRs for
research persist, largely due to the significant amount of information entered in free-text fields. This
data can only be partially extracted with patients' informed consent, thereby constraining the range
of research publications, primarily focusing on (pharmaco-)epidemiologic topics derived from a
privately funded database. As a result, Germany has yet to fully realize the potential for research made
possible by EHRs.
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Scoping Reviews; RADARplus: Routine Anonymised Data for Advanced Health Services Research plus.

Supplementary Information

Table S1: Search Strings. Table S2: Collected Variables. Table S3: Data evaluation, access, and
recruitment. Table S4: List of included studies.

Acknowledgements

For proofreading we acknowledge Dawn M. Bielawski, PhD.

Authors’ contributions

KM, JM, and SU developed the methodological concept. KM, JM, and JS screened study titles and
abstracts and examined the full texts for inclusion. KM, JM, JS, JC, TF and PJ developed the figures and
tables. KM, JM, SU, TF, RM, PJ and JC participated in reading and approving the final manuscript.

Funding

This study received no funding.

Availability of data and materials

All data generated and analyzed by this study are included in this published article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests

The authors have confirmed that we have no competing interests.

1. (ONC) TOOtNCfHIT. FAQ: what is an electronic health record 2023 [Available from:
https://www.healthit.gov/fag/what-electronic-health-record-
ehr#:~:text=An%20electronic%20health%20record%20(EHR)%20is%20a%20digital%20version%200f,
and%20securely%20to%20authorized%20users.

14

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


https://www.healthit.gov/faq/what-electronic-health-record-ehr#:~:text=An%20electronic%20health%20record%20(EHR)%20is%20a%20digital%20version%20of,and%20securely%20to%20authorized%20users
https://www.healthit.gov/faq/what-electronic-health-record-ehr#:~:text=An%20electronic%20health%20record%20(EHR)%20is%20a%20digital%20version%20of,and%20securely%20to%20authorized%20users
https://www.healthit.gov/faq/what-electronic-health-record-ehr#:~:text=An%20electronic%20health%20record%20(EHR)%20is%20a%20digital%20version%20of,and%20securely%20to%20authorized%20users

oNOYTULT D WN =

383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433

BMJ Open

2. Modi S, Feldman SS. The Value of Electronic Health Records Since the Health Information
Technology for Economic and Clinical Health Act: Systematic Review. JMIR Med Inform.
2022;10(9):e37283.

3. Nordo AH, Levaux HP, Becnel LB, Galvez J, Rao P, Stem K, et al. Use of EHRs data for clinical
research: Historical progress and current applications. Learn Health Syst. 2019;3(1):e10076.
4, Gentil ML, Cuggia M, Fiquet L, Hagenbourger C, Le Berre T, Banatre A, et al. Factors influencing

the development of primary care data collection projects from electronic health records: a systematic
review of the literature. BMC Med Inform Decis Mak. 2017;17(1):139.

5. Swart E, Gothe H, Hoffmann F, Ihle P, Schubert |, Stallmann C, et al. Sonderheft Methodische
Aspekte der Sekundardatenanalyse. Gesundheitswesen. 2020;82(S 01):51-S3.
6. Schubert |, Koster |, Klipper-Nybelen J, lhle P. [Health services research based on routine data

generated by the SHI. Potential uses of health insurance fund data in health services research].
Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz. 2008;51(10):1095-105.

7. Akmatov MK, Holstiege J, Steffen A, Batzing J. Utilization of influenza vaccination among
chronically ill individuals in Germany: A nationwide claims-based analysis. Vaccine. 2021;39(6):952-60.
8. Blimel M, Spranger A, Achstetter K, Maresso A, Busse R. Germany: Health System Review.
Health Syst Transit. 2020;22(6):1-272.

9. Bundesausschuss G. Innovationsfonds 2022 [Available from: https://innovationsfonds.g-
ba.de/.

10. Forschung BfBu. Allgemeinmedizin: Liste der abgeschlossenen Vorhaben 2022 [Available from:
https://www.gesundheitsforschung-bmbf.de/de/allgemeinmedizin-2624.php.

11. Gematik. Informations-technische Systeme im Kranken-haus 2022 [Available from:

https://fachportal.gematik.de/informationen-fuer/isik#c3740.

12. Mach Sv. Praxis-Software: Leichter zum PVS-Wechsel? : hausarzt.digital; 2021 [Available from:
https://www.hausarzt.digital/praxis/praxisfuehrung/leichter-zum-pvs-wechsel-95031.html.

13. Bundesvereinigung K. KBV-Installationsstatistik. 2022.

14. Statista. Anzahl ambulanter arztlicher Behandlungsfille und behandelter Personen in
Deutschland in den Jahren 2004 bis 2020. 2020 [Available from:
https://de.statista.com/statistik/daten/studie/75608/umfrage/von-aerzten-behandelte-personen-
und-aerztliche-.

15. Casey JA, Schwartz BS, Stewart WF, Adler NE. Using Electronic Health Records for Population
Health Research: A Review of Methods and Applications. Annu Rev Public Health. 2016;37:61-81.

16. Kruse CS, Stein A, Thomas H, Kaur H. The use of Electronic Health Records to Support
Population Health: A Systematic Review of the Literature. ) Med Syst. 2018;42(11):214.

17. Cowie MR, Blomster JI, Curtis LH, Duclaux S, Ford |, Fritz F, et al. Electronic health records to
facilitate clinical research. Clin Res Cardiol. 2017;106(1):1-9.
18. Munn Z, Peters MDJ, Stern C, Tufanaru C, McArthur A, Aromataris E. Systematic review or

scoping review? Guidance for authors when choosing between a systematic or scoping review
approach. BMC Med Res Methodol. 2018;18(1):143.

19. Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA Extension for
Scoping Reviews (PRISMA-ScR): Checklist and Explanation. Ann Intern Med. 2018;169(7):467-73.

20. Bundesamt S. Datenquelle: IQVIATM Disease Analyzer 2023 [Available from: https://www.gbe-
bund.de/gbe/ergebnisse.prc_tab?fid=453&suchstring=&query id=&sprache=D&fund typ=DQ&meth
ode=&vt=&verwandte=1&page ret=0&seite=1&p sprachkz=D&p uid=&p Ifd nr=&p news=&p aid

=&hlp nr=&p janein=.

21. Bahls T, Pung J, Heinemann S, Hauswaldt J, Demmer |, Blumentritt A, et al. Designing and
piloting a generic research architecture and workflows to unlock German primary care data for
secondary use. J Transl Med. 2020;18(1):394.

22. Becher H, Kostev K, Schroder-Bernhardi D. Validity and representativeness of the "Disease
Analyzer" patient database for use in pharmacoepidemiological and pharmacoeconomic studies. Int J
Clin Pharmacol Ther. 2009;47(10):617-26.

15

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 16 of 33


https://innovationsfonds.g-ba.de/
https://innovationsfonds.g-ba.de/
https://www.gesundheitsforschung-bmbf.de/de/allgemeinmedizin-2624.php
https://fachportal.gematik.de/informationen-fuer/isik#c3740
https://www.hausarzt.digital/praxis/praxisfuehrung/leichter-zum-pvs-wechsel-95031.html
https://de.statista.com/statistik/daten/studie/75608/umfrage/von-aerzten-behandelte-personen-und-aerztliche-
https://de.statista.com/statistik/daten/studie/75608/umfrage/von-aerzten-behandelte-personen-und-aerztliche-
https://www.gbe-bund.de/gbe/ergebnisse.prc_tab?fid=453&suchstring=&query_id=&sprache=D&fund_typ=DQ&methode=&vt=&verwandte=1&page_ret=0&seite=1&p_sprachkz=D&p_uid=&p_lfd_nr=&p_news=&p_aid=&hlp_nr=&p_janein
https://www.gbe-bund.de/gbe/ergebnisse.prc_tab?fid=453&suchstring=&query_id=&sprache=D&fund_typ=DQ&methode=&vt=&verwandte=1&page_ret=0&seite=1&p_sprachkz=D&p_uid=&p_lfd_nr=&p_news=&p_aid=&hlp_nr=&p_janein
https://www.gbe-bund.de/gbe/ergebnisse.prc_tab?fid=453&suchstring=&query_id=&sprache=D&fund_typ=DQ&methode=&vt=&verwandte=1&page_ret=0&seite=1&p_sprachkz=D&p_uid=&p_lfd_nr=&p_news=&p_aid=&hlp_nr=&p_janein
https://www.gbe-bund.de/gbe/ergebnisse.prc_tab?fid=453&suchstring=&query_id=&sprache=D&fund_typ=DQ&methode=&vt=&verwandte=1&page_ret=0&seite=1&p_sprachkz=D&p_uid=&p_lfd_nr=&p_news=&p_aid=&hlp_nr=&p_janein

Page 17 of 33

oNOYTULT D WN =

434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475

476

BMJ Open

23. Laux G, Koerner T, Rosemann T, Beyer M, Gilbert K, Szecsenyi J. The CONTENT project: a
problem-oriented, episode-based electronic patient record in primary care. Inform Prim Care.
2005;13(4):249-55.

24, Doctors WOoF. International Classification of Primary Care 2016 [Available from:
https://www.globalfamilydoctor.com/site/DefaultSite/filesystem/documents/Groups/WICC/Internati
onal%20Classification%200f%20Primary%20Care%20Dec16.pdf.

25. Lingner H, Aumann |, Wacker M, Kreuter M, Leidl R, von der Schulenburg JG, et al. [Health
Science Research with Primary Care Routine Data From Electronic Patient Records: the BeoNet
Registry]. Gesundheitswesen. 2018;80(11):1026-34.

26. Moser K, Mikolajczyk R, Bauer A, Tiller D, Christoph J, Purschke O, et al. [BeoNet-Halle-
development of a multifunctional database for the automated extraction of healthcare data from
general practitioner and specialist practices]. Bundesgesundheitsblatt Gesundheitsforschung
Gesundheitsschutz. 2023;66(5):569-77.

27. Medizininformatikinitiative. Template text for patient consent forms 2023 [Available from:
https://www.medizininformatik-initiative.de/en/template-text-patient-consent-forms.

28. Bundesvereinigung K. IT in der Arztpraxis: Datensatzbeschreibung KVDT 2023 2023 [Available

from: https://update.kbv.de/ita-
update/Abrechnung/KBV ITA VGEX Datensatzbeschreibung KVDT.pdf.
29. Justiz Bd. Integration offener und standardisierter Schnittstellen in informationstechnische

Systeme 2022 [Available from: https://www.gesetze-im-internet.de/sgb 5/ 371.html.

30. Ayaz M, Pasha MF, Alzahrani MY, Budiarto R, Stiawan D. The Fast Health Interoperability
Resources (FHIR) Standard: Systematic Literature Review of Implementations, Applications, Challenges
and Opportunities. IMIR Med Inform. 2021;9(7):€21929.

31. Martin-Sanchez FJ, Aguiar-Pulido V, Lopez-Campos GH, Peek N, Sacchi L. Secondary Use and
Analysis of Big Data Collected for Patient Care. Yearb Med Inform. 2017;26(1):28-37.

32. Bertram N, Plschner F, Gongalves ASO, Binder S, Amelung VE. Einflihrung einer elektronischen
Patientenakte in Deutschland vor dem Hintergrund der internationalen Erfahrungen. In: Klauber J,
Geraedts M, Friedrich J, Wasem J, editors. Krankenhaus-Report 2019: Das digitale Krankenhaus. Berlin,
Heidelberg: Springer Berlin Heidelberg; 2019. p. 3-16.

33. Amelung V BS, Bertram N, Chase DP, Urbanski D. Die elektronische Patientenakte — Fundament
einer effektiven und effizienten Gesundheitsversorgung. Heidelberg: medhochzwei Verlag; 2016.

34. Kajbjer K, Nordberg R, Klein GO, editors. Electronic Health Records in Sweden: From
Administrative Management to Clinical Decision Support. History of Nordic Computing 3; 2011 2011//;
Berlin, Heidelberg: Springer Berlin Heidelberg.

35. World Health Organization. Regional Office for Europe EOoHSaP, Habicht, Triin, Reinap, Marge,
Kasekamp, Kaija. et al. Estonia: health system review. . Regional Office for Europe.: World Health
Organization.; 2018.

36. CPRD. Clinical Practice Research Datalink 2022 [Available from: https://cprd.com/.

37. Research NIfHaC. Safeguarding patient data 2023 [Available from:
https://cprd.com/safeguarding-patient-data.

38. Schad F, Thronicke A. Real-World Evidence-Current Developments and Perspectives. Int J
Environ Res Public Health. 2022;19(16).

16

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


https://www.globalfamilydoctor.com/site/DefaultSite/filesystem/documents/Groups/WICC/International%20Classification%20of%20Primary%20Care%20Dec16.pdf
https://www.globalfamilydoctor.com/site/DefaultSite/filesystem/documents/Groups/WICC/International%20Classification%20of%20Primary%20Care%20Dec16.pdf
https://www.medizininformatik-initiative.de/en/template-text-patient-consent-forms
https://update.kbv.de/ita-update/Abrechnung/KBV_ITA_VGEX_Datensatzbeschreibung_KVDT.pdf
https://update.kbv.de/ita-update/Abrechnung/KBV_ITA_VGEX_Datensatzbeschreibung_KVDT.pdf
https://www.gesetze-im-internet.de/sgb_5/__371.html
https://cprd.com/
https://cprd.com/safeguarding-patient-data

Figure 1: PRISIVIA 2020 tlow diagram for new systematic reviews which included searches or databases and

registers only

Identification

BMJ Open

Identification of studies via databases

Records identified from:
Medline (n = 415)
Livivo (n = 420)
Pubmed (n = 210)
Handsearch (n = 4)

Records removed before
screening:
Duplicate records removed
(n=87)

Rciiaga™

A

Records screened
(n =962)

Records excluded
(n=670)

A4

Reports sought for retrieval
(n=292)

\4

Reports not retrieved
(n=1)

Reports assessed for eligibility
(n=291)

Reports excluded:
Did not extract routine data
from primary care (n = 19)
Congress contribution (n =
13)
No German EHR database
included (n =7)
Non-project related (n = 11)

Studies included in review base
on six £HIR GRS FEIBE0 - Nt
(n=241)

b://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 18 of 33



_ﬂgugetg; Flow diagram of the extracted articles and their arrangement

|
T Oor 99

RLALO
DIV OPCTT

Articles included
(n=241)

1
2 \ 4
3 . .
4 Methodological Studies
5 =11
: (n=11)
7 Disease Analyzer n=0
8
9 MedVip n=3
10 CONTENT n=1
1; BeoNet-Hannover n=2
13 RADARplus n=4
1‘5‘ BeoNet-Halle n=1
16
7 4
g Type of Research
0
-;Database-specific research Generalizable research using EHR databases
3(n = 4) (n=6)
7
25 . 4 v
:? Sample of Publications
8

'gProject Description

1
2
3

Data Collection Issues

Health Service Utilization
Unified Modeling Language

5 3 S
I
[T o SN

34

35
36

37 |

\ 4

o
9 Inter-Contact Interval

40
41

Routine Data Collectio'18§giegview only - http://bmjopen.hyicom/
Data Protection Issues Of Routine Data Collection n=2

Applied Studies
(n=230)
Disease Analyzer n =205
MedVip n=9
CONTENT n=15 |
BeoNet-Hannover n=1 i
RADARplus n=0 i
More than one i
database included n=21 i
Non-GP data included n=110 i
Industry funding i
Yes n=72 i
No n=128 i
unknown n=40 !
1
i
1
Type of research i
1
1
General epidemiologic studies n=77 i
Pharmacoeconomics/-epidemiology n= 1274___!
Health services research n=23
Validation studies n=2
Generalizable research using EHR databases n=1

ite/abou L/guidciil TeSRiTtTTT

paAesyiod syoafoad aaloe Ajjuauind ayy Ajuo uonesiyjdwis 1oy




oNOYTULT D WN =

BMJ Open

Search Strategies
Table 1: Search String for Ovid (June 2022)

1.

© ® N o o &

Set

11.
12.
13.
14.
15.
16.
17.
18.
19.

Search Statement Results

exp Primary Health Care/
exp General Practice/

general practitioners/ or physicians, family/ or physicians, primary

care/

general practi*.tw.

(primary adj3 care).tw.

(family adj3 (practi* or doctor or physician*)).tw.

or/1-6

exp medical records/

exp routinely collected health data/

(routine* adj3 (collect* or record* or document*)).tw.

health servic* research.tw.

(electronic adj3 record*®).tw.

CONTinuous morbidity registration Epidemiologic NeTwork.tw.
Disease Analyzer.tw.

or/8-14

exp Germany/

German*.tw.

or/16-17

7 and 15 and 18 415
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35

BMJ Open

Table 2: Search String LIVIVO (June 2022)

Set

10

11

Search Statement
Haus?rzt
Primar?rzt*
Allgemein?rztlich*
Allgemeinmedizin*
Ambulant*

OR 1-5
Routinedaten*
BDT
Elektronische* Patientenakte*
OR 7-9

6 AND 10

Results

420

Pubmed (NLM)

Search terms (June 2022):

"Germany"[All Fields] AND "Disease Analyzer"[All Fields]

210 studies were imported
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Table S2: Collected variables

Physician
types

Physician
demographics

Practices
demographics

Patient
demographics

All

General
Practitioner

Pneumologists

Paediatricians
Internists

Physician
number
Age

Gender

Years in
practice

Type
Region

Frequency of
patients
No. of doctors

No. of
employees
Age

Gender
Patient since
Employment

Medical
insurance
status
Medical
insurance
provider
Region

Nationality

BMI and risk factors

IQVIA™ Disease
Analyzer

v
v

east or west

v

v
v

v

(private or statutory)

v

v

east or west

unknown

BMI; smoking and
alcohol recording
rarely documented

(~5%)

MedVip

unknown

smoking

BMJ Open

CONTENT

east or west

v
v

(private or statutory)

unknown

BeoNet Hannover

(private or statutory)

BMI, risk factors,

allergies

\

AN NN

v

v

v

v

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

RADARplus

v

unknown

BeoNet Halle

ANERNEE N NN

AN

v
v

east or west
v

v
v

v

(private or statutory)

v

v

BMI, BP, HR,
allergies,

operations, smoking
status, risk factors
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Social history
Pregnancy or family status

Diagnosis

9 Billing codes
10 procedures, findings, therapies

14 drug information

Healthcare utilization

21 Images (e.g X-ray)
22 Projects obtaining additional
23 data beyond usual care

25 Missing Data

unknown

pregnancy,
gynecologist records;
family data
incomplete
diagnosis, ICD 10
codes and original
text

unknown

lab test results; other
test results variably
available or can be
requested from paper
files

drug name, route,
dosage,

frequency, duration,
cost

of therapy

practice visits,
referrals, sick

leave, hospitalizations
unknown

yes, Quality of Life
guestionnaires upon
request

Social and economic
data (salary, family
status, employment),
secondary care data

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

diagnosis, ICD 10
codes and original
text, billing codes

yes
unknown

drug name

unknown

no
yes, study specific

social and
economic data
(salary, family
status,
employment)

BMJ Open

unknown
unknown

diagnosis, ICD 10
codes, ICPC codes
and original text,
reasons for encounter,
medical history

yes

lab test results

drug name, long term
medication, dosage,
cost of therapy

practice visits,
referrals, sick

leave, hospitalizations
no

n. a.

social and economic
data (salary, family

status, employment),
secondary care data,

pregnancy, number of
children

diagnosis, ICD 10
codes, medical history

yes

lab and X-ray test
results, blood
pressure, internal and
external findings,

drug name and ATC
code, (long term)
medication, cost of
therapy

practice visits,
referrals, sick

leave, hospitalizations
no

yes, study specific

social and economic
data (salary, family
status, employment)

diagnosis, ICD 10
codes, medical
history

unknown
unknown

drug name, long-
term medication,
date

unknown

no
yes, study specific

social and
economic data
(salary, family
status,
employment)

pregnancy, number
of children

diagnosis name,
ICD 10 codes,
medical history,

yes
lab and X-ray test
results, blood
pressure, internal
and external
findings

drug name and ATC
code, (long term)
medication, dosage,
frequency, cost of
therapy

practice visits,
referrals, sick leave,
hospitalizations

no

yes, study specific

social and economic
data (salary, family
status, employment)
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Table S3: Data evaluation and access and recruitment
IQVIA™ Disease

Analyzer
In-house data v
evaluation
Feedback reports to 4
practices
Interim project reports n.a.
Internal practice data -
accessibility
External data access v

Financial incentives Yes, but amount

unknown

Type of physician support how to use the
support software
Recruitment Snowball n.a.
Strategy

Presentations n.a.

Circulars n.a.

Articles n.a.

Homepage n.a.

Patient recruiter -

n.a.: not available

BeoNet Halle

v

v

2 € per signed broad
consent

establishing a practice
research infrastructure

Attending physician or
study nurse

BMJ Open

BeoNet Hannover

v

establishing a practice
research infrastructure

Attending physician

CONTENT MedVip
v v
v v
v v
v -

Quarterly 375 € per
practice

500 € once per
physician

Training in ICPC coding, On-site support to
hotline for software
problems & regular
quality circle meetings

v -
v v
with 2 reminders
v -
v -

- Attending physician
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RADARplus

v

n.a.

n.a.

unknown

On-site support to
extract requested data.

v

v
E-Mail & written
v

v

Trusted third party
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DO

10.1111/j.1742-1241.2008.01895.x

Title

A retrospective database study comparing treatment ou

Authors
S. Aballéa; S. ¢

BMJ Open

First Author

Aballéa S

“Journal

Int J Clin Pract

2008

‘Publication ye project

Disease Analyzer

type of research

Applied studies

subject area
Pharmacoeconomics/-epidemiology

10.1136/ard.2007.076232 Gout in the UK and Germany: prevalence, comorbiditiesiL. Annemans; :Annemans L iAnnals of the 2008:Disease Analyzer Applied studies General epidemiologic studies
10.1186/s12967-020-02547-x Designing and piloting a generic research architecture ariT. Bahls; J. PucBahls T Journal of Tra 2020iRADARplus Methodological stuc Database-specific research
10.4088/JCP.19m13205 To Be Continued? Long-Term Treatment Effects of Antid:C. Bartels; M. iBartels C J Clin Psychiat 2020iDisease Analyzer Applied studies Pharmacoeconomics/-epidemiology

10.5414/cpp47617

Validity and representativeness of the Disease Analyzer"

H. Becher; K. |

Becher H

International !

2009

Disease Analyzer

Applied studies

Validation studies

10.5414/cp201756

Economic prescribing of corticosteroid nasal sprays in Gé

B. Becker; S. K

Becker B

Int J Clin Phart

2013

Disease Analyzer

Applied studies

Pharmacoeconomics/-epidemiology

10.1055/s-0043-104931 [High Prevalence of Antipsychotic Medication Use in Der.J). Bohlken; A. :Bohlken J Fortschr Neur 2017:Disease Analyzer Applied studies Pharmacoeconomics/-epidemiology
10.3233/jad-180567 Relevance of Coded Prodromal Mild Cognitive Impairme:J. Bohlken; K. :Bohlken J J Alzheimers C 2018:Disease Analyzer Applied studies General epidemiologic studies
10.3233/jad-181180 Coded Prevalence of Mild Cognitive Impairment in Geneil. Bohlken; K. iBohlken J J Alzheimers C 2019:Disease Analyzer Applied studies General epidemiologic studies
10.3233/jad-190012 Diagnostic Behavior for Mild Cognitive Impairment in GeJ. Bohlken; K. :Bohlken J J Alzheimers C 2019:Disease Analyzer Applied studies General epidemiologic studies
10.1016/j.psychres.2020.112758 :Adherence to neuroleptic treatment in psychiatric practi). Bohlken; M.iBohlken J Psychiatry Res 2020:Disease Analyzer Applied studies Pharmacoeconomics/-epidemiology
10.3233/jad-215348 Association Between Ginkgo Biloba Extract PrescriptionsiJ. Bohlken; O.:Bohlken J J Alzheimers C 2022iDisease Analyzer Applied studies Pharmacoeconomics/-epidemiology
10.1159/000520574 Identification of Prodromal Presentations of Parkinson's:J. Bohlken; A. :Bohlken J Neuroepidem 2022:Disease Analyzer Applied studies Health Services Research
10.5414/cp202572 Persistence with antidepressant drugs in patients with di¢A. Booker; J. EBooker A Int J Clin Phart 2016:Disease Analyzer Applied studies Pharmacoeconomics/-epidemiology
10.1017/51041610215002082 Risk factors for dementia diagnosis in German primary céA. Booker; L. EBooker A Int Psychogeri 2016:Disease Analyzer Applied studies General epidemiologic studies
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sample of publications  :ICD-10 category ‘main medicatistudy design control groupother DB incluindustry fundi practices totz non-GP includ no. months ofollow-Up
Treatment-related Study iDiseases of the respiratory syBudesonide/FiCohort no no yes unknown no 49iunknown
Incidence and Prevalence:Diseases of the musculoskelé- Cohort no yes yes 400:yes 6iyes

Project Description Not Applicable - Methodologicino no no O:no unknown unknown
Treatment-related Study :Mental and behavioural diso:SSRIs(EscitalofCase-Control iyes no unknown unknown no 60iunknown
EHR Database Validation {Multiple Diseases - Cohort no no yes 1511ino 36:iunknown
Prescription Patterns Diseases of the respiratory siMometasone : Retrospectiveino no unknown unknown yes 55iunknown
Incidence and Prevalence:Mental and behavioural diso:Antipsychotics no no no 209:yes 48:yes

Incidence and Prevalence:Mental and behavioural diso: Anti-DementiéCase-Control iyes no no 203:yes 84:yes

Incidence and Prevalence:Mental and behavioural diso:- Cohort no no no 485:yes 132:iunknown
Diagnosis Study Mental and behavioural diso:- Case-Control iyes no no 957iyes 24:unknown
Treatment-related Study :Mental and behavioural disoiNeuroleptics icohort no no no 55:yes 36:unknown
Prescription Patterns Mental and behavioural disoi- Cohort no no yes unknown yes 240iyes

Diagnosis Study Diseases of the nervous systé- Case-Control iyes no unknown unknown no unknown unknown
Treatment-related Study :Mental and behavioural disoi Antidepressar; Cohort no no unknown 1412iyes 120:unknown
Risk & Comorbidity Analys Mental and behavioural diso:- Case-Control :iyes no no unknown no 60:unknown
Treatment-related Study :Diseases of the circulatory sy- Cohort no no yes 922:no 12:unknown
Prescription Patterns Multiple Diseases Opioids (CodeiCohort no yes yes unknown yes 60:iyes

Treatment-related Study :Multiple Diseases - Cross-sectionéno no unknown 800iyes 109:unknown
Treatment-related Study :Diseases of the circulatory sy Apixaban Case-Control iyes no yes unknown yes 27:yes

Prescription Patterns Diseases of the circulatory sy:Oral AnticoagtCohort no no yes unknown no 22iunknown
Incidence and Prevalence:Diseases of the digestive syst Angiotensin li:Cohort no yes yes 0:no unknown unknown
Prescription Patterns Diseases of the respiratory sy Macrolide (Azi-/ Clarithromyino no yes 156:iyes 60iyes

Risk & Comorbidity AnalysDiseases of the nervous syste- cohort yes no no 1274:no 168:unknown
Risk & Comorbidity AnalysDiseases of the circulatory sy- cohort yes no no 1274:no 168 yes

Risk & Comorbidity Analys Mental and behavioural diso:- Case-Control iyes no no 256iyes 12iunknown
Incidence and Prevalence:Mental and behavioural diso:- Case-Control iyes no no 1072:no 109:iyes

Prescription Patterns Mental and behavioural diso: AntidepressariCase-Control iyes no unknown unknown no 120:yes

Prescription Patterns Diseases of the respiratory sy- Cohort no no yes 1630:yes 24iunknown
Prescription Patterns Multiple Diseases Azm (Azilsarta Cohort no no yes 1141:no 24:unknown
Prescription Patterns Neoplasms Analgesics AnéCross-sectionZno no no 31ino 24yes

Prescription Patterns Diseases of the circulatory syyModerate-/Hi:cohort no no yes unknown yes 36:yes

Incidence and Prevalence:Diseases of the genitourinary- Cross-sectionzno no no 136:yes 120:unknown
Treatment-related Study :Diseases of the nervous syste- cohort no no unknown 1218:yes 48:unknown
Risk & Comorbidity Analy<Diseases of the musculoskel€ Oral Bisphosp:Cohort no no yes unknown yes 36:unknown
Treatment-related Study :Neoplasms Tamoxifen (TaCohort no no yes 2464:yes 111:unknown
Treatment-related Study :Neoplasms BisphosphonaiCohort no no yes 2464iyes 120:yes

Prescription Patterns Diseases of the nervous systé Antiepileptic L Cross-sectionéno no yes unknown yes 12iunknown
Prescription Patterns Diseases of the nervous systé Antiepileptic ECross-sectionéno no no 346:yes unknown unknown
Prescription Patterns Endocrine, nutritional and m:Dapagliflozin :Cross-sectionzno no yes 0:no 18:unknown
Prescription Patterns Diseases of the circulatory sy Antihypertens Cohort no no unknown 309:yes unknown yes

Health Service Utilization :Diseases of the respiratory sy- Cross-sectionéno no no 8:ino 13iunknown
Health Service Utilization :Multiple Diseases - Cross-sectionéno no no 118:no 132iunknown
Health Service Utilization {Not Applicable - Cross-sectionéno no no 123:no 121:iunknown
Health Service Utilization :Neoplasms - Case-Control iyes no no 153ino 121:unknown
Data Collection Issues Not Applicable - Methodologic no no no O:no unknown unknown
Data Collection Issues Not Applicable - Methodologicino no no Oino unknown unknown
Data Collection Issues Not Applicable - methodologicino no no 7:no unknown unknown
Prescription Patterns Diseases of the respiratory syAntibiotics Cohort yes no no 48:yes 50:unknown
Prescription Patterns Diseases of the respiratory syCodeine Cohort no yes no O:ino 66:unknown
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Prescription Patterns Symptoms, signs and abnorn:Tramadol Cohort no yes no 0:no 126:unknown
Risk & Comorbidity AnalysDiseases of the digestive syst Metamizole :icohort no no no unknown yes 120:iyes
Risk & Comorbidity Analy<Diseases of the genitourinary- Case-Control iyes no unknown unknown yes 120:iunknown
Prescription Patterns Endocrine, nutritional and m:Insulin Cohort no no no 32iyes 60:unknown
Prescription Patterns Diseases of the genitourinaryCapnephron iCohort yes no yes unknown yes 42:unknown
Data Collection Issues Not Applicable - Methodologicino no no 0:no unknown unknown
Quality of Care Diseases of the circulatory sy.Cardiovascula: Cross-sectionéno no no 5:no 43:iunknown
Prescription Patterns Endocrine, nutritional and m:- Case-Control iyes no no 400:yes 109:unknown
Prescription Patterns Endocrine, nutritional and m:pentaerythritt Cohort yes no no unknown no 61:unknown
Risk & Comorbidity AnalysNeoplasms - Case-Control iyes no no unknown no 60:unknown
Incidence and Prevalence:Neoplasms - Cohort no no unknown 1202:no 60:unknown
Prescription Patterns Mental and behavioural disoiSSRIs Retrospectiveino no no 223:yes 48:yes
Treatment-related Study :Neoplasms Metformin iCohort no no no unknown no 108:yes
Obstetrics and Gynecolog:Pregnancy, childbirth and the- Case-Control iyes no no unknown yes 48:unknown
Obstetrics and Gynecolog:Pregnancy, childbirth and the- cohort yes no no unknown yes 168:iyes
Prescription Patterns Mental and behavioural diso:- Cohort no no unknown unknown no unknown unknown
Risk & Comorbidity Analys Mental and behavioural diso: Antidepressar: Cohort yes no unknown unknown yes 37:unknown
Incidence and PrevalenceiDiseases of the nervous systé- Case-Control iyes no no unknown no 25:unknown
Treatment-related Study :Diseases of the musculoskel€ 13 Different BiRetrospective:no no no 21iyes 108:yes
Risk & Comorbidity Analy$Pregnancy, childbirth and thé- Case-Control iyes no no 281iyes 60iunknown
Health Service Utilization {Not Applicable - no no no 48:iyes not applicable unknown
Prescription Patterns Diseases of the genitourinary Darifenacin, FiRetrospective:no no unknown 1286:yes 96:yes
Obstetrics and Gynecolog:Neoplasms - Retrospectiveino no unknown 102iyes not applicableno
Risk & Comorbidity Analys Mental and behavioural disoi Adh Medicati¢Cross-sectionzno yes no unknown yes 12:unknown
Risk & Comorbidity AnalysDiseases of the digestive syst- cohort yes no no 1262:no 192 yes
Incidence and PrevalenceiDiseases of the respiratory sgAntibiotics  iCase-Control iyes no yes 1473iyes 51iunknown
Data Collection Issues Not Applicable - Methodologic:no no no O:ino unknown unknown
Unified Modeling Languag Not Applicable - Methodologicino no no O:ino unknown unknown
Risk & Comorbidity AnalysDiseases of the respiratory system cross-sectionano no no unknown yes unknown yes
Treatment-related Study iEndocrine, nutritional and m:Vildagliptin  iCohort no no yes unknown yes 84iunknown
Incidence and Prevalence:Diseases of the circulatory sy- Case-Control iyes no no unknown no 120:unknown
Prescription Patterns Mental and behavioural diso:SSRI Case-Control :iyes no no 175:yes 120:unknown
Incidence and Prevalence:Mental and behavioural diso:- Case-Control :iyes no no unknown no 108:unknown
Quality of Care Diseases of the circulatory sy- Cross-sectionéno no no 5:no 43:unknown
Treatment-related Study :Endocrine, nutritional and m: Basal SupportCohort no no no 1137:iyes 204:unknown
Risk & Comorbidity AnalysEndocrine, nutritional and m:lnsulin GlargirCohort no no yes 1251:iyes 87:unknown
Prescription Patterns Endocrine, nutritional and m:lIntensified CoiCohort no no yes unknown no 102:iunknown
Treatment-related Study iNeoplasms Tamoxifen iCohort no no unknown unknown no 48:iyes
Treatment-related Study :Mental and behavioural disoi Antidepressar:Retrospectiveino yes unknown unknown yes 35iunknown
Prescription Patterns Endocrine, nutritional and m:- Cohort no yes yes unknown no 192 yes
Incidence and PrevalenceiMental and behavioural disoi- Case-Control iyes no no unknown no 120iunknown
Prescription Patterns Endocrine, nutritional and m:Metformin  iCohort yes no yes O:ino unknown unknown
Incidence and Prevalence:Endocrine, nutritional and m:- Cohort no no yes 1072:no 12:unknown
Incidence and Prevalence:Endocrine, nutritional and m:- Cohort no yes yes unknown no 60:unknown
Epidemiology Adverse Eve Mental and behavioural diso:Ssris Retrospectiveino yes no 1192:no 48:yes
Treatment-related Study iNeoplasms - Cohort no no no unknown no 132:iunknown
Treatment-related Study :Endocrine, nutritional and m:Basal Insulin T:Retrospective:no no unknown 1024iyes 48:yes
Incidence and Prevalence:Endocrine, nutritional and m:- Cohort yes no yes unknown no 103:no
Treatment-related Study :Endocrine, nutritional and m:Metformin :Retrospective:no no unknown 842iyes 48iyes
Prescription Patterns Neoplasms Opioids Cohort yes no no 1348:yes 60:iyes
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Incidence and Prevalence:Endocrine, nutritional and m:Statin TherapyCross-sectionzno no unknown 1262:no 12:unknown
Treatment-related Study iEndocrine, nutritional and m:Dapagliflozin i:Cohort yes no yes unknown no 32:unknown
Prescription Patterns Endocrine, nutritional and m:Antidiabetic D:.cohort yes no no unknown yes 60:unknown
Prescription Patterns Endocrine, nutritional and m:Basal Insulin S:Cohort yes no no unknown no 24:unknown
Treatment-related Study (Multiple Diseases - Cross-sectionéno no unknown unknown no 12ino
Incidence and Prevalence:Mental and behavioural disoi- Cross-sectionéno no no 168iyes 21iunknown
Risk & Comorbidity AnalysDiseases of the nervous systé- cohort no no no 1182:no 108:yes
Treatment-related Study iDiseases of the respiratory sylvy Leaf Dry ExCohort yes no yes 1032ino 48:unknown
Treatment-related Study :Diseases of the respiratory silvy Leaf Dry ExCohort yes no yes 1032:no 48:unknown
Risk & Comorbidity AnalysNeoplasms Metformin  iCohort yes no no unknown yes 156iyes
Quality of Care Endocrine, nutritional and m:- no no no 837iyes 30:unknown
Incidence and PrevalenceiMental and behavioural disoiAntidepressar:Cohort no no no unknown no 27:unknown
Prescription Patterns Symptoms, signs and abnorni Antibiotics Cross-sectionéno no no 37:no 49:unknown
Treatment-related Study :Endocrine, nutritional and m: Insulin GlulisiiCohort yes no unknown unknown no 65:unknown
Quality of Care Diseases of the ear and masti- Cross-sectiongno no no 138:no 15iunknown
Health Service Utilization :Multiple Diseases - Cross-sectionzno no no 23:no 12iunknown
Prescription Patterns Diseases of the nervous syste Benzodiazepir:Cohort no no yes 3000:yes 11:unknown
Diagnosis Study Diseases of the nervous systé- Case-Control iyes no yes 180:iyes 96:unknown
Prescription Patterns Diseases of the musculoskele€Teriparatide iCohort no no no unknown yes 96:yes
Treatment-related Study :Endocrine, nutritional and m:Menopausal ERetrospectiveino no no unknown yes 120iyes
Prescription Patterns Endocrine, nutritional and miEstrogen Repl:Retrospectiveino no no unknown yes 120iyes
Risk & Comorbidity Analy<Diseases of the musculoskele Dmpa Case-Control iyes no no unknown yes 72:yes
Risk & Comorbidity AnalysNeoplasms Tamoxifen icohort yes no no 196:iyes 252iyes
Risk & Comorbidity AnalysDiseases of the musculoskele Progestogen-¢Case-Control iyes no no 179ino 120iunknown
Risk & Comorbidity AnalysDiseases of the digestive systProton Pump :Case-Control iyes no yes unknown no 120:yes
Risk & Comorbidity AnalysDiseases of the digestive systProton Pump iCase-Control iyes no yes 1178:ino 120iunknown
Incidence and Prevalence:Diseases of the digestive syst- Case-Control iyes no no 1262:no 192:iyes
Incidence and Prevalence:Mental and behavioural disoi- cohort yes no yes 1262:no 192:iyes
Risk & Comorbidity AnalysDiseases of the digestive syst- cohort yes no yes 1034:yes 168:iyes
Prescription Patterns Diseases of the digestive systDiuretics, On-:Cohort no no no unknown no 48:iyes
Prescription Patterns Diseases of the nervous systé Anti-Seizure D Case-Control iyes no yes 236:yes 96:unknown
Project Description Not Applicable - Methodologicno no no 0:no unknown unknown
Health Service Utilization :Multiple Diseases - Cross-sectionzno no no 17:no 21:unknown
Health Service Utilization iMultiple Diseases - Cross-sectionéno no no 17ino 12:iunknown
Prescription Patterns Diseases of the circulatory sy- Cross-sectiongno no no 22:no 12iunknown
Quality of Care Diseases of the circulatory sy- no no no unknown no unknown unknown
Prescription Patterns Endocrine, nutritional and m:Incretin Mime Cross-sectioneno no no 35ino 65:unknown
Prescription Patterns Multiple Diseases Phytopharma Cross-sectionéno no no 41:no 60:unknown
Incidence and Prevalence:Diseases of the blood and bl¢- Cross-sectiongno yes yes 4690:no 72:unknown
Project Description Not Applicable - Methodologicno no no O:ino unknown unknown
Prescription Patterns Diseases of the respiratory syOral Corticost:Cohort no no yes unknown no unknown unknown
Incidence and Prevalence:Diseases of the digestive syst- cohort no no no 787iyes 84:yes
Risk & Comorbidity AnalysNeoplasms - cohort yes no no 1284iyes 240:yes
Risk & Comorbidity AnalysNeoplasms - Case-Control iyes no no 1274:yes 180:unknown
Risk & Comorbidity AnalysDiseases of the digestive syst- cohort yes no no 1193:no 168:yes
Risk & Comorbidity AnalysDiseases of the digestive syst- Case-Control iyes no yes unknown no 192iyes
Risk & Comorbidity AnalysDiseases of the circulatory sy- cohort yes no no 924:no 180:yes
Epidemiology Adverse EveExternal causes of morbidity:Sars-Cov-2 Vaicohort no no no 827:no 6:unknown
Risk & Comorbidity AnalysDiseases of the respiratory sy- Cross-sectionéno no no 1056in0 13iunknown
Risk & Comorbidity AnalysNeoplasms - cohort yes no no 924ino 180:yes
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Risk & Comorbidity AnalysDiseases of the digestive syst- cohort no no no 1240:no 108:yes
Risk & Comorbidity AnalysDiseases of the circulatory sy:- Cross-sectionzyes no no 1274ino 180:iunknown
Risk & Comorbidity AnalysNeoplasms - cohort no no no 832ino 120:yes
Treatment-related Study :Diseases of the musculoskel€ Subcutaneouicohort no no yes unknown yes 42:unknown
Epidemiology Adverse Evé Multiple Diseases Various Medic¢Cross-sectionZno no unknown 148:no 85:unknown
Treatment-related Study :Diseases of the respiratory syPhytopharmaécohort yes no yes unknown no 51:unknown
Risk & Comorbidity AnalysDiseases of the circulatory sy Different AntifCohort no no unknown unknown no unknown yes
Prescription Patterns Diseases of the respiratory syImmunothera:Cohort no no yes unknown yes not applicable unknown
Prescription Patterns Diseases of the circulatory sy:Oral AnticoagtCross-sectionzno no yes unknown yes 36:unknown
Prescription Patterns Diseases of the respiratory sy FluoroquinoloiCross-sectionéno yes no unknown no 192:iunknown
Quality of Care Diseases of the musculoskelé- cohort no yes yes unknown yes 36:unknown
Treatment-related Study :Mental and behavioural diso:- cohort no no no 1188:no 48:yes
Prescription Patterns Diseases of the nervous systé Anti-Seizure N:Cross-sectionéno no yes unknown yes 5iyes
Health Service Utilization :Diseases of the circulatory sy:- yes no unknown Oino unknown unknown
Risk & Comorbidity AnalysDiseases of the circulatory sy- Cohort yes no unknown O:ino 37:iunknown
Incidence and Prevalence:Diseases of the circulatory sy- Cross-sectionzno no unknown 32:ino 36:unknown
Incidence and Prevalence:Diseases of the skin and subc- Cross-sectiongyes no no 0:no 36:unknown
Prescription Patterns Diseases of the respiratory syOral CorticostiCohort no no yes 1168:yes 12iyes
Incidence and Prevalence:Diseases of the musculoskelé- cohort no yes yes unknown yes not applicableyes
Incidence and PrevalenceiDiseases of the circulatory sy- methodologicino yes yes unknown no unknown unknown
Incidence and Prevalence:Diseases of the respiratory sy- Cross-sectionéno no no unknown yes 12ino
Prescription Patterns Diseases of the respiratory syCorticosteroid Cross-sectionzno no no 1046:yes 12:unknown
Prescription Patterns Certain infectious and parasitAntiemetic MéCohort no yes yes unknown no 12iunknown
Prescription Patterns Endocrine, nutritional and m:Insulin Glargiri Cohort no no unknown unknown no unknown unknown
Prescription Patterns Diseases of the ear and mast Anticholinergi:Case-Control iyes no no 0:no 60:unknown
Risk & Comorbidity AnalysEndocrine, nutritional and m:- Cohort no no no unknown no 60iyes
Prescription Patterns Endocrine, nutritional and m:Bot Cohort yes no yes 918ino 60:unknown
Epidemiology Adverse Eve Endocrine, nutritional and mélnsulin cohort no no yes 1072iyes 168:unknown
Treatment-related Study (Endocrine, nutritional and miGlp-1 Receptc Cohort no no yes 323iyes 36iyes
Method Developement :Diseases of the respiratory sy- Methodologic no yes yes unknown no unknown unknown
Prescription Patterns Endocrine, nutritional and m:Glargine Cross-sectionzyes no unknown 277:yes 51iunknown
Treatment-related Study iEndocrine, nutritional and m:Insulin Aspart:Case-Control iyes no yes unknown yes 138:unknown
Treatment-related Study :Endocrine, nutritional and m:Basal Insulins :Retrospective:no no yes unknown no 36:unknown
Treatment-related Study :Endocrine, nutritional and miRapid-Acting l:Cohort yes no yes 2000:no 105:unknown
Risk & Comorbidity AnalysEndocrine, nutritional and m:- Case-Control iyes no no 1072:iyes 168:iyes
Prescription Patterns Endocrine, nutritional and m:lnsulin (Ict, BaCohort no no unknown unknown no unknown unknown
Risk & Comorbidity AnalysEndocrine, nutritional and m:Dpp4l cohort yes no yes unknown yes 84:iyes
Ehr Database Validation :Multiple Diseases - Cross-sectiongyes no unknown 2498:no unknown unknown
Risk & Comorbidity Analys Mental and behavioural disoi- Cross-sectiongno yes yes 108:iyes 22:iunknown
Incidence and Prevalence iEndocrine, nutritional and mi- Cross-sectionéno no no 939iyes 36:unknown
Treatment-related Study iEndocrine, nutritional and m:- Cohort yes no yes 818:no 12:iunknown
Incidence and Prevalence:Endocrine, nutritional and m:- cohort yes no no 1171iyes 11liyes
Treatment-related Study :Diseases of the nervous systéLevodopa Cohort no no unknown unknown no 120iunknown
Prescription Patterns Diseases of the nervous systé Morphine,Hyc Cohort no no yes unknown no 36:unknown
Incidence and Prevalence:Mental and behavioural diso:- cohort yes no no 1274:no 228:yes
Incidence and Prevalence:Diseases of the digestive syst- cohort yes no no 1262:no 192:unknown
Incidence and PrevalenceiNeoplasms Penicillins, CegfCase-Control iyes no no 983:no 180:unknown
Incidence and Prevalence:Mental and behavioural diso:- Cross-sectionzyes no no 22:no 7:unknown
Treatment-related Study :Endocrine, nutritional and m:Dapagliflozin icohort no no yes 1017:iyes 23:yes
Health Service Utilization :Diseases of the circulatory sy- Cohort no no no O:ino unknown unknown
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Risk & Comorbidity AnalysEndocrine, nutritional and m:- Case-Control :iyes no no unknown yes unknown unknown
Prescription Patterns Endocrine, nutritional and m:Insulin Lispro iCross-sectionzyes no yes unknown yes 17:iunknown
Incidence and Prevalence:Mental and behavioural diso:- cohort yes no no 924ino 180:yes

Prescription Patterns Multiple Diseases Antiepileptic ECross-sectionéyes no no unknown yes 36:unknown
Prescription Patterns Endocrine, nutritional and m:Lipid-LoweringCohort no no unknown 0:ino unknown unknown
Prescription Patterns Diseases of the digestive syst Off-Label Drug Cross-sectionzno no unknown unknown no unknown unknown
Incidence and Prevalence:Diseases of the ear and masti- Retrospectiveino no no unknown yes 216iyes

Prescription Patterns Mental and behavioural diso:Paliperidon EECohort no no unknown 997:yes unknown unknown
Prescription Patterns Diseases of the nervous systeFentanyl (Trar:Cohort yes no unknown 400:no 36:unknown
Prescription Patterns Multiple Diseases Fentanyl Cohort yes no yes 400:iyes 35:unknown
Prescription Patterns Diseases of the nervous systéFentanyl (Trar:Cohort yes no unknown 400:no 36:unknown
Health Service Utilization :Multiple Diseases - Cross-sectiongno no no 84:no 97:unknown
Prescription Patterns Multiple Diseases - Cross-sectionéno no no unknown yes 12iunknown
Risk & Comorbidity AnalysNeoplasms Anti-Seizure N.Case-Control iyes no yes 1227:no 120:unknown
Incidence and Prevalence:Endocrine, nutritional and mi- Case-Control iyes no no unknown no 192iyes

Risk & Comorbidity AnalysDiseases of the musculoskele Aromatase InkCase-Control iyes no no 205:no 132iyes

Risk & Comorbidity AnalysNeoplasms - Case-Control :iyes no no 1262:no 120:yes

Incidence and PrevalenceiDiseases of the circulatory sy:- Case-Control iyes no no unknown no 84:iyes

Incidence and Prevalence:lnjury, poisoning and certain:- Cohort yes no no unknown no 193:iunknown
Incidence and PrevalenceiDiseases of the respiratory sy- Cross-sectionéno no no 1186iyes 24:iunknown
Risk & Comorbidity AnalysMental and behavioural disoi- Case-Control iyes no no 185:yes 36iunknown
Risk & Comorbidity Analy<Diseases of the circulatory sy:Sibutramine :Case-Control yes yes yes 0:no 115:unknown
Prescription Patterns Endocrine, nutritional and m:Blood Glucose Cohort yes no no 323iyes 43:iunknown
Incidence and PrevalenceiEndocrine, nutritional and m:- cohort yes no no 268:yes 60:yes

Incidence and Prevalence iEndocrine, nutritional and mi- Cross-sectionéno no no 958:yes 60:iunknown
Prescription Patterns Multiple Diseases - Cross-sectionzno yes no unknown no 192:iunknown
Treatment-related Study :Diseases of the respiratory sy Novohaler (Ic<Retrospectiveino no yes unknown yes 76:unknown
Prescription Patterns Diseases of the circulatory sy Sacubitril/ValsCohort no no yes 1138:yes 12iunknown
Prescription Patterns Diseases of the circulatory sy:Sacubitril/ValsCohort no no yes 1102:iyes 12iunknown
Risk & Comorbidity Analys Mental and behavioural disoi Antihypertens Case-Control iyes no unknown 575iyes 60:unknown
Risk & Comorbidity AnalysDiseases of the skin and subg- Cross-sectiongno no unknown 1631iyes unknown unknown
Risk & Comorbidity AnalysDiseases of the circulatory sy:Antihyperglycicohort no no no unknown yes 132:unknown
Treatment-related Study :Endocrine, nutritional and m:- Case-Control :iyes no no unknown yes unknown unknown
Incidence and Prevalence:Diseases of the respiratory sy- Cross-sectionéno no no 1472:yes 12iunknown
Incidence and Prevalence:Diseases of the respiratory syShort-Acting ECross-sectionéno no yes unknown yes 12iunknown
Prescription Patterns Endocrine, nutritional and m:Antidiabetics ¢Cohort no no unknown >400 no 9:unknown
Prescription Patterns Not Applicable Levonorgestre Cohort no no unknown 164:iyes 60iunknown
Risk & Comorbidity AnalysDiseases of the circulatory sy:Desogestrel, CRetrospectiveiyes no no unknown yes 72iyes

Incidence and Prevalence:Diseases of the genitourinary- Cross-sectionzyes no no 158iyes 60iunknown
Obstetrics and Gynecolog:Endocrine, nutritional and m:- cohort no no no 433:yes 144:unknown
Treatment-related Study iMultiple Diseases Alendronate SCohort no yes yes unknown no 60:iyes

Project Description Not Applicable - Methodologic:no no no 5iyes unknown unknown
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Abstract

Background: The widespread use of electronic health records (EHRs) has led to a growing number

of large routine primary care data collection projects globally, making these records a valuable
resource for health services and epidemiological and clinical research. This scoping review aims to
comprehensively assess and compare strengths and limitations of all German primary care data
collection projects and relevant research publications that extract data directly from practice
management systems (PMS).

Methods: A literature search was conducted in the electronic databases in May 2021 and in June

2022. The search string included terms related to general practice, routine data, and Germany. The
retrieved studies were classified as applied studies and methodological studies, and categorized by
type of research, subject area, sample of publications, disease category, or main medication analyzed.

Results: A total of 962 references were identified, with 241 studies included from six German

projects in which databases are populated by EHRs from PMS. The projects exhibited significant
heterogeneity in terms of size, data collection methods, and variables collected. The majority of the
applied studies (n = 205, 85%) originated from one database with a primary focus on
pharmacoepidemiologic topics (n = 127, 52%) including prescription patterns (n = 68, 28%) and studies
about treatment outcomes, compliance, and treatment effectiveness (n = 34, 14%). Epidemiologic
studies (n = 77, 32%) mainly focused on incidence and prevalence studies (n = 41, 17%) and risk and
comorbidity analysis studies (n = 31, 12%). Only 10% (n = 23) of studies were in the field of health
services research, such as hospitalization.

Conclusion: The development and durability of primary care data collection projects in Germany is

hindered by insufficient public funding, technical issues of data extraction, and strict data protection
regulations. There is a need for further research and collaboration to improve the usability of EHRs for
health services and research.

Keywords: Data collection; Electronic health records; Primary care; Database projects; Routine data;
Scoping review.

Count: 3902 words

Strengths and limitations of this study

e This scoping review is the first in the literature to conduct a comprehensive literature search in
electronic databases, spanning two time points (May 2021 and June 2022). It ensures a thorough
overview of primary care data collection projects and research publications in Germany dedicated
to extracting data from practice management systems.

e The inclusion of 241 studies from six German projects enabled a detailed analysis, revealing
significant heterogeneity in terms of project size, data collection methods, and variables collected.
This provided valuable insights into the diversity of approaches.

e The study effectively identifies and discusses key challenges in primary care data collection
projects in Germany, such as the extraction of data from diverse practice management systems,
the lack of standardized interfaces, and issues related to data quality.

e A limitation of the study is the development of an independent classification system due to the
absence of a common method in the literature. This poses a challenge as some publications may
have been excluded or misclassified, impacting the accuracy of the analysis.
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Introduction

Electronic health records (EHRs) serve as a comprehensive record of a patient's health information,
capturing crucial details from each medical visit (1). While originally created for clinical purposes, EHRs
are now widely utilized in epidemiological and clinical research, as well as for improving healthcare
services (2, 3). Currently, about 36 large routine primary care data collection projects exist globally, in
which EHRs are directly collected from practice management systems (PMS). These projects, which
allow millions of patients to anonymously contribute data for health sciences, are mainly carried out
in English-speaking (United Kingdom, USA, and Canada) and European countries. The success and
longevity of these projects is influenced by factors such as strong academic and governmental support
as well as the use of comprehensive technical facilities for data extraction and analysis (4).

In Germany, the analysis of EHRs in primary care is largely based on health insurance data rather than
primary care data collection projects (5). However, health insurance data is primarily recorded for
accounting purposes and lacks valuable information such as clinical input data, reasons for encounters,
or diagnostic procedures (6). Additionally, privately insured patients, which account for approximately
13% of the German population, are often not included in such health insurance databases, potentially
leading to selection bias (7).

Primary care in Germany is predominantly delivered by general practitioners (GPs) but may also
encompass any outpatient physician accessible without a referral, irrespective of their specialty (8).
Between 2002-2010, the Federal Ministry of Education and Research (Bundesministerium fiir Bildung
und Forschung [BMBF]) recognized the importance of family medicine in the improvement of
healthcare services and research (9). During this time, the ministry also funded two primary care data
collection projects, MedVip (Medizinische Versorgung in Praxen) and CONTENT (CONTinuous
morbidity registration Epidemiologic NeTwork) (10). However, these projects ended due to limited
funding and technical challenges, and a standardized interface for extracting EHRs is still lacking, even
though there are over 132 different PMS available on the German market (11-13). Despite these
challenges, the use of EHRs in outpatient care continues to grow due to the vast amount of data
available. In 2020, for example, approximately 688 million outpatient cases were treated by 161,400
outpatient physicians in Germany, representing a “real world data treasure” (14).

EHRs have evolved from their initial purpose of billing to becoming a valuable tool for epidemiologic
and clinical research (2, 3). The increasing functionality and quality of EHRs have made them an
affordable and accessible data source (15). In clinical research, for example, EHRs can facilitate patient
identification and recruitment, assess study feasibility, and streamline data collection at baseline and
follow-up (15-17).

The aim of this scoping review is to identify and describe all primary care data collection projects and
research publications in Germany dedicated to extracting data from PMS. This might facilitate further
research by describing the methodologic problems, amplifying possible solutions, and proposing the
potential of the projects to inform health policy and practice. To this end, we chose to conduct a
scoping review, since our goal is to identify and map study characteristics and not to answer a clinically
meaningful question (18).
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Methods

Search strategy

This scoping review follows the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews (PRISMA-ScR) checklist (19). In order to identify studies relevant for our
research question, we explored two electronic databases, Medline (via OVID) and LIVIVO, the latter of
which is a German database for life sciences. The search was conducted in May 2021 and updated in
June 2022, searching for all records until this time point without any time restrictions. The search string
combined the terms "general practice" with synonyms like "family physician" as well as "routine data".
Other terms such as "electronic health record" or "Germany" were included to cover all relevant
aspects of our research questions. For each keyword, relevant Medical Subject Headings (MeSH) terms
were identified for the Medline exploration. The LIVIVO search was conducted in German with the
equivalent terms. When relevant projects were identified, the project names were added to the search
string to find further publications. In addition, we searched the project websites and contacted the
project’s principal investigators (Pls) using a comprehensive checklist that included a list of
publications retrieved by the search to identify any missing project information that was not publicly
available. With encouragement from the PI of the IQVIA™ Disease Analyzer, we also conducted a
search on PubMed (National Library of Medicine [NLM]) using the keywords "Disease Analyzer" and
"Germany" to gather all relevant publications from this database, since a considerable number of
publications were identified through the PubMed search which were not previously found through the
Ovid Medline search. The complete search strategy can be found in the supplement (Table S1).

Inclusion/Exclusion Criteria

Abstract, title, and subsequently full-texts were reviewed independently by three researchers (KM, JM,
and JS) and checked for eligibility. All disagreements were resolved through consensus. If no consensus
was reached, a fourth researcher was consulted (SU). We used two online tools for the screening
process. Rayyan (https://www.rayyan.ai/) was used for title and abstract screening and Covidence
(https://www.covidence.org/) was used for full-text screening. Both tools allow for each reviewer to
decide if the text should be included, excluded or if it is undecided and to add a reason for this decision.
Decisions were blinded until both reviewers were done with the screening. After both reviewers were
able to see if they agreed or disagreed on the inclusion of a text.

Studies were eligible if they met the following inclusion criteria: 1) the study population consisted of
patients who received treatment from primary care physicians but could also include patients who
received care from other specialists who were not considered primary care physicians; 2) use of EHR
data that was initially entered into the PMS independently of primary or secondary purpose; 3) EHR
data was extracted from PMS and transferred to a database; 4) studies utilizing data collected as part
of routine clinical practice; and 5) full-text publications in English or German language. The following
were excluded: 1) health research studies using primary data, health insurance data, and data from
disease registries; 2) conference contributions and publications in languages other than English or
German; and 3) studies collecting supplementary data beyond usual care.

Data management

The identified references were downloaded into the reference manager EndNote Version X7.8 where
potential duplicates were identified with the respective tool. Duplicates that were not identified by
the automated tool due to different spelling were removed manually during the review process.
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Data extraction

Information from the retrieved publications was extracted by KM, JM, and JS. JM and JS each reviewed
the included publications using a standardized data extraction template created with Microsoft Word.
The data was double checked by KM and entered in Table S2. We extracted information on the
following: German primary care data collection projects including general information, data collection
methods, data evaluation, and recruitment strategies, and classified studies as applied studies and
methodological studies and categorized type of research into subject area, sample of publications,
disease category, or main medication analyzed.

Patient and Public Involvement

None

Results

We identified 962 references, screened a 291 of those as potentially eligible studies, and included 241
studies conducted with data from six German projects in which databases are filled with EHR from PMS
(see Figure 1).

Figure 1: PRISMA 2020 flow diagram for new systematic reviews which included searches of
databases only

Database characteristics

Four out of six primary health care data collection projects are currently active and two have been
completed (Table 1). This overview is sorted by the year in which data collection began.

Of the six, the IQVIA™ Disease Analyser (DA) is the only German project out of the six identified by this
review that is exclusively funded by the pharmaceutical sector. It is specialized in
pharmacoepidemiologic research and is used as an information system for federal health monitoring
(20). Currently, it includes patient records from around 2815 practices, mostly general practices but
also including other specialties like cardiology, dermatology, and pediatrics, which are not linked across
practices (21). With approximately 34 million cases included, it is the largest German primary data
collection database and considered to be nationally representative (22).

The other five primary care data collection databases are publicly funded and organized by local
academic research groups. Main financiers are the BMBF and the German Research Foundation (DFG).
The MedVip project aimed to realize first solutions for the use of routine data documentation in the
general practice setting. At its peak, a total of 165 practices with approximately 153,000 patient
datasets were extracted from 21 different PMS providers. The CONTENT project was based on the
International Classification of Primary Care (ICPC) of episodes of care as the primary classification
system (23, 24). Up to 23 practices provided data including approximately 200,000 cases. The project
ended because of very high costs and organizational demand. BeoNet (Beobachtungspraxen-
Netzwerk)-Hannover was integrated within the German Center for Lung Research with an initial focus
on lung diseases and collects data from approximately 16 practices. Currently, the database includes
343.796 cases (25). RADARplus (Routine Anonymised Data for Advanced Health Services Research plus)
aims to develop the infrastructure and technologies, including electronic consent management due to
the German data protection regulations, and collects data from seven practices including 100
pseudonymous cases (21). BeoNet-Halle is the most recent database and includes anonymized as well
as linked pseudonymized datasets from general practices and other types of practices in Germany (26).
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The database includes 71,911 anonymized and 471 pseudonymized datasets from five practices in
Saxony-Anhalt region.

The frequency of data collection by the projects ranges from weekly (BeoNet-Hannover), monthly (DA,
BeoNet-Halle), and quarterly (CONTENT), to time points without a fixed interval (MedVip, RADARplus).
It is crucial to note that in principle the data export interval can be configured to any desired value,
including very short intervals.
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Table 1: Overview of German primary care data collection projects
IQVIA™ Disease MedVip (not active) CONTENT (not active) BeoNet-Hannover RADARplus* BeoNet-Halle
Analyzer (DA)
Funding sources Private Public
Homepage https://www.iqvia.com/ n.a. http://content-info.org/  https://www.mhh.de/fors https://generalpractice.u http://www.beonet.org
chung/beonet mg.eu/forschung/projekt
e/radarplus/
Research group IQVIA™ University Medical Department of general  Hannover Medical University Medical Medical Faculty of the
Commercial GmbH &  Center Goettingen practice and health School and German Center Goettingen Martin Luther University
Co. OHG services research, Center for Lung Halle-Wittenberg
Heidelberg University =~ Research
Hospital
Period of data collection Since 1992 2002 to 2010 2003 to 2014 Since 2016 Since 2016 Since 2020
Included region Whole Germany Goettingen and Freiburg Baden-Wuerttemberg, = Whole Germany Goettingen Whole Germany
Hessen, Lower Saxony
and Rhineland-
Palatinate
Frequency of transferring  Monthly No fixed interval (after a Quarterly Weekly No fixed interval (after a Monthly
data from PMS to central practice appointment) practice appointment)

data collection site

Total number of practices 2815 (3540) (November 165 (n.a.) (May 2008) 23 (41) (March 2014) 16 (27) (March 2023) 7 (n.a.) (February 2022) 5 (40) (February 2023)
(physicians) included (n)  2022)

Total Anonymized 34 million - - - - 71.911
number of data
patients (n)

perdata  peoygonymized - 153,000 200,000 343.796* 100 47
category  gata

The data sources include both published and unpublished sources. *Data provided refers to the completed project RADAR, as data from the ongoing project RADARplus are not yet
available. ** The table reflects our findings, although we received contradictory information regarding the process and status of pseudonymization and obtaining the necessary
declarations of consent for this project, so the legal status remains unclear.

n: number; n.a.: not available
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Data collection methods

Anonymized data is exclusively collected by the DA and BeoNet-Halle, whereas all other projects
except for the DA obtain pseudonymized data. In order to collect pseudonymized data, BeoNet-
Hannover, RADARplus and BeoNet-Halle have instituted informed consent procedures (Table 2).
RADARplus and BeoNet-Halle employ an adapted version of the modular Broad Consent, as per the
template provided by the Medical Informatics Initiative (Mll), allowing for the transfer of identifiable
data in compliance with data protection regulations (27). Using Broad Consent, patients have the
option to provide consent for various modules, encompassing data collection, processing, scientific
utilization of their patient data, as well as the transfer and scientific use of their health insurance data,
along with the possibility for further contact. BeoNet-Hannover has introduced a study-specific
consent procedure. The projects exhibit significant heterogeneity in their workflows related to data
collection, transfer, and storage, including the integration of trust offices in the cases of RADARplus
and BeoNet-Halle.

Three projects (MedVip, BeoNet-Hannover, RADARplus) extract data using a universal interface
(Behandlungsdatentransfer [BDT]). BDT was implemented by the central institute for statutory health
care to support data exchange between different PMS. The MedVip project has shown the feasibility
of data extraction using BDT with various implementations by different software providers. However,
its use requires partly that PMS providers assist on-site in extracting the requested data. Despite
several updates to the BDT interface, it may still cause inadequate data quality when extracting data
from different PMS. Since June 2021, an “archive and exchange interface” is mandatory in PMS which
shall replace BDT. It is based on the interoperability standard HL7 FHIR (Health Level Seven
International Fast Healthcare Interoperability Resources), which has gained widespread adoption in
the healthcare industry and facilitates interoperability.

The other projects (DA, CONTENT, BeoNet-Halle) developed their own software solutions to extract
predefined datasets. The CONTENT project developed a tailored data extraction software and a
modular ICPC software. For BeoNet-Halle, specific exporting modules allow anonymized or
pseudonymized data extraction depending on a patient's consent status.

Some projects (DA, CONTENT, BeoNet-Hannover, and BeoNet-Halle) provide training on how to use
the software and others provide on-site support to extract data (MedVip and RADARplus). For most
projects, data can be uploaded manually by the physician or the research team. Some projects
(BeoNet-Hannover and BeoNet-Halle) have also implemented automatic upload to a secure network
within the database location. Data validation and integrity checks are run in all projects before data is
uploaded to the database and subsequently to an analysis server that can be assessed by researchers.
This process is generally facilitated by a database administrator.

Anonymization and Pseudonymization Processes

We could not find publications on specific details of the anonymization process by the DA. In the case
of MedVip, a custom Java program in doctors' offices removes identifiable BDT fields, except for the
patient ID, and encrypts BDT files. For CONTENT, the patient's name is replaced with a unique case
number before export. BeoNet Hannover generates automatic pseudonyms from patient IDs for
studies, and data is pseudonymized again before leaving the practice, with data processing managed
by the data manager. RADARplus follows a privacy-by-design approach, manually documenting
consented patients and separating identifiable and medical data. Identifiable data is encrypted and
replaced by a pseudonym provided by a trusted third party. For anonymized data, BeoNet Halle assigns
unique 35-character keys to patients created from the patient ID which changes from export to export.
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For pseudonymized data, it creates temporary pseudonyms for consenting patients sent to a trusted
third party for generating permanent pseudonyms, allowing data linkage across multiple sources.
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CONTENT (not active)

v
XML

CD, Disc, DVD, email,
direct website upload,
digital data transfer using
GUS box

Manual

Modular ICPC
classification software

Heidelberg University
Clinic hospital

n.a.
Self

n.a.

n.a.

BeoNet-Hannover

‘/ *
BDT

Internet and secure
HTTPS protocol

Automatic

Interface for BDT-data
export

2

Hannover Medical School
Location

Postgre SQL

MUGS
Informationsgesellschaft
mbH

PrimeFaces

Java EE6
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1
2
3 238 Table 2: Data collection methods
4 IQVIA™ Disease MedVip (not active)
5 Analyzer
6 Export Anonymous v -
7 types
8 ol Pseudonymous - v
9 Export format n.a. BDT
10 Medium used to n.a. Floppy disc or CD send
n upload into the via mail or on-site export
12 central database
13
14 Import to Database n.a. Manual
15 Software Interface Not based on BDT Interface for BDT-data
16 Details interface export
17
18 Export from 2 PMSs with BDT interface
19 different
20 PMSs (n)

Databas Location Unknown Medical Center
21 . .
2 e details Goettingen
23 Database n.a. MySQL
24 Developer n.a. Self
25
26
27 Graphical user n.a. Perl
28 interface
29 Operating n.a. Java
30 language
31 Linkage to other ¢ No linkage to other -
32 databases or death IQVIA™ databases
33 records e Linkage to death
34 records available in a
35 subgroup of patients

(~20%)

36
;73 the statement of the principle investigator.
39 n.a.: not available
40
41
42
43
44
45

RADARplus

v
BDT

Via USB into custom
software

Manual

Interface for BDT-data

export

PMSs with BDT interface

Medical Center
Goettingen

MySQL

Gesellschaft fur
wissenschaftliche

Datenverarbeitung mbH

Gottingen (GWDG)
n.a.

n.a.

BeoNet-Halle

v

v
Csv

Internet and secure
HTTPS protocol

Automatic or manual

Universal interface to
create a copy of the PMS
database

>70

Martin Luther University
Halle-Wittenberg

Postgre SQL
Self

Python

The data sources include both published and unpublished sources. *Marks a disagreement between our analysis and the projects principle investigator. The table indicates
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Collected variables and data quality

Most projects collect data that is part of health insurance records, encompassing basic patient
demographics, diagnoses, drug prescriptions, and billing codes (Table S3) (28).

Lab tests, such as HbAlc, and health utilization variables like referrals or hospitalizations, are
documented by most projects. Additionally, the majority of ongoing projects (DA, MedVip, BeoNet-
Hannover, BeoNet-Halle) capture essential vital signs, including blood pressure, height, weight, and
Body Mass Index (BMI), as well as lifestyle-related factors such as smoking status and allergies (DA,
BeoNet-Hannover, BeoNet-Halle). Regarding sociodemographic variables (e.g., education, income),
number of children, or substance abuse, these variables are not systematically recorded in German
PMS. These variables may be entered into structured or free text fields. To fill this information gap,
some projects use standardized questionnaires (BeoNet-Hannover, BeoNet-Halle) given out to
patients who consented.

As for the extraction of free-text data, limited information is available, except for BeoNet-Halle, which
extracts pseudonymized free text. The MedVip project has partially extracted free-text data due to the
absence of data protection regulations during that period.

The CONTENT project can be considered the only project that attempted to improve data quality at
the point of data entry. Several quality circles were implemented and proposed solutions were
discussed on a regular basis including training on ICPC-2 coding.

Recruitment strategies

Strategies to recruit GPs and other specialists comprise various financial and non-financial incentives
(Table S4). The DA provides financial incentives of an undisclosed amount, supports practices by using
the exporting software, and provides quarterly feedback reports. Its popularity further seems to
contribute to its recruitment success.

Publicly funded projects use only some of these recruitment strategies along their project trajectories.
Snowball recruitment is usually implemented at the start of the project to get it running. There have
been some “cold” acquisition attempts (MedVip, RADARplus) including the distribution of circulars,
but they were associated with low recruitment rates. Some projects use regular or one-time financial
incentives (MedVip, BeoNet-Halle, and CONTENT) while others claim to support practices with
establishing a research infrastructure (BeoNet-Hannover, BeoNet-Halle, and CONTENT). Regular
feedback reports are provided by some projects (DA, MedVip, CONTENT, and BeoNet-Halle). CONTENT
particularly targeted practices with long-term commitment and willingness to code with ICPC. It is also
the only project that developed a protected access area where the patients’ own data could be
accessed. BeoNet-Halle and RADARplus favor practices that integrate consent management.

Applications of the databases

A total of 241 publications were identified (Table S2). Most articles described applied studies (n = 230,
95%) and 5% (n = 11) of the articles described methods (Figure 2). Methodologic studies mainly deal
with project-specific issues, such as project descriptions or data collection issues. 30% (n = 72) of the
studies were industry-funded while only 9% (n = 21) of the publications used data from more than one
database. The mean time of recruitment varied from study to study. However, the overall mean time
of recruitment across all studies was seven years in the DA, 4.75 years in MedVip, and three years in
CONTENT.

Figure 2: Flow diagram of the extracted articles and their arrangement
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Of the 241 publications included, 85% (n = 205) were contributed by the DA (Figure 2 and Table S2).

52% (n = 127) of the studies deal with pharmacoepidemiologic topics including prescription patterns
(n = 68, 28%) and studies on treatment outcomes, compliance, and treatment effectiveness (n = 34,
14%). Epidemiologic studies (n = 77, 32%) mainly focused on incidence and prevalence (n = 41, 17%)
along with risk and comorbidity analysis (n = 31, 12%). A small proportion included health services
research studies (n = 10, 4%) with topics such as hospitalization.

Discussion

The findings presented in the results section shed light on the landscape of primary care data collection
projects in Germany, where databases are populated with EHRs from PMS. In this discussion, we delve
into the implications of these findings, drawing comparisons with other countries and addressing key
challenges and potential avenues for improvement.

In Germany, one notable challenge arises from the extraction of data from more than 132 different
PMS, which currently hinders the uniform consolidation of data for research purposes (13, 29). Despite
the existence of mandatory exchange interfaces, such as Behandlungsdatentransfer (BDT) or the
'archive and exchange' interface, no discernible improvements in the ambulatory sector have
manifested in this regard. In contrast, the hospital sector boasts well-established standardized
interfaces for research (11). The development of standardized interfaces has proven to be a complex
and collaborative effort, engaging various stakeholders, including patients, PMS vendors, standards
organizations, and academic institutions (3, 30). Further complicating the situation is the resistance of
PMS vendors to external software modifications (31).

One challenge associated with extracting data from diverse PMS lies in the limited control over the
data collection process, thereby compromising the assurance of data quality (32). To illustrate, data
may be gathered as part of routine patient care, encompassing information inputted by physicians for
primary purposes such as patient care, billing processes, or documentation requirements.
Alternatively, data may be collected supplementary to routine care, serving secondary purposes like
research, quality improvement, or public health initiatives. The differentiation between these
purposes becomes challenging due to the integration of data collected through a complex array of
modules and interfaces from various PMS. This complexity is particularly pronounced in cases involving
industrial funding, which was evident in a significant proportion of studies (n = 72, 30%). It underscores
the critical need for transparency and rigor in such studies to maintain scientific integrity, particularly
in light of the increasing use of real-world evidence in early benefit assessments of novel therapies
(33).

Another challenge in data quality is a predominance of free-text entries in PMS, making complete
anonymization a complex task (34). EHRs encompass structured data, which is organized, quantifiable
and easily analyzable due to its mostly standardized format, and unstructured data, including free-text
and images. A comprehensive understanding of a patients’ health history necessitates the integration
of both types (3). Collaboration with the MIl has introduced a Broad Consent concept that allows
patients to agree to the scientific use of their data, potentially easing the extraction of free-text
information in the future (27). Therefore, informed consent emerges as a vital component for
advancing EHR-based research.

The limited progress and short duration of publicly funded projects, as observed in this review, may be
attributed to insufficient funding and inadequate government support. Recent projects have received
notably meager funding, especially when compared to government-supported initiatives in other
nations (4). The initial projects highlighted in this review enjoyed comparatively substantial public
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funding, indicating the need for sustained investment in healthcare research (9). The private funding
of the DA by pharmaceutical companies appears to be a contributing factor to its success.

The results indicate that Germany ranks 16th out of 20 analyzed countries in terms of EHR
implementation. This ranking places Germany behind countries like Sweden, Estonia, and the UK,
which have emerged as pioneers in EHR adoption and integration (35, 36). Therefore we conclude that
the rapid digitalization of healthcare systems has significantly influenced the development of primary
care data collection initiatives (4). It is crucial to examine the reasons behind this disparity in EHR
adoption and its impact on healthcare research.

Sweden, for example, has efficiently collected and managed patient data through an integrated system
including a unique personal identity number, focusing on patient consent and supporting research and
quality enhancement (37). Estonia adopted a comprehensive eHealth strategy in 2008, utilizing
incentives and penalties to establish a cohesive eHealth infrastructure (38).The UK's Clinical Practice
Research Datalink stands out as a prominent real-world research service that has contributed data to
over 3,000 publications, surpassing all German projects combined by more than twelvefold (39). The
success of these initiatives can be attributed to factors like opt-out regulations, data quality
improvements, and the engagement of healthcare providers (40).

Our findings, as presented in the results section, also hold implications for the use of databases filled
with EHR in healthcare and epidemiological research. The results highlight the versatility of such
databases in addressing a wide range of healthcare-related questions, such as evaluating prescription
patterns, treatment outcomes, and analyzing incidence, prevalence, and comorbidities.

Limitations

One major limitation of this scoping review is incomplete information about some projects. Some
information, especially from the DA, is not publicly available due to company confidentiality reasons.
A second limitation was mainly identified during the phase of classifying the publications. We
developed our own classification system, as we were not able to identify a common classification
method in the literature. Some publications listed by the projects’ homepages were not included in
our final analysis, because we were not able to verify that they included data from PMS. Out of the
241 included publications, we retrieved full-text for 210 papers and extracted information from the
abstracts for the remaining 31. Many studies did not describe their study design in detail and might
have been classified wrongly. Finally, we only used three literature databases for our investigation,
including one database (LIVIVO) that also includes gray literature.

Conclusion

The development and sustainability of German primary care data collection projects face several
challenges, including limited funding, technical issues related to data extraction, and stringent data
protection regulations. Interfaces for data exchange and research remain inadequately implemented.
Furthermore, questions regarding data quality and the broad utilization of ambulatory EHRs for
research persist, largely due to the significant amount of information entered in free-text fields. This
data can only be partially extracted with patients' informed consent, thereby constraining the range
of research publications, primarily focusing on (pharmaco-)epidemiologic topics derived from a
privately funded database. As a result, Germany has yet to fully realize the potential for research made
possible by EHRs.
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Table S1: Search Strategies
Search String for Ovid (June 2022)
Set Search Statement Results
1. exp Primary Health Care/
2. exp General Practice/
general practitioners/ or physicians, family/ or physicians, primary
3 care/
4. general practi*.tw.
5. (primary adj3 care).tw.
6. (family adj3 (practi* or doctor or physician*)).tw.
7. or/1-6
8. exp medical records/
9. exp routinely collected health data/
10. (routine* adj3 (collect* or record* or document*)).tw.
11. health servic* research.tw.
12. (electronic adj3 record*®).tw.
13. CONTinuous morbidity registration Epidemiologic NeTwork.tw.
14, Disease Analyzer.tw.
15. or/8-14
16. exp Germany/
17. German*.tw.
18. or/16-17
19. 7 and 15 and 18 415
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Search String LIVIVO (June 2022)

Set Search Statement
1 Haus?rzt
2 Primar?rzt*
3 Allgemein?rztlich*
4 Allgemeinmedizin*
5 Ambulant*
6 OR 1-5
7 Routinedaten*
8 BDT
9 Elektronische* Patientenakte*
10 OR 7-9
11 6 AND 10

Results

420

Pubmed (NLM)

Search terms (June 2022):

"Germany"[All Fields] AND "Disease Analyzer"[All Fields]

210 studies were imported
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Physician
types

Physician
demographics

Practices
demographics

Patient
demographics

BMI and risk factors

Table S3: Collected variables

IQVIA™ Disease

Analyzer
All ambulatory v
General v
Practitioner
Pneumologists
Paediatricians
Internists
Physician -
number
Age v
Gender
Years in
practice
Type v
Region v

east or west

Frequency of v
patients
No. of doctors v
No. of v
employees
Age v
Gender v

Patient since -

Employment -
Medical v
insurance )
status (private or statutory)
Medical v
insurance
provider
Region v

east or west
Nationality unknown

BMI; smoking and
alcohol recording

MedVip

unknown

v

unknown

unknown

unknown

v
v

smoking

BMJ Open

CONTENT

v
v

east or west
unknown

v
v

v
v

(private or statutory)

v

v

unknown

BeoNet Hannover

v

v

unknown
unknown
v

unknown
unknown

unknown

v
v

ANERN

AR NN

v

(private or statutory)
v

v

v

BMI, risk factors,
allergies

RADARplus

v

unknown
unknown
unknown

unknown

v
v

unknown
unknown
unknown

v
v

unknown

unknown

unknown

unknown

unknown
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v
v

east or west
v
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v

v
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v

v

v

BMI, BP, HR,
allergies, operations,



Page 23 of 40

Social history
Pregnancy or family status

Diagnosis

oNOYTULT D WN =

Billing codes
procedures, findings, therapies

17 drug information

21 Healthcare utilization

25 Images (e.g X-ray)
Projects obtaining additional
data beyond usual care

28 Missing Data

rarely documented
(~5%)
unknown
pregnancy,
gynecologist records;

family data
incomplete

diagnosis, ICD 10

codes and original

text

unknown
lab test results; other
test results variably
available or can be
requested from
paper files
drug name, route,
dosage,
frequency, duration,
cost
of therapy
practice visits,
referrals, sick
leave, hospitalization
S
unknown
yes, Quality of Life
questionnaires upon
request
Social and economic
data (salary, family
status, employment),
secondary care data

diagnosis, ICD 10
codes and original
text, billing codes

yes
unknown

drug name

unknown

no
yes, study specific

social and economic
data (salary, family
status, employment)

BMJ Open

unknown
unknown

diagnosis, ICD 10
codes, ICPC codes
and original text,
reasons for
encounter, medical
history
yes
lab test results

drug name, long

term medication,

dosage, cost of
therapy

practice visits,
referrals, sick
leave, hospitalizatio
ns
no
n. a.

social and economic
data (salary, family

status, employment),

secondary care data,

unknown
pregnancy, number
of children

diagnosis, ICD 10
codes, medical
history

yes
lab and X-ray test
results, blood
pressure, internal
and external
findings,
drug name and ATC
code, (long term)
medication, cost of
therapy

practice visits,
referrals, sick
leave, hospitalizatio
ns
no
yes, study specific

social and economic
data (salary, family
status, employment)

unknown
unknown

diagnosis, ICD 10
codes, medical
history

unknown
unknown

drug name, long-
term medication,
date

unknown

no
yes, study specific

social and economic
data (salary, family
status, employment)
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smoking status, risk
factors
pregnancy, number
of children

diagnosis name, ICD
10 codes, medical
history,

yes
lab and X-ray test
results, blood
pressure, internal
and external findings

drug name and ATC
code, (long term)
medication, dosage,
frequency, cost of
therapy
practice visits,
referrals, sick leave,
hospitalizations

no
yes, study specific

social and economic
data (salary, family
status, employment)
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Table S4: Data evaluation and access and recruitment
IQVIA™ Disease CONTENT MedVip
Analyzer
In-house data v v v
evaluation
Feedback reports to v v v
practices
Interim project reports n.a. v v
External data access v - -

Financial incentives

Type of physician
support

Recruitment Snowball

Strategy
Presentations

Circulars

Articles
Homepage

Patient recruitment
through

n.a.: not available

Yes, but amount
unknown

Quarterly 375 € per
practice

500 € once per
physician

support how to use the Training in ICPC coding, On-site support to

software hotline for software extract requested data.
problems & regular
quality circle meetings
n.a. - -
n.a. v -
n.a. v v
with 2 reminders
n.a. v -
n.a. v -

Attending physician

BeoNet Hannover

establishing a practice
research infrastructure

n.a.

n.a.

v

v

Attending physician

BeoNet Halle

v
n.a.

2 € per signed broad
consent

establishing a practice
research infrastructure

Trusted third party
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RADARplus

v

n.a.

n.a.
n.a.
n.a.

On-site support to
extract requested data.

n.a.

v

v
E-Mail & written
v

v

Trusted third party
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Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for
Scoping Reviews (PRISMA-ScR) Checklist

REPORTED
SECTION PRISMA-ScR CHECKLIST ITEM ON PAGE #

TITLE
Title
ABSTRACT

Structured
summary

INTRODUCTION

Rationale

Objectives

METHODS

Protocol and
registration

Eligibility criteria

Information
sources*

Search

Selection of
sources of
evidencet

Data charting
processt

Data items

Critical appraisal of
individual sources
of evidence§

St.Michael's

Inspired Care.
Inspiring Scien

10

11

12

Identify the report as a scoping review.

Provide a structured summary that includes (as
applicable): background, objectives, eligibility criteria,
sources of evidence, charting methods, results, and
conclusions that relate to the review questions and
objectives.

Describe the rationale for the review in the context of
what is already known. Explain why the review
questions/objectives lend themselves to a scoping
review approach.

Provide an explicit statement of the questions and
objectives being addressed with reference to their key
elements (e.g., population or participants, concepts,
and context) or other relevant key elements used to
conceptualize the review questions and/or objectives.

Indicate whether a review protocol exists; state if and
where it can be accessed (e.g., a Web address); and if
available, provide registration information, including
the registration number.

Specify characteristics of the sources of evidence
used as eligibility criteria (e.g., years considered,
language, and publication status), and provide a
rationale.

Describe all information sources in the search (e.g.,
databases with dates of coverage and contact with
authors to identify additional sources), as well as the
date the most recent search was executed.

Present the full electronic search strategy for at least 1
database, including any limits used, such that it could
be repeated.

State the process for selecting sources of evidence
(i.e., screening and eligibility) included in the scoping
review.

Describe the methods of charting data from the
included sources of evidence (e.g., calibrated forms or
forms that have been tested by the team before their
use, and whether data charting was done
independently or in duplicate) and any processes for
obtaining and confirming data from investigators.

List and define all variables for which data were
sought and any assumptions and simplifications made.
If done, provide a rationale for conducting a critical
appraisal of included sources of evidence; describe
the methods used and how this information was used
in any data synthesis (if appropriate).

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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Synthesis of

Describe the methods of handling and summarizing

results the data that were charted.
RESULTS
Selection of Give numbers of sources of evidence screened,
assessed for eligibility, and included in the review, with
sources of 14 s . .
: reasons for exclusions at each stage, ideally using a
evidence .
flow diagram.
Characteristics of For each source of evidence, present characteristics
sources of 15 . . o
) for which data were charted and provide the citations.
evidence
C_r|t|§:al appraisal If done, present data on critical appraisal of included
within sources of 16 . .
) sources of evidence (see item 12).
evidence
Results of For each included source of evidence, present the
individual sources 17 relevant data that were charted that relate to the
of evidence review questions and objectives.
Synthesis of 18 Summarize and/or present the charting results as they
results relate to the review questions and objectives.
DISCUSSION
Summarize the main results (including an overview of
Summary of concepts, themes, and types of evidence available),
. 19 X . . o
evidence link to the review questions and objectives, and
consider the relevance to key groups.
Limitations 20 Discuss the limitations of the scoping review process.
Provide a general interpretation of the results with
Conclusions 21 respect to the review questions and objectives, as well
as potential implications and/or next steps.
FUNDING
Describe sources of funding for the included sources
. of evidence, as well as sources of funding for the
Funding 22

scoping review. Describe the role of the funders of the
scoping review.

REPORTED
SECTION PRISMA-ScR CHECKLIST ITEM ON PAGE #

Figure 1,
page 5

Table S4

Click here to
enter text.

Table S4

Figure 2,
pages 6 & 8

10 -11

11

11

12

JBI = Joanna Briggs Institute; PRISMA-ScR = Preferred Reporting ltems for Systematic reviews and Meta-Analyses

extension for Scoping Reviews.

* Where sources of evidence (see second footnote) are compiled from, such as bibliographic databases, social media

platforms, and Web sites.

T A more inclusive/heterogeneous term used to account for the different types of evidence or data sources (e.g.,
quantitative and/or qualitative research, expert opinion, and policy documents) that may be eligible in a scoping
review as opposed to only studies. This is not to be confused with information sources (see first footnote).

I The frameworks by Arksey and O’Malley (6) and Levac and colleagues (7) and the JBI guidance (4, 5) refer to the

process of data extraction in a scoping review as data charting.

§ The process of systematically examining research evidence to assess its validity, results, and relevance before

using it to inform a decision. This term is used for items 12 and 19 instead of "risk of bias" (which is more applicable
to systematic reviews of interventions) to include and acknowledge the various sources of evidence that may be used
in a scoping review (e.g., quantitative and/or qualitative research, expert opinion, and policy document).

From: Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA Extension for Scoping Reviews

(PRISMASCR): Checklist and Explanation. Ann Intern Med. 2018;169:467—473. doi: 10.7326/M18-0850.

St.Michael's

Inspired Care.
Inspiring Scien
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