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Methods: Data regarding the four registries were extracted from their inception
until 2024. Data regarding demographics, prescriptions, outcomes, lifestyle and
diabetes-specific variables (usage of continuous glucose monitors) were summarised.
Results: A core set of variables was identified across all four registries in the REDDIE
project. Demographic information, diabetes-related medication, measures of glycae-
mic control and lifestyle factors are measured in all four registries. The DNR, NDA
and NDR also contain wider prescription data, diagnosis data (cardiovascular dis-
ease, retinopathy) and mortality data. The DPV registry does not contain these data
but contains detailed data on continuous glucose monitor and insulin pump usage.
Differences in the methodologies employed and data fields collected were identified,
including in data collection techniques, linkage processes, follow-up protocols and
the range of variables recorded. Even with this diversity in data collection, there re-
mains a significant opportunity to perform collaborative analysis between the regis-
tries. By combining RWD collected in different populations and health care systems
with diverse demographics, the transferability of evidence will increase, enabling
research studies to be more representative and inclusive of diverse populations.

Conclusion: The four registries that make up the REDDIE project contain many
commonly collected variables. However, each registry presents specific strengths
and limitations. By including all four databases, the REDDIE project benefits
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1 | INTRODUCTION

The Real-world Evidence for Decisions in Diabetes
(REDDIE) project is a European Union-funded project
with the aim of understanding how to better use real-
world data (RWD) to advance research related to dia-
betes. Studies on RWD, including routinely collected
information in large national registries, have received
increasing attention and recognition in recent years.l’2
While randomized controlled trials (RCTs), more spe-
cifically meta-analyses of RCTs, are the accepted gold
standard to investigate the efficacy and safety of new
therapeutic agents, they have certain limitations. RCTs
often include participants who meet strict inclusion and
exclusion criteria and are followed up at regular inter-
vals, but who often lack diversity in demographic char-
acteristics, limiting representativeness. They are often
younger, more compliant, and motivated, all of which
limit the generalisability of results. Such studies often
exclude the elderly and those with multiple long-term
conditions, children, those who are pregnant, and those
with cognitive impairment. Further, even those in the
control arm receiving standard of care are often seen
more frequently and often receive a higher standard of
care than that which is seen in routine clinical practice.’

from the complementary strengths of each database.

diabetes, epidemiology, outcomes

What’s new?

« We compared the key characteristics of four
national registries are contributing data to the
REDDIE project.

« Many variables were consistently collected in
all four registries however, each registry pre-
sents unique strength and limitations.

« It is important to understand these differ-
ences when interpreting the results of analysis
conducted.

In addition, once licensed, therapies are often used for a
wider indication than was tested in the RCT. For exam-
ple, drugs tested in those with high cardiovascular risk
are then used in a larger population with lower cardio-
vascular risk.* For this reason, the benefits and risks of a
therapy assessed in an RCT may not reflect the reality of
its use in wider clinical care.

Studies comparing treatment options using RWD may
address some of these limitations and complement the
results of RCTs as the data analysed collates information
from varied sources, such as electronic health records from
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different health care settings, medical devices and wear-
ables.’ They often include a more diverse, unrestricted
population and reflect the wider clinical use of therapies
in accordance with funding decisions and restrictions that
may vary from country to country. However, when analys-
ing RWD to determine treatment effectiveness, you must
consider the presence of confounding factors accounted
for by randomisation in an RCT. Disease registries are
important sources of RWD since these data can provide
real-world evidence on the effectiveness and safety of
therapeutic agents.*’

Over 33 million individuals live with diabetes in
Europe, and this is expected to increase to 38 million
by 2030.® The REDDIE project aims to support the use
of RWD to advance research related to diabetes and ex-
plores how RWD can complement the results of RCTs
to improve evidence for the effectiveness and safety of
innovative diabetes treatment (https://www.reddie-
diabetes.eu/). REDDIE also aims to improve the usage
of RWD in diabetes for regulatory and payer decision-
making through the development of standards and
guidance and a better understanding of the efficacy-to-
effectiveness gap.

REDDIE will emulate previously conducted RCTs
using RWD.? This will allow comparison between
the results observed from RCTs and the real world.
To achieve this aim, we will analyse RWD from four
population-based registries: The Danish National
Administrative Registers,10 the German Diabetes-
Patienten-Verlaufsdokumentation (DPV),!! the Swedish
National Diabetes Register (NDR)'? and the English
National Diabetes Audit (NDA).'? Together, these data-
bases provide broad population-based coverage of the
European population with diabetes and have been se-
lected due to complementary strengths and limitations.
We plan to analyse data separately within each registry,
using shared statistical analysis plans, permitting us to
observe similarities and differences in results between
countries. Due to the differences between registries
and challenges around data sharing between countries,
harmonising variables across datasets was not deemed
feasible. Instead, the results from analyses conducted in
the four registries will be meta-analysed to produce a
summary of the findings. If a registry does not contain
the necessary data to conduct an analysis (DPV lacks
mortality data), it will not complete this analysis, and
results from the registries with available data will be
meta-analysed.

This manuscript describes and compares data on char-
acteristics of the populations within the four nationally
representative databases and identifies strengths and
limitations of each database in relation to the aims of the
REDDIE project and wider diabetes research.
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2 | DESCRIPTION OF REGISTERS
2.1 | The Danish National Registers
(DNR)

In Denmark, a 10-digit Civil Personal Register (CPR)
number is given at birth or immigration, allowing for
cross-linkage of health and administrative registers at the
individual level and enabling complete follow-up. In 2024,
the Danish population comprised 5,977,412 individuals.
Every citizen is granted equal access to the health care
system, including primary and hospital care. The Danish
diabetes population is identified through data integra-
tion across multiple registers: (1) Danish Adult Diabetes
Register'’: Established in 2004, this register includes data
from hospitals and general practitioners, covering over
70,000 adults with type 1 and type 2 diabetes. Among other
things, it reports diagnosis year, BMI, smoking status,
blood pressure, biomarkers and treatment processes. Data
collection, initially manual, is now increasingly automated
and reliable. (2) National Prescription Register“: Tracks
all prescriptions dispensed since 1995, including dosage,
dates and Anatomical Therapeutic Chemical (ATC) codes.
(3) Danish National Patient Registry'®: Contains records
of hospital admissions and outpatient contacts since 1977,
coded using the International Classification of Diseases
(ICD-9/10) and the Nordic Medico-Statistical Committee
Classification of Surgical Procedures. (4) Danish Cause
of Death Registry'®: Provides data on the date, cause and
place of death from 1970 onwards. (5) The Danish Civil
Registration System'”: Includes information on the date
of birth, sex, and civil and vital status. (6) Population
Education Register'®: Records the highest attained edu-
cation level. (7) Income Statistics Registryw: Documents
annual income data. (8) Laboratory Information System
Databases®’: Covers most blood tests from hospitals and
general practitioners, with improved coverage starting
in 2008 and all central laboratories being included since
2016. The DNR has produced publications on drug effec-
tiveness and cardiovascular risk.*' ">’

2.2 | Diabetes Patienten
Verlaufsdokumentation, DPV—Germany,
Austria, Luxembourg and Switzerland

The DPV was launched in 1995 in Germany and con-
tains data from participating hospitals and practices
specialising in diabetes care. The registry comprises
data on around 760 000 children and adults with type
1 or type 2 diabetes as well as other forms of diabetes.
Approximately 20% of adults with type 1 and 5% of
adults with type 2 diabetes are included in DPV. The
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DPV registry can be regarded as representative for rou-
tine diabetes specialist care in Germany for adults with
type 1 and type 2 diabetes. However, adult individuals
with diabetes treated in primary care services are under-
represented.”* Contributing centres are located within
Germany, Austria, Luxembourg and Switzerland.
Demographic information, laboratory data (HbAlc),
continuous glucose monitoring (CGM) and insulin
pump data, documented medication, information on
cardiovascular disease, and micro- and macrovascular
complications are included. Twice a year, locally docu-
mented data are transmitted to Ulm University (Ulm,
Germany) in pseudonymised form and in encrypted
archives. DPV collects data from secondary care pri-
marily, and people enter DPV either by manual entry
by health care professionals or by automatic transfer
from other hospital information systems. All data from
local hospital information systems can be automati-
cally transferred using the health-level 7 interface, for
example. Data are then aggregated into an anonymised,
cumulative database. Benchmarking reports are created
at Ulm University and circulated twice a year to all par-
ticipating centres. In 2023, 707,035 people with diabetes
(94,929 < 18 years, 612,106 > 18 years) were documented
in the DPV. The DPV registry is highly cited with many
high-impact publications, including comparisons with
other databases.*"*’

2.3 | National Diabetes Audit (NDA)—
England

The National Diabetes Audit (NDA) collects data on in-
dividuals living with, or at risk of developing, diabetes
in England."® The NDA has collated data on individuals
living with diabetes registered with general practices in
England since 2003, with almost complete general practice
participation (>98%) in the last 5years, making for almost
total coverage of the diabetic population. In the latest data
collection, covering January 2023 to March 2024, there
were 272,400 individuals recorded with type 1 diabetes
and 3,514,445 individuals recorded with type 2 diabetes.
In 2017/2018, the NDA was extended to include individu-
als with a coded diagnosis of non-diabetic hyperglycaemia
(NDH, otherwise known as prediabetes). In the latest data
collection, there were 3,746,940 individuals with a coded
diagnosis of NDH. NDA data are collected from general
practices in England by the General Practice Extraction
System, which is an automated process, quarterly and
collated centrally with data from secondary care services
every 12months using the National Health Service (NHS)
number as a unique identifier. Demographic variables, as
well as clinical care outcomes have been collected since

the initiation of the NDA. Additional modules have been
sequentially added, which utilise additional data from
hospitals collected by clinical teams and provide data on
pregnancy care (from 2012), foot care (from 2014) and in-
sulin pump usage (from 2015). From 2017, specific drug
therapies have been recorded (glucose-lowering medi-
cations, antihypertensive medications and statins). Eye
screening data have been included since 2019/2020. The
NDA data can be linked by unique patient identifier (NHS
number) to civil death registrations collated by the Office
for National Statistics and Hospital Episode Statistics
(HES), as well as a range of other national datasets and
audits collected in England. Several key publications have
been produced by NDA data.”**

2.4 | National Diabetes Register (NDR)—
Sweden

The Swedish National Diabetes Register (NDR), estab-
lished in 1996, collects detailed data on diabetes care,
covering over 98% of children with T1D and approxi-
mately 90% of all individuals with diabetes in Sweden—
equivalent to around 500,000 people annually.** The 10%
of missing coverage comes from health care providers
not registering with the NDR or individuals opting out
of their data being recorded. Data are gathered during
routine clinical visits in primary and specialised care,
using a combination of manual input by health care
professionals and automated integration with electronic
health records. The NDR records clinical measures such
as HbAlc, BMI, blood pressure, lipids, creatinine levels,
eGFR and markers for micro- and macroalbuminuria.
It also includes information on smoking, physical activ-
ity, diabetes type, onset, treatments and complications
like neuropathy and retinopathy. The register gradually
became nationally representative of type 1 diabetes be-
tween 1998 and 2003, with increasing coverage over time.
By 2009, it included over 90% of all primary care units and
70% of people.** In 2018, Swediabkids, the paediatric dia-
betes register, was fully integrated into the NDR.** CGM
use began being recorded in the NDR in 2016,** with spe-
cific CGM variables introduced in 2020.* By linking the
NDR to other Swedish national registers—such as the
Cause of Death Register, the National Patient Register,
the Prescribed Drug Register and the Longitudinal
Integration Database for Health Insurance and Labour
Market Studies (LISA)—more comprehensive data are
obtained, including information on mortality, hospitali-
sations, dispensed medications (available since 2005),
comorbidities and socioeconomic factors. Diagnoses and
treatments are systematically coded using the ICD and
ATC systems, and health interventions are coded using
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the Swedish Classification of Health Care Interventions
(KVA). Several analyses have been produced from the
NDR examining mortality, glycaemic control and heart
failure. ¢

3 | KEY VARIABLES IN THE
REGISTRIES

Table 1 shows a list of key variables in each registry,
including whether they are fully collected, partially
collected (not collected in all individuals, may not be
collected at regular intervals), available via linkage (is
not available as part of the main registry but can be as-
certained by linking with another registry) or not avail-
able. Table S1 presents information on data collection
methodology. Figure 1 shows these key variables as a
Gantt chart, illustrating how data availability in each
registry has changed since the year 2000. The DNR has
all variables available since 2000 except for informa-
tion on usage of CGM. The English NDA started in 2003
and has collected prescription data since 2017/2018.
Cardiovascular disease and data on other diagnoses, as
well as mortality data, are available via linkage to other
databases. The DPV database does not contain infor-
mation on prescription or mortality but has collected
data on diagnosis and glycaemic control, as well as
physician-documented medication. The Swedish NDR
has collected data on glycaemic control and the use of
CGM systems and insulin pumps, while mortality, di-
agnoses and prescription data can be accessed through
linkage with other national registers.

Figure 2 provides a summary of which variables are
present across each of the REDDIE registries and which
are unique to each.

4 | DISCUSSION

Our study reveals substantial heterogeneity in the
methodologies employed and data fields collected by
national population-based diabetes registries across
four European countries, including differences in data
collection techniques, linkage processes, follow-up pro-
tocols and the range of variables recorded. Despite this
diversity, a set of core shared variables that enhances
comparability across datasets is possible to identify.
These shared data demonstrate the potential for collabo-
rative analyses, which may include meta-analyses, vali-
dating and replicating studies using RWD over multiple
registries, and federated learning analyses. Unifying
RWD collected in different health care systems and from
populations with diverse demographics will increase the
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strength of evidence derived from RWD and enable re-
search studies to be more representative and inclusive of
diverse populations.

4.1 | Wider context of registry data usage
Each registry in the REDDIE consortium presents unique
strengths and limitations. The NDA offers the largest
number of people living with diabetes alongside compre-
hensive coverage of the national population affected by
the condition. However, it is limited by having prescrip-
tion data only since 2017/2018. The Swedish NDR cov-
ers nearly all individuals with type 1 and type 2 diabetes,
providing comprehensive long-term data on risk factors,
complications and treatments. The DNR in combination
allows collection of a diverse range of variables across
the entire Danish population; however, data on diabetes-
specific variables are not as complete as the NDA. The
DPV registry offers access to CGM data at a very high
granularity compared with other registries; however,
they lack prescription and mortality data. Both the DNR
and the NDR provide national coverage. However, the
Danish population has limited individuals of non-white
ethnic origin, but this reflects the Danish population
rather than a bias in the registry. The NDA, DPV, NDR,
and DNR were chosen to be part of the REDDIE project,
as when analysed alongside each other, they allow a
large range of research questions to be investigated while
providing coverage across different health care systems
in Europe.

4.2 | Comparing registries

Previous work has reported the characteristics of na-
tionally representative European diabetes registries.*® A
systematic review by Bak and colleagues identified 12
clinical diabetes databases in Europe comprising over
7 million individuals living with diabetes. They found
that nearly all registries measured body weight, HbAlc,
serum lipid profiles and insulin treatment; however, re-
porting of other variables was inconsistent. This is simi-
lar to the datasets in the REDDIE project, with HbAlc
and lipids being collected in all registries and prescrip-
tion data in all except for the DPV. Lanzinger et al. previ-
ously identified paediatric diabetes registries globally.*
They compared seven databases and extracted infor-
mation, including treatment, diabetes control, lifestyle
factors and mortality. They again showed HbAlc, and
lipid profiles were commonly collected alongside CGM
usage, which is available in all REDDIE registries except
the DNR.
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TABLE 1 Key variables in each dataset, indicating whether they were collected, partially collected, available via linkage, or not available
in the Danish National Registers (DNR), Prospective Diabetes Follow-up Registry (DPV), English National Diabetes Audit (NDA) and
Swedish National Diabetes Register (NDR).

Variable DNR DPV NDA NDR

Demographics

Sex Collected Collected Collected Collected

Ethnicity Collected Partially collected Collected Partially collected
(recorded as country of
birth)

Socio-economic status Collected Partially collected Collected Available through linkage

Biochemistry

HbAlc Partially collected Collected Collected Collected

BMI Partially collected Collected Collected Collected

Blood pressure Collected Collected Collected Collected

Blood lipids Collected Collected Collected Collected

Creatinine Collected Collected Collected Collected

Micro—/macroalbuminuria Partially collected Collected Collected Collected

Technology

Time in range (amount of
time spent between 3.9 and
10mmol/L (70 and 180 mg/
dL) as measured by a CGM
device)

Daily insulin dose

Partially collected

Collected

Partially collected

Available through linkage

Insulin pump usage Collected Collected Collected Collected
Hybrid closed loop usage Collected Collected Collected
CGM usage Collected Collected Collected
Lifestyle

Smoking status Partially collected Collected Collected Collected

Physical activity
Nutrition

Alcohol consumption

Collected

Collected

Collected

Diagnosis

Cardiovascular disease Collected Collected Available through linkage Available through linkage
Diabetic foot syndrome Collected Collected Collected Collected

Lower extremity Collected Collected Available through linkage Available through linkage
amputations

Diabetic retinopathy Collected Collected Available through linkage Collected

Prescription

Prescription data Collected _ Collected Available through linkage
Anti-diabetic medication Collected Collected Collected Available through linkage
Multiple daily insulin - Collected Partially collected Available through linkage
injection therapy

Outcomes

All-cause mortality Collected Available through linkage Available through linkage
Cause-specific mortality Collected - Available through linkage Available through linkage

Note: Collected/green =collected at patient entry or mandatory collection at least every reporting cycle of that database, partially collected/orange =not
mandatory and therefore less frequently collected. Red refers to “Not available” data while Yellow refers to data which is “Available through linkage”.

Abbreviations: BMI, body mass index; CGM, continuous glucose monitor; HbAlc, glycated haemoglobin; MDI, multiple daily injections.
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Demographics
Prescription
CGM

Pump
Mortality

DNR
Lifestyle

Glycaemic control

Demographics
Prescription
CGM

Pump
Mortality

DPV
Lifestyle

Glycaemic control

Demographics
Prescription
CGM

Pump
Mortality

NDA
Lifestyle

Glycaemic control

Demographics
Prescription
CGM

Pump
Mortality

NDR
Lifestyle

Glycaemic control

Cardiovascular disease
Macrovascular complications
Microvascular complications

Cardiovascular disease
Macrovascular complications
Microvascular complications

Cardiovascular disease
Macrovascular complications
Microvascular complications

Cardiovascular disease
Macrovascular complications
Microvascular complications

FIGURE 1 Timeline of data collection in Danish National Registers (DNR), Prospective Diabetes Follow-up Registry (DPV), English
National Diabetes Audit (NDA) and Swedish National Diabetes Register (NDR) since the year 2000. Red =not collected; yellow =available
via linkage; orange = partially collected; green =fully collected.

DPV ]\] NDA \[] 3

Coverage 20%type 1 and Near >98% 90%

5% type 2 population

coverage

Demographics Yes Yes Yes Yes
Prescription No Yes Since Yes
data 2017/2018
CGM/pump Yes No Yes Yes
data
Lifestyle Smoking Yes Yes Yes

status
Mortality No Yes Yes Yes
Cardiovascular No Yes Yes Yes
disease
Glycaemic Yes Yes Yes Yes
control
Is linkage No Yes Yes Yes
possible?

FIGURE 2 A comparison matrix table showing the similarities and differences between each registry involved in the REDDIE project.
DNR, Danish National Registries; DPV, Prospective Diabetes Follow-up registry; NDA, National Diabetes Audit; NDR, Swedish National

Diabetes Register.
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4.3 | Previous literature

The NDA, NDR and DNR collect data from primary and
secondary care and facilitate linkage between the two
and mortality data whilst linkage is not possible within
DPV. This may influence the number of individuals liv-
ing with diabetes who are recorded in each of the reg-
istries. Some individuals with diabetes may be solely
managed from primary care and therefore complete pop-
ulation coverage may not be possible. The NDA utilises
fully automated data collection in most modules with
some exceptions (e.g. footcare, pregnancy). The DNR,
DPV and NDR utilise a combination of automated and
manual data entry. Automated data collection (not rely-
ing on a health care professional, or other individual, to
enter data manually into the registry) allows greater con-
sistency in how variables are collected and likely reduces
the percentage of missing data. Further, automated data
collection reduces data entry errors and time burden on
health care professionals, and therefore to allow com-
plete population coverage automated data collection be-
comes essential.*!

4.4 | Data collection and quality

All registries within REDDIE, except DPV, can perform
linkage with other national registries or other data sources
to allow more complex research questions to be explored.
All registries except DPV use a unique person identifier
to perform linkage across multiple national datasets. A
range of variables can be linked, including socio-economic
status as well as mortality and diagnosis data. Linkage
therefore allows a range of research questions to be posed
that would not be possible with the data collected in each
registry alone.* Without linkage, many diabetes registers
would not contain the required data to answer relevant
research questions. Therefore, when setting up diabe-
tes registers, it is important to consider the structure of
other databases, which may contain useful data and en-
sure common variables are present in both data sources to
allow future linkage.

4.5 | Linkage to other registries

Registry data have previously been used to answer rele-
vant diabetes-related research questions for many years.**
In recent years, there has been an increasing number of
initiatives which look to bring together registry data from
multiple countries, the REDDIE project being one exam-
ple. The DARWIN-EU is a large collection of RWD data-
bases in Europe.** Currently, 20 data partners contribute

to the network, allowing a range of research questions to
be answered in a cross-European sample. Further, CVD-
REAL is an initiative which brings together RWD data-
bases from 13 countries across three continents.** Such
initiatives highlight that real-world evidence is increas-
ingly becoming a collaborative endeavour where ease of
data access, while maintaining patient privacy, is crucial
to advance research.

The four registries in REDDIE are not the only diabe-
tes registries in Europe. Databases exist in, for example
Scotland (Scottish national diabetes register), Finland
(FinDM), the Netherlands (DPARD) and Latvia (Diabetes
Register), which could contribute data to projects.
Registries in other countries may allow the effect of dif-
ferent health care systems and drug reimbursement pro-
grammes to be assessed.

4.6 | Strengths and limitations of
registry data

There are many strengths associated with using registry
data. Firstly, data are collected prospectively, allowing
follow-up to be performed on many people. Further, as no
specific intervention is applied to participants, the effect of
clinical, regulatory and policy decisions can be explored.
For example, in the REDDIE project, the DNR, NDA and
NDR will be used to investigate the effect of various drugs
on cardiovascular outcomes in the real world without the
artificial environment of a RCT. These three registries also
offer national coverage of an entire population or for a
specific disease group within a population. This approach
provides large sample sizes for analysis as well as a near
complete understanding of what is happening within the
population. While RCTs exclude elderly, complex people
and those from diverse ethnic backgrounds, RWD allows
us to examine the effectiveness of therapies within these
groups.®

Registry data does have several limitations. Firstly,
due to strict privacy and data governance laws in both
Europe and North America, accessing registry data can
be challenging. These challenges can be reduced if re-
searchers are in the same country as the registry data;
however, extensive approval and ethical processes are re-
quired to ensure data is appropriately transferred, stored
and analysed. Secondly, data quality in registries can
vary greatly based on a wide range of factors, including
how the data are entered into the databases. It is there-
fore important to understand how the data came to be in
the registry and how this may impact the analysis con-
ducted. There is also significant clinical heterogeneity in
clinical decision making, which cannot always be fully
captured. This means individuals may be prescribed
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different therapies based on their clinical characteristics,
which can be hard to determine from the data captured
in registries.

5 | CONCLUSION

Eachregistry within the Real-world Evidence for Decisions
in Diabetes (REDDIE) project has unique strengths and
limitations based on the variables available within them.
By combining data and/or results from each of the four
registries, each can showcase their respective strength,
while any limitations can be covered by data from other
sources.

ACKNOWLEDGEMENTS

Special thanks to Andreas Hungele and Ramona Ranz
(clinical data managers, Ulm University) for their sup-
port and the development of the DPV documentation
software. SM is funded by a Wellcome Trust Career
Development Award (223024/Z/21/Z) and is supported
by the NIHR Imperial Biomedical Research Centre.
KK is supported by the National Institute for Health
Research (NTHR) Applied Research Collaboration East
Midlands (ARC EM), NIHR Global Research Centre
for Multiple Long-Term Conditions, NIHR Cross NIHR
Collaboration for Multiple Long-Term Conditions, the
NIHR Leicester Biomedical Research Centre (BRC)
and the British Heart Foundation (BHF) Centre of
Excellence. ML is supported by the Swedish Heart and
Lung Foundation. JV and EB are supported by the
National Institute for Health Research (NTHR) Applied
Research Collaboration Northwest London, and by
CW+, the official charity for Chelsea and Westminster
Hospital NHS Foundation Trust.

FUNDING INFORMATION

Funded by the European Union under contract number
101095556. Views and opinions expressed are however
those of the author(s) only and do not necessarily re-
flect those of the European Union or European Health
and Digital Executive Agency (HADEA). Neither the
European Union nor the granting authority can be held
responsible for them. This work has received funding
from the UK Research and Innovation.

CONFLICT OF INTEREST STATEMENT

KK has acted as a consultant, speaker or received grants
for investigator-initiated studies for Astra Zeneca,
Bayer, Novo Nordisk, Sanofi-Aventis, Servier, Lilly,
Merck Sharp & Dohme, Boehringer Ingelheim, Oramed
Pharmaceuticals, Pfizer, Roche, Daiichi-Sankyo, Applied
Therapeutics, Embecta and Nestle Health Science. KK

DIABETIC B

is Chair of the NDA Research Steering Group. JKM
is a member of advisory boards of Abbott Diabetes
Care, Becton-Dickinson, Biomea Fusion, Dexcom, Eli
Lilly, Embecta, Medtronic, myLife, Novo Nordisk A/S,
Pharmasens, Roche Diabetes Care, Sanofi-Aventis,
Tandem, Viatris and received speaker honoraria from A.
Menarini Diagnostics, Abbott Diabetes Care, Dexcom, Eli
Lilly, Medtrust, MSD, Novo Nordisk A/S, Roche Diabetes
Care, Sanofi, Viatris and Ypsomed. She is a shareholder
of decide Clinical Software GmbH and elyte Diagnostics
and serves as CMO of elyte Diagnostics. AA has received
travel support from Lilly related to a trial executive com-
mittee. ML has received research grants from Eli Lilly and
Novonordisk and received honoraria or been a consult-
ant for Boehringer Ingelheim, Eli Lilly, Nordicinfu Care,
Novonordisk and Rubin Medical. JV was the National
Clinical Director for Diabetes and Obesity at NHS England
from April 2013 to September 2023. UPB is on the advisory
panel of Novo Nordisk, Sanofi and Tandem; has received
speaker fees from Abbott and Novo Nordisk; and has re-
ceived research support from Novo Nordisk. PC has acted
as a consultant, advisory board member and speaker for
Medtronic, Novo Nordisk, Sanofi, Lilly, Abbott, Insulet,
AstraZeneca, Dexcom, Glooko and Roche. He is an ad-
visory board member for Ypsomed, Embecta and Vertex.
He has received research support from Medtronic, Abbott,
Novo Nordisk, Dexcom and Insulet.

ORCID

Jonah J. C. Thomas ‘© https://orcid.org/0000-0002-9886-0169
Shivani Misra ‘© https://orcid.org/0000-0003-2886-0726
Kamlesh Khunti © https://orcid.org/0000-0003-2343-7099
Julia K. Mader ©© https://orcid.org/0000-0001-7854-4233
Pratik Choudhary ‘© https://orcid.org/0000-0001-7635-4735

REFERENCES

1. Blonde L, Dendy JA, Skolnik N, White JR Jr. From randomized
controlled trials to the real world: putting evidence into context.
J Fam Pract. 2018;67(suppl 8):S55-S60.

2. Corrigan-Curay J, Sacks L, Woodcock J. Real-world evidence
and real-world data for evaluating drug safety and effective-
ness. JAMA. 2018;320(9):867-868.

3. Adair JG. The Hawthorne effect: a reconsideration of the meth-
odological artifact. J Appl Psychol. 1984;69(2):334-345.

4. Webb J, Mount J, von Arx LB, et al. Cardiovascular risk
profiles: a cross-sectional study evaluating the general-
izability of the glucagon-like peptide-1 receptor agonist
cardiovascular outcome trials REWIND, LEADER and
SUSTAIN-6 to the real-world type 2 diabetes popu-
lation in the United Kingdom. Diabetes Obes Metab.
2022;24(2):289-295.

5. Gliklich RE, Leavy MB. Assessing real-world data quality:
the application of patient registry quality criteria to real-
world data and real-world evidence. Ther Innov Regul Sci.
2020;54(2):303-307.


https://orcid.org/0000-0002-9886-0169
https://orcid.org/0000-0002-9886-0169
https://orcid.org/0000-0003-2886-0726
https://orcid.org/0000-0003-2886-0726
https://orcid.org/0000-0003-2343-7099
https://orcid.org/0000-0003-2343-7099
https://orcid.org/0000-0001-7854-4233
https://orcid.org/0000-0001-7854-4233
https://orcid.org/0000-0001-7635-4735
https://orcid.org/0000-0001-7635-4735

kel ll DIABETIC

6.

10.
11.
12.
13.
14.

15.
16.
17.
18.

19.

20.
21.
22.
23.

24.

25.

THOMAS ET AL.

Villines TC, Cziraky MJ, Amin AN. Awareness, knowledge, and
utility of RCT data vs RWE: results from a survey of US cardi-
ologists: real-world evidence in clinical decision making. Clin
Med Insights Cardiol. 2020;14:1179546820953410.

Sudlow C. Uniting the UK's Health Data: A Huge Opportunity
for Society. 2024.

Innovation EURa. EU research on diabetes. https://research-
and-innovation.ec.europa.eu/research-area/health/diabetes_
en#:~:text=0ver%2033%20million%20people%20in,t0%2038%
20million%20in%202030

Hernan MA, Wang W, Leaf DE. Target trial emulation: a frame-
work for causal inference from observational data. JAMA.
2022;328(24):2446-2447.

Jorgensen ME, Kristensen JK, Reventlov Husted G, Cerqueira
C, Rossing P. The Danish adult diabetes registry. Clin Epidemiol.
2016:8:429-434.

Grammes J, Schmid S, Bozkurt L, et al. Continuous glucose
monitoring in older adults with diabetes: data from the di-
abetes prospective follow-up (DPV) registry. Diabet Med.
2024;41(3):e15261.

Nationella Diabetesregistret.
https://ndr.registercentrum.se/
Holman N, Knighton P, Wild SH, et al. Cohort profile: na-
tional diabetes audit for England and Wales. Diabet Med.
2021;38(9):e14616.

Wallach Kildemoes H, Toft Serensen H, Hallas J. The
Danish national prescription registry. Scand J Public Health.
2011;39(7_suppl):38-41.

Lynge E, Sandegaard JL, Rebolj M. The Danish national patient
register. Scand J Public Health. 2011;39(7_suppl):30-33.
Helweg-Larsen K. The Danish register of causes of death.
Scand J Public Health. 2011;39(7_suppl):26-29.

Pedersen CB. The Danish civil registration system. Scand J
Public Health. 2011;39(7_suppl):22-25.

Jensen VM, Rasmussen AW. Danish education registers. Scand
J Public Health. 2011;39(7_suppl):91-94.

Baadsgaard M, Quitzau J. Danish registers on personal
income and transfer payments. Scand J Public Health.
2011;39(7_suppl):103-105.

Arendt JFH, Hansen AT, Ladefoged SA, Serensen HT, Pedersen
L, Adelborg K. Existing data sources in clinical epidemiology:
laboratory information system databases in Denmark. Clin
Epidemiol. 2020;12:469-475.

Serensen KK, Gerds TA, Keber L, et al. Comparing glucagon-
like peptide-1 receptor agonists versus metformin in drug-
naive patients: a nationwide cohort study. J Diabetes.
2024;16(10):70000.

Zareini B, Serensen KK, Eiken PA, et al. Association of
COVID-19 and development of type 1 diabetes: a Danish
nationwide register study. Diabetes Care. 2023;46(8):
1477-1482.

Falkentoft AC, Gerds TA, Zareini B, et al. Risk of first-time
major cardiovascular event among individuals with newly diag-
nosed type 2 diabetes: data from Danish registers. Diabetologia.
2023;66(11):2017-2029.

Gesellschaft DD. Gesundheitsbericht diabetes 2025. https://
www.ddg.info/politik/veroeffentlichungen/gesundheitsbericht
Heni M, Frithwald L, Karges W, et al. Heterogeneity in response
to GLP-1 receptor agonists in type 2 diabetes in real-world

Nationella Diabetesregistret.

26.

27.

28.

29.

30.

31.

32.

33.

34.

36.

37.

38.

39.

40.

41.

42.

43.

clinical practice: insights from the DPV register-an IMI-
SOPHIA study. Diabetologia. 2025;68(8):1-1673.

Baechle C, Rosenbauer J, Stahl-Pehe A, et al. Effectiveness of
add-on therapy with SGLT2 inhibitors or GLP-1 receptor ago-
nists in adults with type 1 diabetes: a prospective DPV registry
study. Diabetes Obes Metab. 2025;27(3):1591-1596.

Vistisen D, Carstensen B, Elisabetta P, et al. Empagliflozin is
associated with lower cardiovascular risk compared with di-
peptidyl peptidase-4 inhibitors in adults with and without car-
diovascular disease: EMPagliflozin compaRative effectlveness
and SafEty (EMPRISE) study results from Europe and Asia.
Cardiovasc Diabetol. 2023;22(1):233.

Valabhji J, Gorton T, Barron E, et al. Early findings from the
NHS type 2 diabetes path to remission Programme: a prospec-
tive evaluation of real-world implementation. Lancet Diabetes
Endocrinol. 2024;12(9):653-663.

McManus E, Meacock R, Parkinson B, Sutton M. Population
level impact of the NHS diabetes prevention Programme on in-
cidence of type 2 diabetes in England: an observational study.
Lancet Reg Health. 2022;19:100420.

Holman N, Young B, Gregg EW, et al. Trends in hospitaliza-
tion for cardio-renal disease and mortality in people with
type 1 diabetes in England, 2009-2019. Diabetes Obes Metab.
2024;26(10):4357-4365.

Nationella Diabetesregistret. Nationella Diabetesregistret;
2023:2024.
Nationella Diabetesregistret. Nationella Diabetesregistret;
2009:2010.
Nationella Diabetesregistret. Nationella Diabetesregistret;
2018:2019.
Nationella Diabetesregistret. Nationella Diabetesregistret;
2016:2017.
Nationella Diabetesregistret. Nationella Diabetesregistret;
2020:2021.
Tancredi M, Rosengren A, Svensson A-M, et al. Excess mor-

tality among persons with type 2 diabetes. New Engl J Med.
2015;373(18):1720-1732.

Lind M, Svensson A-M, Kosiborod M, et al. Glycemic con-
trol and excess mortality in type 1 diabetes. New Engl J Med.
2014;371(21):1972-1982.

Lind M, Bounias I, Olsson M, Gudbjornsdottir S, Svensson A-
M, Rosengren A. Glycaemic control and incidence of heart fail-
ure in 20 985 patients with type 1 diabetes: an observational
study. Lancet. 2011;378(9786):140-146.

Bak JCG, Serne EH, Kramer MHH, Nieuwdorp M, Verheugt
CL. National diabetes registries: do they make a difference?
Acta Diabetol. 2021;58(3):267-278.

Lanzinger S, Zimmermann A, Ranjan AG, et al. A collabora-
tive comparison of international pediatric diabetes registries.
Pediatr Diabetes. 2022;23(6):627-640.

Gauthier MP, Law JH, Le LW, et al. Automating access to real-
world evidence. JTO Clin Res Rep. 2022;3(6):100340.

Gregg EW, Patorno E, Karter AJ, et al. Use of real-world data
in population science to improve the prevention and care of
diabetes-related outcomes. Diabetes Care. 2023;46(7):1316-1326.
Agency EM. Data Analysis and Real World Interrogation
Network (DARWIN EU). 2024 https://www.ema.europa.eu/
en/about-us/how-we-work/big-data/data-analysis-real-world
-interrogation-network-darwin-eu


https://research-and-innovation.ec.europa.eu/research-area/health/diabetes_en#:~:text=Over 33 million people in,to 38 million in 2030
https://research-and-innovation.ec.europa.eu/research-area/health/diabetes_en#:~:text=Over 33 million people in,to 38 million in 2030
https://research-and-innovation.ec.europa.eu/research-area/health/diabetes_en#:~:text=Over 33 million people in,to 38 million in 2030
https://research-and-innovation.ec.europa.eu/research-area/health/diabetes_en#:~:text=Over 33 million people in,to 38 million in 2030
https://ndr.registercentrum.se/
https://www.ddg.info/politik/veroeffentlichungen/gesundheitsbericht
https://www.ddg.info/politik/veroeffentlichungen/gesundheitsbericht
https://www.ema.europa.eu/en/about-us/how-we-work/big-data/data-analysis-real-world-interrogation-network-darwin-eu
https://www.ema.europa.eu/en/about-us/how-we-work/big-data/data-analysis-real-world-interrogation-network-darwin-eu
https://www.ema.europa.eu/en/about-us/how-we-work/big-data/data-analysis-real-world-interrogation-network-darwin-eu

THOMAS ET AL.

44,

45.

Kosiborod M, Cavender MA, Fu AZ, et al. Lower risk of heart
failure and death in patients initiated on sodium-glucose
cotransporter-2 inhibitors versus other glucose-lowering drugs:
the CVD-REAL study (comparative effectiveness of cardiovas-
cular outcomes in new users of sodium-glucose cotransporter-2
inhibitors). Circulation. 2017;136(3):249-259.

Kunutsor SK, Khunti K, Seidu S. Racial, ethnic and regional
differences in the effect of sodium-glucose co-transporter 2
inhibitors and glucagon-like peptide 1 receptor agonists on
cardiovascular and renal outcomes: a systematic review and
meta-analysis of cardiovascular outcome trials. J R Soc Med.
2023;117(8):267-283.

DIABETIC Nk

SUPPORTING INFORMATION
Additional supporting information can be found online in
the Supporting Information section at the end of this article.

How to cite this article: Thomas JJC, Lanzinger
S, Soerensen KK, et al. A cohort description and
comparison of four European national diabetes
registries for the REDDIE project. Diabet Med.
2025;00:€70112. doi:10.1111/dme.70112



https://doi.org/10.1111/dme.70112

	A cohort description and comparison of four European national diabetes registries for the REDDIE project
	Abstract
	1  |  INTRODUCTION
	2  |  DESCRIPTION OF REGISTERS
	2.1  |  The Danish National Registers (DNR)
	2.2  |  Diabetes Patienten Verlaufsdokumentation, DPV—Germany, Austria, Luxembourg and Switzerland
	2.3  |  National Diabetes Audit (NDA)—England
	2.4  |  National Diabetes Register (NDR)—Sweden

	3  |  KEY VARIABLES IN THE REGISTRIES
	4  |  DISCUSSION
	4.1  |  Wider context of registry data usage
	4.2  |  Comparing registries
	4.3  |  Previous literature
	4.4  |  Data collection and quality
	4.5  |  Linkage to other registries
	4.6  |  Strengths and limitations of registry data

	5  |  CONCLUSION
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	ORCID
	REFERENCES


