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Abstract: Biobank research may lead to an improved understanding of disease etiology and advance personalized medicine. Denmark
(population ~5.9 million) provides a unique setting for population-based health research. The country is a rich source of biobanks and
the universal, tax-funded healthcare system delivers routinely collected data to numerous registries and databases. By virtue of the civil
registration number (assigned uniquely to all Danish citizens), biological specimens stored in biobanks can be combined with clinical
and demographic data from these population-based health registries and databases. In this review, we aim to provide an understanding
of advantages and possibilities of biobank research in Denmark. As knowledge about the Danish setting is needed to grasp the full
potential, we first introduce the Danish healthcare system, the Civil Registration System, the population-based registries, and the
interface with biobanks. We then describe the biobank infrastructures, comprising the Danish National Biobank Initiative, the Bio- and
Genome Bank Denmark, and the Danish National Genome Center. Further, we briefly provide an overview of fourteen selected
biobanks, including: The Danish Newborn Screening Biobank; The Danish National Birth Cohort; The Danish Twin Registry Biobank;
Diet, Cancer and Health; Diet, Cancer and Health — Next generations; Danish Centre for Strategic Research in Type 2 Diabetes; Vejle
Diabetes Biobank; The Copenhagen Hospital Biobank; The Copenhagen City Heart Study; The Copenhagen General Population
Study; The Danish Cancer Biobank; The Danish Rheumatological Biobank; The Danish Blood Donor Study; and The Danish
Pathology Databank. Last, we inform on practical aspects, such as data access, and discuss future implications.
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Introduction
Biobank research may lead to an improved understanding of disease etiology and advance personalized medicine with

the purpose of targeted prevention and diagnostic efforts and more efficient and safe treatment. Human biological
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specimens, combined with clinical and demographic data from population-based health registries and databases, play an
important role in the advances of health research. Denmark provides a unique setting for such research and offers
possibilities for studying biomarkers, epigenetics, genome-wide associations, and gene—environment interactions in large
study populations.' Furthermore, data from the Danish biobanks are frequently included in multinational projects or
consortia.>'7 Denmark has around 5.9 million inhabitants; a universal, tax-funded healthcare system; and a rich source
of hundreds of biobanks, registries, and databases available for research.'®'? The unique civil registration number,
assigned to all Danish citizens, enables accurate linkage of such resources at the individual level and ensures virtually no
loss to follow-up.?’

In this review, we provide an overview of advantages and possibilities of biobank research in Denmark. Knowledge
about the setting is a necessity to understand the full potential. Therefore, we first describe the Danish healthcare system,
the population-based registries and databases, and the interface with biobanks. We then compile information about key
infrastructures related to biobank collection and storage and fourteen selected large biobanks. Last, we inform on
practical aspects, including data access, and discuss future implications.

Setting
The Danish Healthcare System

Denmark is a country of 5.9 million inhabitants (87% of Danish origin, 8.5% immigrants or descendants from non-
Western countries, and 4.8% immigrants or descendants from Western countries).>' The country has a welfare state
model where healthcare is tax-funded and mainly free of user payment for all Danish citizens, including free access to
general practitioners and hospitals, and partial reimbursement of prescribed medications.'®'® The Danish healthcare
sector is divided into the primary healthcare sector, such as general practitioners and other healthcare professionals in
private practice (physiotherapists, chiropractors, psychologists, dentists, and private practicing medical specialists), the
secondary healthcare sector (general hospitals), and the tertiary healthcare sector (university hospitals). Despite private
practice, all general practitioners and the majority of other private practices are reimbursed by the public healthcare
system. The hospital sector provides hospital emergency care, inpatient treatment, hospital outpatient clinic care,
including psychiatric hospital care.'®'? Less than 2% of the total hospital capacity is private. Except in emergencies,
patients need referral from a general practitioner to access the hospital sector and the majority of private medical
specialists. Hence, general practitioners (~20% of the total physician work force) play an essential role as
gatekeepers.'®!”

From an administrative perspective, the Danish healthcare system has three levels: the national level (state), the
regional level (five regions united in the interest organization Danish Regions), and the local level (98 municipalities).
The government (state), headed by The Ministry of Health, outlines the framework of the healthcare system by
legislation, national guidelines, and healthcare monitoring.'®'> The Ministry of Health consists of the ministry and
nine agencies, including the Danish Health Authority, the Danish Medicines Agency, Statens Serum Institute (SSI), the
Danish Health Data Authority, the Danish Patient Safety Authority, the Danish Agency for Patient Complaints, the
National Center of Ethics, and the Danish National Genome Center. The five regions operate and own the public
hospitals. Together, the Danish Ministry of Health and the Danish Regions are further responsible for national strategies
for personalized medicine, including improvements in Danish biobank infrastructures.”> The municipalities are respon-
sible for social services, primary disease prevention and health promotion, home care and nursing homes, and
rehabilitation outside hospitals.'®!?

The Danish healthcare system delivers routinely and prospectively collected data to various population-based
registries and databases. The universal access to healthcare diminishes selection of specific patient groups into the
registries and ensures presentation from all segments of the population.'®'” A detailed description of the Danish
healthcare system and the registries is out of the scope of this review. In Table 1, we provide references for key papers
that describe the healthcare system and some frequently used population-based registries. In the next section, we briefly
describe how Danish registries based on routinely collected data can enrich biobank research.
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Table 1 Overview of Papers About the Danish Healthcare System and Selected Population-Based Registries

References

The Danish healthcare system Schmidt M et al The Danish health care system and epidemiological research: from health care
contacts to database records. Clin Epidemiol. 2019.'®

Laugesen K et al Nordic Health Registry-Based Research: A Review of Health Care Systems and
Key Registries. Clin Epidemiol. 2021."

The Civil Registration System Schmidt M et al The Danish Civil Registration System as a tool in epidemiology. European journal of
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The National Patient Registry Schmidt M et al The Danish National Patient Registry: a review of content, data quality, and
research potential. Clinical epidemiology. 20152

The National Prescription Registry Pottegard A et al Data Resource Profile: The Danish National Prescription Registry. International
journal of epidemiology. 2016.2¢

The Psychiatric Central Research Mors O et al The Danish Psychiatric Central Research Register. Scandinavian Journal of Public

Registry Health. 2011.%°

The Cancer Registry Gijerstorff ML. The Danish Cancer Registry. Scand | Public Health. 201 1.2

The Laboratory information System Arendt JFH et al Existing Data Sources in Clinical Epidemiology: Laboratory Information System
Databases in Denmark. Clin Epidemiol. 2020.3'

The Medical Birth Registry Bliddal M et al The Danish Medical Birth Register. Eur | Epidemiol. 2018.%3

The Cause of Death Registry Helweg-Larsen K. The Danish Register of Causes of Death. Scand | Public Health. 201 1.7

The Danish Civil Registration System, the Population-Based Registries and the

Interface with Biobanks

The civil registration number is a unique, personal identity number assigned to all Danish residents at birth or upon
immigration. The 10-digit number encodes the date of birth and sex and is part of the Danish Civil Registration
System established in 1968.">?° This system covers the entire Danish population and follows each person from
assignment of the civil registration number until date of death or emigration, with virtually no loss to follow-up.?
Denmark is therefore a nationwide cohort with an accumulated source population of approximately nine million
people (since 1968).'%° The civil registration number is used in almost all interfaces with the Danish public sector,
including all contacts with the healthcare system. The civil registration number represents the key identifier across
all Danish registries, databases, and biobanks and allows accurate and easy linkage of data between these (Figure 1).
Denmark has hundreds of linkable population-based registries and databases available for research.'®!*233% The
combination of access to biological materials in biobanks, the features of the Danish healthcare system, the Civil
Registration System, and the many registries and databases makes Denmark a unique setting for research with
numerous possibilities as displayed in Box 1. The population-based registries can provide additional information, not
stored by the biobanks themselves. In some biobank cohorts, they collect detailed information through question-
naires, interviews and clinical examinations when enrolling or following their participants. Still, researchers may
lack certain baseline or outcome information. In such circumstances, additional clinical information may be
available in registries, such as the National Patient Registry (1977 -),>* the National Cancer Registry (1943 -),%®
the National Prescription Registry (1995 -),%° the Psychiatric Central Research Registry (1969 -),%° the Laboratory
information systems,’' the clinical quality databases, and in the Medical Birth Registry (1973 -)** (Table 1 and
Box 1). Sociodemographic information, such as income, education level, and employment status is available in the
social and demographic registers (1982 -) (Box 1). Moreover, it is possible to characterize participants according to
country of origin by linkage to the Civil Registration System. Further, parents, siblings, and offspring can be
identified in the Civil Registration System, as the system holds information on the maternal and paternal civil
registration number for each index person (Table 1 and Box 1). Although, the routinely collected data are rich in
many ways, data availability and quality need consideration before use. Before using these data resources, we
recommend to read more thoroughly about the healthcare system and registries (Table 1) and search for data
validation papers.
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Figure | Danish biobanks can be linked to hundreds of population-based registries and databases by the civil registration number.

Notes: The Bio- and Genome Bank Denmark includes following individual biobanks: the Danish Cancer Biobank, the Danish Rheumatologic Biobank, the Danish Blood
Donor Biobank, the Danish Diabetes Biobank, the Danish Dermatology Biobank, the Danish Screening Biobank, the Danish Pathology Data Bank and Genetics Biobank, the
Danish Genetics Biobank, the Danish Research and Whole-Genome Sequencing Biobank, and the Danish COVID-19 Biobank. The time period of coverage for registries is:
The Medical Birth Registry 1973 -; The National Patient Registry 1977 -; The Psychiatric Central Research Registry 1969 -; The National Prescription Registry 1995 -; The
Registry of Cause of Death 1970 -; The Cancer Registry 1943 -; and the social and demographic registers of Statistics Denmark 1982-. Further, Denmark has ~85 clinical
quality databases and numerous disease and procedure registries that typically contain detailed clinical information on selected patient groups or procedures. Information
from general practitioners includes recording of services in the Danish National Health Service Registry 1990 -. Yet, the level of details is limited in this registry. Prescriptions
issued by general practitioners are recorded in the National Prescription Registry (if redeemed by the patient). Lab tests send from general practitioners to hospital
laboratories are recorded in the Laboratory Information Systems.

Danish Infrastructures Related to Biobank Research

A biobank is a structured collection of individual-level biological specimens and can be divided into research biobanks, clinical
biobanks, or biobanks for other purposes (eg donor biobanks).>* Research biobanks are initiated with the direct purpose of
research projects, whereas clinical biobanks are for later diagnostic purposes or treatment decisions on the patient level, but may
also contribute to research.*” Before describing some of the large biobanks in Denmark, we here describe some key Danish
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Box | Biobank Research in Denmark: Advantages and Possibilities

Advantages and Possibilities

® Participants in biobanks have continuous and virtually complete follow-up with exact information on date of death or emigration by linkage to the
Civil Registration System.

® The many Danish registries and databases can provide clinical and sociodemographic data in addition to the data collected and stored at the
biobank itself.

® |t is possible to conduct cohort or case—control studies nested in the biobanks.
® |t is possible to access updated address information on biobank donors, which can increase response to, for example, follow-up questionnaires.

® For individuals invited into biobanks, it is possible to describe and compare non-participants to participants with respect to clinical and

sociodemographic information stored in the Danish population-based registries.
® |t is possible to identify relatives, such as parents and offspring, through the Civil Registration System. As an example, the phenomenon of

transgenerational effects (when effects of exposures are inherited by next generations through mechanisms, such as epigenetic changes) can be

investigated.

infrastructures related to biobank research. Denmark has made great efforts to improve biobank research as part of the national
strategy for personalized medicine.* The strategy involves the following aims: 1) to improve biobank infrastructure with the
purpose to ensure easy, uniform, and high-quality collection and storage of biological specimens; 2) to facilitate research
collaborations on both national and international level and between public and private sectors; and 3) to offer a better overview of
available biobank material and application processes. Below we provide an overview of three important infrastructures related to
biobank research, including the Danish National Biobank Initiative, the Bio- and Genome Bank Denmark, and the Danish
National Genome Center.

The Danish National Biobank Initiative

The Danish National Biobank Initiative consists of three parts:>”

1. The Danish Biobank Register (online tool) that links samples to register information.
2. The Danish National Biobank (physical biobank).
3. The Coordinating Centre that handles data applications and secures sample access.

The Danish Biobank Register

The Danish Biobank Register is an online tool that provides an overview of biological samples available for research in some of
the Danish biobanks. The Danish Biobank Register combines information on biobank samples with information from admin-
istrative and health registries (the Civil Registration System, the National Patient Registry, and the National Pathology Registry)
in an online database. Very recently, laboratory test results were added to the search engine, starting with more than 100 million
tests in the Copenhagen Primary Care Laboratory Database® and with the ambition to integrate all laboratory test results
performed in Denmark. From a practical point of view, researchers submit a request on the website biobanks.dk. The request may
contain information on biobank, sample type, and populations of interest (according to eg sex, age, country of birth, parental
country of birth, and diagnosis). Following request submission, an email will return with an aggregated overview of available
data.

The Danish National Biobank

The Danish National Biobank (hosted by SSI) is the largest biobank in Denmark containing more than 14 million
samples from approximately 5 million individuals (Table 2). This biobank stores samples from different SSI-managed
and external biobank-managed data sources.”® Examples of SSI-managed collections are the Danish Newborn Screening
Biobank, the Danish National Birth Cohort, the Greenland samples, and various diagnostic samples. Examples of
external biobank-managed collections are the two Danish Cancer Society cohorts Diet, Cancer, and Health and “Diet,
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Table 2 Overview of Biological Samples in the Danish National Biobank

Sample Type Number of Samples | Number of Individuals
Throat swab 4,321,842 3,135,728
Serum 3,317,536 951,521
Dried blood spot samples 2,565,821 2,091,587
Plasma 1,488,350 442,752
Whole blood 830,524 320,872
DNA 678,237 451,455
Buffy coat 346,033 126,527
Urine 320,456 126,054
Saliva 90,407 42,554
Red blood cells 85,349 41,738
Amniotic fluid 66,407 56,505
Cord blood mononuclear cells 65,032 65,032
Proteins extracted from dried blood spot samples 39,168 38,979
Spinal fluid 28,596 16,498
Other (PBMC, faeces, stem cells, biopsies, etc) 83,430 49,040

Note: Information available from www.danishnationalbiobank.com/biological-samples (Accessed January 2022) with permis-
sion from Danish National Biobank.
Abbreviation: PBMC, peripheral blood mononuclear cells.

Cancer and Health — next generations”. Staff employed at the Danish National Biobank is available to advise researchers
on study design, sample handling, registration, transportation, analysis, and storage.

More recently, the biobank has played a major role in building the Danish COVID-19 test strategy. High-throughput
pipelines, already installed in the biobank, were expanded to a capacity of more than 250,000 RT-PCR tests per day. To
date, more than 4.2 million throat swab samples are collected in the biobank, including more than 3.3 million COVID-19
positive swab samples. Further, more than 30,000 COVID-19 positive serum or plasma samples are available.

Bio- and Genome Bank Denmark

The Bio- and Genome Bank Denmark is a nationwide cooperation between Danish public hospitals, funded and operated by
the Danish Regions (the entities operating the public hospitals in Denmark).>> The Bio- and Genome Bank Denmark includes
following individual biobanks, the majority being clinical biobanks: the Danish Cancer Biobank, the Danish Rheumatologic
Biobank,36 the Danish Blood Donor Biobatnk,”’38 the Danish Diabetes Biobank, the Danish Dermatology Biobank, the
Danish Screening Biobank, the Danish Genetic Biobank, the Danish Research Biobank, and the Danish COVID-19 Biobank
(Figure 2).>> All these biobanks are using the same data registration system. Furthermore, the Danish Pathology Data Bank
and Danish Genetics Data Bank are included in the infrastructure.>® The aim of Bio- and Genome Bank Denmark is to ensure
biological material for diagnosis or treatment of the patients and to facilitate the use of the expanding infrastructure for both
private and public researchers. For example, drug development and research on personalized medicine benefit from
collaborative research between the public healthcare sector and the pharmaceutical industry.

The collection and storage of biological samples take place at local hospital departments/centers in each region and are
facilitated by well-established infrastructures as part of routine procedures. The secretariat is hosted by Department of
Pathology at Herlev Hospital, which has the overview of all samples in Denmark and coordinates samples for diagnostic
and research together with regional project leaders. The regional centers are responsible for managing materials from their
respective region and for making arrangements with the local hospital departments. Bio-and Genome Bank Denmark is
headed by the Regional directors of Health in a structure consisting of a National Steering Committee and a National
Secretariat, which serves all the biobanks (Figure 2).*> Information on procedures and organization can be found on the
homepage (https://www.regioner.dk/rbgb/biobanker). Table 3 provides an overview of material included in the Bio-and
Genome Bank Denmark from 2016 to 2021. Inclusion of material is ongoing and the infrastructure is regularly expanding
with new biobanks. All blood samples are fractionated in serum, EDTA plasma, whole blood and buffy coat. All tissue
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Figure 2 Organization of the Bio- and Genome Bank Denmark.

Notes: Source is with permission from Bio- and Genome Bank Denmark. Available from: https://www.regioner.dk/rbgben/about/organization. The figure shows how the
Bio- and Genome Bank Denmark is organized with a Steering Committee, a national secretariat and Scientific Advisory Boards for present and future biobanks. XXX
denotes that more and more biobanks are included in the structure.

Abbreviation: RBGB, The Bio- and Genome Bank Denmark.

samples are fractionated in dry frozen tissue, optimal cutting temperature compound tissue, RNAlater treated tissue and
formalin fixed and paraffin embedded tissue. All tissue samples are verified by pathologists.

The Danish National Genome Center

In 2019, the Danish National Genome Center (an agency under the Ministry of Health) was launched as a part of the
national strategy for personalized medicine.* The goal of the National Genome Center is to advance personalized
medicine by performing genome sequencing in patients for clinical and research purposes. The center has national
responsibility for processing, analysis, and secure storage of genome data. As well, the center offers guidance in
interpretation of data. During the next four years, the plan is to perform whole-genome sequencing in 60,000 selected
patients with financial support from the Novo Nordisk Foundation. Currently, 2166 patients have had such sequencing
performed. Furthermore, some patients have genetic analyses performed for diagnostic or treatment purposes as part of
routine clinical care. Since 2019, it has been mandatory for clinicians to report these analyses to the Danish National
Genome Center. Approximately 1940 genomes have been reported to the center in this manner. Before genetic analysis,

the responsible clinicians must ensure informed consent.

Overview and Description of Selected Biobanks
Table 4 shows an overview of selected large Danish biobanks. Fourteen biobanks have been chosen for this review and
the list is not comprehensive. In the following sections, we provide a short description of each of the biobanks.

The Danish Newborn Screening Biobank

The Danish Newborn Screening biobank is a nationwide clinical biobank. Newborn screening for congenital diseases,
such as phenylketonuria was implemented nationally in 1975.*' Blood drops from the infant’s heel are collected on filter
paper shortly after birth. Following the screening program, the dried blood spot filter paper has been stored in freezers
since 1982.*' Annually, an average of 62,000 newborns take part in the screening program. The screening program is
voluntary, but more than 99.5% of all parents decide to participate. Hence, the biobank stores blood spot filter paper for
almost the entire Danish population born since 1982 (~2,310,680 persons). Because of the virtually complete nationwide
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Table 3 Number of Unique Biological Samples Included in the Bio- and Genome Bank Denmark from 2016 to 2021

2016 2017 2018 2019 2020 2021
Samples Individuals Samples Individuals Samples Individuals Samples Individuals Samples Individuals Samples Individuals
Blood 17,314 13,137 37,758 32,795 73,653 39,181 59,580 33,187 16,504 10,377 60,250 45,772
Bone marrow 2359 2065 1623 1446 1345 1214 1059 1048 713 685 777 743
DNA 33 33 9 9 8 8 NA NA 29 28 26 17
Synovial fluid NA NA 24 14 38 22 I 7 I 6 9 NA
Tissue 12,012 7520 12,129 7612 11,354 7037 11,944 7239 11,653 7175 11,301 6916
Urine 8l 67 234 3 162 107 43 18 33 29 11 101

Notes: The table includes samples from: The Danish Cancer Biobank, The Danish Rheumatological Biobank,

Abbreviation: NA, n <5 (exact number not available due to Danish legislation).

The Danish Blood Donor Study (2017 and onwards), The Danish Diabetes Biobank, and The Danish COVID-19 Biobank.
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Table 4 Overview of Fourteen Biobanks (Population, Period of Enrolliment, Data Types, and a Study Example). Detailed Information
About Data is Presented in Later Tables

Population (N)

Types of Data

Study Example

The Danish Newborn Screening
Biobank

The Danish National Birth
Cohort

The Danish Twin Registry
Biobank

Diet, Cancer and Health and Diet
Cancer and Health - Next
generations

Danish Centre for Strategic
Research in Type 2 Diabetes

Vejle Diabetes Biobank

The Copenhagen Hospital
Biobank

The Copenhagen City Heart
Study

The Copenhagen General
Population Study

The Danish Cancer Biobank

Nationwide cohort of all newborns born since 1982
(~2,310,680)*

Nationwide cohort of pregnancies enrolled from
general practitioners between 1996 and 2002
(~100,000)

Nationwide cohort of twins, triplets, or quadruplets
(175,518)°

Individuals aged 50-64 living in Aarhus or
Copenhagen in the period from 1993 to 1997
(57,053) and next generations (children, their
spouses, and grandchildren) enrolled from 2015 to
2019 (44,864)

Nationwide cohort of adults (218 years) with type 2
diabetes enrolled from 2010 and onwards

(~10,000)°

Patients with diabetes (2721 type 2, 599 type 1) and
non-diabetic individuals (4255) from the general
population living in the former County of Vejle
between 2007 and 2010

Individuals admitted to hospitals in the Copenhagen
area from 2009 and onwards, who had samples
drawn for blood type or red cell antibody testing
(~425,000)*

Adults (220 years) from the central Copenhagen
area enrolled in five waves: 1976 to 1978, 1981 to
1983, 1991 to 1994, 2001 to 2003, and 201 | to
2014 (~ 26,000)

Adults (220 years) from the Copenhagen area
enrolled since 2003 (~160,000)*

Nationwide cohort of individuals who underwent
investigation for potential cancer disease enrolled
from 2006 and onwards.* The population is part of
the Bio- and Genome Bank Denmark

Blood spot filter paper

Interviews
Questionnaires
Whole blood
Serum

Plasma

Buffy coat
Filter paper
Urine

Semen

DNA

Interview questionnaire
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Wray et al Genome-wide association analyses
identify 44 risk variants and refine the genetic
architecture of major depression. Nature genetics.
2018."

Horikoshi et al Genome-wide associations for birth
weight and correlations with adult disease. Nature.
2016.°

Mengel-From et al Circulating, Cell-Free Micro-
RNA Profiles Reflect Discordant Development of
Dementia in Monozygotic Twins. Journal of
Alzheimer’s disease: JAD. 2018.

Kirkegaard et al Association of adherence to
lifestyle recommendations and risk of colorectal
cancer: a prospective Danish cohort study. BMJ.
20107

Gedebjerg et al Mannose-Binding Lectin and Risk of
Cardiovascular Events and Mortality in Type 2
Diabetes: A Danish Cohort Study. Diabetes care.
20207

Petersen et al Vejle Diabetes Biobank - A resource
for studies of the etiologies of diabetes and its
comorbidities. Clin Epidemiol. 2016.”7

Helgadottir et al Genetic variability in the
absorption of dietary sterols affects the risk of
coronary artery disease. European heart journal.
2020.7°

Lange P et al A |5-year follow-up study of
ventilatory function in adults with asthma. N Engl
J Med. 1998.52

Mortensen and Nordestgaard. Elevated LDL
cholesterol and increased risk of myocardial
infarction and atherosclerotic cardiovascular disease
in individuals aged 70—100 years: a contemporary
primary prevention cohort. Lancet. 2020

Reinert et al Analysis of Plasma Cell-Free DNA by
Ultradeep Sequencing in Patients With Stages | to lIl
Colorectal Cancer. JAMA oncology. 2019.%”

(Continued)

Clinical Epidemiology 2023:15

https:

221

Dove!


https://www.dovepress.com
https://www.dovepress.com

Laugesen et al Dove

Table 4 (Continued).

Population (N) Types of Data Study Example
The Danish Rheumatological Nationwide cohort of patients with inflammatory Whole blood Saevarsdottir et al Multiomics analysis of
Biobank rheumatic diseases (8345). The population is part Serum rheumatoid arthritis yields sequence variants that
of the Bio- and Genome Bank Denmark Plasma have large effects on risk of the seropositive subset.
Buffy coat Ann Rheum Dis. 2022.°'
Paxgene/RNA
Synovial fluid
Synovia
Cartilage
Bone
Bone marrow
Urine
The Danish Blood Donor Study Nationwide cohort of blood donors enrolled from Questionnaire Burgdorf et al Large-scale study of Toxoplasma and
2010 and onwards (137,574).* The population is Whole blood Cytomegalovirus shows an association between
part of the Bio- and Genome Bank Denmark Plasma infection and serious psychiatric disorders. Brain,
behavior, and immunity. 2019.°
The Danish Pathology Databank | Nationwide cohort of people whom had Various tissues and Erichsen et al Increased Risk of Colorectal Cancer
pathological specimens sent for examination as part | cytological specimens Development Among Patients With Serrated
of diagnosis or treatment.™ The population is a part Polyps. Gastroenterology. 2016.7
of the Bio- and Genome Bank Denmark

Notes: *Ongoing enrollment. "The Danish Twin Registry includes birth cohorts from 1870-2009, but biobank material has been stored since 1997 only. “Established in 1999,
but updated with retrospective data since the 1970s. The registration of pathological specimens is nationwide complete since 1977.
Abbreviation: PBMC, peripheral blood mononuclear cells.

coverage of the biobank the distribution of sociodemographic factors, including ethnicity, reflects that of the Danish
population at the given time and in the given age span. The Danish Newborn Screening Biobank has, among other
projects, contributed with biological samples to the Integrative Psychiatric Research project that aims to investigate
genetic and environmental risk factors for mental disorders.** The Integrative Psychiatric Research project has con-
tributed to a large number of important research projects,® including genome-wide association studies of psychiatric

diseases.'*'® As an example, Wray et al identified 44 genetic loci for major depression.'*

The Danish National Birth Cohort

The Danish National Birth Cohort is a nationwide research biobank with data from ~100,000 pregnancies enrolled from
1996 to 2002. Data include biological specimens, primarily blood taken from the mother twice during pregnancy and
blood from the umbilical cord taken shortly after birth, and interview and questionnaire data (Table 4). Eligible persons
were pregnant women who indicated at their first pregnancy-related visit to their general practitioner that they wished to

carry their pregnancy to term and had sufficient Danish language proficiency to complete telephone interviews.**
A previous paper has described certain sociodemographic factors in the cohort, including ethnicity.47
Table 5 Number of Unique Biological Samples in the Danish National Birth Cohort
Sample Type Number of Unique Samples Number of Unique Individuals
Plasma 224,268 147,587
Buffy coat 192,805 135,632
Filter paper 205,902 139,869
Serum 1038 1037
Whole blood 1042 1041
Urine 1036 1035
Semen® 1011 1010
DNA® 3593 2160
Notes: Information available from biobanks.dk (Accessed January 2022). *From sons included in the Fetal
Programming of Semen Quality Cohort (Keglberg Haervig K, Bonde JP, Ramlau-Hansen CH et al. Fetal
Programming of Semen Quality (FEPOS) Cohort - A DNBC Male-Offspring Cohort. Clin Epidemiol.
2020;12:757-770). ®DNA has recently been purified for 65,000 mothers and 65,000 children. This informa-
tion is not captured in the online registry, yet.
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Table 6 Overview of Interviews and Questionnaires in the Danish National Birth Cohort

June 17th 2020)

Time of Collection Number Response | Information
Invited
During pregnancy
Gestational week 18 101,042 92% Computer-assisted telephone interviews:
Gestational week 30 101,042 87% Earlier pregnancies flnd chlldbllrths, in-vitro fertility treatment, health in general and during pregnancy, medical
pregnancy examinations, medication use, work and home environment,
diet, vitamins and dietary supplements,
alcohol consumption and tobacco use, sleep, exercise, socioeconomics factors, psycho-social stress
Gestational week 25 101,042 72% Paper questionnaire by ordinary mail:
360-item Food Frequency Questionnaire on dietary habits during the four weeks prior to completion of the
questionnaire and on changes in dietary habits during pregnancy
Follow-up after birth
6 months 101,042 69% Computer-assisted telephone interviews:
18 months 101,042 65% Child diet and development, vaccinations, and follow-up on prenatal questions
7 years 91,256 63% Online or paper version questionnaire:
Focus on child:
Health and medication use, vaccinations, diet, vitamins, physical activity, anthropometric measures, motor skills, the
child Strengths and Difficulties Questionnaires (SDQ) containing 25 questions on emotional symptoms, conduct
problems, hyperactivity/inattention, peer relationship problems and prosocial behavior.
Focus on parents:
Life style, physical and mental health, social relations, mobile phone use
Il years 90,986 55% Online questionnaire:
Questionnaire for parents:
Parents’ health, lifestyle and anthropometric measures;
Child health’ lifestyle, vaccinations, mobile phone use, living situation, indoor environment, anthropometric
measures, disease in nearest family, and SDQ
Questionnaire for child (Clubl 1):
Family structure, social relations and wellbeing, school achievement, health, medicine use, lifestyle, sleep, sex, mobile
phone use, and body and look
Questionnaire for teachers:
Child SDQ
14 years 78,651 Online questionnaire:
150-item Food Frequency Questionnaire
Puberty follow-up 22,439 70% Online questionnaires:
Repeated questionnaires every six months with questions on height, weight, and pubertal milestones as pubic and
axillary hair growth, acne. Girls: breast development, age at menarche. Boys: first ejaculation of semen, voice change,
and genital development
18 years (ongoing) 53,377 50% Information not available
Maternal follow-up 78,010 55% Online questionnaire in 2013/2014:
Physical and mental wellbeing, work environment, challenges of motherhood and private life, diet, exercise, weight,
reproductive history, and urogynecological issues
COVID-19*
Ist data wave (March 30th to 107,291 Online questionnaire:
April 7th 2020) Living situation, family and cohabitation status, educational level, occupation, self-reported mental and physical
2nd data wave (April 8th to 25,898 hea!th, smoking, soc@l relations and mental wellbeing, effects ?f the (;gwd-l‘? par}demlc on.occupatlonal status,
I5¢th 2020) positive test for Covid-19, symptoms related to potential Covid-19, visits to foreign countries, health care
utilization, worries due to the Covid-19 pandemic, information sources and precautions, positive aspects of the
3rd data wave (April 16th to 16,741 shutdown of Denmark
22nd 2020)
4th data wave (April 23rd to 12,034
29th 2020)
Sth data wave (April 30th to 9529
May 6th 2020)
6th data wave (May 7th to 7848
May |3th 2020)
7th data wave (May |4th to 6540 90%

Notes: °A total of 107,291 were invited to the first data collection wave. The participants were asked to complete the first questionnaire no later than April 7th, in order to
be invited to the 2nd wave. If participants completed the questionnaire before midnight the following Wednesday (April 15th, 22nd, 29th, May 6th and 13th), they were
invited to an additional data wave the following morning. Sources: The Danish National Birth Cohort. About the DNBC. Available at: https://www.dnbc.dk/about-The-dnbc.

Accessed April 3, 2021.

Table 5 presents an overview of biological material and Table 6 presents an overview of interview and questionnaire
data collected in the Danish National Birth Cohort.****>% The cohort has contributed to more than 600 publications,>

including multinational genome-wide association studies on asthma,” pubertal timing,* reproductive behavior,” and to
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investigate associations between birth weight and adult disease.® For instance, Horikoshi et al found that associations
between early growth phenotypes and adult cardiometabolic disease were in part the result of shared genetic effects.®

The Danish Twin Registry and Biobank

The Danish Twin Registry is a nationwide registry established in the 1950s. The registry includes birth cohorts from 1870 to 2009,
comprises 175,518 individuals (86,402 pairs of twins, 874 sets of triplets, and 23 sets of quadruplets), and includes questionnaire,
interview and clinical examination data (Table 4).°® Ascertainment methods have varied over time (please see Pedersen et al for
more details).® Table 7 provides an overview of questionnaires and interviews conducted from 1994 to 2012.%*>” The Danish
Twin Biobank is a nationwide research biobank established in 1997 as part of the second wave of the “Longitudinal Study of
Aging Danish Twins” (LSADT) and the first wave of the “Importance of Genes, Familiar and Common Environment for the
Development of Insulin Resistance, Abdominal Adiposity and Cardiovascular Risk Factors” (GENIMAKAR) (Table 7). Table 8
shows an overview of biological specimens and molecular data in the Danish Twin Registry and Biobank.’*>*®' The Danish
Twin Registry and Biobank has contributed with numerous studies, including studies on the heritability of cancer,” * biomarkers

63,64

for dementia,** genome-wide association studies of intelligence,'® and epigenetic studies on aging, cognitive function,®> and

mortality.®® For example, Mengel-From et al found new circulating miRNAs linked to dementia.®®

Table 7 Overview of Questionnaires, Interviews, or Clinical Examinations in the Danish Twin Registry and Biobank

Survey Year of Birth Cohorts Number of Information
Survey (Year of Birth) Participants
Omnibus | 1994 1953-1982 29,433 Questionnaire on health and diseases such as diabetes, asthma or other symptoms related to the

airways, eczema, hay fever; rheumatic diseases, headaches, migraine, epilepsy, fever cramps, back pain,
inflammatory bowel diseases, thyroid disorders, anorexia, other long lasting diseases, fertility, and
medication use. Lifestyle related factors such as physical activity, eating habits, weight, height, and body
figure Family relations and sociodemographic factors

Omnibus I 2002 1931-1982 34,943 Questionnaire on health and diseases such as diabetes, osteoporosis, thyroid disorders, rheumatic
disorders, epilepsy, heart diseases, migraine, back pain and disorders of the back, asthma and other
symptoms from the airways, eczema and other allergic disorders, disorders of the ear, and speech
disorders. Lifestyle related factors such as physical activity, weight, height, body figure, smoking, and
alcohol consumption. Family relations and sociodemographic factors

LSADT 1995 1892-1919 2401 Interview on health such as diabetes, osteoporosis, osteoarthritis, rheumatoid arthritis, gout, chronic
a bronchitis, tuberculosis, asthma or other symptoms from the airways, disorders of the eye, meningitis,
1997 18961923 2172 . o i’ I " . R . .
(follow-up) Parkinson’s disease, epilepsy, migraine, cancer, cardiovascular diseases, kidney diseases, thyroid
disorders, fractures, gallstones, jaundice, mental disorders, symptoms of depression, problems with
1999° 1899-1928 2709 urination, fainting, back pain, menopause, sleep, physical abilities and medication use. Lifestyle related
(follow-up) factors such as activities of daily living, weight, height, smoking, and alcohol consumption. Personality,
20012 19011930 2448 mental wellbeing, family and social relations and sociodemographic factors. Cognitive tests (Mini Mental
(follow-up) State Examination). From 1999 onwards, a short physical performance test involving measurements of
chair stand, handgrip strength and lung function was included
2003 1901-1930 1844
(follow-up)
2005 1901-1930 1372
(follow-up)
2007 1910-1923 121
(follow-up)
MADT 1998 193-1952 4314 Same questionnaires and examinations as LSADT (with a some exceptions)
2008-2011 1931-1952 2400 Follow-up questionnaire and examination
(follow-up)
MIDT 2008-2011 1931-1969 (who 10,276 Same questionnaires and examinations as LSADT (with a some exceptions)
were not in MADT)

GENIMAKAR 1998 1931-1952 1512 Questionnaire on diseases in the family, prenatal smoking exposure, and birth characteristics. Health
such as symptoms or diseases of the airways, eyes, nose, neck, ears, cardiovascular system and
medication use. Lifestyle related factors such as physical activity, weight, and smoking. Family relations
and sociodemographic factors. Clinical examination including an oral glucose tolerance test, a maximal
bicycle test, body composition determined by bio impedance, electrocardiogram, test of lung function,
blood pressure, waist and hip circumference, weight, and height

2010-2012 1931-1952 1145 Questionnaire on health and diseases such as diabetes, cardiovascular diseases, menstruation,
(follow-up) menopause, and medication use. Lifestyle related factors such as physical activity, weight, and smoking.

Family relations, education, work, and well-being. Clinical examination including electrocardiogram,
blood pressure, body composition, test of lung function, and various anthropometric measures

Notes: Modified table from Pedersen DA, Larsen LA, Nygaard M et al. The Danish Twin Registry: An Updated Overview. Twin research and human genetics: the official
journal of the International Society for Twin Studies. 2019;22(6):499-507. © The Author(s) 2019. Adapted with permission.>® Abbreviations: GENIMAKAR, the Importance
of Genes, Familiar and Common Environment for the Development of Insulin Resistance, Abdominal Adiposity and Cardiovascular Risk Factors; LSADT, Longitudinal Study
of Aging Danish Twins; MADT, Middle Age Danish Twins; MIDT, Middle age Danish Twins. 2Additional cohorts were added in 1997, 1999 and 2001; twins aged 73-76 years
were enrolled in 1997 and twins aged >70 years at the beginning of 1999 and 2001 were enrolled in these years.
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Table 8 Overview of Biobank Material and Molecular Data in the Danish Twin Registry and Biobank

Survey Year of Individuals with Blood Buccal Plasma Serum PBMC/ Paxgene/ Other Genome- Genome-Wide Genome-Wide
Survey Samples Spots Swabs/Saliva (EDTA) DNA RNA Wide SNP Methylation Expression
LSADT 1997 689 617 - 689 - 687 - - 554 310 -
1999 2319 2053 265 - - - - - - - -
2001 2185 2023 163 - - - - - - - -
2003 1734 1559 124 - - - - 1709 (hair) - - -
2005 1255 1154 105 - - - - - - - -
2007 121 - - 121 - 121 19 72 96 86 119
(viable cells)
MADT 1998 4202 3972 246 - - - - - - - -
2008-201 | 2337 - 2303 2319 2317 2312 2212 - 1465 492 520
MIDT 20082011 10,054 - 40 10,030 10,002 10,029 - - - - -
GENIMAKAR 1998 1408 - - - 1407 1407 - - 173 428 -
2010-2012 1139 - 1133 1136 112 1136 1113 1138 (urine) - 428 -

Notes: Modified table from Pedersen DA, Larsen LA, Nygaard M et al. The Danish Twin Registry: An Updated Overview. Twin research and human genetics: the official journal of the International Society for Twin Studies.

2019;22(6):499-507. © The Author(s) 2019. Adapted with permission.®

Abbreviations: EDTA, ethylenediaminetetraacetic acid, GENIMAKAR, the Importance of Genes, Familiar and Common Environment for the Development of Insulin Resistance, Abdominal Adiposity and Cardiovascular Risk Factors;
LSADT, Longitudinal Study of Aging Danish Twins; MADT, Middle Age Danish Twins; MIDT, Middle age Danish Twins; PBMC, peripheral blood mononuclear cells; SNP, single nucleotide polymorphism.
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Table 9 Overview of Data in Diet, Cancer, and Health

Type of Data Time of Collection | Information

Questionnaires Baseline Self-reported frequency and semi-quantity of food consumption (192 items), type of fat
used on bread/in cooking, and use of dietary supplements.

Smoking (including passive smoking), alcohol consumption, skin type, leisure-time physical
activity, physical activity at work, medical history, weight history, use of analgesics,
educational and occupational history, and family history of cancer.

Women: Reproductive history, use of oral contraceptives, and use of hormone replacement
therapy during menopause.

Men: Number of children and sterilization

Clinical examination Baseline Anthropometric measures such as height, weight, waist and hip circumference, sitting
height, and bioelectrical impedance. Blood pressure

Biological specimens Baseline Whole blood, serum, plasma, buffy coat, erythrocytes, urine, adipose tissue samples, and
toenail clippings

Biochemical analyses Baseline Total cholesterol, urine dipstick for sugar, blood, and protein

Follow-up questionnaires 5 year follow-up Food frequency questionnaire

Lifestyle questionnaire

Social network and self-rated health (SF36)

Notes: Source: Tjenneland A, Olsen A, Boll K et al. Study design, exposure variables, and socioeconomic determinants of participation in Diet, Cancer and Health:
a population-based prospective cohort study of 57,053 men and women in Denmark. Scand | Public Health. 2007;35(4):432—441. Copyright © 2007 by (SAGE Publications).
Reprinted by Permission of SAGE Publications.®”

Diet, Cancer, and Health and Diet, Cancer, and Health — Next Generations

Diet, Cancer, and Health is a cohort and research biobank consisting of 57,053 participants, recruited between 1993
and 1997, including questionnaires, clinical examination data, and biological material (Table 4).%” The primary aim
of the cohort is to investigate associations of diet and lifestyle with the risk of cancer and other chronic diseases.
From 1993 to 1997, 160,725 individuals aged 50 to 64 years from the Copenhagen and Aarhus areas were invited to
participate (19% of the total Danish population in that age group). The eligibility criteria were ages 50 to 64 years,
birth in Denmark, and no previous diagnosis of cancer (according to the Danish Cancer Registry). Of 160,725
invited individuals, 57,053 (35%) participated. Sociodemographic characteristics of participants and non-participants
are described elsewhere.®” Data collected by Diet, Cancer, and Health are shown in Table 9.5 Five years after
baseline, 54,379 participants were eligible for follow-up questionnaire on diet, lifestyle, social network, and health
(Table 9). Among the eligible, 44,904 (83%) responded.

Diet, Cancer, and Health — Next Generations is a multigenerational extension of the original Diet, Cancer and Health
cohort consisting of 44,869 participants recruited between 2015 and 2019 with questionnaire information, clinical
examination data, and collection of biological material.”® Children, their spouses, and grandchildren of the original
cohort were identified though the Civil Registration System, and 23,269 (30%) of 78,767 eligible children, 8399 (23%) of
35,977 eligible spouses, and 13,201 (19%) of 69,020 eligible grandchildren participated.”” Sociodemographic character-
istics of participants and non-participants are described elsewhere.”® Table 10 provides an overview of data in Diet,
Cancer, and Health — Next Generations.’’

Diet, Cancer, and Health has contributed to more than 1000 publications.”' For instance, Kirkegaard et al showed that
adherence to the recommendations by the World Health Organization, World Cancer Research Fund, and the Nordic
Nutrition Recommendations for physical activity, waist circumference, smoking, alcohol consumption, and diet reduced
colorectal cancer risk considerably.”* Further, the cohort is coordinated with a number of similar international cohorts by
the International Agency for Research on Cancer. As example Diet, Cancer, and Health is an associated cohort of the

European Prospective Investigation into Cancer and Nutrition (EPIC).'?
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Table 10 Overview of Data in Diet, Cancer, and Health — Next Generations

Type of Data Time of Collection | Information

Questionnaires Baseline Marital status, household composition, nationality, highest attained education, educational
history, occupation, shift work, night work, hazardous occupations, 366-item Food Frequency
Questionnaire, alcohol consumption, history of alcohol consumption, leisure-time activity,
sports, sedentary activities, transportation to/from work, activity level at work, smoking
history, passive smoking, use of e-cigarettes, water pipe and snuff, sleep pattern, quality of sleep,
disturbances, indoor environment during childhood and the past year including use of cooker
hood, candle lighting, use of wood stove, noise from bedroom window, air pollution, medical
history, use of analgesics and other non-prescription medication, use of antibiotics, family
history of disease, bowel movement pattern, Bristol Stool Scale, bowel diseases, weight, height,
weight history, weight losses, birth delivery method, birth weight, self-rated health (SF-36),
stress (Perceived Stress Scale), health motivation, and health consciousness.

Men: Sperm quality, sterilization, number of children, smoking habits of children’s mother
before and during pregnancy.

Women: Reproductive history including use of contraceptives and use of hormone replacement
therapy during menopause, smoking and alcohol consumption during pregnancy, delivery
method, and breastfeeding

Clinical examination Baseline Height, weight, waist and hip circumference, blood pressure, pulse rate, fat-free mass, fat mass,
skeletal muscle mass, visceral adipose tissue, extracellular water, total body water, hydration,
energy stored body, total energy expenditure, fat-free mass index, fat mass index, resting
energy expenditure, impedance, phase angle, reactance, resistance

Biological specimens Baseline Plasma (lithium heparin and K2EDTA), serum, buffy coat, erythrocytes, PAXgene/RNA, saliva,
urine, and faeces

Biochemical analyses Baseline HbAc, triglycerides, total cholesterol, HDL cholesterol, LDL cholesterol, hs-CRP, and
creatinine

Notes: Reproduced from Eur | Epidemiol. Petersen KEN, Halkjaer ], Loft S, Tjgnneland A, Olsen A. Cohort profile and representativeness of participants in the Diet, Cancer
and Health-Next Generations cohort study. Springer Nature. 2022;37(1):117-127. Reproduced with permission from SNCSC.”®

Abbreviations: HDL, High Density Lipoprotein cholesterol; HbAlc, Haemoglobin Alc; hs-CRP, High-sensitive C-Reactive Protein; LDL, Low Density Lipoprotein
cholesterol.

Danish Centre for Strategic Research in Type 2 Diabetes

The Danish Centre for Strategic Research in Type 2 Diabetes is a nationwide cohort and research biobank with
enrollment from 2010.7>74 Currently, the cohort contains interview and questionnaire data, clinical examination data,
and biological samples from ~10,000 patients with diagnosed type 2 diabetes (Table 4). The cohort continues to enroll
patients from both general practitioners and outpatient hospital clinics. Eligible patients are >18 years of age and
diagnosed within two years prior to the time of enrollment. Approximately 1000 to 1200 patients are enrolled annually,
corresponding to 5% of incident type 2 diabetes patients nationwide.”* Clinical and sociodemographic characteristics of
the cohort are described elsewhere.”® Table 11 shows an overview of data in the Danish Centre for Strategic Research in
Type 2 Diabetes cohort.”*”* Supplemental individual-level baseline and follow-up data are provided by the Danish
Diabetes Database for Adults; a clinical quality database, containing annually or biannually collected data from general
practitioners or outpatient clinics from 2005 onwards (Table 11).”> An example of research using this biobank is
Gedebjerg et al who showed that serum MBL and MBL expression genotype had a U-shaped association with
cardiovascular disease risk in individuals with type 2 diabetes, suggesting that serum MBL is a risk factor for
cardiovascular disease in this population.”®

Vejle Diabetes Biobank

The Vejle Diabetes Biobank is a regional research biobank established between 2007 and 2010.”” The biobank contains
questionnaire, clinical examination data and biobank material from 3320 patients with diabetes (N = 2721 with type 2
diabetes and N = 599 with type 1 diabetes) and 4255 non-diabetic individuals from the general population (Table 4).”” As
of December 31th 2006, all eligible individuals, were alive, aged between 25 and 75, and living in the former County of
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Table Il Overview of Data in the Danish Centre for Strategic Research in Type 2 Diabetes Cohort and the Danish Diabetes

Database for Adults

The Danish Centre for Strategic Research in Type 2 Diabetes Cohort

Type of Data

Time of Collection

Information

Interview

Clinical examination
Biological specimens

Biochemical analyses

Follow-up questionnaire

Follow-up questionnaire

Baseline

Baseline

Baseline

Follow-up every second
year

Follow-up in 2016

Physical activity, alcohol consumption, maximum weight reached in life, body weight at 20 years of age, family history of
diabetes, and self-reported date of type 2 diabetes diagnosis

Resting heart rate, waist and hip circumference, and waist-hip ratio
Whole blood, plasma, serum, purified DNA, and urine

Fasting glucose, C-peptide, GAD65 antibodies, alanine-aminotransferases, amylase, and C reactive protein. GWAS
performed in ~3000 patients with more to come

Short form health survey (SF-12)

Neuropathy-related questions, including the Michigan Neuropathy Screening Instrument questionnaire, the Douleur
Neuropathique 4 questionnaire and other pain-related questions. Physical activity, alcohol consumption, smoking, quality of
life, quality of sleep, and mood

The Danish Diabetes Database for Adults

Type of data

Time of collection

Information

Disease and lifestyle
information

Routine laboratory

Annually or biannually

Annually or biannually

Date of first type 2 diagnosis recorded in the healthcare system, smoking, examinations for diabetic foot and eye disease
(yes/no), height, weight, body mass index, blood pressure, and physician-reported treatment

HbAlc, plasma lipids, and albuminuria

measurements

Notes: Data from Christensen DH, Nicolaisen SK, Berencsi K et al. Danish Centre for Strategic Research in Type 2 Diabetes (DD2) project cohort of newly diagnosed
patients with type 2 diabetes: a cohort profile. BMJ Open. 2018;8(4): €017273.7% Thomsen RW, Friborg S, Nielsen JS, Schroll H, Johnsen SP. The Danish Centre for Strategic
Research in Type 2 Diabetes (DD2): organization of diabetes care in Denmark and supplementary data sources for data collection among DD2 study participants. Clin
Epidemiol. 2012;4(Suppl 1):15-19.7%

Abbreviations: GAD, glutamic acid decarboxylase; GWAS, Genome-wide association studies; HbAlc, Haemoglobin Alc.

Vejle area, and had a Danish first and last name. Potential patients with diabetes were identified through Danish registries
and defined as having fulfilled at least one of the following criteria: i) At least one glycated hemoglobin (HbAlc) value
>48.6 mmol/mol (>6.6%) in the Clinical Laboratory Information System (period from 1996 to 2006); ii) At least three
HbAlc values <48.6 mmol/mol (<6.6%) in the Clinical Laboratory Information System (2002 to 2006); iii) At least one
record in the Danish National Prescription Registry for an oral antidiabetic agent or insulin (2006); or iiii) At least one in-
or outpatient hospital contact with diabetes recorded in the Danish National Patient Registry (1977 to 2006). Of 14,831
potential diabetes patients, 3345 individuals were excluded due to age (<25 or >75 years) and 1078 were excluded due to
non-Danish names. Further, only individuals who acknowledged having diabetes were included. From 10,408 eligible
patients, 3320 (32%) were included in the biobank (6234 did not respond and 854 did not acknowledge having diabetes).
Non-diabetic individuals were sampled from the general population of the former County of Vejle through the Civil
Registration System and matched by sex and age. Following, N = 11,065 received a request to participate and N = 4290
accepted (response of 39%). The final non-diabetic population constituted 4255 individuals (N = 35 acknowledged
having diabetes without fulfilling the diabetes inclusion criteria above). Table 12 provides an overview of data in the
Vejle Diabetes Biobank.”” Using this biobank, Petersen et al reported that 56% of the T2D and 25% of T1D patients
reached target for glycaemic regulation (HbAlc <53 mmol/mol) at the time of inclusion, 28% of the T2D and 48% of the
T1D patients reached target for blood pressure (<140/mmHg), and 34% of the T2D and 55% of the T1D patients reached
treatment target for lipids (triglycerides <1.7 mmol/L, LDL <2.6 mmol/L, HDL >1.0 mmol/L for men and >1.3 mmol/L
for women, and total cholesterol <4.5 mmol/L).”’

The Copenhagen Hospital Biobank

The Copenhagen Hospital Biobank is a research biobank, which started in 2009 at Copenhagen University Hospital
(Rigshospitalet) and expanded in 2012 to include all hospitals in the Capital Region of Denmark.” At present, the
biobank counts ~425,000 patients (Table 4). Each patient is included only once, ie, the biobank has no repetitive blood
sampling. Inclusion continues for as long as funding is available.”® The biobank is based on surplus EDTA whole blood
from patients admitted to Danish hospitals in the Copenhagen area for diagnostic or treatment purposes who have
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Table 12 Overview of Data in the Vejle Diabetes Biobank

Type of Data Time of Collection | Information

Questionnaire Baseline Smoking status, alcohol consumption, exercise, gestational diabetes, age at onset of diabetes,
heart diseases, cerebral diseases, late diabetic complications, diabetes in parents, siblings or
children, diabetes medication, and other medication

Clinical examination Baseline Weight, height, waist and hip circumference, body fat percentage, and systolic and diastolic
blood pressure

Biological specimens Baseline Whole blood, plasma (EDTA, heparin), serum, buffy coat, and urine

Biochemical analyses Baseline HbAc, fasting plasma glucose, C-peptide, triglycerides, total cholesterol, HDL, LDL, CRP,
plasma-albumin, calcium, alanine aminotransferase, and plasma-creatinine

In the diabetes patients: Urine-albumin, urine-creatinine, and urine-creatinine/albumin ratio.
Samples from the entire diabetes population underwent GWAS analyses and samples from
selected patients have been exome sequenced

Notes: Data from Petersen ER, Nielsen AA, Christensen H et al. Vejle Diabetes Biobank - A resource for studies of the etiologies of diabetes and its comorbidities. Clin
Epidemiol. 2016;8:393—413.7

Abbreviations: GWAS, Genome-wide association studies; HDL, High Density Lipoprotein cholesterol; HbAlc, Haemoglobin Alc; CRP, C-Reactive Protein; LDL, Low
Density Lipoprotein cholesterol.

samples drawn for blood type testing or red cell antibody screening. This patient group is diverse, no exclusion criteria
apply, and the distribution of sociodemographic factors in biobank participants, including ethnicity, reflect that of the
underlying patient population.”® The samples are primarily suitable for DNA extraction. For more information on

1”® DNA extraction and genetic analyses

collection procedures, storage, and quality assessment please visit Serensen et a
have been carried out on samples from selected patients and genome-wide genotype data are available for ~330,000
patients (January 2022).”® Genotyping is performed at deCODE Genetics, Iceland, using an array that examines more
than 660,000 SNPs.”® The Copenhagen Hospital Biobank has contributed with research. For instance, Helgadottir et al
showed that genetic variation in cholesterol absorption affected levels of circulating non-HDL-C and risk of coronary

artery disease.”’

The Copenhagen City Heart Study

The Copenhagen City Heart Study (Dsterbroundersogelsen) is a cohort and research biobank consisting of individuals
randomly selected to reflect the adult Danish general population. The data collected include questionnaires, clinical
examinations, and blood samples (Table 13).

Originally, the aim of the Copenhagen City Heart Study was to investigate etiology and prevention of cardiovascular
disease; the study was designed like the pioneering Framingham Heart Study. However, many other aspects have been
added to the study over the years.®* The Copenhagen City Heart Study totals more than 25,000 participants. A random
sample of the census population in the central Copenhagen area (Dsterbro) was invited to participate in five examination

Table 13 Overview of Data in the Copenhagen City Heart Study and the Copenhagen General Population Study

Type of Data Information

Questionnaire Health-related questions, medication use, smoking, alcohol consumption, physical activity, diet, socioeconomic factors,

social relations, and mental health

Clinical examination Height and weight, waist and hip circumference, blood pressure, pulse, ECG, echocardiography, and spirometry

Biological specimens Plasma and whole blood

Biochemical analyses Creatinine, hematology, lipids and lipoproteins, liver function tests, vitamin D, CRP and others totaling up to >80
measurements

Notes: The specific data collected differed from wave to wave in the two studies and between the two studies. However, key information was kept identical in both
examinations and in the different waves to also allow understanding of change in risk factors over time.
Abbreviations: CRP, C-reactive protein; ECG, electrocardiography.
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waves: 1976 to 1978, 1981 to 1983, 1991 to 1994, 2001 to 2003, and 2011 to 2014, with a sixth wave for 2022 to 2025.
The original cohort (1976 to 1978) comprised a random sample of 19,329 individuals drawn from a population of
roughly 90,000 individuals using the Civil Registration System. The random sample was stratified into 5-year age groups
ranging from 20 to 93 years, with the emphasis on those aged 35 to 70 years.®' Of those invited, 74% (N = 14,223)
participated. For each subsequent examination, all previous participants were re-invited, and the cohort was additionally
supplemented with younger individuals (20 to 49 year-olds) due to the otherwise inevitable increase in age and, thus,
mortality. Participation declined over time from 74% to 50%. Of the 14,223 individuals participating in the first
examination, 22% (3092) participated in all of the first four examinations.*® In the first two examinations, all the
blood samples were immediately analyzed for plasma levels of glucose, total cholesterol, high-density lipoprotein
cholesterol (HDL) cholesterol, and triglycerides. From the third examination and onwards, all the blood samples were
immediately analyzed for additional biochemical parameters (eg, hematology, liver function tests, hormones, etc), and
plasma and whole blood samples were stored for later biochemical and DNA analyses. Lange et al used the Copenhagen
City Heart Study to describe changes over time in the forced expiratory volume (FEV1) in adults with and without
asthma.®?

The Copenhagen General Population Study

Modelled on the Copenhagen City Heart Study design, the Copenhagen General Population Study (Herlev/
Osterbrounderspgelsen) was initiated in 2003. During 2003 to 2015, a total of almost 110,000 individuals were included
(Table 4). All individuals aged 40 years and above, and 25% of individuals aged 20 to 39 years from the greater
Copenhagen area (municipalities of Herlev, Ballerup, Gladsaxe, Gentofte, Redovre, Furess, Lyngby-Tarbak,
Copenhagen, Egedal, Rudersdal, Allered, Glostrup, Albertslund, Hersholm, and Frederikssund) were invited to partici-
pate. Of invites, 43% agreed to participate. Originally, only individuals of Danish descent were invited to ensure
a homogenous study population for genetic studies. Further, all individuals of Pakistani descent from the capital region
of Denmark were also invited, but only 6% agreed to participate. A follow-up examination began in 2014 and is still
ongoing. By 2022, more than 50,000 individuals have been re-examined. The re-examination was designed exactly like
the first wave in 2003-2015, that is, all individuals aged 40 years and above and 25% of individuals aged 20 to 39 years
were invited from the greater Copenhagen area in the same municipalities as listed above. To secure as many reexamined
individuals as possible, all those examined in the first wave, but no longer living in the same municipality of Copenhagen
were also re-invited.

The combined cohorts (the Copenhagen City Heart Study and the Copenhagen General Population Study) have
currently contributed with more than 1000 publications on many subjects,®® covering scientific areas within healthy
lifestyle, cardiovascular disease, cancer, chronic lung disease, psychiatry, gastroenterology, hepatology, endocrinology,
rheumatology, etc. For instance, Mortensen and Nordestgaard showed that elevated low-density lipoprotein cholesterol
was associated with myocardial infarction and other atherosclerotic disease in a primary prevention cohort. People aged
70-100 vs 20-69 years with elevated low-density lipoprotein cholesterol had the highest absolute risks and the lowest
estimated number to treat in five years to prevent one event.®*

The Danish Cancer Biobank

The Danish Cancer Biobank (part of the Bio- and Genome Bank Denmark) is a clinical biobank, which was established
in 2009 and has centers at six hospitals in Denmark.®> The biobank contains samples from patients who have undergone
clinical examination and investigation for potential cancer disease (Table 4). Biological material is collected during
procedures for diagnostic or treatment purposes and enrollment is ongoing. With approvals, the material can be used for
research after ensuring that the patient is not included in the Tissue Utilization Registry (few).*® No exclusion criteria
apply and the distribution of sociodemographic factors in biobank participant, including ethnicity, mirror that of the
underlying patient population. Table 14 shows an overview of biological material included in the biobank from 2016 to
2020. Using the Danish Cancer Biobank, Reinert et al showed that circulating tumor DNA served as a biomarker for
postoperative and post-adjuvant chemotherapy risk stratification, monitoring of adjuvant chemotherapy effectiveness,

detection of clinical actionable mutations, and early detection of recurrence in stages I-III colorectal cancer.®’
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Table 14 Number of Unique Biological Samples Included in the Danish Cancer Biobank from 2016 to 2020

2016 2017 2018 2019 2020
Samples Individuals Samples Individuals Samples Individuals Samples Individuals Samples Individuals
Blood 12,529 10,110 13,107 9721 13,107 9721 14,505 9830 13,404 8323
Bone marrow 2359 2055 1345 1214 1345 1214 1059 1048 713 685
DNA 33 33 8 8 8 8 NA NA 29 28
Tissue 12,012 7520 11,354 7037 11,354 7037 11,944 7239 11,653 7175
Urine 7 7 69 65 69 65 0 0 20 20

Notes: All blood samples are processed to serum, EDTA plasma, whole blood, and buffy coat. Tissue samples are processed to dry frozen tissue, OCT, RNAlater treated
tissue and formalin fixed and paraffin embedded tissue. All tissue samples are verified by pathologists.
Abbreviation: NA, n <5 (exact number not available due to Danish legislation).

The Danish Rheumatologic Biobank

The Danish Rheumatologic Biobank (part of the Bio- and Genome Bank Denmark) is a nationwide collaboration
between Danish departments of rheumatology and departments of clinical biochemistry.>**® This clinical biobank was
established in 2015 and contained 8346 patients with inflammatory rheumatic diseases as of September 2021 (rheumatoid
arthritis [4455 patients], axial spondyloarthritis [1299 patients], psoriatic arthritis [1223 patients], and others [1369
patients]), and recruitment is ongoing (Table 4). The aim of this biobank is to ensure material for patients own diagnosis
and treatment and to support research in personalized medicine of inflammatory rheumatic diseases. Patients are eligible
for inclusion if they are followed in routine care for one of the inflammatory diseases above, are > 18 years of age, and
are able to give informed consent. No exclusion criteria apply. Patients contribute with one or more of the following
samples: 1) cross-sectional blood samples when they meet for a scheduled routine clinical visits, ii) longitudinal blood
samples collected at initiation of new disease-modifying anti-rheumatic drugs (DMARD) and at specific time points
during treatment and at cessation, iii) other biological materials collected when accessible and relevant (ie, during
diagnostic or treatment procedures) (Table 15 and Table 16).>® Detailed information on patient demographics, disease
characteristics, comorbidities, and lifestyle factors can be obtained from the clinical database DANBIO, which has
existed since 2000 and been electronic since 2006 (Table 15).%%°° Several studies use the biobank. A recent study by
Saevarsdottir et al performed multiomics analyses of rheumatoid arthritis, and its seropositive and seronegative subsets.
The study identified new rheumatoid arthritis risk loci and candidate causal genes. Most sequence variants had impact on
the risk of seropositive, but not seronegative disease. Findings pointed to candidate causal genes encoding proteins in the
network of interferon alpha/beta and IL-12/IL-23 that signal through the JAK/STAT pathway.”’

Table 15 Overview of Data in the Danish Rheumatologic Biobank and DANBIO

The Danish Rheumatologic Biobank
Type of Data Time of Collection Sample Types
Cross-sectional blood Collected at routine clinical visits (at any disease stage and | Whole blood
samples at any time point during treatment) Buffy coat
Plasma
Serum
Whole blood in PAXgene RNA tubes
Longitudinal blood samples Collected at start of treatment with a new DMARD Whole blood
(baseline)a, after 3, 6, 12, 24, 36, 48 and 60 months of Buffy coat
treatment, and at cessation Plasma
Serum
Whole blood in PAXgene RNA tubes
Other biological material Only when accessible and relevant, such as after scheduled | Synovial fluid
joint puncture, surgery, or biopsy Synovia
Cartilage
Bone
Bone marrow

(Continued)
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Table 15 (Continued).

DANBIO

Type of data Time of collection Information

Demographics Baseline Age, sex, marital status, and educational level

Treatment Previous treatment at inclusion and current treatment at | Previous and current treatment with glucocorticoids, NSAID,

each visit conventional synthetic DMARD, biological and targeted synthetic

DMARD; including dosing schedule, start and stop date, and reason for
treatment cessation

Disease characteristics Baseline Diagnosis, disease duration, serum CRP, radiographic status, anti-CCP,
and IgM-RF status

Patient-reported outcomes Each visit VAS for pain, fatigue, and patient and physician’s global scores. HAQ,
DAS28, BASDAI, BASFI, and BASMI

Comorbidities Diabetes, heart disease, etc

Lifestyle-related factor At baseline and once per year Smoking (annually), alcohol consumption, and exercise

Other measures BMI, blood pressure, and serum lipids

Notes: Data from Kringelbach TM, Glintborg B, Hogdall EV, Johansen S, Hetland ML. Identification of new biomarkers to promote personalised treatment of patients with
inflammatory rheumatic disease: protocol for an open cohort study. BMJ Open. 2018;8(2): €019325.%

*Switching from conventional synthetic DMARD to biological DMARD or from one biological DMARD to another biological DMARD indicates a new baseline.
Abbreviations: Anti-CCP, anti-cyclic citrullinated peptide; BASDAI, Bath Ankylosing Spondylitis scores for Disease Activity Index; BASFI, Bath Ankylosing Spondylitis
scores for Function Index; BASMI, Bath Ankylosing Spondylitis scores for Metrology Index; BMI, Body mass index; CRP, C-reactive protein; DAS28, Disease Activity Score
28-joints including swollen and tender joints, patient global score and CRP; DMARD, disease-modifying anti-rheumatic drugs; HAQ, Health Assessment Questionnaire
Disability Index; IgM-RF, Immunoglobulin M Rheumatic Factor; NSAIDs, non-steroidal anti-inflammatory drugs; VAS, Visual Analogue Scales.

The Danish Blood Donor Study and the Danish Blood Donor Biobank

The Danish Blood Donor Study is a cohort and biobank launched in 2010 with data from 137,574 blood donors (Table 4). The
cohort contains questionnaire-based information on health and lifestyle and plasma, and whole blood for DNA
extraction.>”>%°? Enrollment is ongoing with inclusion of blood donors in most blood donation facilities nationwide. From
2017, the biobank material has been part of the Bio- and Genome Bank Denmark (named the Danish Blood Donor Biobank).”?
Eligible persons are adults aged 18 to 74 years, who donate blood at the Danish blood donation facilities.>®*> Approximately
95% of invited blood donors choose to participate in the biobank. The blood centers are part of the public Danish healthcare
system and blood donation is voluntary and unpaid. The Danish Blood Donor Study uses existing blood bank infrastructure for
data collection, handling, and storage of samples. Danish blood donors fill out a questionnaire at every donation to assess their
health status. Donors must be physically well, weigh more than 50 kilograms, have a civil registration number, and speak and
understand Danish. Reasons for permanent exclusion include chronic infections, current or prior cancer, and most auto-
immune, neurological, or cardiovascular diseases. Donors are deferred if having an acute infection, or hemoglobin <8.4 mmol/
L in male donors and 7.8 mmol/L in female donors. A detailed sociodemographic description of Danish blood donors,
including age, sex, education, employment status, and ethnicity, is found elsewhere.”* When giving informed consent,
participants grant permission to future contact for acquisition of additional information, to use past and future blood samples
for research, and to collect data from Danish registries. Many participants donate blood several times annually. It is therefore
possible to collect consecutive biological and questionnaire data.*®"?

Table 17 shows an overview of questionnaire-based information on health and lifestyle collected by the Danish Blood
Donor Study. The questionnaires have developed over time in content and technology from paper- to a digital-based form.**
From March 2010 to July 2015, participants completed a paper-based questionnaire on self-reported physical and mental
health and some lifestyle factors. The first follow-up, digital-based questionnaire was used from July 2015 until May 2018. It
contained some of the same questions as in the first questionnaire as well as some new additional questions. A new digital-
based questionnaire was launched in June 2018 and a smartphone-based questionnaire was introduced in November 2020.

The majority of participants (~110,000 donors) in the Danish Blood Donor Study have been genotyped for >650,000
SNPs in collaboration with deCODE Genetics, Iceland. For more information on collection procedures, storage, analysis,
and quality assessment please see Hansen et al.*® Several studies have been published using the Danish Blood Donor
Study and Biobank. For instance, Burgdorf et al found a temporal association between infections with cytomegalovirus or

Toxoplasma gondii on human behaviour and mental disease.”
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Table 16 Number of Unique Biological Samples Included the Danish Rheumatologic Biobank from 2015 to 2020

2015 2016 2017 2018 2019 2020
Number Samples Individuals | Samples Individuals | Samples | Individuals | Samples | Individuals | Samples Individuals | Samples | Individuals
Blood 1282 854 4785 3037 3986 2712 3445 2132 4333 2607 3100 2061
Synovial fluid NA NA 24 14 38 22 I 7 il 6
Urine 74 60 196 76 93 42 43 18 13 9

Note: All blood samples are processed to serum, EDTA plasma, whole blood, and buffy coat.
Abbreviation: NA: n <5 (exact number not available due to Danish legislation).

Table 17 Overview of Questionnaires in the Danish Blood Donor Study

Year of Collection Information

20102015 Self-reported physical and mental health including the |2-item short form (SF-12) standardized health survey, smoking,
alcohol consumption, exercise, food consumption, supplemental iron intake, height, weight, and waist circumference
20152018 The SF-12 standardized health survey, smoking, alcohol consumption, weight, height, and questions related to allergy,
attention deficit hyperactivity disorders, migraine, hidradenitis, depression, and Restless Legs Syndrome

2018- Sleep patterns, anxiety, migraine, stress, skin diseases, endometriosis, pain, learning difficulties, SF-12, smoking, alcohol

consumption, height, and weight

2020- Gastrointestinal symptoms, sleep, dermatological symptoms, SF-12, smoking, height, and weight
December 2020 and COVID-19 related questions on how the epidemic has affected physical and mental wellbeing, including sleep, stress,
May 2021 symptoms of anxiety or depression, conditions at the workplace or in the family and general physical health

Notes: Data from Hansen TF, Banasik K, Erikstrup C et al. DBDS Genomic Cohort, a prospective and comprehensive resource for integrative and temporal analysis of
genetic, environmental and lifestyle factors affecting health of blood donors. BMJ Open. 2019;9(6): e028401.3®

Specimens Recorded in the Danish Pathology Data Bank

The Danish pathology departments provide diagnostic services on tissue and cytological specimens from all hospitals,
general practitioners, and specialist clinics. Following immediate clinical use, these specimens are stored in the archives
at the local pathology departments. The tissue specimens are paraffin embedded blocks and cytology specimens and are
all stored for later clinical use or research purposes. Electronic recording of pathological specimens began in the 1970s
and has been nationwide complete since 1997, when all pathology departments started to record national uniform data on
all specimens.®” It is mandatory for all pathology departments to report the electronic data. Because of the virtually
complete nationwide coverage, data reflect the underlying patient population (who had specimens examined) with respect
to sociodemographic characteristics, including ethnicity. Electronic recording paved the way for two national electronic
systems; the Danish Pathology Data Bank and the Danish National Pathology Registry, described below. These data
sources allow valid and efficient localization of relevant specimens, thus facilitating clinical research.

The Danish National Pathology Registry and the Danish Pathology Data Bank

The Danish National Pathology Registry was established in 1997 and holds nationwide complete records of all pathology
diagnoses. In addition, the registry holds historical incomplete records of specimens from some pathology departments
dating back to the 1970s.>? The Danish Pathology Data Bank was established in 1999 with the primary purpose to act as
a nationwide online registry for pathology diagnoses. All specimens are registered by the examining pathology depart-
ment and all previous pathology examinations can be retrieved. Further, information on new analyses is automatically
sent to update the data bank. Thus, this data bank holds updated information on pathology diagnoses.>® From 2015, the
data bank has been part of the Bio- and Genome Bank Denmark. Box 2 shows an overview of variables in the Danish
National Pathology Registry.>® A key variable in both the Danish Pathology Data Bank and the Danish National
Pathology Registry is the Danish version of Systematized Nomenclature of Medicine (SNOMED) codes. SNOMED
codes are structured on six axes: Topography (T), morphology (M), etiology (&), function (F), disease (S), and procedure
(P). The first two are mandatory in all records and the latter are optional, but generally used in a structured manner.
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Box 2 Variables in the Danish National Pathology Registry

Variables

The investigating authority (the pathology department or the practicing pathologist)

Unique ID-number for the requisition/specimen

Civil registration number

Requesting unit (hospital department or clinic)

The hospital department responsible for treatment

Dates of request, reception, and sign out

Specimen type and number

Gross and microscopy descriptions including analyses performed (eg, paraffin block, tissue slide immunohistochemical staining, RNA and DNA-analysis)

Diagnoses based on the Danish SNOMED (Systematized Nomenclature of Medicine) codes and free text

A study example that uses pathological specimens is Erichsen et al, who showed that patients with sessile serrated
adenomas/polyps or traditional serrated adenomas were at increased risk of colorectal cancer compared to a cohort
matched by sex and age. The risk was similar to or higher than that of conventional adenomas.”®

Practical Aspects
Biological material can be handed out to Danish public or non-profit researchers or specialists. Private (eg the
pharmaceutical industry) or non-Danish investigators must seek such collaboration before initiating a research project.
Data transfer to another country might be possible (with appropriate approvals), but the situation depends on type of data
and recipient country.

Danish research projects using human biological material typically need the approvals stated below (other types of
approvals can be necessary).

(1) Approval from the Danish Health Research Ethics Committee System.
(i) Approval from the Danish Data Protection Agency.
(iii) Approval from the respective biobank committees.

The Danish Health Research Ethics Committee System consists of the National Committee and thirteen regional
committees (six committees in the Capital Region, two committees in the Region of Southern Denmark, one committee
in the Region Zealand, two committees in the Central Denmark Region, one committee in the Northern Denmark Region,
and one committee at the Faroe Islands).”” Most projects need approval from one of the regional committees in the region
where the responsible investigator works.”” Approval from the Danish Data Protection Agency is obtained by reporting
the study to local authorities with data responsibility (universities or regions). Table 18 provides an overview of where to
apply for data at the respective biobank committees. Please visit the Supplementary for more detailed information on
how to apply. As biobank and registry data are stored at different platforms, linkage of data can be challenging from
a practical point of view. To provide guidance for such logistic issues, the Danish Regions and universities have
established regional data support centers.”® Clinicians and researchers can request free guidance on practical and logistic
issues from these support centers.

Future Implications

Biobanks will be a cornerstone in future health research. Biobank research can provide the basis for personalized
medicine, including targeted prevention, diagnostic efforts, and treatment with the purpose of more efficient, safe, and
cost-effective healthcare. In the future, the combination of biomarkers and clinical characteristics may be an integrated
part of predicting disease risk, prognosis, or treatment response. Personalized medicine is already applied in the field of

234 https: Clinical Epidemiology 2023:15

Dove!


https://www.dovepress.com/get_supplementary_file.php?f=392416.docx
https://www.dovepress.com
https://www.dovepress.com

Dove

Laugesen et al

Table 18 Where to Apply for Data

Email

Webpage

The Danish National Biobank
The Danish National Birth Cohort

The Danish Twin Registry and Biobank

Diet, Cancer and Health

Danish Centre for Strategic Research in
Type 2 Diabetes

Vejle Diabetes Biobank

The Copenhagen Hospital Biobank

The Copenhagen City Heart Study/ the
Copenhagen General Population Study

The Danish Cancer Biobank
The Danish Rheumatologic Biobank
The Danish Blood Donor Biobank

Pathological specimens recorded in the
Danish Pathology Data Bank

mail@nationalbiobank.dk
dnbc-research@ssi.dk
tvilling@health.sdu.dk

dchdata@cancer.dk

kurt.hoejlund@rsyd.dk
jsn@rsyd.dk

eva.rabing.brix.petersen@rsyd.dk
Ivan.Brandslund@rsyd.dk

2034.rigshospitalet@regionh.dk

anders.marcuslund-reuss.0 | @regionh.dk

RBGB.sekretariat.herlev-og-gentofte-hospital @regionh.dk
RBGB.sekretariat.herlev-og-gentofte-hospital @regionh.dk
RBGB.sekretariat.herlev-og-gentofte-hospital @regionh.dk

Access to registry data in the Danish Pathology Data Bank:
lone.bojesen.02@regionh.dk

danishnationalbiobank.com/access
dnbc.dk/access-to-dnbc-data

sdu.dk/en/om_sdulinstitutter_centre/
ist_sundhedstjenesteforsk/centre/dtr/researcher/guidelines

cancer.dk/research/dcrc-research/diet-cancer-and-health/

dd2.dk/forskning/ansoeg-om-data
NA

regionh.dk/forskning-og-innovation/Region-Hovedstadens-
biobank/Sider/default.aspx

frederiksberghospital.dk/afdelinger-og-klinikker/
oesterbroundersoegelsen/om-undersoegelsen/Sider/default.
aspx

cgps.dk

rbgb.dk/cancer/fagfolk/anvendelse-af-materialer/
rbgb.dk/reuma/anvendelse-af-materialer/
rbgb.dk/bloddonor/anvendelse-af-materialer/

patobank.dk/ansoeg-om-data/ansoegningsskema/

For access to pathological specimens, the application should
be directed to the local pathology departments

Note: Detailed information regarding the application processes is described in the Supplementary.

oncology, where clinical characteristics and biomarkers are used to guide the most optimal treatment strategy for certain
cancers.” Other medical fields may be less advanced, but have great potential for future research with few examples
presented next. Current clinical guidelines for treatment of rheumatic autoimmune and inflammatory diseases revolve
around clinical characteristics only. A large number of patients have poor treatment response and/or severe side effects.
Consequently, patients must try out several drugs before finding the most ideal, leading to negative patient experience
and less cost-effective healthcare. Tailored treatment, including biomarkers, can have great implications for this group of
patients.*® Diabetes is another growing field within personalized medicine. For instance, subclassification of type 2
diabetes may associate with individual prognosis and treatment response.'°® Moreover, novel biomarkers for prediction
of late diabetic complications could be a valuable clinical tool. Prenatal programming is also gaining more attention.
Biobanks can play a key role in understanding how prenatal exposures influence later risk of diseases, including how
exposures may interact with genetic factors.

In conclusion, the setting in Denmark provides several advantages and possibilities for biobank health research.
Biobanks can be linked to population-based registries and databases with the advantage of complete follow-up and the
possibility to gain additional clinical and sociodemographic information not stored by the biobanks themselves. Last,
Denmark has made great efforts to ensure high-quality biobank infrastructures and offers great expertise in such matters.
The future implications of Danish biobank research are promising.
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