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The health care systems in many countries are facing several challenges: the aging popu-

lation, the need for personalized medicine, evolving treatment modalities,  quality and 

safety imperatives, and unsustainable costs, to mention only a few. Population aging in 

the face of significant pressure to contain costs is perhaps the most  immediate challenge. 

The proportion of people aged 65 years or older in Western Europe and North America 

is expected to increase to 26% in 2025. Furthermore, clinical medicine in the Western 

world is confronting an evolving set of diseases, as smoking becomes less prevalent and 

obesity more common. Diagnostics and treatment of chronic disease have improved, 

while the threshold for initiating preventive treatment of asymptomatic conditions has 

been lowered. Consequently, the number of patients with  multimorbidity, that is, the 

coexistence of several chronic diseases, will increase dramatically.1 To treat a disease 

or prevent its progression, patients with several chronic diseases often take multiple 

drugs, each with potentially severe side effects. In patients with multiple morbidities, 

“polypharmacy” is a challenging clinical issue, often associated with iatrogenic harm.2 

A call for innovative approaches to polypharmacy has been the focus of recent editorials 

in high-impact medical journals.3–5 Randomized trials rarely address multimorbidity, 

adherence to treatments, co-intervention (polypharmacy), or their long-term risks.6 

These challenges underscore the need for population-based long-term longitudinal 

clinical data available for clinical care and research.

The Nordic countries have a long history of registration of health events using dis-

ease and administrative registries. The first disease registry in the world – the Leprosy 

Registry in Norway – was established as early as 1856.7 In the 20th century, registries 

on causes of death, tuberculosis, and cancer (in Denmark, in 1943) were added. The 

establishment of the National Population Registry with a personal registration number, 

in 1968 in Denmark (and similar registries in other Nordic countries), opened the pos-

sibility of lifelong collection of information on the same person in all independent 

registries in the given country throughout each person’s entire lifetime.8 This is a rather 

unique situation for Denmark and the other Nordic countries compared with other 

countries. Thanks to recent technological developments, Denmark has established 

dozens of medical registries over the last decades as a part of the public administration 

of the health care system and related areas. It is a constellation of three conditions – 

universal health care, individual linkage, and a long tradition of  longitudinal routine 
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data collection – that makes Denmark and other Nordic 

countries an ideal place of epidemiologic research.

Over the recent decades, the clinical quality databases, a 

new group of medical databases, have evolved in Denmark. 

Many of these databases had been founded and initially 

operated by enthusiastic clinicians.9 These databases typi-

cally cover all patients with a specific disease (eg, colorectal 

cancer) or those undergoing a specific surgical procedure 

(eg, hip replacement). In 2001, Danish Regions (formerly 

counties) established an administrative infrastructure for 

approval and support of the clinical quality databases with 

the aim of meeting the need for monitoring the clinical qual-

ity and patient safety. Since 2006, there has been a specific 

procedure in place to improve and operate the clinical quality 

databases, and since 2011 they have been organized in an 

administrative structure, the Danish Clinical Registers.10 To 

obtain approval and public funding, the program requires that 

a database cover at least 90% of the patients with a disease 

in the Danish hospital system. Similar programs exist in 

the other Nordic countries, whose combined population is 

>25 m individuals. Obviously, these databases have a huge 

research potential because they represent complete cohorts 

of patients with verified diagnoses, detailed clinical data, 

and possibility for complete and longitudinal follow-up. The 

Novo Nordisk Foundation and the Lundbeck Foundation 

have recognized the potential and have provided a grant to 

the Danish Regions with the aim of improving the research 

potential of the clinical quality databases. This has resulted 

in a series of papers published in this Thematic Series of 

Clinical Epidemiology, in which most of these clinical quality 

databases are described in detail.

However, several challenges must be overcome before the 

research potential of the clinical quality databases is fulfilled. 

Given the wide spread of multimorbidity, it is a challenge 

that the patients’ clinical history is recorded in 60 separate 

databases. To use the data for research, an approval is required 

from each database, which is associated with a substantial lag 

time. Moreover, we do not know in which individual clini-

cal databases the patients are recorded. The large number of 

individuals living for years with chronic disorders such as 

osteoarthritis of the hip or knee, obesity, diabetes, cancer, 

and vascular diseases exemplifies the problems.

Personalized medicine is a rapidly advancing concept, 

entailing medical decision-making and treatment custom-

ized to individual patients using genetic or other clinical 

information.11 This approach was practiced by clinicians long 

before the term “personalized medicine” was introduced. For 

example, oncology has a long history of adjusting treatment 

according to tumor stage and anatomical and pathological 

findings.12 New technologies permit rapid, inexpensive, 

and comprehensive molecular profiling of a large number 

of individuals.13,14 As a result, many biobanks have been 

established in Denmark such as the Danish National Bio-

bank and the Danish Cancer Biobank.15,16 A crucial element 

for personalized medicine in the future is comprehensive 

description of patients’ phenotypes (observed physical/

biological characteristics), since changes in phenotype are 

one of the most valid manifestations of altered gene func-

tion.17 In combination with clinical databases and registries, 

the biobanks provide excellent opportunities for research 

on personalizing medicine. However, for these biobanks to 

reach their full potential, high-quality data are needed on dis-

ease severity, response to therapy, comorbidity, and adverse 

effects. Improved descriptions of patients’ phenotypes are 

therefore extremely important to optimize utilization of 

Danish biobanks in clinical research. Information combining 

the best evidence on benefits and safety is needed for daily 

clinical practice. Whenever a patient and a physician decide 

on a particular course of treatment, they expect the benefits 

to exceed the harms. While medical advances offer accurate 

diagnostic and treatment information that might optimize 

patient outcomes,18 the exploding number of diagnostic and 

treatment combinations also poses significant risk of diagnos-

tic and therapeutic error.3 Preventable iatrogenic infections 

and venous thromboembolism have been estimated to cause 

200,000 deaths annually in the USA,19 and many thousands 

of deaths are associated with diagnostic errors.20,21 This 

further stresses the need for updated clinical data and easy 

access to the entire medical history for treating physicians. 

We call this approach electronic personalized medicine and 

it is prerequisite for high-quality clinical care.

Denmark has unrealized potential to meet the challenge 

of understanding the benefits, risks, and costs of clinical care. 

The Program for Clinical Research Infrastructure initiative is 

the first step in this process that brings together research and 

clinical practice. Development of the health care system and 

the technological development will lead to a substantial num-

ber of opportunities in the future. However, it requires com-

prehensive integration of clinical epidemiology, biostatistics, 

and clinical quality to translate these issues into clinical care. 

The data agencies in charge have a responsibility to make 

the data available for research and clinical care progress. 

The data are collected by the clinicians in the hospitals and 

form a substantial resource. We, researchers and clinicians, 

given the goldmine of data from everyday clinical practice, 

generously provided to us by patients for many decades, have 
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the ethical obligation to give these data back to the future 

generations of patients in the form of research that serves 

improvement of health and well-being.
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