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ABSTRACTABSTRACT

Health registries provide opportunities for conducting large-scale, population-based studies, but attention must be devoted to
their specific limitations. Herein, we describe potential limitations that may affect the validity of registry-based research. Our
review includes descriptions of 1) populations, 2) variables, 3) medical coding systems for medical information and 4) selected
key methodological challenges. Knowledge of such factors and epidemiological study designs in general is likely to increase the
quality of registry-based research and reduce potential biases.

.

KEY POINTSKEY POINTS

Danish health registries offer an opportunity for performing large-scale, population-based studies with complete follow-
up.

The research value of a registry depends on the quality of target population registration and the registry variables.

Left truncation, right and left censoring and changes in the diagnostic criteria over time may affect the research value of
registries.

.

Denmark and the remaining Nordic countries have a long history of registry-based research. A step forward for
registry-based research was the introduction of the personal registration number (CPR number) in 1968. Since
then, the CPR number has allowed recording of information on an individual-level basis in various registries [1].
In comparison with many other countries, this is a unique situation that has improved registry-based research in
Denmark. Denmark has a large network of population-based registries and databases routinely collecting data as
a byproduct of healthcare administration (Figure 1Figure 1) [2, 3]. The Danish health registries and databases may
broadly be divided into disease registries (e.g., the Danish Cancer Registry), administrative registries (e.g., the
Danish National Patient Registry (DNPR)) and clinical quality databases (e.g., the Stroke Database) [2]. In the
following, we use the term registry for both health registries and databases.
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Health registries offer an opportunity for large-scale, population-based studies with several advantages [4-8]: 1)
Their large size improves the precision of estimates and enables the study of rare exposures and outcomes with
long-term latency, 2) Inclusion of nearly all individuals in the target population ensures that the data reflect
routine clinical care and all clinical segments of the source population, 3) Data are collected independently of
each research study, thus minimising certain types of bias, e.g., non-response, and the influence from attention
to the research question on the diagnostic process.

However, the limitations of using health registries are often ignored. Important problems encountered in
research based on registry data include the degree of sensitivity and specificity for capturing patients with
certain diseases and the validity of the information contained in the data. Poor data quality may permanently
impede research and pose ethical problems. The timeliness and relevance of the data are important for many

.
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research questions. If a substantial lag time exists, this may possibly delay the recognition of important new
trends or findings. Data must be collected and reported in a manner that is relevant to the needs of clinicians,
public health officers and policy makers.

Below, we review the following health registry characteristics affecting the value of registry-based research: 1)
the population, 2) the variables, 3) the coding systems of medical information and 4) selected key methodological
challenges.

POPULATIONPOPULATION

In Denmark, the entire population is recorded in the Civil Registration System through the CPR number [1]. The
Civil Registration System contains information on migration and vital status, thus enabling studies on the entire
population with nearly complete follow-up [1]. However, the ability to identify specific patient populations
varies across registries. For example, examining diseases diagnosed and treated primarily by general
practitioners, such as migraine and hypertension, poses a challenge in Denmark because the diagnoses made by
general practitioners are unavailable in Danish administrative registries [1]. The concept of coverage is often
used to describe the proportion of eligible cases included in the database.

Eligibility for inclusion in some registries may also change over time, thereby increasing the risk of loss to
follow-up. Even in the best registries, some patients will not be included due to data error, failure to record the
relevant diagnosis or procedure or administrative error [8]. The term consistency is often related to the use of
diagnostic codes over time and whether they have been used in the same way by different hospitals and
clinicians over time. These problems also relate to Danish registries although they are a larger concern in many
other countries such as the US where, e.g., inclusion in the US Medicaid programme is continuously determined
on the basis of health status and socioeconomic factors [9].

VARIABLESVARIABLES

Health registries may be used to obtain data on exposures, outcomes and potential confounders [2]. Registry
records contain information on several variables, including diagnoses, surgical procedures, selected hospital-
based treatments and prescribed drugs [2]. The validity of a variable is the extent to which it measures what it is
intended to measure. Lack of validity is referred to as bias. . Routinely conducted systematic validation of
variables is not performed in many registries.  The two key validity measures used in registry research are
sensitivity and positive predictive value. The sensitivity is the ability of the registry to capture individuals with,
e.g., a disease. The positive predictive value is the probability that an individual recorded with a characteristic
has the given characteristic. Specificity is often very difficult to examine. Review of medical records is often used
to examine the positive predictive value of diagnoses in hospital discharge summaries, birth and cancer registry
data [10]. Reassuringly, many studies have indicated a high or adequate predictive value for many variables in
the main Danish health registries [11, 12]. Nonetheless, predictive value is only one of several validity
parameters.

.

Exposure exampleExposure example

A major strength of the Danish prescription data is that drug use is designated according to actual dispensing
rather than prescribing. However, using prescription registry data to assess drug exposure still requires
consideration of potential exposure misclassification. Non-steroidal anti-inflammatory drugs (NSAIDs) may
provide an example of the strengths and weaknesses that must be considered in assessing drug exposure data
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from the Danish National Prescription Registry [13], specifically misclassification of true NSAID use as non-use
or vice versa [14, 15].

Misclassification of true NSAID use as non-use in registry-based studies results from over-the-counter (OTC)
drug sales or in-hospital use. OTC NSAIDs include aspirin in all preparations, diclofenac (during 2007-2008) and
low-dose ibuprofen (200 mg tablets) since 27 March 1989 [15]. Regular users of NSAIDs have an economic
incentive to obtain the drugs by prescription so that they qualify for reimbursement through the programme of
the National Health Service. Moreover, the Danish Health Authorities have restricted dispensing of OTC
ibuprofen to adults and 20 tablets per dispensing [15]. Thus, the proportions of total NSAID sales dispensed by
prescription, and consequently captured in prescription registries, are high at approximately 90% for low-dose
aspirin, 75% for ibuprofen and 100% for all other non-aspirin NSAIDs (as of 2019) [14, 15]. In practice,
misclassification due to OTC NSAID use therefore rarely has any impact on effect estimates in registry-based
studies [14, 15]. Misclassification of non-use as NSAID use results primarily from patient non-adherence or
stockpiling of prescribed NSAIDs or aspirins [15].

OutcomesOutcomes

Administrative health registries, such as the DNPR, provide a rich data source for identifying outcomes such as
diseases and procedures [10]. Thus, the DNPR may be used to study outcomes and prognostic factors in well-
defined patient groups (e.g., diagnostic examinations, recurrence and complications) [10]. These patient groups
may be identified from the DNPR, other registries or from surveys [10]. The DNPR is also used to gather long-
term follow-up data for randomised trials using clinically driven outcome detection [16]. The automated event-
detection feature of the DNPR allows large, low-cost randomised trials that reflect daily clinical practice, cover a
broad range of patients and endpoints and include lifelong follow-up [17, 18]. As with cohort studies, case-
control studies [19] and ecological studies [20], DNPR data may also be used to identify exposures and
cases/outcomes.

Confounding exampleConfounding example

Confounding may be a challenge in registry-based research due to a lack of recording of key covariates. For
example, obesity is a potential confounder in many studies. However, exact BMI measurements cannot be
entered into the DNPR, which only allows the diagnosis codes for overweight and obesity. In clinical settings,
these diagnoses are rarely used, thus leading to potential unmeasured confounding [21].

CODING SYSTEMSCODING SYSTEMS

Most registries use coding systems, and researchers must be familiarised with these. Here, we discuss several of
the most commonly used coding systems in Danish and Nordic registry-based research.

International Classification of DiseasesInternational Classification of Diseases

For more than a century, the International Classification of Diseases (ICD) has been the basis for comparable
statistics on causes of mortality and morbidity across locations and over time. The most recent version of the
ICD, ICD-11, was used by the 72nd World Health Assembly in 2019. In Denmark, ICD-10 is still used. Researchers
must be aware that changes in codes and diagnostic criteria may impede comparison of data over long time
periods. Other challenges that may limit the utility of information coded according to the ICD are: 1) coding
variations among institutions and coders, 2) coding errors, 3) lack of coding of co-morbidities and lifestyle
factors, 4) limitations regarding the specificity of available codes and 5) errors and variations in the clinical
diagnoses on which the coding is based [4, 22].
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Coding of surgical proceduresCoding of surgical procedures

From 1977 to 1995, surgical procedures were registered in the DNPR according to three consecutive editions of
the Danish Classification of Surgical Procedures and Therapies [23]. These codes were divided into groups
according to specific organ systems. Since 1996, surgical procedures have been coded on the basis of a Danish
Version of the Nordic Medico-Statistical Committee Classification of Surgical Procedures (NOMESCO) [24]. Every
NOMESCO code consists of three alphabetic characters that reflect the 1) general and 2) specific anatomic region
and the 3) general method of the procedure. These characters are combined with two numerical characters (at
positions 4 and 5) identifying the exact procedure. For example, the code for colonoscopy with biopsy includes
“U” for transluminal endoscopy, “J” for gastrointestinal tract, “F” for colonoscopy and “35” for the specific
procedure. Hence, the combined code is “UJF35”.

Systemized Nomenclature of Medicine codingSystemized Nomenclature of Medicine coding

In the Danish Pathology Data Bank and the National Pathology Registry, specimens are classified according to
the Systematized Nomenclature of Medicine (SNOMED) [25]. The SNOMED classification is based on six axes of
codes. Each axis is identified with an alphabetic character followed by a five-digit number. The first three axes
(T, M, and Æ) reflect the topography, morphology and aetiology of the specimen, respectively. The fourth axis
(F) reflects all normal and abnormal functions of the specimen (e.g., expression of mismatch repair proteins for
colorectal cancer) and the fifth axis (S) reflects all diseases and syndromes associated with the specimen (e.g.,
Crohnʼs disease). The sixth axis (P) reflects all procedures associated with the specimen. More information on
the use of SNOMED codes, including a description the of five-digit number system for each axis, can be found at
[26].

Anatomical Therapeutic Chemical code systemAnatomical Therapeutic Chemical code system

The Anatomical Therapeutic Chemical (ATC) code system classifies medicinal products by their active
substances and pharmacological and therapeutic subgroups [27]. The ATC classification system is a hierarchical
classification based on the active substances, with five sublevels [27]. The first level is the main
anatomical/pharmacological group, which is labelled with a letter (A, B, C, etc.). The second level describes the
therapeutic subgroups (e.g., drugs used in diabetes) and the third and fourth levels are associated with a
chemical, pharmacological or therapeutic subgroup. The fifth level is the chemical substance (e.g., metformin)
[27]. A given ATC code is also assigned a unit of measurement, route of administration and a defined daily dose
[13, 27].

International System of Nomenclature, Properties and UnitsInternational System of Nomenclature, Properties and Units

Individual biomarker data from point-of-care testing and biological samples (e.g., blood, urine, joint fluid or
cerebrospinal fluid) obtained by general practitioners and hospitals in Denmark are routinely recorded in the
Register of Laboratory Results for Research and coded according to the International System of Nomenclature,
Properties, and Units (the NPU system) [28-31]. The NPU system requires that laboratory results are coded with
information including: 1) the part of the human body undergoing examination (e.g., urine, plasma, secret, etc.),
2) component measured in the sample (e.g., calcium, ethanol, glucose, etc.), 3) relevant kind-of-property (e.g.,
substance concentration, mass fraction, arbitrary content, etc.) and 4) unit of measurement [30].

SELECTED METHODOLOGICAL CHALLENGESSELECTED METHODOLOGICAL CHALLENGES

Truncation and censoringTruncation and censoring

Health registries include exposures and outcomes during defined time intervals. Exposures and outcomes
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occurring before the initiation of registration cannot be included in studies. Left truncation occurs if individuals
who have already experienced the exposure or event of interest at the beginning of follow-up are not included in
a registry [32]. For example, the DNPR has recorded information from all inpatient contacts since 1977 [10].
However, registration of information from outpatient clinics and emergency departments did not become
available until 1995. Thus, diagnoses and procedures conducted in an outpatient setting before 1995 are
truncated. Should an individual be registered with a diagnosis both before and after initiation of a registry,
his/her prevalent disease may possibly be classified as incident disease in the period immediately after initiation
of a registry (left censoring), thus resulting in overestimation of disease incidence. To reduce this limitation,
incidence studies typically apply a wash-out period. As an example, a Danish study of trends in myocardial
infarction occurrence reported incidence from 1984 onwards to have seven years of patient history since the
start of the DNPR 1977 to exclude prevalent disease cases [33].

Events may also occur after the end of follow-up, and some diseases may not manifest until years after disease
onset [8]. Congenital heart diseases are a classic example, because they often are not diagnosed until many years
after onset. A study following children until one year after birth may overlook less severe cases, as a
consequence of right censoring.

Changes in diagnostic criteriaChanges in diagnostic criteria

Beyond changes in classification systems, other factors may affect coding practice such as changes in diagnostic
criteria. Thus, the use of more sensitive diagnostic methods over time (diagnostic drift) may limit the
interpretation of secular trends in incidence. For example, a transient increase in the observed rate of
myocardial infarction between 2000 and 2004 was probably attributable not to a true increase in occurrence but
to new diagnostic criteria introduced with the redefinition of myocardial infarction in 2000, which included
troponin as a diagnostic biomarker [33].

CONCLUSIONCONCLUSION

Health registries provide an opportunity to conduct excellent epidemiological research. However, attention must
be devoted to their potential limitations. The study design and whether the data are suitable for answering the
given research question must always be critically considered in registry-based research.
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