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Purpose: Creatinine data are key in identifying acute and chronic kidney disease. In Denmark, routine clinical care creatinine data
have been collected regionally in the Clinical Laboratory Information System Research Database (LABKA) since the 1990s and
nationwide in the Register of Laboratory Results for Research (RLRR) since 2013. Here we describe the geographical coverage of the
databases and characteristics of Danish individuals with creatinine tests. This information is pivotal for the design and interpretation of
studies using these data to examine kidney disease epidemiology.

Patients and Methods: We included all creatinine tests in LABKA and RLRR from 1990 through 2018. The daily number of
creatinine tests by municipality and region of residence were plotted and geographical coverage was ascertained. In addition, we
characterized a contemporary cohort of creatinine-tested individuals in 2016-2018.

Results: During 1990-2018, 61,011,941 creatinine tests were available for 4,647,966 unique Danish residents. The North Denmark
Region was the first region to achieve complete reporting in November 2004, and nationwide reporting was complete starting in
October 2015. In each year from 2016 to 2018, more than a third of Danish residents had a recorded creatinine measurement, with the
highest proportion of tested individuals aged 77-87 years and the lowest proportion aged 3—5 years. During 20162018, the creatinine-
tested cohort had a median age of 53 years (IQR, 35-67 years) and included 54.3% women. The most common comorbidity was
a hospital-based diagnosis of hypertension (12.0%), and the most common prescription drug was angiotensin-converting enzyme
inhibitors and angiotensin II receptor blockers (15.8%).

Conclusion: In combination, the population-based LABKA and RLRR databases provide regional creatinine data with long follow-up
and nationwide data for the Danish population. There was considerable variation in the time of complete geographical coverage by
region, which needs to be considered when using these data for studies on kidney disease epidemiology.
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Introduction

Kidney diseases represent a heterogeneous group of acute and chronic conditions with high morbidity and mortality.'~
Chronic kidney disease (CKD) has an estimated global prevalence of 9%," and acute kidney injury (AKI) occurs in up to
one in five hospitalized patients.> Both CKD and AKI are associated with an increased risk of cardiovascular disease and
mortality.*® In the most recent international guidelines, the Kidney Diseases Improving Global Outcomes (KDIGO)
defines CKD and AKI based mainly on serum creatinine and urine albumin-creatinine ratio levels.”* Routinely collected
healthcare data from laboratory databases are therefore increasingly used to study CKD and AKI. This permits more

accurate, timely, and complete identification of patients than by use of diagnosis codes.” '
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Denmark has a long tradition of collecting and storing individual-level healthcare information.'? Laboratory data have
been collected in the North and Central Denmark Regions since the 1990s,'* in Funen during 2000-2015,'? in the Region
of Southern Denmark during 2006-2013,"> and nationwide since 2013.'® The coverage and completeness of recorded
creatinine tests in the databases covering Funen and the Region of Southern Denmark have previously been
described.'>'> However, similar detailed characteristics of the Clinical Laboratory Information System Research
Database (LABKA) covering the North and Central Denmark Regions and the nationwide Register of Laboratory
Results for Research (RLRR) have yet to be examined.

Information on database coverage and patient characteristics are pivotal for the accurate interpretation of findings
when laboratory data are used for population-based research. Therefore, the purpose of the study was to describe the
combined creatinine data from LABKA and RLRR. We aimed to identify the time point when each municipality and
region achieved complete reporting to the databases, describe the characteristics of creatinine-tested individuals and the
source population, and describe the annual proportions of individuals with a recorded creatinine test.

Materials and Methods
Setting

This study was conducted in Denmark, which has a tax-funded healthcare system allowing for universal access to both
general practitioners and specialized care, free of charge.'* Following a 2007 government reform, the number of Danish
municipalities was substantially reduced and the country’s five regions (the North Denmark Region, the Central Denmark
Region, the Region of Southern Denmark, the Region Zealand, and the Capital Region of Denmark) became the main
administrative units overseeing hospitals, general practices, and specialists in private practice.'” When assessing report-
ing to the laboratory databases by geographical area, we applied the structure of regions and municipalities of 2007 to the
entire study period. This allowed us to make our findings relevant to contemporary Denmark.

In 2018, Denmark had a population of 5.8 million residents of whom 0.6 million resided in the North Denmark
Region, 1.3 million resided in the Central Denmark Region, 1.2 million resided in the Region of Southern Denmark,
0.8 million resided in the Region Zealand, and 1.8 million resided in the Capital Region of Denmark.'®

Creatinine Databases

Conventional venipuncture blood samples from general practices and hospitals in Denmark are analyzed at hospital-
based laboratories. Results from these blood samples are then stored in the National Lab Databank (“Den Nationale
Labdatabank™), making them available to both the individual who was tested and treating physicians. The data are then
transferred to the Register of Laboratory Results (“Laboratoriedatabasen”) and from there to the RLRR
(“Laboratoriedatabasens Forskertabel”), which provides data for research through the Danish Health Data Authority."”
In addition to laboratory test results, coded according to the Nomenclature for Properties and Units (NPU), the RLRR
contains information on an individual’s unique Civil Personal Register (CPR) number, date and time of sampling,
identification codes for the original laboratory and requisitioning physician, unit, and reference intervals.'®"?

The regional LABKA database contains laboratory information on blood samples drawn in general practices and
hospitals in two of the five Danish regions (the North and Central Denmark Regions) since the 1990s.'* The database
contains the same variables as the RLRR and has information on more than 1700 different blood test analyses recorded
according to NPU codes and/or by specific analysis numbers."*

Study Cohort

In the cohort of creatinine-tested individuals, we included all individuals with results of one or more plasma creatinine
tests in LABKA and RLRR databases from 1 January 1990 until 31 December 2018.'*'® Clinical care creatinine testing
is widely used in patients with acute disease and for monitoring chronic diseases such as diabetes, kidney diseases, and
cardiovascular diseases. Therefore, individuals with creatinine tests are expected to differ from the general population. To
illustrate potential differences in a contemporary cohort, we identified a general population cohort using a monthly 2%
random sample of all active CPR numbers belonging to individuals residing in Denmark during 2016-2018.
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Individual-Level Linkage to Other Data Sources

All Danish citizens are assigned a unique CPR number at birth or upon immigration.*® This allows for individual-level
linkage of data across Danish medical databases such as disease, procedure, prescription, and population registries, which
are renowned for their high quality, long recording periods, and completeness.'**' Examples of databases and registries
that can be linked by CPR number are shown in Figure 1. These include:

e The Danish Civil Registration System, which contains the CPR number and data on sex, date of birth, vital status,
20,22

residence, and immigration status.
¢ The Danish National Patient Registry, which contains longitudinal information on dates of hospital admission,
outpatient clinic visits, treating department and hospital, diagnoses, examinations, and treatments (including dialysis
and surgical procedures) for all patients discharged from non-psychiatric hospitals since 1977 and from emergency
clinics, outpatient clinics, and psychiatric hospitals since 1995.%
e The Danish National Prescription Registry, which contains individual-level information on all prescriptions for

drugs sold in Danish pharmacies or used at nursing homes since 1995.%*
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Figure | Data linkage possibilities.
Notes: Creatinine data from the Clinical Laboratory Information System Research Database (LABKA) and the Register of Laboratory Results for Research (RLRR) can be
enriched with data from a wide range of nationwide registries.
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e The National Health Insurance Service Registry, which contains nationwide information on health services
delivered by health care professionals in the primary health care sector (eg general practitioners, private practice
specialists, physiotherapists, dentists, and psychologists) since 1990.%°

e The Danish National Pathology Registry, which contains nationwide records of all pathology specimens analyzed in
Denmark since 1997 and records from some pathology departments back to the 1970s.%°

Variables

Creatinine test results in LABKA were identified by NPU or local analysis codes and in RLRR by NPU codes. eGFR was
calculated based on creatinine, age, and sex using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation, assuming non-black race.?” Information on patient characteristics was obtained at the time of the first creatinine
test for individuals with a creatinine test in 2016-2018 and at the time of sampling for individuals in the general
population cohort. Information about sex and age was obtained from the Danish Civil Registration System.”® We also
extracted information on inpatient and outpatient diagnoses within 10 years before the index date,?® prescriptions filled
within 90 days before the index date,”* contacts (including in-person visits, telephone calls, and online consultations)
with general practitioners,” and any prior kidney biopsies.?® Location at the time of the test was defined as: 1) inpatient
if the patient was admitted or in the emergency room on the day of the test; 2) outpatient if the patient had a visit to an
outpatient clinic on the day of the test; and 3) primary care if 1) or 2) were not fulfilled.

Statistical Analyses

To ascertain when each municipality and region achieved complete reporting to the LABKA and RLRR databases, we
extracted data on place of residency of all included individuals on 1 January each year from 1990 to 2018. The total
number of tests within each municipality and region was computed and plotted against calendar year. We furthermore
estimated and plotted the annual proportion of individuals with a creatinine test by region from 2008 to 2018, using
census data from Statistics Denmark as the denominators.'® We also plotted the daily number of creatinine tests for each
municipality. Achievement of complete geographical coverage was defined as the timepoint when daily numbers of
reported test results became stable. Reporting for regions was considered complete when all municipalities within the
region achieved complete reporting. Figure S1 illustrates the typical pattern of reporting and the transition from
incomplete to complete coverage in a municipality. To support the assessment of complete coverage, we performed
a quantitative analysis in which complete coverage in a municipality was defined as the time from which, each month at
least 8% of individuals with diabetes had a creatinine test (except for July, which is the principal month of summer
vacation in Denmark). We choose 8% per month because current Danish guidelines recommend that all individuals with
diabetes have a least one annual creatinine measurement (ie, on average 8% should have a monthly test).”® >> When the
quantitative analysis showed a later time of complete coverage than the visual inspection, the plots were reassessed and
a consensus on the time point of complete reporting was reached among the authors. The ascertainment of complete
reporting was done for the combined data from LABKA and RLRR and in a supplementary analysis for RLRR alone.

When characterizing individuals with a creatinine test and the random sample drawn from the general population in
20162018, we present categorical variables as counts with proportions and continuous variables as medians with
interquartile range (IQR).

We assessed creatinine test coverage by plotting the proportion of individuals with a creatinine test during 20162018
against age as of 1 January 2016 overall and by sex. The denominator for each year of age was defined as the number of
residents in each region on 1 January 2016 using census numbers from Statistics Denmark.'® Analyses, with accom-
panying illustrations, were carried out using SAS version 9.4 (Cary, NC, USA) and R version 4.1.2°% including the
Tidyverse package.*

Under Danish law, ethics approval and informed consent are not required for registry-based observational studies. In
accordance with the General Data Protection Regulation, the study was reported to the Danish Data Protection Agency
(record number 2015-57-0002) by registration at Aarhus University (record number 2016-051-000001/812). The
pseudonymized data were stored and analyzed on secure servers hosted by the Danish Health Data Authority.
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Results
The study cohort included 4,647,966 unique Danish residents with 61,011,941 creatinine tests performed during the
19902018 period.

Geographical Coverage

The overall pattern of annual reported tests showed a steady increase from regions reporting to LAKBA (North and
Central Denmark Regions), while regions reporting only to RLRR (the Capital Region of Denmark, the Region of
Southern Denmark, and the Region Zealand) showed a sudden increase corresponding to the initiation of reporting to that
database (Figure 2). The annual number of creatinine tests from the Central Denmark Region increased markedly during
the 2000s and continued to increase, though at a lower rate, in the 2010s. The North Denmark Region showed a stable
increase in creatinine tests starting around 1997. The Capital Region of Denmark, the Region of Southern Denmark, and
the Region Zealand showed a sharp increase in reported creatinine tests, and most municipalities within one of these
regions had the same time of reporting onset (Figure 2).

Based on visual inspection and the quantitative measure of when each month at least 8% of individuals with diabetes
had a creatinine test, the North Denmark Region achieved complete geographical coverage of all municipalities in
November 2004 (except for a transient small drop in recorded tests from the municipalities of Thisted and Morsg from
September 2009 to March 2011). Using the same approach, the Central Denmark Region achieved complete coverage in
November 2009, the Capital Region of Denmark in October 2014, the Region of Southern Denmark in October 2015, and
the Region Zealand in February 2014 (Figure 3 and Table S1).

In recent years, the North and Central Denmark Regions have been reporting to both LABKA and RLRR. However,
temporal coverage differs as complete historical data have not been transferred from LABKA to RLRR. When restricting
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Figure 2 Number of creatinine tests in Danish municipalities and regions per year.
Notes: The colored lines represent the annual number of tests by region and the gray lines represent the annual number of tests by municipality within the region. The
Y-axis shows the annual number of tests in millions.
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Figure 3 Map of Denmark showing the time when complete reporting was achieved by municipality.
Notes: The color of the municipality corresponds with the time when complete reporting was achieved. The black lines demarcate the regional borders.

the analysis to data from RLRR, the North Denmark Region shows complete coverage starting in January 2014 and the
Central Denmark Region from April 2011 (Table S2).

The annual proportion of individuals with a creatinine test showed a steady increase within all regions after achieving
complete coverage (Figure 4 and Table S3). During the 20162018 period, when all regions had complete reporting, we
found similar annual proportions of individuals with a creatinine test across regions. The Region of Southern Denmark
had the highest annual proportion of tested individuals (40.9%-41.8%) and the Capital Region of Denmark had the lowest
proportion (33.7%-35.1%) during the period.

Characteristics of the Creatinine-Tested Cohort
During the period from 2016 to 2018, 3,403,441 unique Danish residents had a creatinine test (Table 1). Of the
22,186,849 tests performed in the period more than half were done in the primary care setting. Among individuals
with a creatinine test, 54.3% were women and the median age was 53 years (IQR, 35-67 years) (Table 1). The median
number of tests in the period was 3 (IQR, 1-7) and the median eGFR was 92 mL/min/1.73m? (IQR, 77-107 mL/min/
1.73m?). The most common comorbidity was a hospital-based diagnosis of hypertension (12.0%) and the most common
prescription drugs was angiotensin-converting enzyme inhibitors (ACE-I) and angiotensin II receptor blockers (ARBs)
(15.8%). During the month leading up to the first creatinine test, 48.3% of individuals had one or more contacts with a
general practitioner, 12.0% had one or more hospitalizations, and 4.1% had surgery.

The random sample from the general population in the 20162018 period included 2,971,317 unique residents
(Table 1). This cohort included 1,298,941 (43.7%) individuals who had a creatinine test in the period and were therefore
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Figure 4 Annual proportions of individuals with a recorded creatinine test.

also included in the creatinine cohort. Compared with the general population cohort, the cohort of creatinine-tested
individuals had a higher proportion of women (54.3% vs 50.3%) and a higher median age (53 vs 41 years) (Table 1).
Additionally, individuals with a creatinine test had a higher prevalence of most comorbidities (eg 7.2% vs 4.4% for
diabetes) and prescription drug use (eg 67.2% vs 47.0% used any prescription drugs) compared with the general
population cohort. Similarly, the proportion of creatinine-tested individuals with a contact with a general practitioner

Table | Characteristics of Individuals with a Creatinine Test and of a Random Sample of the General Population

in 20162018

Individuals with a Creatinine
Test in 2016-2018 n (%)

Random Sample of the General
Population in 2016-2018 n (%)

Number of individuals

Number of individuals with a creatinine

3,403,441
3,403,441 (100)

2,971,317
1,298,941 (43.7)

test

Number of creatinine tests after index 22,186,849 6,348,139
Primary care tests 12,386,753 3,557,670
Outpatient tests 2,202,072 630,650
Inpatient tests 7,598,024 2,159,819

Tests per individual (median (IQR)) 3 (1-7) 0 (0-2)

Creatinine (umol/l) (median (IQR)) 72 (62-85) -

eGFR (mL/min/I .73m2) (median (IQR)) 92 (77-107) -

Female 1,849,240 (54.3) 1,494,756 (50.3)

Age, median (IQR) 53 (35-67) 41 (21-59)

Age groups
0-19 years 325,094 (9.6) 685,971 (23.1)
20-39 years 706,148 (20.7) 741,595 (25.0)
40-59 years 1,062,408 (31.2) 802,968 (27.0)
60-79 years 1,063,948 (31.3) 611,375 (20.6)
80-99 years 245,843 (7.2) 129,408 (4.4)

(Continued)
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Table | (Continued).

Individuals with a Creatinine
Test in 2016-2018 n (%)

Random Sample of the General
Population in 2016-2018 n (%)

Comorbidity
Any comorbidities listed below
Hospital-based diagnosis of
hypertension
Atrial fibrillation/flutter
Ischemic heart disease
Heart failure
Stroke
Kidney disease®
Diabetes®
Chronic pulmonary disease
Chronic liver disease
Connective tissue disease
Cancer

1,019,988 (30.0)
406,801 (12.0)

135,894 (4.0)
189,639 (5.6)
66,839 (2.0)
89,892 (2.6)
43,117 (1.3)
244,619 (7.2)
179,561 (5.3)
30,646 (0.9)
84,911 (2.5)
193,407 (5.7)

579,339 (19.5)
216,380 (7.3)

72,894 (2.5)
98,219 (3.3)
34,744 (1.2)
45,948 (1.5)
25,938 (0.9)
130,109 (4.4)
122,127 (4.1)
17,565 (0.6)
49,629 (1.7)
108,633 (3.7)

Prescription drug use
Any prescribed drug
ACE-Is/ARBs

2,287,973 (67.2)
536,155 (15.8)

1,397,894 (47.0)
279,957 (9.4)

Thiazide or loop diuretics 422,754 (12.4) 210,406 (7.1)
Calcium channel blockers 247,200 (7.3) 131,296 (4.4)
NSAIDs 290,328 (8.5) 146,261 (4.9)
Antibiotics 374,631 (11.0) 208,992 (7.0)
Statins 412,675 (12.1) 227,442 (7.7)
Prior kidney biopsy 14,919 (0.4) 8,756 (0.3)
One or more contacts with a general 1,642,863 (48.3) 894,172 (30.1)
practitioner within the prior month
One or more hospitalizations within 407,933 (12.0) 45,457 (1.5)
the prior month
Surgery within the prior month 141,113 (4.1) 53,706 (1.8)

Notes: *Including diabetic nephropathy, hypertensive kidney disease, glomerular disease, tubulointerstitial disease, and congenital kidney disease.

®Based on both diagnosis and prescription drug use.

Abbreviations: ACE-l, angiotensin-converting enzyme inhibitor; AKI, acute kidney injury; ARB, Angiotensin Il receptor blocker; eGFR,
estimated glomerular filtration rate; IQR, interquartile range; NSAID, non-steroidal anti-inflammatory drug; pCr, plasma creatinine.

(48.3% vs 30.1%), hospitalization (12.0% vs 1.5%), or surgery within the prior month (4.1% vs 1.8%) was considerably
higher than in the general population cohort.

Coverage by Age and Sex

In each year from 2016 to 2018, more than a third of Danish residents had a recorded creatinine measurement (Table S3).
The testing patterns as a function of age were similar within all regions (Figure 5). In early childhood, there was
generally a low proportion of tested individuals except in the first two years of life. The lowest proportion of tested
individuals was found in children aged 3—5 years. Starting in early adulthood, the proportion of tested individuals showed
a nearly linear increase, reaching maximum coverage of 94%-96% in persons aged 77-87 years, followed by a sharp
decline, especially after age 90. Proportions of tested individuals in the early years of life were similar for males and
females, while a higher proportion of females were tested from early adolescence until around 60 years of age. Thereafter
the proportions were comparable (Figure 5). For individuals aged 20 to 60 years, the Capital Region of Denmark had

a lower proportion of covered individuals compared with the other regions.
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Figure 5 Proportion of individuals with a recorded creatinine test in 2016-2018 by age.

Discussion

In this study describing the combined creatinine data from the LABKA and RLRR databases, we found that the first
region achieved complete reporting in November 2004 and that nationwide reporting was completed in October 2015. In
each year from 2016 to 2018, more than a third of Danish residents had a recorded annual creatinine test, with the highest
proportion of tested individuals aged 77—87 years and the lowest proportion aged 3—5 years. Creatinine-tested individuals
were more often females, were older, had more comorbidities, used more prescription drugs, and had more contacts with
primary and secondary health services than a random sample of the general population.

The population-based setting with complete follow-up of all Danish residents allowed for unbiased collection of
biochemical test results, independent of socioeconomic and insurance status.'> Overall data quality is high in Denmark,
as most hospital laboratory databases are accredited according to the International Organization for Standardization
(ISO15189).'%% Furthermore, the CPR number allows for individual-level linkage across population-based registries.
Thus, biochemical test results can be utilized in a broad array of epidemiological studies.*°

Some limitations need consideration. First, in the North and Central Denmark Regions, the methods of measuring
plasma creatinine changed from Jaffe’s method to enzymatic methods during 2004-2008 and isotope dilution mass
spectrometry (IDMS) standardization was implemented during 2005-2010.* After 1 April 2010 all laboratories used
enzymatic methods with IDMS standardization. Changing methods of analysis and the introduction of IDMS standardi-
zation can influence results when studying temporal changes in creatinine levels, especially in patients with normal to
high eGFR values.*”*® Second, results of point-of-care tests are recorded in LABKA; however, they may not be included
in RLRR, as some are recorded using local analysis codes rather than NPU codes, which are required for inclusion in
RLRR. Still, approximately 95% of laboratory analyses are currently NPU-coded.'® Third, when assessing the geogra-
phical coverage of recorded data, we used visual inspection of recording patterns. While this introduces the risk of
subjectivity, most municipalities showed a distinct pattern when the recording of test results was complete (Figure S1).
Furthermore, visual inspection was supported by a quantitative analysis of the timepoint when at least 8% of individuals
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with diabetes within a municipality had a monthly creatinine test. While current guidelines recommend that all
individuals with diabetes should have at least one annual test, this testing regime is now stricter than in the 1990s.*
Furthermore, full adherence to the guidelines is not expected. For other biochemical tests recommended annually, the
proportions of Danish individuals with diabetes tested in 2020-2021 were 84% for plasma cholesterol and 78% for urine
albumin.*® Thus, our quantitative assessment was most likely conservative throughout the period, but particularly in the
early years. The impact of these limitations on future studies depends on the study design and should be considered when
designing and interpreting findings.

Other Danish databases of creatinine tests exist, including the Funen Laboratory Cohort (FLaC) and the Kidney Disease
Cohort (KidDiCo) of Southern Denmark.'*'* The FLaC covers 460,365 residents with creatinine tests living on the island of
Funen from 2000 to 2015, while the KidDiCo covers 669,929 residents with creatinine tests in the Region of Southern Denmark
from 2007 to 2013. Consistent with our findings, both studies reported that individuals with creatinine tests were more likely to be
female and older than the general population. Furthermore, the FLaC study found that testing frequency increased with rising age,
with 10% of persons aged 5-10 years and 90%-100% of persons aged 6590 years having a test, annually. Additionally, they
found that approximately 40% of residents had a creatinine test in 2015, which is also comparable to our findings.

Conclusion

We reported on the combined creatinine data from the LABKA and RLRR databases. In combination these unique
Danish databases record longitudinal and nationwide creatinine data, providing a valuable resource for studying kidney
disease epidemiology in a population-based setting. Danish residents are frequently tested with annual creatinine tests for
more than one-third of the population in recent years and higher proportions being tested with increasing age. However,
the timing of complete geographical coverage showed substantial variation across regions and municipalities. This needs
to be taken into consideration when using these data in future studies.

Data Sharing Statement
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