
u n i ve r s i t y  o f  co pe n h ag e n  

The 10 most frequently requested blood tests in the Capital Region of Denmark,
2010–2019 and simulated effect of minimal retesting intervals

Munk, Jens K.; Hansen, Margrethe F.; Buhl, Henrik; Lind, Bent S.; Bathum, Lise; Jørgensen,
Henrik L.

Published in:
Clinical Biochemistry

DOI:
10.1016/j.clinbiochem.2021.11.002

Publication date:
2022

Document version
Publisher's PDF, also known as Version of record

Document license:
CC BY

Citation for published version (APA):
Munk, J. K., Hansen, M. F., Buhl, H., Lind, B. S., Bathum, L., & Jørgensen, H. L. (2022). The 10 most frequently
requested blood tests in the Capital Region of Denmark, 2010–2019 and simulated effect of minimal retesting
intervals. Clinical Biochemistry, 100, 55-59. https://doi.org/10.1016/j.clinbiochem.2021.11.002

Download date: 23. maj. 2023

https://doi.org/10.1016/j.clinbiochem.2021.11.002
https://curis.ku.dk/portal/da/persons/henrik-loevendahl-joergensen(cf84c34a-16a5-4a24-9667-bc1c2481e1a5).html
https://curis.ku.dk/portal/da/publications/the-10-most-frequently-requested-blood-tests-in-the-capital-region-of-denmark-20102019-and-simulated-effect-of-minimal-retesting-intervals(8c1e81e1-135b-413a-85bf-7ce061a053f8).html
https://curis.ku.dk/portal/da/publications/the-10-most-frequently-requested-blood-tests-in-the-capital-region-of-denmark-20102019-and-simulated-effect-of-minimal-retesting-intervals(8c1e81e1-135b-413a-85bf-7ce061a053f8).html
https://curis.ku.dk/portal/da/publications/the-10-most-frequently-requested-blood-tests-in-the-capital-region-of-denmark-20102019-and-simulated-effect-of-minimal-retesting-intervals(8c1e81e1-135b-413a-85bf-7ce061a053f8).html
https://doi.org/10.1016/j.clinbiochem.2021.11.002


Clinical Biochemistry 100 (2022) 55–59

Available online 11 November 2021
0009-9120/© 2021 The Author(s). Published by Elsevier Inc. on behalf of The Canadian Society of Clinical Chemists. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/).

The 10 most frequently requested blood tests in the Capital Region of 
Denmark, 2010–2019 and simulated effect of minimal retesting intervals 

Jens K. Munk a,*, Margrethe F. Hansen a, Henrik Buhl a, Bent S. Lind a,b, Lise Bathum a, 
Henrik L. Jørgensen a,c 

a Department of Clinical Biochemistry, Hvidovre Hospital, Hvidovre, Denmark 
b Copenhagen Primary Care Laboratory (CopLab) Database, Research Unit for General Practice and Section of General Practice, Department of Public Health, University 
of Copenhagen, Denmark 
c Department of Clinical Medicine, University of Copenhagen, Denmark   

A R T I C L E  I N F O   

Keywords: 
Laboratory information system 
Big data 
Minimal retesting interval 
Simulation 
Frequently used blood tests 

A B S T R A C T   

As healthcare costs continue to rise throughout the world, critical assessment of the appropriateness of expenses 
gain focus. Objectives: We aimed to describe the developments in test numbers of the 10 most frequently 
requested tests, and to simulate the effect of introducing minimal retesting intervals. Design & Methods: Data 
from the blood tests – albumin, alanine transaminase, cholesterol, creatinine, C-reactive protein, hemoglobin, 
hemoglobin A1c, potassium, sodium, and thyrotropin – from 2,687,589 patients handled by the Capital Region of 
Denmark from 2010 to 2019 was used. Tallies of each test per year were graphed. A simulation of the effect of 
minimal retesting intervals on test count and blood sampling volume was performed by virtually removing re-
quests made prior to a set of possible minimal retesting intervals. Results: Increases in requests were observed 
both from hospitals and general practitioners. The number of requests for hemoglobin A1c increased more than 
the other tests. The increases could not be accounted for by an increase in population size and aging of the 
population, and therefore suggests possible inappropriate increase in monitoring of patients. The simulated effect 
of applying minimal retesting intervals showed large reductions in tests and blood sampled. Conclusions: For 
hospitals, the simulation suggested that applying minimal retesting intervals could lead to significant reductions 
in both the number of blood tests performed and in the amount of blood drawn for testing. For general prac-
titioners, the simulation showed only minimal reductions in number of tests and blood volume drawn.   

1. Introduction 

Laboratory testing is the single highest-volume medical activity. 
During the last decades, the number of requests for laboratory testing 
has increased throughout the world [1–2]. This has raised the question 
whether all these laboratory tests are appropriate and necessary in an 
optimal patient trajectory [3]. Awareness of the appropriateness of 
testing is important because, on the one hand, too little use of laboratory 
testing may lead to under-diagnosing, while on the other hand, excessive 
use of laboratory testing constitutes a suboptimal use of resources which 
may have a negative impact on patient outcome. Such negative conse-
quences include increased patient discomfort, anxiety, hospital-acquired 
anemia and improper diagnosis due to false positive results [4]. The 
laboratory costs are generally low – 3–5 % of total healthcare costs – but 
laboratory tests are often the basis for more costly downstream care, 

such as additional referrals and imaging. Hence, excessive testing can 
lead to excessive interventions and even more testing [3–5]. 

The literature describes a number of ways to reduce inappropriate 
testing [6–7]. These include various restrictions in the requesting pro-
cess. Previous studies, in which inappropriate use of common laboratory 
tests have been investigated, have been based on minimum retesting 
intervals [1–2,5,8]. This approach has a good potential as it is based on 
objective criteria founded in clinical knowledge [2]. 

The present study has two aims. First, we describe the development 
over a decade in the total number of requests of the 10 most frequently 
requested laboratory tests at hospitals and among general practitioners 
in the Capital Region of Denmark. Second, we simulate how many re-
quests, and how much blood, could have been saved if time restrictions, 
in the form of minimum retesting intervals, had been enforced. 
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2. Materials and methods 

2.1. Study population and settings 

The study population consisted of persons with at least one request – 
made by either a general practitioner or a hospital doctor – for the 
measurement of at least one of the 10 most frequently used tests, to be 
performed at a hospital in the Capital Region of Denmark, during the 
period 2010–2019. 

3. Data sources 

Anonymized data were retrieved from the two Laboratory Informa-
tion Systems (LIS) used in the Capital Region of Denmark during the 
study period: The LIS system used by The Copenhagen General Practi-
tioners’ Laboratory (CGPL), which covered the general practitioners 
from 2010 to 2015 in the Copenhagen Municipality and the former 
Copenhagen County [9] and the LIS system denoted Labka II, which 
covers the remaining requesters and time span [10]. 

Population sizes for the Capital Region of Denmark, for each year in 
the period, were from Statistics Denmark [11]. 

4. Analysis 

In a preliminary study, we identified the 10 most frequently used 
blood tests: albumin (Alb), alanine transaminase (ALAT), cholesterol 
(Chol), creatinine (Crea), C-reactive protein (CRP), hemoglobin (Hgb), 
hemoglobin A1c (HbA1c), potassium (K), sodium (Na), and thyrotropin 
(TSH). 

We extracted sex, age, and sampling time for each of these tests for 
the period 2010–2019 from Labka II, and annual tallies of the tests 
requested from CGPL. Labka II data was split according to whether the 
requester was a hospital or a general practitioner. For each test, annual 
tallies were made and combined with the CGPL data. For each year these 
tallies were adjusted for the size of the population of the Capital Region 
of Denmark by calculating the number of tests requested per 100,000 
capita. The data was then normalized to index 100, which was set to the 
number of tests requested per 100,000 capita in 2010. Annual per-
centage change and doubling times were calculated. 

For both hospitals and general practitioners, we simulated the 
number of tests that would have been performed if time restrictions had 
been in place. We used data from 2019 only and included a patient 
number so we could identify repeated requests. We excluded children, 
defined as ≤16 years of age at the time of request. The time restrictions 
used in this simulation were 0.25, 0.5, 1, 2, 4, 7, 14, 30, 90 and 180 days 
after the previous request. The simulation was performed for each test 
separately using each time restriction. For every patient, we flagged the 
first test as “allowed”, then flagged all following tests made prior to the 
time restriction as “disallowed”. The first test made later than the time 
restriction was flagged as “allowed”. This process continued until no 
more requests of this test were present. For each test, the number of 
requests flagged as “allowed” was compared to the total number of 
requests. 

The total volume of blood drawn in the whole region in order to 
measure all 10 analytes in 2019 was calculated. This was done by 
pairing the tubes used for performing the tests with the volume drawn 
and summing these volumes. Then, we simulated the number of samples 
that would have been drawn if time restrictions had been in place, by 
summing only the volumes of the samples flagged as “allowed”. Hence, a 
sample was excluded only if none of the tests in that sample were 
marked as “allowed”. We used the same time restrictions and rules for 
allowing sampling as above. The tests were simulated separately using 
each time restriction. For each time restriction, we then compiled a table 
of sample numbers flagged as “allowed” on which this test had been 
requested, and the volumes of those samples. These tables were com-
bined across tests, reduced to unique sample numbers, and the volumes 

summed. 
All analyses were done using the statistical tool R [12]. 

5. Results 

The population is described in Fig. 1. It shows age distributions at the 
time of sampling for each sex during the 2010s. Sex and age were not 
available from CGPL data. This may cause a minor error. 

Fig. 2 shows the development in the number of tests requested for 
each analyte per 100,000 capita in the Capital Region of Denmark, 
relative to 2010 (index 100), by hospitals (left) and among general 
practitioners (right). The total population in the Capital Region of 
Denmark increased steadily during the study period from 1.68 million in 
2010 to 1.84 million in 2019. 

Table 1 illustrates the annual rise in percentages as well as doubling 
time in years for each sector. For hospitals, HbA1c increased by 36.7 % 
annually with a doubling time of 1.9 years during the 2010 s, and the 
other 9 analytes rose by 7.7–16.8 %, equivalently to doubling times 
between 4.2 and 9.0 years. For general practitioners, HbA1c increased by 
18.4 % annually with a doubling time of 3.8 years during the 2010 s, and 
the other 9 analytes rose by 1.3–6 % each year, equivalently to doubling 
times between 11.6 and 52.0 years. 

Fig. 3 shows the reduction in the number of tests if time restrictions 
had been in place, for hospitals and general practitioners. At the hos-
pitals, Alb, Crea, CRP, Hgb, K and Na were often repeated quickly. If 
time restrictions had been in place for these tests, the number of tests 
would have been 8.1–16.0 % lower after 1 day, 23.6–43.3 % lower after 
1 week, and 51.9–65.2 % lower after three months. For less frequently 
used tests (Chol, HbA1c and TSH), the number of tests would be reduced 
by 0.6–0.9 % after one day, 3.5–4.5 % after one week and 19.6–27.1 % 
after three months. Among general practitioners, the analytes were 
repeated with much longer time spans. With the same time restrictions, 
very few tests would have been saved. Thus, after three months the 
reduction would be 6.0–13.9 %. 

Fig. 4 shows the total volume of blood drawn if time restrictions had 
been in place. The hospital samples amounted to 12.38 m3 of blood in 
2019, but if the time restrictions were set to one day for all analytes, this 
would have been just over 10 m3, equivalent to about 650,000 (18 %) 
fewer samples. For general practitioners, time restrictions would only 
marginally reduce the volume of blood drawn. 

Fig. 1. The population sampled.  
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Fig. 2. Use of each analyte per 100,000 capita during the 2010s relative to index 100 in 2010. Left: hospitals; right: general practitioners.  

Table 1 
For each test, the table shows the number of requests in 2010, the annual rise (%) and the doubling time (years) for hospitals and general practitioners.   

Hospitals General practitioners 

Test Requests in 2010 Annual rise, % Doubling time, years Requests in 2010 Annual rise, % Doubling time, years 

ALAT 342,706  14.3  4.9 440,274  2.9  24.0 
Alb 471,127  11.5  6.1 108,853  4.3  16.2 
Chol 71,263  13.8  5.1 381,371  1.5  48.0 
Crea 796,653  8.2  8.6 510,149  3.0  23.7 
CRP 669,479  7.7  9.0 293,139  2.3  30.6 
Hgb 839,952  13.1  5.3 449,488  1.3  52.0 
HbA1c 39,465  36.7  1.9 174,061  18.4  3.8 
K 77,845  12.4  5.6 445,585  4.1  17.2 
Na 773,302  12.6  5.5 441,254  4.1  17.0 
TSH 132,005  16.8  4.2 360,217  6.0  11.6 

Albumin (Alb), alanine transaminase (ALAT), cholesterol (Chol), creatinine (Crea), C-reactive protein (CRP), hemoglobin (Hgb), hemoglobin A1c (HbA1c), potassium 
(K), sodium (Na), and thyrotropin (TSH). 

Fig. 3. Simulation of percentages of requests as a function of length of time restrictions. X axis shows time restrictions in days on a logarithmic scale. Left: hospitals; 
right: general practitioners. 

J.K. Munk et al.                                                                                                                                                                                                                                 



Clinical Biochemistry 100 (2022) 55–59

58

6. Discussion 

This study documents, over a decade, large increases in the number 
of requests of the 10 most frequently used laboratory tests. The increases 
were more pronounced at hospitals than among general practitioners. 
This has previously been reported [1,5] and can be explained by the fact 
that patients visiting general practice are less ill, and that the access to 
laboratory tests is more limited. The increases could not be accounted 
for by increase in population size and seems beyond what can be 
explained by an aging population. A rise in excessive use of laboratory 
tests is therefore likely [1–2,8]. 

Overall, request numbers increased for all tests. However, Alb, Hgb 
and CRP showed drops in number of requests for general practitioners 
from 2015 to 2016. We suspect this is due to changes in the co-ordering 
pattern of analyses packages that include these analytes. Such changes 
were brought on by the transfer of CGPL activities to the hospitals during 
that period. 

For HbA1c, the annual increase was much higher than for the other 
tests, both at hospitals and among general practitioners. For this test, the 
dramatic increase is attributed to the introduction of new guidelines for 
diagnosing diabetes. These guidelines, introduced by the World Health 
Organization and the Danish Health Authorities in 2011–2012, stated 
that HbA1c should be used, not only for screening and monitoring, but 
also as a diagnostic tool. This caused a steep increase in the usage of 
HbA1c in these years, followed by a stabilization [13–14]. 

Recommended minimum retesting intervals have been proposed 
[15], based on consensus panels of experts. However, they are not 
universally applicable. In general practice, no strict criteria regarding 
these analytes exist [15]. At hospitals, several situations, such as acute 
illness in the emergency department, justify frequent assessment and 
monitoring of important laboratory values. These include Na, K, Crea, 
Hgb and CRP. Therefore, universally applicable minimum retesting in-
tervals are difficult to set. However, for CRP, a minimum retesting in-
terval of 24 h has been suggested [15]. If this minimum interval had 
been enforced, 17 % of the hospital CRP tests could have been saved. For 
three of the most frequently used laboratory tests (Chol, HbA1c and 
TSH), well-established criteria for minimum retesting intervals exist 
[2,5,15]. For Chol, it is one month [15] and if this had been adhered to, 
10 % of the hospital tests could have been saved. For HbA1c, the rec-
ommended minimum retesting interval is three months, and thus 21.1 % 
of the hospital tests could have been saved [15]. TSH has a minimum 

retesting interval of four weeks, which would save 14.2 % of the tests 
[15]. Four large population-based cohort studies from Canada and Italy 
confirm these observations [1–2,5,8]. At hospitals, they found compa-
rable rates of inappropriate utilization of these analytes; for Chol 10–11 
% [1–2,8], for HbA1c 17–31 % [1–2], and for TSH 7–8 % [1,8]. 

Various attempts to reduce the frequency of laboratory tests have 
been published [6–7]. It can either be achieved through voluntarily 
interventions such as education, audit and feedback or through more 
restrictive interventions such as system-based interventions with com-
puter order entry systems that disallow requests according to specific 
rules [6,16–17]. Examples include a behavioral intervention for vitamin 
D where general practitioners have been forced to choose the indication 
for the request [17], and a hard HbA1c intervention which cancels 
request ordered within a month [16]. 

The present study shows that overall, large amounts of blood could 
have been saved if time restrictions had been used. Inappropriate use of 
laboratory tests presented as percentages might seem distant from re-
ality, but it appears that there is wide-spread overuse. A minimum 
retesting interval of one day for all tests in this study showed that 18 % 
fewer samples would be drawn each year. This minimum retesting in-
terval might seem arbitrary; it is, however, in the short end of the range 
of possible retesting intervals. 

The major strengths of the present study are the large sample size, 
that it includes both hospitals and general practices, and that it covers a 
10-year period. Previous studies were primarily based on hospitals 
[1–2,8] with a timespan of maximum four years [8]. Furthermore, this 
study was based on all laboratories in the Capital Region of Denmark, as 
opposed to previous single-center studies of limited generalizability 
[18]. 

This study also has limitations. As it relies on administrative data, we 
have no clinical information surrounding the tests. It is therefore not 
possible to evaluate whether a laboratory test is clinically relevant, nor 
to evaluate potential risk factors associated with inappropriate use of 
tests. 

It should be noted that a small number of persons who lived outside 
the Capital Region of Denmark had blood tests requested to a hospital in 
the Capital Region of Denmark, and vice versa. Therefore, there was a 
negligible discrepancy in the population used to normalize in Fig. 2 and 
the population for which the blood samples had been requested. Also, 
children (≤16 years old) were excluded because of possible clinically 
relevant reasons for different requisition patterns for this subpopulation. 

This study focuses on the 10 most frequently used tests and depicts a 
realistic picture of excessive use of laboratory tests in general. It is 
beyond the scope of this study to elaborate on reasons for excessive tests, 
but they may include defensive medical practices, lack of knowledge by 
the ordering physician or lack of medical record integration, resulting in 
the repetition of tests by different physicians, etc. [4]. 

In conclusion, this study demonstrated an annual increase in the ten 
most frequently used laboratory tests with no evidence of any overall 
decreasing trends. A substantial proportion of laboratory tests at hos-
pitals were repeated within short time spans and it seems that clinicians 
need training in applying minimum retesting intervals. Actions to raise 
the awareness of clinicians and automated electronic necessary solutions 
have been initiated and it is imperative that more interventions are 
made in the future. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.clinbiochem.2021.11.002. 
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