university of copenhagen

Reference intervals for 12 clinical laboratory tests in a Danish population
The Lolland-Falster Health Study
Bruun-Rasmussen, Neda Esmailzadeh; Napolitano, George; Jepsen, Randi; Ellervik,
Christina; Rasmussen, Knud; Bojesen, Stig Egil; Lynge, Elsebeth
Published in:
Scandinavian Journal of Clinical and Laboratory Investigation
DOI:
10.1080/00365513.2020.1864833
Publication date:
2021
Document version
Publisher's PDF, also known as Version of record
Document license:
CC BY
Citation for published version (APA):
Bruun-Rasmussen, N. E., Napolitano, G., Jepsen, R., Ellervik, C., Rasmussen, K., Bojesen, S. E., & Lynge, E.
(2021). Reference intervals for 12 clinical laboratory tests in a Danish population: The Lolland-Falster Health
Study. Scandinavian Journal of Clinical and Laboratory Investigation, 81(2).
https://doi.org/10.1080/00365513.2020.1864833

Download date: 09. jan.. 2023

Scandinavian Journal of Clinical and Laboratory
Investigation

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/iclb20

Reference intervals for 12 clinical laboratory tests
in a Danish population: The Lolland-Falster Health
Study
Neda Esmailzadeh Bruun-Rasmussen, George Napolitano, Randi Jepsen,
Christina Ellervik, Knud Rasmussen, Stig Egil Bojesen & Elsebeth Lynge
To cite this article: Neda Esmailzadeh Bruun-Rasmussen, George Napolitano, Randi Jepsen,
Christina Ellervik, Knud Rasmussen, Stig Egil Bojesen & Elsebeth Lynge (2021) Reference
intervals for 12 clinical laboratory tests in a Danish population: The Lolland-Falster Health
Study, Scandinavian Journal of Clinical and Laboratory Investigation, 81:2, 104-111, DOI:
10.1080/00365513.2020.1864833
To link to this article: https://doi.org/10.1080/00365513.2020.1864833

© 2020 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

View supplementary material

Published online: 10 Jan 2021.

Submit your article to this journal

Article views: 410

View related articles

View Crossmark data

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=iclb20

SCANDINAVIAN JOURNAL OF CLINICAL AND LABORATORY INVESTIGATION
2021, VOL. 81, NO. 2, 104–111
https://doi.org/10.1080/00365513.2020.1864833

ORIGINAL ARTICLE

Reference intervals for 12 clinical laboratory tests in a Danish population: The
Lolland-Falster Health Study
Neda Esmailzadeh Bruun-Rasmussena , George Napolitanob, Randi Jepsena
Rasmussenc, Stig Egil Bojesene and Elsebeth Lyngea

, Christina Ellervikc,d, Knud

a

Center for Epidemiological Research, Nykøbing Falster Hospital, Nykøbing Falster, Denmark; bDepartment of Public Health, University of
Copenhagen, Copenhagen, Denmark; cData and Development Support, Sorø, Denmark; dDepartment of Laboratory Medicine, Boston
Children’s Hospital & Harvard Medical School, Boston, MA, USA; eDepartment of Clinical Biochemistry, Herlev and Gentofte Hospital,
Copenhagen, Denmark
ABSTRACT

ARTICLE HISTORY

Reference intervals (RIs), developed as part of the Nordic Reference Interval Project 2000 (NORIP) are
widely used in most European laboratories. We aimed to examine the validity of the NORIP RIs by
establishing RIs for 12 frequently used laboratory tests based on data from a local Danish population
and compare these local RIs with the NORIP RIs. Using an a posteriori direct sampling approach, blood
sample data were assessed from 11,138 participants aged 18þ years in the Lolland-Falster Health
Study (LOFUS), of whom 2154 turned out to meet criteria for being healthy for inclusion in establishing RIs according to the NORIP methodology. The 2.5th and 97.5th percentiles were calculated for alanine aminotransferase (ALAT), albumin, alkaline phosphatase, bilirubin, creatinine, hemoglobin, highdensity lipoprotein cholesterol, iron, low-density lipoprotein cholesterol, thrombocytes, total cholesterol, and triglycerides. When comparing our estimates with the NORIP, the lower reference limits (RLs)
for bilirubin and iron were lower, and higher for ALAT, thrombocytes and triglycerides. Upper RLs
were lower for albumin (males and females 70 years), bilirubin and iron, but higher for alkaline phosphatase, triglycerides and for creatinine in men. In LOFUS, approximately 20% of the participants were
healthy and qualified for inclusion in the establishment of RIs. Several of the local RIs differed from
the NORIP RIs.
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Introduction
Clinical laboratory testing of blood samples is important for
diagnosing and monitoring health and disease status. The
evaluation of clinical laboratory test results is based mainly
on reference intervals (RIs) which for several laboratory
tests are defined as the central 95% of a well-defined reference population [1]. RIs are not universal and are known to
differ across laboratory methods, populations, sexes, ages
and ethnicities [2,3]. It is therefore recommended that previously established RIs are validated either by transference
following the protocol of the Clinical and Laboratory
Standards Institute (CLSI) or by establishing RIs based on
samples from at least 20 qualified reference individuals [4].
In Europe, most laboratories make use of the common RIs
developed as part of the Nordic Reference Interval Project
2000 (NORIP), in which 102 laboratories in the Nordic
countries collaborated to produce common RIs for biochemical and hematological parameters [5–7]. The majority of
data used in the NORIP originated from Finland and
Sweden, while only 13% derived from Denmark. Since the
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introduction of the NORIP only few studies from the
Nordic countries have attempted to undertake the recommended validation of NORIP RIs in use for the general
adult population [8–10]. This study provides data from the
Lolland-Falster Health Study (LOFUS), a population-based
survey undertaken in 2016–2020 in Lolland-Falster, a ruralprovincial region in Denmark with approximately 1,03,000
inhabitants [11]. Using the LOFUS data, the purpose of the
present study was to establish 12 RIs widely used in clinical
practice and compare these RIs with the NORIP RIs using
same methodology, following the CLSI and the International
Federation of Clinical Chemistry and Laboratory Medicine
(IFCC) guidelines [12].

Materials and methods
Study design
LOFUS is a household-based population study where randomly selected persons aged 18 and above were invited with
their household members of all ages, if any. A detailed

Center for Epidemiological Research, Nykøbing Falster Hospital, Strandboulevarden

ß 2020 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.

SCANDINAVIAN JOURNAL OF CLINICAL AND LABORATORY INVESTIGATION

description of the study protocol has been published previously [11]. For this study, we used data for adults aged
18 years and above (n ¼ 11,138) participating from 2016 to
2019, excluding pregnant women.
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From questionnaires [13], we used data on (1) self-perceived
health, (2) self-reported medical condition (diabetes, kidney
disease, cancer, cardiovascular disease counting stroke,
hypertension, atherosclerosis, angina pectoris, and deep vein
thrombosis), (3) self-reported medication (antihypertensive,
cardiac medications, diuretics, cholesterol-lowering medication, anticoagulants, anti-diabetic medication), and (4) selfreported excessive alcohol consumption. Data on ethnicity
was not recorded in LOFUS.

triglycerides in venous blood. Low-density lipoprotein cholesterol (LDL) was calculated by using Friedewald formula
[16] when the plasma triglyceride concentration was below
4.5 mmol/L. All instruments used were calibrated according
to the manufacturer’s instructions. Results of available
Serum X analysis are presented in Supplementary Table 1.
Accuracy was monitored several times yearly with the
Danish Institute for External Quality Assurance for
Laboratories in the health sector programme (DEKS) [17].
Dyslipidaemia was defined according to Danish guidelines [18] as at least one of the following criteria; total cholesterol 5 mmol/L, HDL-cholesterol 1 mmol/L plasma
triglycerides 2 mmol/L, and LDL-cholesterol 3 mmol/L.
Glycated haemoglobin (HbA1c) levels were measured by
TOSOH-G8 and were only used to define the reference population.

Health examination data and definitions

Reference population

We used data on (1) blood pressure: No hypertension was
defined according to the European Society of Cardiology
(ESC) and the European Society of Hypertension (ESH) [14]
guidelines as; systolic blood pressure <120 mmHg, diastolic
blood pressure <80 mmHg and also no self-reported use of
antihypertensive medications. Prehypertension was defined
as systolic blood pressure 120–139 mmHg and/or diastolic
blood pressure 80–89 and no self-reported use of antihypertensive medications. Known hypertension was defined as
using antihypertensive medications. Undiagnosed hypertension was defined as no use of antihypertensive medications
and systolic blood pressure above or equal to 140 mmHg
and/or diastolic blood pressure above or equal to 90 mmHg.
Further, (2) data on body mass index (BMI), calculated
according to The World Health Organization (WHO) as
weight divided by the square of the height (kg/m2) and
categorized as underweight (BMI less than 18.5), normal
(BMI 18.5–24.9), overweight (BMI 25.0–29.9), or obese
(BMI 30.0 or greater) [15], and 3) on waist-hip ratio
(WHR) calculated by waist-circumference divided by hip
circumference. Elevated WHR was considered in females
with WHR 0.85 and in males with a WHR 0.90.

The direct a priori sampling method was used in NORIP,
where the exclusion and partitioning criteria were applied
before the selection of the reference individuals, while our
study was conducted by the a posteriori sampling method,
where criteria were applied after the LOFUS data collection
was performed. Some criteria used in NORIP were therefore
not available for the present study, including information
on fasting state, currently breast feeding, blood donor status,
smoking during the hour before blood sampling, and consumption of more than 2 units of alcohol in the last
24 hours prior to blood sampling.
The criteria used in the present study were (1) not pregnant, (2) feeling subjectively well, (3) 18þ years of age, (4)
no medical diagnosis, (5) no prescribed medications except
oral contraceptives or oestrogens, (6) not obese, (7) no
excessive alcohol consumption defined by 5 units (1 unit
¼ 12 grams) per day. Furthermore, we excluded participants
with extreme values of HbA1c 48, systolic blood pressure
140 or diastolic blood pressure 90.

Self-reported data

Blood samples
Blood samples were collected in the non-fasting state
between 8:40 a.m. and 6:30 p.m. in vacutainer blood collection tubes (Becton, Dickinson and Company; Franklin
Lakes, NJ, USA) and kept at 21  C (±4  C) until delivery at
8:00 p.m. for immediate analysis at the Department of
Clinical Biochemistry at Nykøbing Falster Hospital, accredited by the standard ISO 15189. The samples were centrifuged for 10 min (at a minimum of 2500 g). Hemoglobin
and thrombocytes concentration in venous blood were
measured by Sysmex XE-5000. Siemens Dimension Vista
1500 was used to measure plasma concentrations of albumin, alkaline phosphatase, alanine aminotransferase
(ALAT), bilirubin, iron, total cholesterol, high-density lipoprotein cholesterol (HDL), creatinine (enzymatically), and

Statistical methods
Data were partitioned according to Rustad et al. to allow for
comparison with NORIP [5]. As data were provided by the
laboratories with rounded value, random noise was added to
them, that is each value x was transformed into x þ S(x) 
(R  0.5), where S(x) ¼ 10^(-n), with n number of decimals in x, and R is a random number uniformly sampled in
the set fi/10, i ¼ 0, … , 10g. This was done in order to
weight the uncertainty of rounded measurement, to avoid
the equal value problem, and to ensure the reliability of the
statistical procedures performed on the data [5,19].
Following Solberg [20], outliers were detected according to
the following procedure. For each (partition) variable, data
were first normalized (to have mean 0 and SD 1), then
mathematically transformed to approximate a Gaussian distribution. In order to do so, the following transformations,
in that specific order, were applied to the (normalized) data:
the exponential function described by Manly [21] to correct
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for skewness, and the modulus function described by John
et al. [22] to correct for non-Gaussian kurtosis. The parameters of the above transformations were found by maximum
likelihood estimation. Finally, outliers were defined as any
value distant more than 1.5 times the interquartile range
(IQR) from the lower (Q1) and upper (Q3) quartiles, that is
as any x < Q1  1.5IQR or x > Q3 þ 1.5IQR [20].
Following Solberg [20], reference limits (RLs) were calculated by a non-parametric bootstrap method as follows. For
each partition 5000 samples, with replacement, were drawn
and for each sample the 2.5% and 97.5% percentiles (defined
as Definition 5 by Hyndman [23], see also method II in
Linnet [24]) were estimated. Thus, the lower and upper RL
for the given partition were computed as the mean of the
sample estimates. Upper and lower 90% confidence limits
were calculated RL ± 1.64  SD, where RL denotes the RL
(computed as above) and SD the standard deviation of the
sample estimates.
Comparison of established RIs and NORIP RIs was made
by taking the difference of the established RI (point estimate
and confidence limits) and compare it with the corresponding NORIP RIs (only point estimate).
The analyses were performed in R 3.5.3 [25], with tidyverse package collection [26], and boot [27,28], robustbase
[29], moments [30] and nortest packages [31].
Ethical issues
All participants provided written informed consent and the
Region Zealand’s Ethical Committee on Health Research
(SJ-421) and the Danish Data Protection Agency (REG-242015) approved the study. LOFUS is registered in
ClinicalTrials.gov (NCT02482896).

Results
Description of the study population
Basic characteristics of the study population are presented
in Table 1. Based on a total of 11,138 participants (48.5%
males and 51.5% females), the median age of the participants was 58 (IQR 22). Overweight and obesity fractions
were 38.6% and 24.5% in males and females combined.
28.9% was found with prehypertension and 18.8% with
undiagnosed hypertension. A total of 69.3% was found with
dyslipidaemia. Self-perceived health and reports of disease
status and medication are presented in Supplementary Table
2. Out of the 11,138 persons, 2154 persons fulfilled the criteria for being included in the reference population for
establishing local RIs; 1094 females and 1060 males. Baseline
characteristics of the reference population are presented in
Table 2.
Reference intervals for males and females
RIs for upper and lower limits of 12 laboratory test results
in our healthy study population are reported in Table 3,
together with the corresponding NORIP values [5–7]. When

comparing with NORIP, the lower limits for ALAT in
females (14.3: 14.0–14.6) and males (17.1: 16.7–17.5) were
higher. This was found also for thrombocytes in females
(176: 172–181) and males (156: 152–160) and for triglycerides (0.51: 0.49–0.52). The lower limits for bilirubin (4.0:
3.9–4.0) and for iron (6.1: 5.7–6.5) were lower than NORIP
values for females and males.
The upper limits were higher than NORIP for alkaline
phosphatase (115.3: 110.8–119.8), and for triglycerides (3.79:
3.57–4.01) in both females and males. This was also found
for creatinine in males (106.2: 104.1–108.3). Upper limits
lower than NORIP values were found for albumin in
females and males 70 years (42.8: 42.2–43.5), for bilirubin
(22.2: 20.6–23.8), and for iron (29.2: 28.3–30.1). Relative
change (%) of LOFUS RIs compared to NORIP RIs, and
observations out of the 2.5 and 97.5 percentile or not available are listed in Supplementary Tables 3 and 4.

Discussion
The study had two important outcomes. First, in the population of Lolland-Falster in Denmark, approximately 20% of
adult persons were qualified as healthy for inclusion in
establishing RIs according to the NORIP methodology [5,6].
When comparing characteristics of the LOFUS participants
with that of the participants in other Danish populationbased studies such as the Copenhagen General Population
Study (CGPS) and the Danish General Suburban Population
Study (GESUS) we found LOFUS participants to have
higher tendency of obesity, dyslipidaemia, prehypertension
and undiagnosed hypertension [32,33]. Previous studies
from the present century have reported higher prevalence of
lifestyle diseases and hypertension in rural compared with
urban areas within given countries [34–36]. Also, persons
living in Lolland-Falster have a life expectancy 5.7 years
lower than other regions in Denmark [37], and report physical health problems more frequently than people in the rest
of the country [38].
Second, our establishment of the 12 RIs commonly used
in clinical practice showed that several of these RIs differed
from NORIP RIs for either the lower or upper limits
(Figures 1 and 2). Using NORIP, lower limits for ALAT and
thrombocytes would likely result in overtreatment and for
bilirubin under-treatment. Using NORIP, upper limits for
alkaline phosphatase and for creatinine in males would
probably result in overtreatment while it for albumin in persons 70 years and for bilirubin would result in
under-treatment.
Data on instrument bias estimated by Serum X and provided from the Department of Clinical Biochemistry,
Nykøbing Falster Hospital can in general verify transference
of the RIs as most deviations were lower than found in the
NORIP [5]. Higher deviations were observed for ALAT
(21.90%) and albumin (3.50%) however, no correction of
data was applied as the Serum X approach estimates bias at
a single level only and bias often differs over the measuring
range. Correction of data could thus cause uncertainties.
The Department of Clinical Biochemistry, Nykøbing Falster
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Table 1. Baseline characteristics of participants in Lolland-Falster Health Study aged 18 þ years: Determinants, 2016–2019.
Males
Total
Age (years)
18-29
30-39
40-49
50-59
60-69
70
BMI
Underweight
Normal
Overweight
Obese
Missing
Waist-hip ratio
 0.90
 0.85
Blood pressure
Normal blood pressure
Prehypertension
Known hypertension
Undiagnosed hypertension
Missing
Dyslipidaemia
Total cholesterol 5 mmol/l
LDL-cholesterol 3 mmol/l
HDL-cholesterol 1 mmol/l
Triglycerides 2 mmol/l
Any dyslipidaemia
Persons fulfilling inclusion criteria for being healthy
Yes
No

Females

n

%

5405

48.5%

454
420
743
1151
1363
1274

Total

n

%

5733

51.5%

8.4%
7.8%
13.7%
21.3%
25.2%
23.6%

472
490
929
1373
1367
1102

8.2%
8.6%
16.2%
24.0%
23.8%
19.2%

926
910
1672
2524
2730
2376

8.3%
8.2%
15.0%
22.7%
24.5%
21.4%

35
1536
2462
1343
29

0.7%
28.4%
45.6%
24.8%
0.5%

105
2370
1840
1391
27

1.8%
41.3%
32.1%
24.3%
0.5%

140
3906
4302
2734
56

1.3%
35.1%
38.6%
24.5%
0.5%

4318

79.9%
2640

46.1%

Median (IQR)
59 (22)

Median (IQR)

n

%

11138

100%

Median (IQR)

57 (22)

58 (22)

725
1755
1424
1137
364

13.4%
32.5%
26.3%
21.0%
6.7%

1679
1458
1287
958
351

29.3%
25.4%
22.5%
16.7%
6.1%

2404
3213
2711
2095
715

21.6%
28.9%
24.3%
18.8%
6.4%

2627
2119
1287
2018
3806

48.6%
39.2%
23.8%
37.3%
70.4%

3327
2592
443
1437
3913

58.0%
45.2%
7.7%
25.1%
68.3%

5954
4704
1730
3455
7719

53.5%
42.2%
15.5%
31.0%
69.3%

1094
4311

20.2%
79.8%

1060
4673

18.5%
81.5%

2154
8984

19.3%
80.7%

IQR: Interquartile range.

Table 2. Baseline characteristics of reference population.
Males
Total (n(%))
1060 (49.2%)
Age (n(%))
18-29
220 (20.8%)
30-39
158 (14.9%)
40-49
229 (21.6%)
50-59
226 (21.3%)
60-69
149 (14.1%)
70
78 (7.3%)
Physical characteristics (median (IQR))
Height (cm)
180 (9.0)
Weight (kg)
80.7 (14.5)
BMI (kg/m2)
25 (3.8)
Waist-hip ratio
0.9 (0.1)

Females

Total

1094 (50.8%)

2154 (100%)

189
150
275
267
157
56

(17.3%)
(13.7%)
(25.1%)
(24.4%)
(14.4%)
(5.1%)

409
308
504
493
306
134

(19.0%)
(14.3%)
(23.4%)
(22.9%)
(14.2%)
(6.2%)

167
65.5
23.6
0.8

(9.0)
(12.1)
(4.2)
(0.1)

173 (14.0)
72.6 (17.3)
24.3 (4.1)
0.9 (0.1)

IQR: Interquartile range.

Hospital reported lower deviation for ALAT when measurements were above 40 U/L and for albumin in general while
using other external and internal quality control programs
[39]. The substantial difference found for the lower RL for
ALAT and for albumin, when comparing with NORIP may
thus only partly be explained by instrument bias.
A previous Danish study by Lykkeboe et al. [8] constructed local RIs by an indirect technique using data from
laboratory information systems deriving from outpatients
consulting general practitioners in the Northern Jutland
region. In this study, only one criterion was used to define a

healthy population; infrequent contact to healthcare defined
by only one request for biochemical testing in the regional
laboratory information system within 18 months retrospective of an included sample. When comparing our study
results with their findings, we found similar results; for the
lower RL for iron, upper RLs for triglycerides and alkaline
phosphatase. Indirect sampling technique for establishing
RIs, by using general laboratory stored data is of discussion;
this technique is more quick and inexpensive when comparing with the direct sampling approach, but it has also been
subject to some criticism due to practical inaccuracy and for
producing falsely narrow RIs [40,41].
The higher limit for triglycerides may be due to the nonfasting state, while the lower limit for iron may indicate lifestyle with a sub-optimal diet of the Lolland-Falster
population. In a Turkish study, Bakan et al. found regional
differences in several RIs when comparing an Eastern
Anatolian population with the general Turkish population.
These findings were also associated with nutritional and
environmental factors [42].
Studies from Sweden have focused on the elderly population and found various laboratory tests outside the 90% CI
of the NORIP [43,44]. Our finding on the upper limit for
albumin in females and males 70 years is in concordance
with these studies but the methods, and definitions of a
healthy population varied across the studies and also, instrument bias could partly explain this finding. When
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Table 3. Lower and upper limits for reference intervals in apparently healthy males and females.
Present study
Blood component

n in present
studya

Alanine aminotransferase, U/L
Females, 18 years
1085
Males, 18 years
1053
Albumin, g/L
Females and
708
males, 18–39 years
Females and
1294
males, 40–69 years
Females and
132
males, 70 years
Alkaline phosphatase, U/L
Females and
2137
males, 18 years
Bilirubin, mmol/L
Females and
2143
males, 18 years
Creatinine, mmol/L
Females, 18 years
1086
Males, 18 years
1054
High-density lipoprotein cholesterol, mmol/L
Females, 18 years
1082
Males, 18 years
1053
Hemoglobin, mmol/L
Females, 18 years
1082
Males, 18 years
1056
Iron, mmol/L
Females and
2144
males, 18 years
Low-density lipoprotein cholesterol, mmol/L
Females and
401
males, 18–29 years
Females and
791
males, 30–49 years
Males and
910
females, 50 years
9
Thrombocytes, 10 /L
Females, 18 years
1086
Males, 18 years
1054
Total cholesterol, mmol/L
Females and
406
males, 18–29 years
Females and
807
males, 30–49 years
Females and
924
males, 50 years
Triglycerides, mmol/L
Females and
2148
males, 18 years

NORIP [5,6,7]

Lower 2.5th percentile
and 90% CI

Upper 97.5th percentile
and 90% CI

Lower 2.5th percentile
with 90% CI

Upper 97.5th percentile
and 90% CI

14.3 (14.0–14.6)
17.1 (16.7–17.5)

47.6 (43.6–51.6)
74.1 (62.1–86.2)

7.0 (6.0–8.0)
10.0 (9.0–11.0)

45.0 (37.0–50.0)
68.0 (56.0–87.0)

36.1 (35.5–36.7)

46.8 (46.4–47.1)

35.8 (35.2–36.3)

47.2 (46.9–48.1)

35.4 (35.1–35.7)

44.5 (44.3–44.8)

35.8 (35.2–36.3)

45.4 (45.1–45.9)

33.5 (32.6–34.4)

42.8 (42.2–43.5)

34.5 (33.8–34.9)

45.4 (45.1–45.9)

41.1 (40.0–42.2)

115.3 (110.8–119.8)

44.0 (35.0–48)

95 (90.0–113)

4.0 (3.9–4.0)

22.2 (20.6–23.8)

5.1 (4.7–5.4)

26 (24.3–28.4)

b

49.6 (48.7–50.6)
63.8 (63.0–64.4)

85.4 (83.8–87.0)
106.2 (104.1–108.3)

45.0
60.04

90.0
105.0

0.99 (0.96–1.03)
0.82 (0.79–0.85)

2.57 (2.48–2.66)
2.17 (2.10–2.24)

1.04 (0.98–1.08)
0.8 (0.75–0.85)

2.68 (2.59–2.79)
2.14 (2.09–2.28)

7.30 (7.18–7.42)
8.14 (8.05–8.24)

9.34 (9.26–9.41)
10.27 (10.20–10.35)

7.1 (7.03–7.15)
8.1 (8.00–8.18)

9.3 (9.21–9.45)
10.30 (10.12–10.42)

6.1 (5.7–6.5)

29.2 (28.3–30.1)

9.0 (8.3–9.4)

33.7 (33.2–35.0)

0.97 (0.81–1.12)

3.81 (3.57–4.05)

1.21 (0.58–1.36)

4.00 (3.68–4.30)

1.32 (1.27–1.37)

4.29 (4.18–4.41)

1.47 (1.16–1.61)

4.25 (3.95–4.95)

1.67 (1.54–1.8)

4.99 (4.81–5.17)

1.94 (1.73–2.05)

5.08 (4.89–5.86)

176 (172–181)
156 (152–160)

379 (372–387)
343 (333–354)

165 (159173)
145 (138149)

387 (375403)
348 (334358)

2.70 (2.56–2.83)

6.04 (5.67–6.40)

2.95 (2.79–3.14)

5.89 (5.78–6.52)

3.23 (3.18–3.29)

6.69 (6.53–6.85)

3.35 (3.13–3.51)

6.75 (6.41–7.06)

3.81 (3.71–3.90)

7.30 (7.17–7.42)

3.89 (3.79–4.01)

7.35 (7.22–7.62)

0.51 (0.49–0.52)

3.79 (3.57–4.01)

0.45 (0.42–0.48)

2.39 (2.21–2.55)

a

Persons with missing values excluded. A few individuals had missing values in each parameter and therefore the total number of individuals per analysis is less
than 2154.
b
90% CIs for NORIP creatinine were not available.

comparing our overall findings with NORIP, some differences, including lower iron and albumin, and higher ALAT,
triglycerides, alkaline phosphatase and creatinine in men
could be linked to the fact, that the LOFUS reference population was not as healthy as the NORIP population.
However, applying the almost same inclusion criteria, we
believe our reference population was valid for the present
study. Furthermore, it is important to keep in mind that
some statistical methods on outlier removal and transformation were performed differently than in NORIP. To our
knowledge, we adopted the most recent IFCC recommendations on the statistical methods for the calculation of RIs.
Nonetheless, as many of our results are rather similar to

NORIP RIs, we believe that the effect of these choices was
relatively small.

Strength and limitations
The strength of this study is the recruitment of the study
population over a three-year period and, the low economical
costs using an a posteriori method for establishing RIs.
Limitations include lack of data on some variables used by
the NORIP to define the healthy population due to the a
posteriori sampling, but as stated in IFCC-CLSI guidelines:
‘Health is a relative condition lacking a universal definition.
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Figure 1. Relative change and 90% confidence intervals of LOFUS reference values compared to NORIP values, lower limit. Relative change is computed as (XLOFUS
- XNORIP)/XNORIP, and similarly for confidence limits. Black dots denote relative changes whose confidence interval overlaps zero (dashed line).

Figure 2. Relative change and 90% confidence intervals of LOFUS reference values compared to NORIP values, upper limit. Relative change is computed as (XLOFUS
- XNORIP)/XNORIP, and similarly for confidence limits. Black dots denote relative changes whose confidence interval overlaps zero (dashed line).

Defining what is considered healthy becomes the initial
problem in any study’ [12]. It was a limitation that we had
only nonfasting blood samples from LOFUS, but as the

non-fasting state is more practical in everyday clinical work,
this could also be considered as a strength since it does not
necessitate a more complicated scheme for blood sampling.
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The reference individuals in LOFUS were also not completely evenly distributed by age groups as is the case
in NORIP; LOFUS participants had an age distribution
with 19%, 14%, 23%, 23% and 20%, respectively, for the
age-groups 18–29, 30–39, 40–49, 50–59, and 60þ years.
Apart from a slight deficit in the age-group 30–39 years, the
distribution across age-groups was thus fairly equal.
Furthermore, we cannot rule out the possibility that
some of the persons classified as healthy had subclinical disease. Finally, although invitation to LOFUS was populationbased, only 34.1% of invited persons participated halfway
through the data collection period [45], however, we assume
that the attendees were more healthy than nonparticipants
[46] so for constructing a reference population, this might
constitute a minor issue.

Conclusion
In the Lolland-Falster Health Study, approximately 20% of
participants were healthy and qualified for inclusion in the
establishment of RIs. Several of the locally established RIs
differed considerably from the common NORIP RIs. Our
study stressed the difficulty in establishing generalizable RIs
for clinical use.
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