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A B S T R A C T   

Objectives: the different analytical methods for measurement of serum 25-hydroxyvitamin D (25 
(OH)D) are not yet fully harmonized and no consensus exists on a threshold of 25(OH)D defining 
a deficiency status. In this study, we compared the results from the assays of serum 25(OH)D 
performed with three different methods to evaluate the presence of potential biases and how 
much these biases can influence the assignment of patients to specific 25(OH)D deficiency/suf-
ficiency categories. Design and Methods: Liaison 25(OH) Vitamin D Total (DiaSorin Liaison XL), 
Elecsys Vitamin D Total II (Roche Elecsys) and Lumipulse G25(OH) Vitamin D (Fujirebio Lumi-
pulse G1200) were used. Methods comparability was established performing Passing-Bablok 
regression and Bland-Altman analysis to prove whether the differences found were lower than 
the preliminarily pre-established maximum acceptable bias. Results: all Passing-Bablok re-
gressions exhibited the presence of a proportional and constant systematic error. Bland-Altman 
analysis revealed biases well above the maximum acceptable bias, so the 25(OH)D concentra-
tions measured were not comparable. To evaluate whether the three methods had the same ability 
to classify patients into different categories of vitamin D levels, we categorized results obtained by 
each method in reference classes. Lumipulse categorized most patients into the class with the 
lowest 25(OH)D concentrations (<20 ng/mL) whereas Elecsys ranked the lowest number. Con-
clusions: Liaison XL and Elecsys have shown good accuracy compared to Lumipulse in measuring 
25(OH)D levels. Nevertheless, the assays were not interchangeable due to the lack of compara-
bility of results as well as to the disagreement in classification of hormone deficiency or 
sufficiency.   
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1. Introduction 

Vitamin D has a pivotal role in calcium metabolism and in the preservation of skeletal health and it is associated with several 
human disorders, including cardiovascular diseases, cancer, and infectious diseases, among others [1–4]. The international scientific 
community recognizes the measurement of 25 OH total Vitamin D (25(OH)D) as the best parameter to evaluate the reserves of this 
hormone [5,6]. The 25(OH)D deficiency is spread worldwide [7] and the routine assessment of 25(OH)D status in patients has grown 
exponentially in recent years [8]. 

The clinical laboratory may use either mass spectrometry (HPLC/MSMS) or immunometric methods to assay serum levels of 25 
(OH)D [6]. However, the different analytical methods are not yet fully harmonized [9]. To date, in fact, despite technological in-
novations and its complete automation, the assay of 25(OH)D represents a challenge for the laboratory. The analytical inaccuracy is 
mainly due to the existence of different forms of 25(OH)D with similar biological activity and to the lipophilic nature of these mol-
ecules, as well as to the presence of various metabolic interferents and epimers [10]. Furthermore, 25(OH)D can be transported both 
from the Vitamin D Binding Protein (VDBP) and from albumin and lipoproteins. The concentration of these 25(OH)D binding proteins 
varies according to pathophysiological conditions of the organism, such as pregnancy or kidney disease. Moreover, 25(OH)D binds 
these proteins with different affinity constants and must be separated from them before the execution of the measurement, therefore 
introducing a further variable on 25(OH)D determination [10]. 

To address the lack of assays standardization, in 2010 several national and international organizations, together with the Office of 
Dietary Supplements (ODS) of the National Institutes of Health (NIH), have organized the Vitamin D Standardization Program (VDSP) 
aimed to: i) identify HPLC/MSMS as the reference procedure measurement; ii) provide reference sera to the manufacturers of 
analytical assays to calibrate their commercial systems; and, iii) promote two external quality assessment programs based on accuracy 
[11,12]. Within the VDSP, the US Center for Disease Control and Prevention (CDC) also certifies and publishes annually the list of 
manufacturers whose analytical method has successfully met the requirements for standardization [13]. 

However, although the accuracy of the various analytical methods has improved, much work remains to be done [10,14,15]. 
Numerous studies of automated immunoassays comparison demonstrated how, despite the excellent correlation with the reference 
procedure made them valid for the 25(OH)D measurement in the routine clinical laboratory, the incomplete standardization resulted 
in significant bias when the methods were compared to each other [15–17]. 

The significant variability in 25(OH)D measure obtained by different methods has also complicated the definition of a universal 
deficiency threshold for 25(OH)D [10,18]. Currently, in fact, no universal consensus exists on threshold of 25(OH)D defining a vitamin 
D deficiency status. The US Institute of Medicine (IOM), on the basis of predefined outcomes of mineral metabolism and bone health, 
recommends a serum 25(OH)D concentration of 20 ng/mL, while the Endocrine Society, after a deep systemic review of literature, 
proposes a 30 ng/ml concentration as threshold. Essentially, one cause of the controversial threshold could be the lack of vitamin D 
methods standardization [5,19]. 

This study describes the comparison of the results obtained by measurement of serum concentration of 25(OH)D performed with 
three different tests: Liaison 25(OH) Vitamin D Total test (DiaSorin Liaison XL) (DiaSorin, Saluggia, Italy), Elecsys Vitamin D Total II 
test (Roche Elecsys) (Roche Diagnostics Gmbh, Mannheim, Germany), and Lumipulse G 25OH Vitamin D test (Fujirebio Lumipulse 
G1200) (Fujirebio inc, Tokyo, Japan). The aim of study was: i) evaluate the presence of a potential bias among the different methods 
and ii) how much this bias can influence the assignment of patients to the specific 25(OH)D deficiency/sufficiency categories. 

2. Materials and methods 

2.1. Samples collection 

Within a week, 250 serum samples were analysed for the 25(OH)D concentration by DiaSorin Liaison XL (DiaSorin, Saluggia, Italia) 
at Clinical Biochemistry Laboratory of Mater Domini University Hospital (Catanzaro, Italy) in February 2020, as part of daily work 
routine. A total of 51 samples, ranging of serum 25(OH)D concentrations from 4.0 to 103.0 ng/mL, were selected, anonymized, ali-
quoted into 2 tubes and 25(OH)D concentration assayed by Roche Elecsys and Fujirebio Lumipulse G1200 tests. 

Ethical approval was not required because the samples are anonymized before to be subjected to further analysis. The study was 
conducted according to Helsinki declaration on human experimentation. 

2.2. 25(OH)D methods 

The 25(OH)D (ng/ml) determinations were performed with the following automated immunoassays: Liaison 25(OH) Vitamin D 
Total assay (DiaSorin, Saluggia Italy; lot 134858B); Elecsys Vitamin D Total II test (Roche Diagnostics, Mannheim, Germany; lot 
424,995), and Lumipulse G 25OH Vitamin D test (Fujirebio Inc., Tokyo, Japan; lot 8XX0074). All three methods are CDC certified [13]. 

DiaSorin Liaison XL is a competitive chemiluminescent immunoassay (CLIA) and Roche Elecsys is based on a competing protein- 
binding assay for 25(OH)D and uses electro chemiluminescent detection (ECLIA). Finally, Fujirebio Lumipulse G 1200 is a two-step 
non-competitive sandwich assay based on chemiluminescent enzyme immunoassay (CLEIA). The 25(OH)D measurement range was 
4–150 ng/ml for DiaSorin Liaison XL and Fujirebio Lumipulse G 1200 tests and 3–100 ng/ml for Roche Elecsys test. As reported by 
manufactures, the 25 OH Vitamin D2 and 25 OH Vitamin D3 cross reactivity is equal to 100 % for DiaSorin Liaison XL whereas of 97 % 
and 100 % for Roche Elecsys, respectively. No data were reported for Fujirebio Lumipulse G 1200. All 25(OH)D measurements were 
performed according to the manufacturer’s instructions in our laboratory. 
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2.3. Methods imprecision 

Imprecision for each method was carried out according to the classic 3 × 5 scheme during the routine analytic session [20]. The 
quality control sera, provided by respective manufacturers, were used to calculate imprecision as coefficient of variation (CV%). 

Briefly, for each method, two levels of internal quality control serum were determined in triplicate (at the beginning, in the middle 
and at the end of the analytical session) for 5 consecutive days and then was calculated the CV% [21]. 

2.4. Methods comparisons 

The methods comparison was carried out following the operating procedures suggested by documents of Clinical Biochemistry and 
Clinical Molecular Biology Italian Society SiBioC [20,22]. In particular, each method was compared with other methods by 
Bland-Altman analysis to verify if the maximum bias was minor the maximum acceptable error (Tea%), that for 25OH(D) is 25 % [23]. 

Briefly, the maximum acceptable bias was calculated according to the following formula: bias max % = TEa% - 1.65 CVa where CVa 
is the highest analytical imprecision within the laboratory expressed in % and calculated using the precision control sera. 

2.5. Methods accuracy 

The accuracy of DiaSorin Liaison XL, Roche Elecsys, and Fujirebio Lumipulse G 1200 methods was evaluated using 10 International 
Vitamin D External Quality Assessment Scheme (DEQAS) control sera. DEQAS is an external quality control scheme “accuracy based”. 
The “true” value of 25(OH)D in DEQAS samples were assigned using the LC–MS/MS assay, the Reference Measurement Procedure 
(RMP) for 25(OH)D measurement. Then, the accuracy of the participants’ results is assessed verifying how far they deviates from the 
true value indicated by DEQAS program. The biases among results obtained with the three methods were calculated and then 
compared with the limit threshold of 25 % proposed by the organizer [24,25]. 

2.6. Statistical analysis 

The mean, CV, variance, standard deviation, Passing Bablok regression and Bland-Altman analysis were calculated by MetComp 
software module vers. 1.0 [20]. 

To assess whether DiaSorin Liaison XL, Roche Elecsys, and Fujirebio Lumipulse G 1200 methods homogeneously classified the 
patients in the 25(OH)D deficiency/sufficiency categories, the Cohen’s kappa coefficient, a measure of the strength of the agreement 
between methods, was calculated [26]. The values obtained were evaluated according to this scheme:  

• if κ assumes values between 0.01 and 0.40, the concordance is poor.  
• if κ assumes values between 0.41 and 0.60, the concordance is fair.  
• if κ assumes values between 0.61 and 0.80, the concordance is good.  
• if κ assumes values between 0.81 and 1.00, the concordance is very good. 

3. Results 

3.1. Evaluation of analytical precision 

The precision of DiaSorin Liaison XL, Roche Elecsys, and Fujirebio Lumipulse G 1200 methods was calculated as intra-laboratory 
CV according to 3 × 5 scheme (Table 1). All methods showed a CV% falling within the limits of acceptability declared by manufac-
turers: 9.8 %, 7.2 %, and 6 % for DiaSorin Liaison XL, Roche Elecsys, and Fujirebio Lumipulse G 1200, respectively. The only exception 
was Roche Elecsys control serum level 1 with a CV = 11.41 % (Table 1). 

Table 1 
Precision, calculated as CV%, for DiaSorin Liaison XL, Roche Elecsys, and Fujirebio Lumipulse G1200 methods.  

25(OH)D (ng/mL) DiaSorin Liaison XL Roche Elecsys Fujirebio Lumipulse G1200  

Control serum  

level 1 level 2 level 1 level 2 level 1 level 2 

Meantot 14.12 45.73 14.81 36.30 32.46 49.67 
Stdtot 0.98 2.32 1.69 2.30 1.44 2.15 
Variancetot 0.99 5.37 2.86 5.31 2.10 4.61 
CVtot (%) 6.99 5.10 11.41 6.35 4.45 4.32 

Std = standard deviation; CV = coefficient of variation. 
mean, std, variance and CV were calculated on total data obtained during five days of 3 × 5 precision scheme [19]. 

F. Trimboli et al.                                                                                                                                                                                                       



Practical Laboratory Medicine 26 (2021) e00251

4

F. Trimboli et al.                                                                                                                                                                                                       



Practical Laboratory Medicine 26 (2021) e00251

5

3.2. Method comparisons 

Relationship and agreement among the three methods were performed by comparing them two by two using the Passing - Bablok 
regression and the Bland – Altman analysis to verify whether the differences between the sample values were below a pre-established 
beforehand maximum deviation limit, the “maximum acceptable bias” (Bias max). The formula: Bias max = TEa % - 1.65 CVa was used 
to calculate the Bias max, where TEa is the total allowable error and CVa the coefficient of variation that express the within-laboratory 
analytical inaccuracy calculated using precision control sera as reported above. Starting from the total acceptable error (TEa%) that for 
vitamin D, based on the evidence in the literature [23] is 25 %, and choosing the CVa with the highest value among those obtained with 
precision tests, we calculated 1.65 CVa max that is 11.41 × 1.65 = 18.83 %. Consequently, the bias max % that not to be exceeded was: 
25 % –18.83 % = 6.17%. 

First, the 25(OH)D results obtained by DiaSorin Liaison XL were compared with those obtained by Roche Elecsys and then Fujirebio 
Lumipulse G 1200, respectively. Moreover, the Passing - Bablok regression and the Bland - Altman analyses were applied also to results 
obtained by Roche Elecsys and Fujirebio Lumipulse G 1200. 

3.2.1. DiaSorin Liaison XL vs Roche Elecsys 
The Passing - Bablok regression between DiaSorin Liaison XL and Roche Elecsys exhibited a linear relation (y = 1.4924 + 1.1592 x; 

95 % C.I. intercept = − 0.41 to 4.55; 95 % C.I. slope = 1.26 to 1.03 p > 0.05) (Fig. 1A) and the presence of a proportional systematic 
error. The results of Bland-Altman analysis are shown in Fig. 1B. The mean difference ± standard deviation of 25(OH)D was − 6.16 ±
8.12 ng/mL (95 % CI = − 8.49 to − 3.83) and the limits of agreement carried out were − 22.24 to + 9.91 ng/mL (Fig. 1B). The analysis 
of Bland - Altman on percentage differences showed a mean percentage difference or bias% equal to − 22.5 % (95 % C.I. = − 29.0 % to 
− 16.0 %) (Fig. 1C). Since the previously calculated maximum acceptable bias between the methods (6.17 %) was less than the absolute 
lower limit value of 95 % C.I. bias%, the results provided by DiaSorin Liaison XL and Roche Elecsys were not comparable. 

3.2.2. DiaSorin Liaison XL vs Fujirebio Lumipulse G 1200 
The Passing - Bablok regression analysis between DiaSorin Liaison XL and Fujirebio Lumipulse G 1200 showed a close relation (y =

− 1.0894 + 0.922 x; 95 % C.I. intercept = -2.48 to 0.05; 95 % C.I. slope = 0.87 to 0.98; p > 0.05) (Fig. 2A) but both proportional and 
constant systematic error was present. Moreover, Bland – Altman analysis revealed a mean difference ± standard deviation of 25(OH)D 
equal to 3.67 ± 4.53 ng/mL (95 % CI = 2.39 to 4.35) and the limits of agreement carried out were − 5.25 to 12.59 ng/mL (Fig. 2B) 
whereas the mean bias% was 16.2 % (95 % C.I. bias% = 12.01 % to 20.35 %) (Fig. 2C) above the maximum acceptable bias so the 25 
(OH)D concentration measured with DiaSorin Liaison XL and Fujirebio Lumipulse G 1200 are not comparable. 

3.2.3. Roche Elecsys vs Fujirebio Lumipulse G 1200 
The Passing - Bablok regression between Roche Elecsys and Fujirebio Lumipulse G 1200 showed a proportional and constant 

systematic error even in the presence of a good relation (y = − 2.7262 + 0.8224 x; 95 % C.I. intercept = − 4.10 to − 1.67; 95 % C.I. slope 
= 0.77 to 0.87; p > 0.05) (Fig. 3A). Moreover, Bland – Altman analysis revealed a mean difference ± standard deviation of 25(OH)D 
equal to 9.45 ± 7.20 ng/mL (95 % CI = 7.38 to 11.51) and the limits of agreement carried out were − 4.80 to 23.70 ng/mL (Fig. 3B). 
The mean bias% was 38.2 % (95 % C.I. bias% = 32.47 % to 43.93 %) (Fig. 3C) well above the maximum acceptable bias (6.17 %) 
meaning that the 25(OH)D concentration measured with Roche Elecsys and Fujirebio Lumipulse G 1200 were not comparable. 

3.3. Accuracy 

The accuracy was evaluated by determining 25(OH)D concentration in 10 DEQAS sera. Samples 561–565 belong to the DEQAS 
October 2019 distribution and samples 566–570 were from the DEQAS January 2020 distribution. The calculation of the bias % 
between the 25(OH)D “true value” provided by DEQAS and those determined by DiaSorin Liaison XL, Roche Elecsys, and Fujirebio 
Lumipulse G 1200 methods was performed applying the following formula: [(25(OH)DMETHOD X - 25(OH)DDEQAS)/25(OH)DDEQAS] x 
100. Next, the mean bias % was calculated for each method. In Table 2 are reported the target values and the bias obtained. DEQAS 
Advisor Panel considers satisfactory the performances obtained if the mean bias % is less than 25 % at least in 3 of the first 4 samples of 
each distribution. Since for all three methods the % of bias in at least 3 of the 4 samples of each distribution is less than 25 %, it can 
therefore be said that all methods have achieved the performance target set by DEQAS program. 

3.4. Clinical validation 

To evaluate whether the three methods had a comparable ability in classifying patients into different categories of vitamin D levels 
according both to Endocrine Society’s guidelines [5] and IOM study [19], we first categorized the results obtained by each method in a 
reference class (Tables 3 and 4). 

According to the Endocrine Society’s, Fujirebio Lumipulse G 1200 method categorizes most patients into the class with the lower 25 

Figs. 1. 25(OH)D (ng/mL) determination by DiaSorin Liaison XL and Roche Elecsys. 
(A) Passing – Bablok regression analysis; (B) Bland - Altman analysis of agreement on absolute values of mean differences (ng/mL) between 
methods; (C) Bland - Altman analysis of agreement on percentage values of mean differences (%) between methods. 
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(OH)D concentration (<10 ng/mL and 11–20 ng/mL) whereas Roche Elecsys categorizes the smaller number of patients into the same 
class (Table 3). Conversely, Roche Elecsys categorizes most patients into the 21–29 ng/mL and 30–100 ng/mL categories and Fujirebio 
Lumipulse G 1200 categorizes the smaller number of patients into the same class. 

According to IOM, Roche Elecsys categorizes the lower number of patients into <20 ng/mL and the higher in >20 ng/mL class and 
Fujirebio Lumipulse G 1200 vice versa (Table 4). 

Finally, we assessed the strength of the agreement between the results obtained with the different methods by calculating Cohen’s κ 
index, a concordance index that considers the probability that the concordance is random (Table 5). 

When the Endocrine Society’s reference values were used, the strength of the agreement between DiaSorin Liaison XL and Roche 
Elecsys was very good for each class, except for 11–20 ng/mL category. DiaSorin Liaison XL and Fujirebio Lumipulse G 1200 showed a 
very good agreement only in the lower and the higher 25(OH)D concentration classes, Roche Elecsys and Fujirebio Lumipulse G 1200 
only in <10 ng/mL category (Table 5). 

Conversely, when the IOM reference values were used, the strength of the agreement between DiaSorin Liaison XL and Roche 
Elecsys and DiaSorin Liaison XL and Fujirebio Lumipulse G 1200 were good whereas between Roche Elecsys and Fujirebio Lumipulse G 
1200 was moderate (Table 6). 

4. Discussions 

The presence of some DEQAS samples with % of bias >25 % (the cut-off proposed by DEQAS program for accuracy) makes fair the 
Fujirebio Lumipulse G 1200 test performance, but the other two methods show good performance fullfilling the criteria of DEQAS 
external quality control scheme “accuracy based”. This could be explained with the presence in DEQAS samples of metabolites of 
vitamin D as 25(OH)D2, 3-epi-25-hydroxyvitamin D and 24,25-dihydroxyvitamin D that could influence 25(OH)D determination [25]. 
Despite the fact that the three tests are accurate, they are not interchangeable as demonstrated by the lack of comparability between 
the results obtained by the single method. 

A possible explanation could be that the three analytical procedures measure 25(OH)D concentration with different mechanisms. 
The Roche Elecsys and Liaison methods are competitive immunoassays while the Lumipulse test is non-competitive. The Elecsys test is 
an electrochemiluminescent binding assay in which the labelled 25(OH)D competes with the native for binding to a recombinant 
VDBP; the DiaSorin method is a chemiluminescent assay in which the labelled 25(OH)D competes with the sample’s 25(OH)D for 
antibody binding. Finally, the Lumipulse method, in turn, is a non-competitive chemiluminescence assay in which the sandwich is 
formed between a capture antibody for 25(OH)D and a second labelled monoclonal antibody directed against the immunocomplex 25 
(OH)D - first antibody. 

These are therefore different methods which overlap only partially even if are traceable to the same standard (Standard Reference 
Material (SRM) 972, National Institute of Standard and Tecnology (NIST)). The standardization effort carried out by the Vitamin D 
Standardization Program should have overcome the differences in the design of the analytical procedures [11,12]. As several authors 
have pointed out, however, we are still far from a complete standardization [10,14,15]. 

The need to maintain the serum 25(OH)D concentrations at acceptable levels is recognized by the scientific community as a public 
health emergency. 

A complex discussion is underway, aimed at examining the available data on the methods used in determining the concentration of 
vitamin D and identifying the persistent problems associated with them [27]. 

It is now universally accepted that, in the general population without problems of chronic kidney disease, the measurement of 25 
(OH)D is the best parameter to evaluate the reserves of the active form of the hormone 1,25 OH vitamin D (1,25(OH)2D) [5,6]. The 1, 
25(OH)2D, with other factors including Parathormone (PTH) and Fibroblast Growth Factor 23 (FGF 23), plays a key role in controlling 
bone metabolism in the human body while maintaining the homeostasis of calcium and phosphorus. Therefore, vitamin D directly 
influences the mineral density of bone, and its determination can provide important indications on the risk of falls and fractures 
[28–31]. Several studies have confirmed the diagnostic importance of vitamin D concentration in diseases affecting bone metabolism. 
In recent years, numerous experimental and clinical studies have evaluated, with mixed results, the influence of vitamin D deficiency 
in disorders such as diabetes and cardiovascular, oncological and autoimmune diseases [32–36]. Furthermore, the role of 25 (OH)D in 
viral infection has recently been clarified [37] and the use of vitamin D as a possible adjuvant therapy to fight infections such as SARS 
Covid-2 has been proposed [38–40]. In fact, there are studies showing that 25(OH)D counteracts viral replication of rotavirus both in 
vitro and in vivo [41] and that supplementation with 4000 IU/day of vitamin D reduces dengue virus infection [42]. On the other hand, 
it has been shown that 25(OH)D deficiency correlates with increased levels of IL-6, a marker of inflammation infection associated with 
dysregulated production of hematopoietic cells in patients with HIV [43]. 

Taken together, these findings have led to an exponential increase in vitamin D determinations. Efforts in the future to improve the 
standardization policy of the immunoassays will be required. If successful, it will allow us to use the same values of cut off and to 
recognize with the same effectiveness the subjects deficient and those with sufficient 25(OH)D. 

Fig. 2. 25(OH)D determination by DiaSorin Liaison XL and Fujirebio Lumipulse G1200. (A) Passing – Bablok regression analysis; (B) Bland - Altman 
analysis of agreement on absolute values of mean differences (ng/mL) between methods; (C) Bland - Altman analysis of agreement on percentage 
values of mean differences (%) between methods. 
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Fig. 3. 25(OH)D determination by Roche Elecsys and Fujirebio Lumipulse G1200. (A) Passing - Bablok regression analysis; (B) Bland - Altman 
analysis of agreement on absolute values of mean differences (ng/mL) between methods; (C) Bland - Altman analysis of agreement on percentage 
values of mean differences (%) between methods. 

Table 2 
Accuracy study using DEQAS samples.   

Target (ng/mL) DiaSorin Elecsys Lumipulse 

25(OH)D (ng/mL) Bias (%) 25(OH)D (ng/mL) Bias (%) 25(OH)D (ng/mL) Bias (%) 

DEQAS 561 26.6 29.2 9.8 30.0 12.8 22.1 − 16.9 
DEQAS 562 19.2 21.0 9.6 19.6 2.5 13.6 − 29.0 
DEQAS 563 35.5 34.9 − 1.7 41.2 16.0 31.1 − 12.7 
DEQAS 564 17.4 19.4 11.8 18.8 8.3 13.3 − 23.8 
DEQAS 565 30.5 35.1 15.1 30.8 0.9 26.4 − 13.5 
DEQAS 566 27.4 25.2 − 7.9 30.4 11.0 22.7 − 16.9 
DEQAS 567 26.8 25.6 − 4.6 30.8 15.0 23.3 − 13.1 
DEQAS 568 12.7 12.6 − 0.6 15.8 24.9 9.2 − 27.0 
DEQAS 569 33.0 35.0 5.9 38.4 16.2 29.8 − 9.8 
DEQAS 570 54.0 54.8 1.5 65.6 21.5 50.3 − 6.8 
Mean   3.9  12.9  − 16.9 
SD   7.6  7.6  7.4 

DEQAS, Vitamin D External Quality Assurance Scheme, bias (%) = [(method – target)/target] x 100. Samples 561–565 belong to the DEQAS October 
2019 exercise and samples 566–570 were from the DEQAS January 2020 exercise. 

Table 3 
Classification of patients into different categories of vitamin D levels according to Endocrine Society’s Guidelines. Green denotes, 
in each category, the method that categorizes the least patients into that particular category, while red denotes the method 
which categorizes most patients into that particular category.  

25(OH)D (ng/mL) DiaSorin Elecsys Lumipulse  

N (%) 

<10 12 (23.5) 11 (21.2) 14 (27.4) 
11–20 11 (21.5) 6 (11.8) 15 (29.4) 
21–29 10 (19.6) 13 (25.5) 7 (13.7) 
30–103 18 (35.3) 21 (41.2) 15 (29.4) 

n, numbers of patients for each level; %, percentage of patients for each level. 

Table 4 
Classification of patients into different categories of vitamin D levels according to IOM categories. Green denotes the instrument 
in each category that categorizes the least patients into that particular category, while red denotes the instrument which cat-
egorizes most patients into that particular category.  

25(OH)D (ng/mL) DiaSorin Elecsys Lumipulse 

N (%) 
<20 23 (45.1) 17 (33.3) 29 (56.8) 
>20 28 (54.9) 34 (66.7) 22 (43.1) 

n, numbers of patients for each level; %, percentage of patients for each level. 

Table 5 
κ values for the strength of agreement between assays according to Endocrine Society’s Guidelines. κ < 0.20 (poor), 0.21–0.4 (fair), 0.41–0.60 
(moderate), 0.61–0.80 (good), 0.81–1.00 (very good). Figures in bold represent very good agreement.  

25(OH)D DiaSorin vs Elecsys DiaSorin vs Lumipulse Elecsys vs Lumipulse 

Κ (% agreement)  

<10 ng/mL 0.94 (98.1) 0.90 (96.2) 0.84 (94.3) 
11–20 ng/mL 0.66 (90.5) 0.79 (92.4) 0.49 (83.0) 
21–29 ng/mL 0.83 (94.4) 0.79 (94.3) 0.64 (88.7) 
30–100 ng/mL 0.88 (94.3) 0.87 (94.3) 0.77 (88.7) 

κ, Cohen index. 
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5. Conclusions 

Two out of three compared immunoassays have shown good accuracy and therefore can be considered as reliable in measuring the 
25(OH)D in the routine clinical laboratory. Nevertheless, we showed that the assays are not interchangeable due the lack of 
comparability of the results. Moreover, these three immunological tests do not agree in classifying patients with either the method 
proposed by the Endocrine Society or the IOM. 
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