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Background: The purpose of this study was to find out the cause of discrepancy between 
various automated immunoassays for 25-hydroxy-vitamin D (25-[OH]D). Methods: Na-
tional Institute of Standards & Technology Standard Reference Material (SRM) 972a is 
SRM for 25-(OH)D and consists of 4 vials of frozen serum with different concentrations of 
25-(OH)D. Each concentration was measured 6 times in 3 different immunoassays: AD-
VIA Vitamin D Total assay (Siemens Healthcare, Erlangen, Germany), ARCHITECT 25-(OH)
D (Abbott Laboratories, Abbott Park, IL, USA), and COBAS Vitamin D Total assay (Roche 
Diagnostics, Basel, Switzerland). Results: When using the certified reference values of 
SRM 972a as it is, discarding the cross-reactivity of each immunoassay, for ADVIA, the 
coefficient of determination (R2) as a score of regression analysis was 0.8995 and maxi-
mal difference between measured value and certified reference value was 3.6 ng/mL in 
level 3. The R2 and maximal differences of ARCHITECT were 0.5377 and 6.9 ng/mL, re-
spectively, in level 4. Those of COBAS were 0.3674 and 22.3 ng/mL, respectively, in level 
4. When considering cross-reactivities of each immunoassays to various 25-(OH)D me-
tabolites, the ADVIA had R2 and maximal difference of 0.9254 and 3.3 ng/mL, respec-
tively, in level 3. For ARCHITECT, the R2 and maximal differences were 0.7602 and 5.1 ng/
mL, respectively, in level 1. Those of COBAS were 0.9284 and 4.9 ng/mL, respectively, in 
level 1. Conclusions: The cause of discrepancies between vitamin D immunoassays was 
mainly on the difference in cross-reactivities to various vitamin D metabolites. The dis-
crepancies can be considerably decreased by considering cross-reactivities of each im-
munoassay.
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INTRODUCTION

Vitamin D, a fat-soluble vitamin, is well known for its important role in main-
taining calcium homeostasis, promoting bone formation in children, and main-
taining bone strength in adults.[1] Vitamin D deficiency in children is the main 
cause of skeletal deformities such as rickets; and vitamin D deficiency in elderly 
could be the cause of osteoporosis and sarcopenia.[1,2] 

Some studies have shown that higher serum levels of vitamin D can reduce the 
incidence of cancers such as breast, colorectal, and prostate.[3] Recent studies re-
ported that low 25-hydroxy-vitamin D (25-[OH]D) levels are associated with the 
cardiovascular disease risk factors of hypertension, obesity, diabetes mellitus and 
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the metabolic syndrome, as well as cardiovascular disease 
events including stroke and congestive heart failure.[4] 

Vitamin D exists in 2 major forms, Vitamin D2 (ergocalcif-
erol) and D3 (cholecalciferol). These are then metabolized 
to 25-(OH)D2 and 25-(OH)D3 in the liver. Measuring the lev-
els of both 25-(OH)D2 and 25-(OH)D3 is imperative to the 
assessment of the clinical nutritional status.[5] Vitamin D2 
or D3 is provided as a vitamin D supplement in many coun-
tries.

Measurement of 25-(OH)D is performed with a number 
of different analytical techniques. Serum 25-(OH)D levels 
can be measured by radioimmunoassay (RIA), enzyme im-
munoassay (EIA), chemiluminescent immunoassay (CLIA), 
electro-CLIA (ECLIA), high-performance liquid chromatog-
raphy (HPLC), and by the recently developed liquid chro-
matography-tandem mass spectrometry (LC-MS/MS) tech-
nique.[6] Recently, automated 25-(OH)D immunoassays fa-
cilitate rapid measurement of serum vitamin D levels.[7,8] 
Of the several diagnostic companies, Siemens, Roche, and 
Abbott provide automated 25-(OH)D assays. However, the 
results of automated 25-(OH)D assays are inconsistent and 
difficult to compare. Therefore, the assays for vitamin D need 
to be standardized. The purpose of this study was to find 
out the cause of discrepancy between various automated 
immunoassays for 25-(OH)D using certified reference ma-
terial.

METHODS

1. Certified reference material for 25-(OH)D
Standard Reference Material (SRM) 972a (National Insti-

tute of Standards and Technology [NIST], Gaithersburg, MD, 
USA) is the standard reference material for vitamin D. It is 
intended for use as an accuracy control in the critical eval-
uation of methods for determining the amount-of-sub-
stance concentration of vitamin D metabolites in human 
serum.[9] One unit of SRM 972a consists of 4 vials (Level 1 
through 4) of frozen serum with different concentration 
levels of 25-(OH)D (Table 1). Levels 1, 2, and 3 of SRM 972a 
were prepared from pools of human serum with endoge-
nous concentrations of vitamin D metabolites. Level 4 was 
prepared from a pool of human serum fortified with 3-epi-
25-(OH)D3.

2. Three automated immunoassays for 25-(OH)D
The 3 automated immunoassays for 25-(OH)D used in 

this study were ADVIA Centaur Vitamin D Total (Siemens 
Healthcare, Erlangen, Germany), ARCHITECT 25-OH Vita-
min D (Abbott Laboratories, Abbott Park, IL, USA), and CO-
BAS Vitamin D Total (Roche Diagnostics, Basel, Switzerland). 
These assays use CLIA or ECLIA techniques. They measure 
various vitamin D metabolites, mainly 25-(OH)D2, 25-(OH)
D3, and selectively 3-epi-25-(OH)D3, and then report the 
sum as total 25-(OH)D.

3. Measurement of NIST 972a using 3 
automated immunoassays

For the measurement in 3 different immunoassays, we 
used 2 units of SRM 972a. Using first unit of SRM 972a, we 
performed 3 repeated measurements in each immunoas-
say and repeated the same procedure using second unit of 
SRM 972a. We thus performed a total of 6 measurements 
for the combination of each immunoassay and each level 
of SRM 972a.

4. Bias assessment of 3 immunoassays
First, we assessed the biases of each immunoassay with 

measured values and certified values. Second, we assessed 
the biases of each immunoassay with corrected certified 
values for cross-reactivity.

Correction for cross-reactivity of each immunoassay was 
performed as follows:

 Co rrected certified value of 25-(OH)D in an immunoassay 
=      (Certified value of SRM 972a×Cross reactivity of 
the immunoassay about specific metabolites)

 Specific metabolites: 25-(OH)D2, 25-(OH)D3, 3-epi-25-(OH)D3

∑

Table 1. Certified values for vitamin D metabolites in Standard Ref-
erence Material (SRM) 972a

Level Metabolites Certified value (ng/mL)a)

1 25-hydroxy-vitamin D3

3-epi-25-hydroxy-vitamin D3

28.8±1.1
1.84±0.08

2 25-hydroxy-vitamin D2

25-hydroxy-vitamin D3

3-epi-25-hydroxy-vitamin D3

0.81±0.06
18.1±0.4
1.29±0.06

3 25-hydroxy-vitamin D2

25-hydroxy-vitamin D3

13.3±0.3
19.8±0.5

4 25-hydroxy-vitamin D3

3-epi-25-hydroxy-vitamin D3

29.4±0.9
26.4±2.1

a)Mass concentration levels were calculated from mass fractions using 
measured serum densities: Level 1, 1.02326 g/mL; Level 2, 1.02196 g/mL; 
Level 3, 1.02294 g/mL; and Level 4, 1.02295 g/mL.
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Table 2. Cross-reactivitiesa) of three automated immunoassays

Metabolites ADVIA  
(Siemens)

ARCHITECT 
(Abbott)

COBAS 
(Roche)

25-hydroxy-vitamin D2 106.2% 82.0% 92.0%

25-hydroxy-vitamin D3 97.4% 105.0% 100.0%

3-epi-25-hydroxy-vitamin D3 1.0% 2.7% 91.0%
a)The cross-reactivities were based on the insert sheet provided by each 
manufacturer.

Table 3. Averages of measured values (ng/mL) of Standard Refer-
ence Material (SRM) 972a in 3 different immunoassays

Level Certified  
valuea)

ADVIA  
(Siemens)b)

ARCHITECT 
(Abbott)

COBAS 
(Roche)

1 28.8 29.0 35.4 35.4

2 18.9 18.7 21.6 18.9

3 33.1 36.7 30.2 31.1

4 29.4 28.7 36.3 51.0
a)Certified value is the simple summation of certified values of 25-hydroxy-
vitamin D2, 25-hydroxy-vitamin D3, and 3-epi-25-hydroxy-vitamin D3.
b)Measured value is mean of 6 replicates in each immunoassay.

Table 4. Biases (ng/mL) observed in 3 different immunoassays

Level

ADVIA  
(Siemens)

ARCHITECT  
(Abbott)

COBAS  
(Roche)

Bias be-
fore cor-
rectiona)

Bias 
after cor-
rectionb)

Bias be-
fore cor-
rection

Bias 
after cor-
rection

Bias be-
fore cor-
rection

Bias 
after cor-
rection

1 0.2 -0.9 6.6 -5.1 6.4 -4.9

2 -0.2 -0.2 2.7 -1.9 0.2 1.1

3 3.6 -3.3 -2.9 1.5 -5.6 0.9

4 -0.7 0.2 6.9 -4.7 22.3 2.4

Mean 0.7 -1.1 3.3 -2.6 5.8 -0.1
a)Bias between measured value and certified value in each level of Stan-
dard Reference Material (SRM) 972a.
b)Bias between measured value and corrected certified value of SRM972a 
for cross-reactivity.

Cross-reactivities of specific metabolites in each immu-
noassay were provided by each manufacturer and present-
ed in Table 2.

RESULTS

1. Comparison between measured values and 
certified reference values of SRM 972a

In the comparison between measured values and certi-
fied reference values of SRM 972a, the averages of mea-
sured values in 3 automated immunoassays were present-
ed in Table 3. The average bias was presented in Table 4 as 
‘Bias before correction’. That of ADVIA (Siemens) was 0.7 
ng/mL (Min -0.7, Max 3.6). That of ARCHITECT (Abbott) was 
3.3 ng/mL (Min -2.9, Max 6.9) and that of COBAS (Roche) 
was 5.8 ng/mL (Min -5.6, Max 22.3). Regression plot, equa-
tion for regression line, and coefficient of determination 
(R2) between measured values and certified reference val-
ues were shown in Figure 1A, C, and E.

2. Comparison between measured values and 
corrected reference values for cross-
reactivity

When we corrected the certified reference values of SRM 
972a considering cross-reactivity of each immunoassay, 
the average bias changed to the values of ‘Bias after cor-

rection’, as shown in Table 4. That of ADVIA (Siemens) was 
-1.1 ng/mL (Min -3.3, Max 0.2). That of ARCHITECT (Abbott) 
was -2.6 ng/mL (Min -5.1, Max 1.5) and that of COBAS (Ro-
che) significantly decreased to -0.1 ng/mL (Min -4.9, Max 
2.4). The R2 in each regression analysis was improved from 
0.8995 to 0.9254 in ADVIA (Siemens), from 0.5377 to 0.7602 
in ARCHITECT (Abbott), and from 0.3674 to 0.9284 in CO-
BAS (Roche) (Fig. 1).

DISCUSSION

The clinical importance of vitamin D is gaining empha-
sis.[1-4,10-13] Discrepancies between vitamin D total im-
munoassays are constantly raised and reported in the sev-
eral studies.[7,8,14,15] Various causes of the discrepancies 
have been referred,[16] but so far, the clear cause of dis-
crepancies between immunoassays was unknown. In this 
study, we focused on the cross-reactivities with various vi-
tamin D metabolites and confirmed that difference in cross-
reactivities may be the main cause of discrepancy between 
immunoassays. Especially, the bias before considering cross-
reactivity was greatest in COBAS (Roche) and the reason 
was the relatively high cross-reactivity (91% in Table 2) to 
the epimer form of vitamin D3, 3-epi-25-(OH)D3. Though 
the epimer, 3-epi-25-(OH)D3, is known to have significantly 
reduced calcemic effect, as compared with 25-(OH)D3,[17,18] 
it accounts for a significant proportion of total 25-(OH)D in 
adults [19] as well as infants.[20] Therefore, it is important 
to discriminated the epimer from total 25-(OH)D.

Due to the discrepancies of various vitamin D assays, the 
need for standardization has been further highlighted. Gen-
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Fig. 1. Regression plots between reference values and measured values of Standard Reference Material (SRM) 972a. (A) and (B) are of ADVIA 
(Siemens), (C) and (D) are of ARCHITEC (Abbott), (E) and (F) are of COBAS (Roche). X axis means reference values of SRM 972a in (A), (C), and (E); 
while X axis means corrected reference values for cross-reactivity in (B), (D), and (F).
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erally, there are 2 possible ways for standardization. The first 
is using a reference measurement procedure. A method 
using isotope-dilution (ID) LC-MS/MS was developed and 

has been accepted as a reference method.[5,21] However, 
typical clinical laboratories are not equipped for mass spec-
trometry because of high cost and difficulty of operation. 
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Second, the possible alternative is to use relatively cheap 
standard reference material. However, as the results of this 
study indicated, the use of certified reference values as it 
is, results in large differences with measured values in a 
certain immunoassay. For successful measurement of stan-
dard reference material, we must consider the cross-reac-
tivity of each immunoassay. But, even considering cross-
reactivities of each immunoassay, it is not sufficient for the 
standardization of total vitamin D immunoassays. These 
assays have intrinsic and indelible limitation for standard-
ization. Because the analyte of total vitamin D assay is not 
a pure substance but mixture of various metabolites and 
the mixing proportion of these metabolites is diverse in 
each individual, it is difficult to specify a certain correction 
factor for the standardization.

The limitation of this study was that the sample was not 
a natural human serum. Though the reference material was 
based on human serum, the detailed composition of vita-
min D metabolites can be different from natural human 
serum. Especially, 3-epi-25-(OH)D3 was fortified in the SRM 
972a, hence the proportion of epimer may be different to 
the natural human serum. In additional research, it is nec-
essary to verify the actual effect of cross-reactivities using 
various natural human serum.

In summary, significant discrepancies between measured 
values and certified reference values were found in the 25-
(OH)D immunoassays. The cause of discrepancies was on 
the difference in cross-reactivities to various vitamin D me-
tabolites. And the discrepancies can be considerably de-
creased by considering cross-reactivities of each immuno-
assay.
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