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Vitamin D: 
How good are our assays? 
Ronda Greaves 
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Overview 
o Background 

 
o Clinical 

 
o Reference intervals 

 
o Measurement systems 

 
o Approaches to quality 
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The Vitamin Alphabet 
o A  - Retinol 
o B  - group of 8  
o C  - Ascorbic acid 
o D  - Ergocalciferol 
       - Cholecalciferol 
o E  - Tocopherol 
o K  - Phylloquinone 

 
Total: 13 = 4 fat soluble + 9 water soluble 

B1 Thiamine 
B2 Riboflavin 
B3 Niacin 
(B4 Adenine) 
B5 Pantothenic acid 
B6 Pyridoxine 
B7 (H) Biotin 
(B8 Inositol) 
B9 Folate 
(B10 PABA) 
(B11 Choline)  
B12 Cobalamin 

( ) indicates B group compound no longer classified as vitamins 
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Vitamin D: Definitions 
VITAMIN 

An organic compound required as a nutrient, which 
cannot be synthesized in adequate amounts, and 

therefore must be obtained in the diet 
 

HORMONE 
A chemical secreted by a group of cells (gland) into the 

circulation to affect the function of  cells, through 
interaction with their receptors, in another part of 

the body 
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Vitamin D:  
o Vit D1 - is a 1:1 mixture of lumisterol and vitamin D2.  

 
 

o Vit D2 – ERGOCALCIFEROL 
n Plant origin 
n Arises from ultraviolet irradiation of ergosterol 
n Cleaved at the 9,10 bond & develops a double bond b/w 

C-10 & 19 
 
 

o Vit D3 – CHOLECALCIFEROL 
n Animal origin 
n Formed by breakage of the 9,10 bond in 7-

dehydrocholesterol by ultraviolet irradiation, yielding a 
double bond b/w C-10 and C-19 

n Found in the skin, fur, and feathers of animals and birds 
exposed to sunlight, and also in butter, brain, fish oils, 
and egg yolk 

Vit D2 

Vit D3 
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Clinical Utility  
o Classically 

n Rickets 
n Osteomalacia  

 
o Modern era 

n Bone health 
n Diabetes 
n Autoimmune diseases 
n Immune regulation 
n Infections 
n Cancer 
n Cardiovascular disease 
 
 

Photos from Lehninger, Principles of Biochemistry 
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Increasing testing numbers 
 

“In 2009, US laboratories were reporting surges in 

the number of vitamin D tests being ordered - 

increases of 50% to even 100%. But beyond 

the growth in testing and usage, what's the 

quality required by this type of testing?” 
www.Westgard.com 



9 

Vitamin D: What level is appropriate? 
o RCH 

n 1990’s: Reference range quoted 23 to 90 nmol/L 
n 2000’s: Change to recommended range of 50 to 150 nmol/L 

o Other ranges 
n >60 nmol/L proposed based on rise in PTH 
n >75 nmol/L proposed for health 
n >100 nmol/L for cancer prevention 

o On going debate of what range is needed for health 
o BUT – we don’t have harmonisation of methods!!!! 
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Pre analytical factors 
o Biological Variation 
o Seasonal variation 
o Skin pigmentation 
o Racial differences 

 
o Vitamin D is stable in 

whole blood stored at room 
temperature in sunlight for 
up to 96 hours. 

(Poster: AACB ASM in 2005) 
 

Vitamin D stability in whole blood
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Vitamin D 
o Choice for routine assessment of vitamin D status 
o Need to extract to remove Vit D from DBP (Vit D binding 

protein)  
o Standards calibrated against D3  
o Some immunoassays cross react with D2 

n Traditionally considered an advantage 
o Supplementation in Australia originally D2 now mainly D3 
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Vitamin D: Automated analysis 
o Roche Cobas e601 

n 25 OH Vit D3 only 
n 0% cross reactivity 

with 25 OH Vit D2 
 
 

o Diasorin Liasion 
n 25 OH Vit D3 
n >80% cross reactivity 

with 25 OH Vit D2 
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Vitamin D: Other Immunoassays 
o Enzyme Linked Immunosorbent Assay 
o Radio-immunoassay 

n Diasorin (Sorin) 
n IDS 
 

o NEW AUTOMATED 
n IDS – ISYS platform 
n Abbott – recent lab trials 
n Siemens – under development 

ISYS: http://www.intermedico.com/productpage.php?id=IS-2700 
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Chromatography + MS (+MS) 
o Gold standard 
o TAT a problem 
o Expertise required 
o Up front cost high 
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Method comparisons 
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2009 QAP end of cycle 32 report 
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Jan 2010 DEQAS: Vitamin D 



LC-MS/MS Reference methods 
•Various LC-MS/MS methods available 
•Variation between these methods 
•Roche assay based on the method below 
•This was developed in cooperation with Dr. Vogeser Klinikum Grosshadern) 
•Then further optimized at Roche 

Information provided courtesy of Roche Australia 
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Vit  D3 chromatography + MS/MS 
OP_15Jan2009_13 -  TIC  - SM: 5 RT: 4.53 - 11.53 NL: 1.93E4
F: + c APCI sid=5.00  SRM ms2 401.300@33.00 [ 159.150-159.250, 257.150-257.250]
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RT: 8.03
AA: 257684
SN: 158

4.71

5.34 5.81 6.13 9.036.71 7.04 7.47 9.889.49 10.8410.46 11.27
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135.16 309.09 283.25 400.90 176.99 201.18 326.83 121.21 
95.37 337.03 81.53 436.89 37.65 

OP_15Jan2009_13 -  TIC  - SM: 5 RT: 4.98 - 10.98 NL: 9.15E3
F: + c APCI sid=5.00  SRM ms2 407.300@33.00 [ 159.150-159.250, 263.150-263.250]
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AA: 122235
SN: 68

9.725.32 5.63 8.958.467.426.55 6.98 9.376.09 10.41

Vitamin D3(25-OH) 
MRM 401 à 257 

Vitamin D3 (25-OH) elutes at approx. 8 min. 
total gradient time: 20 min. incl. extensive column cleaning 

Vit D3 

Deuterated Vit D3 

Information provided courtesy of Roche Australia 
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•  

Current challenges in vitamin D 
standardization 

o There is considerable variability in reference 
methods Lack of a „real“ vitamin D standard 
reference material which can be used for 
  immunoassays 
 

o  Variability in methods for reference standardization 
(methodological risks, influence of chromatographic 
resolution) 
 

o  No “real“ reference values existing 
 

Information provided courtesy of Roche Australia 
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NIST human serum SRM 

 

Now 968d 

Vit D 
Released 2009 
SRM 972 
 
Allows for a 
common 
primary 
calibrator 
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Current challenges in vitamin D 
standardization 
o Limitations of NIST controls SRM 972: 

n Level 1: native human serum 
n Level 2: level 1 diluted with horse serum 
n Level 3: human serum spiked with vitamin D2 (25-OH) 
n Level 4: human serum spiked with vitamin D3 (25-OH) and 3-epi 25(OH) 
 

o In vitro anomaly affecting immunoassays 
n Exogeneously added vitamin D does not distribute to the vitamin D binding 

protein (VDBP) as it occurs as in vivo 
n Exogeneously added material binds to other moieties than the VDBP 
 

o à failure of quantitative recovery in immunoassays 
 

o Is there a way out of this dilemma ? 
 

Information provided courtesy of Roche Australia 
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Conc. found with 
Roche LC-MS/MS 

NIST 
Level 

Target 
conc. 

 Vit. D3 
(25-OH) 

Target 
conc. 
3-epi-

Vit.D3 (25-
OH) 

Target 
conc. 

Vit.D2 (25-
OH) 

NIST 
total 

Vitamin 
D 

 Vit. D3 
(25-OH) 

 

Vit. 
D2(25-
OH)   

Total 
Vitamin 

D 
Roche 

LC-
MS/MS 

Level 1 23.9 +/- 0.8 
1.39 +/- 

0.04 
0.60 +/- 

0.20 25.9 24.8 1.5 26.3 

Level 2 12.3 +/- 0.8 
0.76 +/- 

0.02 
1.71 +/- 

0.08 14.8 14.6 1.2 15.8 

Level 3 18.5 +/- 1.1 
1.06 +/- 

0.03 26.4 +/- 2.0 46.0 20.5 25.2 45.7 
Level 4 33.0 +/- 0.8 37.7 +/- 1.2 2.4 +/- 0.21 73.1 72.1 3.1 75.2 

Information provided courtesy of Roche Australia 

NIST SRM 972 standard is detectable 
by the Roche LC-MS/MS  
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How safe are LC-MS/MS data ? 
The Quest Story 
08. Jan 2009 - New York Times: 

 
o “Quest acknowledges errors in vitamin D tests” 
 
o The nation's largest medical laboratory company provided possibly 

erroneous results to thousands of people who had their vitamin D levels 
tested in the last two years, the company has acknowledged.  

 
o Quest's problems with the vitamin D analysis arose after it shifted in 2006 

and 2007 to a new test of its own design, replacing an older F.D.A.-
approved test. 
 

o The new test promised to be more accurate and offer more detailed 
information, Quest executives said. But the test relied on a sophisticated 
instrument called a mass spectrometer, which can be tricky to use, 
especially for high-volume testing.  

Information provided courtesy of Roche Australia 
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Specifications for trueness and precision of a reference 
measurement system for serum/plasma 25-hydroxy 
vitamin D analysis  
Clinica Chimica Acta, 2009; 408: 8-13 
Dietmar Stöckl, Patrick M. Sluss and Linda M. Thienpont   
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Stockl et al: Approaches for quality 
o Four different approaches 
o Followed the 1999 Stockholm consensus conference 

guidelines on quality specifications 
 
1. Clinical Interpretation: Analyses the impact of bias and analytical 

imprecision on interpretation of results based on clinical decision 
limits 

2. Biological Variation: Relates analytical performance to the intra- and 
inter-individual biological variation of vitamin D 

3. Expert Opinion: Considered performance goals set by expert opinion 
from external quality assurance programs  

4. State of the art: Evaluated the literature on currently used 
measurement procedures for vitamin D analysis with stated recovery 
and imprecision data. 



28 

Stockl et al: What they found 
o Routine measurement systems Expert opinion gave 

the most liberal goals i.e. 5x the CV’s for the 
biological variation goals  
 

o Expert opinion  CV 22% Bias 10% 
o Biological Variation CV 4% Bias 2.6% 

 
o Survey of 14 "state of the art“ studies of methods 

n only one method was close to achieving the performance 
required by the Biological  Variation  model i.e. the most 
stringent model. 
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Stockl et al: Recommendations 
o Using the biologic variation approach i.e. Gowan model 

 
o Routine Testing 

n CV < 10% 
n Bias < 5%  

o Reference Measurements 
n CV < 5% 
n Bias < 1.7% 
 

o Westgard:  “The requirements are challenging, but Stock et al 
believe the laboratory community is up to the challenge” 
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Moves for Harmonisation 
n LC-MS/MS for standardization of Vitamin D assays 

needs 
o high analytical investment 
o critical interpretation of data (especially in HPLC method 

validation) 
o accurate and reliable methods 

 

n LC-MS/MS methods for standardization can only be 
compared if specific mass transitions are used 
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Summary 
o Vitamin D: How good are our assays? 
n Clinical understanding of the importance of 

vitamin D has increased in recent years 
n Both automated immunoassays and 

chromatography MS methods have developed 
n Discussion surrounds acceptable performance of 

vitamin D assays 
n Harmonisation is the next objective 
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