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• 100s of Millions of 25-OH Vitamin D 

test have been run. 

• Total 25-OH Vitamin D test is not a 

useful test in itself. 
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African Americans were 
Misdiagnosed-NEJM 
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Medicare Payment for 25-OH-D 
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Vitamin D Monthly Test Volumes 
Endocrine Lab Rochester, 2004-2010 
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• Other 

• Diabetes 

• Syndrome X 

• Obesity 

• Pulmonary 

• Wheezing 

• FEV1 

• Bone and muscle 

• Osteoporosis 

• Osteomalacia 

• Osteoarthritis 

• Rickets 

• Muscle aches 
and weakness 

Vitamin D Deficiency 
Sunscreen 
Melanin 
Latitude 
Winter X 

Sun 

Medications & 
supplements 

• Antiseizure 

• Glucocorticoids 

• Rifampin 

• HAART 

• St John’s Wort 

• Malabsorption 
• Crohn 
• Whipple 
• Cystic fibrosis 
• Celiac 

• Hepatic failure 
• Liver disease 
• Renal failure 
• Nephrotic syndrome 

Consequences 

• Psychiatric 

• Schizophrenia 

• Depression 

• Infections 

• Urinary  

• Tuberculosis 

• Circulatory 

• High blood 
pressure 

• Coronary heart 
disease 

• Cancer 

• Breast 

• Colon 

• Prostate 

• Other 

25 OH D 
1,25 OH D 
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Rickets in a 
Premature Infant 
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Birth History 

• Born through C-section 

• Intrauterine growth retardation 

• Abnormal umbilical blood flow on
  ultrasound 

• Apgars of 6 and 7 

• Infant intubated and given Survanta 

• Infant quickly transferred to neonatal 
intensive care unit for medical 
management 
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Ionized Calcium 
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• Calcium Tests are precise and are 
well standardized  

• Normal values range from 8.5 to 10.2 
mg/dL for Total Calcium 

• 4.8-5.7 mg/dL for ionized Calcium 

• Medically Allowable Error – 0.37 
mg/dL  

• CLIA Acceptable Performance 1.0 
mg/dL 

Calcium Testing 
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Fractures Identified on Routine Radiographic 
Surveillance for Line Placement 
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Skin  
production 

Diet: fish, meat 

Vitamin D3 

25 OH Vitamin D3 

Liver 

1,25 (OH)2 Vitamin D3 
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HO 

OH 
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Right side of patient Left side of patient 

On coronals 
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Vitamin D Endocrine System 

Ca-PO4 

1,25 D 
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Ca2+ 
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• 4 month old admitted to PICU 

• Calcium 18, 15.5, 15.4 

• Phosphorus 2 and 1.8 

• PTH <6 

• PTHrP-Pending 

• What will cause PTH to be low-Any 
interferences in the PTH assay? 

 
 
 
 

Day 1  
Dr.’s Questions to the Lab 
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• Ultrasound of Abdomen and Kidneys Pending 

• Breast Fed 

• Some teething Medicine-Homeopathic 

•  Some Natural Vitamin D-Mom doesn‟t remember 
the brand 

• But If she is giving excess Vitamin D than P 
should be high as well 

• skeletal survey as well.   

• ?Jensen‟s chondrodysplasia.  Usually though the 
calcium is not that high 

 

 

Day 1  
 

PTH Calcium Question 
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Case: Serum Calcium 
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Day 2 in PICU 
4-month-old female History 

• Since birth, She has been given 
supplemental vitamin D.  

• Mom reports that she has given 0.25 mL 
(likely 100 units) on a daily basis. 

 

• Labs and clinical presentation at outside ER 
were consistent with dehydration.  She 
received a fluid bolus and repeat labs > 12 
hours later showed improvement in BUN as 
well as a decline in her total calcium.   
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In US Vitamin D 
Supplements are not 

Regulated by FDA 
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How much vitamin D was the baby 
getting anyway? 

• The vitamin D content of the 
supplement was threefold higher 
(6000 IU of D/drop) than listed on the 
label (2000IU).  

• Combined with the gross overdosing, 
this was estimated to have resulted in 
a daily vitamin D dose of 50,000 IU for 
two months 

• Nephrocalcinosis was noted on 
ultrasound 21 
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• HPLC assay in 1981 

• 50 samples/day 

• RIA in March 2000 

• 150 samples/day 

• LC-MS/MS in November 2004 

• 3500 samples/day 

History of 25-OH Vitamin D Testing 
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Hollis-Journal of Steroid Biochemistry & Molecular Biology 103 (2007) 473–476 

Deciding on an Assay Platform 

“if an RIA or ELISA better suits the 

needs of the laboratory, the results 

of these assays should correlate 

closely with result from the 

physical chemical „gold standard‟ 

methods of HPLC or mass 

spectrometry.” 



Laboratory Automation 

Picture of the UVA lab 

here 



FE500 at UVA 

Modular at John’s Hopkins 

Workstation and Modular Pre-
Analytical Automation 

Pathfinders in Sydney, Australia 

 



Mass Spec Environement 
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Plasma (3-5 ml) + 3H Metabolites 

Diethylether (2X) 

Methanol: Methylene Chloride (1:3) 

Backwash w/ 0.1m NaPO4 (pH 10.5) 

Sephadex LH-20  

(1:1:9 Chloroform : Methanol : Hexane) 

25(OH)D Dihydroxyvitamin D Vitamin D 

History of Vitamin D Testing 
Tribute to Dr. Deluca 
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Sephadex LH-20 

(50:50 Hexane: CHCl3) 

OR 

Lipidex 5000 

(10:90 CHCl3:Hexane) 

hplc on Zorbax Sil 

(4:96 IP :Hexane) 

Quantitate both D2 & D3 

Forms by UV Absorbance 

Lipidex 5000 

(5:95 CHCl3:Hexane) 

Hplc on Zorbax Sil 

(11:89 IPA: Hexane) 

24, 25-(OH)2D 

Complex 

25, 26-(OH)2D3 1, 25-(OH)2D 

Quantitate Both 
D2 & D3 Forms 
Simultaneously 
by Competitive 
Protein Binding 

Assay 

Hplc on Zorabx Sil 

(0.25:99.75 IPA:MeCl2) 

Hplc on Zorbax ODS 

(4:96 H2O:MeOH) 

Quantitate both D2 & D3 

By UV Absorbance 

Quantitate by 
Competitive Protein 

Binding Assay 

Hplc on Zorbax Sil 

(2:98 IPA:MeCl2 

25-OHD3-26, 23 Lactone 24, 25-(OH)2D2 24, 25-(OH)2D3 25, 26-(OH)2D2 

Quantitate Individually by competitive 
protein binding assay 

History of Vitamin D Testing 



25-OH-Vitamin D is Sticky 



• Pipet 100 µL serum, add internal standard and 
incubate 15 minutes 

• Precipitate proteins with 250 µL Acetonitrile 

• Vortex and centrifuge 15 minutes at 3000 rpm 

• Pipet 200 µL of supernatant into autosampler vials 

• Initiate analysis on LC-MS/MS  

• Results are produced every 3 minutes 15 seconds 

LC-MS/MS Method 
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Sample Preparation for LC-MS/MS 

• Serum samples (1 to 2 g) were weighed into a 50 mL glass 
centrifuge tube.  

• At least one level of SRM 972 was used as a quality control material with each set of 
samples. Each sample was spiked (exact mass known) with an appropriate amount of the 
internal standard solution (see Supporting Information) to achieve an approximately 1:1 
ratio of analyte to internal standard.  

• After equilibration for 1 h at room temperature, the pH of each 
sample was adjusted to pH 9.8 ± 0.2 with carbonate buffer (0.1 
g/mL, pH 9.8).  

• Analytes were isolated from the serum matrix by liquid–liquid 
extraction with 8 mL of hexane:ethyl acetate (50:50, volume 
fractions). 

• Samples were extracted twice, and the extracts were 
combined and dried under nitrogen at 45 °C.  

• The residue was reconstituted with methanol (200 to 250 μL). 

Anal. Chem. 2017, 89, 4907−4913 
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Challenge Throughput 



25-OH Vit D3-d6 

internal 
standard 

25-OH Vitamin D3 

25-OH Vitamin D2 

Time (min) 

P
e

a
k

 I
n

te
n

s
it

y
 

LC-MS/MS VITAMIN D 



Chromatograms 

Lensmeyer GL et al: Clin Chem 52:2305, 2006 



Lensmeyer GL et al: Clin Chem 52:1120, 2006 

Comparison of the Proposed 
HPLC Method with LC-MS/MS 
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Performance of LC-MS/MS Method at 
Two Different Sites  

y = 0.976x - 0.031

R2 = 0.990
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LC-MS/MS-LC/MS/MS 
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Methods for Testing 
of 25-OH-Vitamin D 

1. Competitive protein-binding assay 
(CPB)  

2. High-performance liquid 
chromatography (HPLC)  

3. Radioimmunoassay RIA and 
chemiluminescence immunoassay 
CLIA 

4. Liquid chromatography mass 
spectrometry (LC-MS, LC-MS/MS) 



Immunoassays in Clinical Laboratories 
and the way of the Dodo 

Tandem Mass-spectrometry - the quiet 
revolution in endocrine-, drug- and 

metabolic laboratory testing 

http://upload.wikimedia.org/wikipedia/commons/e/e1/Dodo_1.JPG


Immunoassays –  
central to current lab testing 

• Immunoassays allow sensitive detection of a 
wide range of analytes 

• Immunoassays can be very specific 

• Immunoassays come in a wide range of formats 
and can be automated 

• Today’s reference ranges for a wide range of 
analytes have been established with 
Immunoassays 

• Immunoassay problems and limitations are well 
understood 



Methods Participating in DEQAS 

45 
DEQAS REVIEW   2016/2017 



Accreditation Agencies look for only Precision among  

Peers and not Necessarily Accuracy 
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 Laboratory proficiency testing should 

be based on the ability to measure 

accurately and precisely samples 

containing known concentrations of 

testosterone, not only on agreement 

with others using the same method  

An Endocrine Society Position 
Statement: Precision and 

Accuracy Matters 

J Clin Endocrinol Metab 92:405-413, 2007 
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DEQAS REVIEW   2016/2017 

No of Labs Participating in DEQAS 



Mean %CV HPLC and LC-MS/MS 
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DEQAS REVIEW   2016/2017 
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DEQAS REVIEW   2016/2017 

Mean %CV HPLC and LC-MS/MS 



Mean CV% for  
Major Automated Assays  
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DEQAS REVIEW   2016/2017 



Mean % Bias from NIST  
Major Automated Assays 
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DEQAS REVIEW   2016/2017 



Competitive Immunoassays 

(conc. 
limited) 

www.aapsj.org/view.asp?art=aapsj0902029  

http://www.aapsj.org/view.asp?art=aapsj0902029


Characteristics of 25-OH-D Methods  

Clinical Chemistry 58-531–542 (2012) 54 



25-OH-Vitamin D is Sticky 



© Copyright 2009 by the American Association for Clinical Chemistry 

Accuracy of 6 Routine 25-OH-vitamin D assays:  
Influence of Vitamin D Binding Protein Concentration 

March 2012-www.clinchem.org/content/article/58/3/543.full 



 

Clinical Chemistry May 2012 :58, 948  



Platform 

HPLC 

GC/MS 

MS/MS 

Competitive 

Immunoassays 

Impact of MS/MS 
in Laboratory Medicine (Mayo) 
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<100 
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MS/MS Presence in Mayo-DLMP  



Precision Required to See Change 
in a Single Patient 
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The way out of the chaos 
Vitamin D measurement standardization: 

• The lack of standardized laboratory measurement 
of serum 25-hydroxyvitamin D [25-OHD] in vitamin 
D  impedes development of consensus to define 
stages of vitamin D status. 

• 60,000 vitamin D papers have been published with 
nearly all the values from non-standardized 
assays. We cannot just ignore this old data and 
focus on standardizing 25-OHD in current and 
future research. 

• Retrospective standardization results can vary 
widely depending on if initial 25-OHD 
measurements were determined using an assay 
that was positively or negatively biased and the 
level of bias in the old assay. 
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http://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/serum-blood
http://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/calcifediol
http://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/calcifediol
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http://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/paper
http://www.sciencedirect.com/science/journal/09600760
http://www.sciencedirect.com/science/journal/09600760/173/supp/C


The way out of the chaos 
Vitamin D measurement standardization 

• An International effort is needed to identify 
key prior studies with stored samples for 
re-analysis and standardization, initially, to 
define the 25-OHD level associated with D 
deficiency (rickets/osteomalacia).  

• Subsequent work could focus on defining 
inadequacy. 

• Suspending publication of meta-analyses 
based on unstandardized 25(OH)D results. 
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http://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/hypovitaminosis-d
http://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/hypovitaminosis-d
http://www.sciencedirect.com/science/journal/09600760
http://www.sciencedirect.com/science/journal/09600760/173/supp/C


LC-MS/MS Vitamin 25(OH) D 
test results can be  

 
“analytically accurate” but 

not  
 

“clinically relevant”  

Vitamin D Test Expert 
Discusses Mass Spectrometry 

 

http://www.darkreport.com/dark/12_22_2008.htm 



Thanks 

singh.ravinder@mayo.edu 
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