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Thank you! 

• I would like to thank Dr. Walker for her kind 
introduction. 

• I would like to thank Graham Carter and all of 
the meeting organizers for their kind invitation. 

• Finally, I would like to thank, as well, Graham, 
Julia and Emma for their support of the Vitamin 
D Standardization Program (VDSP). 

 

 

 

 



Vitamin D Metabolism and Tissue Homeostasis 

Vitamin D 
t1/12 → 24 hrs 

Prohormone 
25(OH)D 
t1/12 → 3 wks 

Diet + UV 

Liver 

Kidney 

Milk 

Placenta Milk 

Bone       Health (Endocrine) 

Active Hormone 
1,25(OH)2D 
t1/12  → 2 hrs 

Increased Calcium 
Absorption 

1α- hydroxylase 



Total 25-Hydroxyvitamin D or 25(OH)D  

• Total 25(OH)D is defined as  

    Total 25(OH)D = 25(OH)D2 + 25(OH)D3* 

• Units: ng/mL or nmol/L where: 

ng/ml * 2.5 ≈ nmol/L   

*  Assumes that Vitamin D2 and D3 are of equal        

biological value. 

Vitamin D Status Measurement 



• Chaos  

• Vitamin D Standardization Program 

(VDSP) 

• Going Forward 

 

Outline 



Chaos 
Huge numbers of people either are, or are not 

vitamin D deficient 

This deficiency either is, or is not, causing 

disease thereby reducing quality and quantity 

of life 

The vitamin D field is in chaos…… 



How Can Patients, Physicians & 
Policy Makers NOT be Confused? 



Source of Chaos:  The Problem 

N. Binkley et al.  The Journal of Clinical Endocrinology  & Metabolism 2004;89(7):3152-7 



Deviation (% bias) from NIST Reference Measurement 

Procedure (LC-MS/MS).  DEQAS 2008. 

 

Source:  Carter GD. Current Drug Topics. 2011;12(1):19-28. 



Standardized laboratory measurement of 25-

hydroxyvitamin D is: 

Accurate and comparable to Gold Standard 

Reference Measurement Procedures (RMPs)* 

over time, location, and laboratory procedure. 

What is Standardization? 

* Tai S et al.  Anal Chem 2010;82:1942-1949. 

*  Stepman HCM et al. Clin Chem 2011;57:441-448. 
 



All Laboratories report true value – based on 

NIST, Ghent & CDC RMPs which permits: 

 

• Pooling of research results 

• Evidenced-based guidelines 

• Informed decision making by 

physicians, policymakers and others 

Effects of Standardization  



Trends in Original and Standardized 
25(OH)D 
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Trends in Original and Standardized 
25(OH)D 

0

10

20

30

40

50

60

70

80

Original Standardized

2
5

-h
yd

ro
xy

vi
ta

m
in

 D
 (

n
m

o
l/

L)
 

1988-1994 2001-2002 2003-2004 2005-2006



Vitamin D Standardization Program (VDSP):  
An Overview 



  
 
 
 

 

 
 

 
 

  
  

Vitamin D 

Standardization 

Program (VDSP)* 

Goal: Promote the standardized laboratory  

measurement of 25-hydroxyvitamin D – a  

measure of vitamin D status – in order to  

improve clinical and public health practice  

worldwide.  

Note: 25-hydroxyvitamin D is abbreviated as 25(OH)D 

*Sempos C et al. Scand J Clin & Lab Inv 2012;72(Suppl 243): 32-40.  



• NIST, Ghent & CDC RMPs 

• NIST Standard Reference Materials (SRM) 

• Performance Standards 

• CDC Vitamin D Standardization-

Certification Program 

• Accuracy-Based Performance Testing (PT) 

• Standardizing completed studies  

VDSP Reference Measurement 

System Components 



VDSP: Steps to Standardization 



VDSP: Calibration of Individual Assays 

* Adapted from:  Myers G. Steroids 2008;73:1293-1296 

Reference procedure 

(LC-IDMS or GC-IDMS) 

Reference Laboratories Primary 

Calibrator 

Calibration 
Calibration 

RMP Value 

Assigned Patient 

Samples 

Accuracy-Based 

PT/EQA 

Commutable 

SRM Commutable 

Samples 

Assay Manufacturer 

Clinical Laboratory 



 

 

VDSP Performance Limits Based on 

Biological Variation* 

*Stöckl D et al.  Clin Chim Acta 2009;408:8-13 

Measurements CV (%) Mean Bias (%) 

Reference Labs ≤ 5% ≤ 1.7% 

“Routine”  Labs ≤ 10% ≤ 5% 



VDSP: Calibration of Individual Assays 

* Adapted from:  Myers G. Steroids 2008;73:1293-1296 

Reference procedure 

(LC-IDMS or GC-IDMS) 

Reference Laboratories Primary 

Calibrator 

Calibration 
Calibration 

CDC 

Standardization-

Certification 

Program 

Accuracy-Based 

PT/EQA 

NIST SRM 

927a & 2972 CAP ABVD 

and DEQAS 

Assay Manufacturer 

Clinical Laboratory 



VDSP: Calibration of In-House Assays 

* Adapted from:  Myers G. Steroids 2008;73:1293-1296 

Reference procedure 

(LC-IDMS or GC-IDMS) 

Reference Laboratories Primary 

Calibrator 

Calibration 
Calibration 

CDC 

Standardization-

Certification 

Program 

Accuracy-Based 

PT/EQA 

NIST SRM 

927a & 2972 CAP ABVD 

and DEQAS 

In-House Assay 



• Use NIST SRMs to calibrate assays and 

serum pools, and as trueness controls 

• CDC Vitamin D Standardization Certification 

Program – Participation needed by 

• Commercial assay manufacturers 

• Commercial and large clinical laboratories 

• Research laboratories 

Steps You Can Take Now To  

Achieve Standardization 



• Participate in CAP and/or DEQAS accuracy-based 

EQA programs: 

• Small clinical laboratories 

• Research laboratories 

• Run serum-based SRM 972a (DEQAS) samples 

with research study samples – trueness controls 

• Use EQA results to monitor accuracy and 

precision (mean bias) over time 

 

Steps You Can Take Now To  

Achieve Standardization 



 

 

VDSP Performance Limits Based on 

Biological Variation* 

*Stöckl D et al.  Clin Chim Acta 2009;408:8-13 

Measurements CV (%) Mean Bias (%) 

Reference Labs ≤ 5% ≤ 1.7% 

“Routine”  Labs ≤ 10% ≤ 5% 



Laboratory X:  DEQAS Results 
January 2017 Distribution  



Laboratory X:  DEQAS Results April 
2016 - January 2017 Distributions  



Going Forward 

Certified Laboratories and Assays & 

  Recent Data from DEQAS 



N Participant Measurement  

Principle 

Method 

Identifyer 

1 DiaSorin Chemiluminescence 

Immunoassay 

LIAISON® 

25(OH)D 

2 Quest Diagnostics LC-MS/MS Total 25(OH)D  

3 U. Western Australia LC-MS/MS Total 25(OH)D 

4 Covance Central 

Lab. Services, Inc. 

LC-MS/MS Total 25(OH)D  

5 LabCorp LC-MS/MS Total 25(OH)D  

6 U of Leige, Belgium LC-MS/MS Total 25(OH)D  

7 Mayo Clinic LC-MS/MS Total 25(OH)D  

CDC Certified Laboratories as 

of November 2014 



N Participant Measurement  

Principle 

Method Identifier 

8 Siemens Chemiluminescence 

Immunoassay 

ADVIA Centaur® 

9 Path Assoc Med 

Lab, LLC 

LC-MS/MS Total 25(OH)D  

10 IDS Immunoassay IDS-iSYS  

11 IDS Immunoassay 25(OH)D EIA 

12 UCC LC-MS/MS Total 25(OH)D  

13 Douglas Hanly 

Moir Pathology 

LC-MS/MS Total 25(OH)D  

CDC Certified Laboratories as 

of November 2014 



Mean Deviation  (%Bias) of 25-OHD assays from the NIST Reference 

Measurement Procedure:  DEQAS Last Two Distribution Cycles 

 



• What’s your assay’s CV?    Is it ≤ 10% 

• What’s your assay’s mean Bias?  Is it ≤ 5% - 

More importantly, what is the proportion of 

Bias estimates between ± 5%? 

• Proportion between ±5% is the index of 

standardization progress from PT/EQA. 

Finally, Ask Yourself? 



 

 

   

 

 

 

VDSP Contributors 

 • ODS: Overall Coordination 
• Paul Coates 
• Joseph Betz 
• Claudia Faigen 
• Megan Lyons 
• Joyce Merkel 
• Mary Frances Picciano* 
• Christopher Sempos** 
• Paul Thomas 
• Anne Thurn 
• Elizabeth Yetley 
 

• International Organizations: 
• AACC - Gary Myers 
• IFCC - Ian Young 
• CAP – Andrew Hoofnagle 
• DEQAS 

• Graham Carter 
• Julia Jones 
• Emma Walker 

 
 
 
 

Reference Laboratories 

• USA – NIST 
• Stephen Wise 
• Lane  Sander 
• Mary Bedner 
• Carolyn Burdette 
• Johanna Camara  
• Katrice Lippa 
• Karen Phinney 
• Susan Tai 

• Belgium: Ghent University 
• Linda Thienpont 
• Linde De Grande 
• Katleen Van Uytfanghe 
 

• CDC Standardization-
Certification Program 
• Hubert Vesper 
• Julianne Botelho 

* Deceased 

** VDSP Coordinator 



 

 

   

 

 

VDSP Contributors: Surveys 
• Australia 

• Juanita Pettit 
• Andy Liu 
• Grahame Caldwell 

• Canada 
• Steven Brooks 
• Kurtis Sarafin 
• Evan Green 

• Germany 
• Michael Thamm 
• Thea Riedel 
• Christa Scheidt-Nave 
• Gert Mensink 

• Ireland 
• Kevin Cashman 
• Mairead Kiely 
• Kirsten Dowlig 
• Albert Flynn 
• Michael Kinsella 
• Sínead Lordan 
• Zuzana Skrabakov 

 

 

• Mexico 
• Ricardo Martín Robledo Pérez 
• Simón Barquera 
• Mario Efraín Flores Aldana 
• Salvador Villalpando 

• South Korea 
• Kyungwon Oh 
• Chae Lim Jung  

• United Kingdom 
• Alison Tedstone 
• Ann Prentice 
• Lorna Cox 
• Gail Goldberg 
• Kate Guberg 
• Sarah Meadows 

• USA – CDC 
• Rosemary Schleicher 
• David Lacher 
• Anne Looker 
• Christine Pfeiffer 
 

 



 

 

   

 

 

 
VDSP Contributors: Scientific 

Consultants 

 • Australian National 
University 
• Robyn Lucas 

• Cornel University 
• Patsy Brannon 

• Food Standards Australia 
New Zealand 
• Janis Baines 

• Loyola University Chicago 
• Ramón Durazo 
• Holly Kramer 

• Neil Greenberg Consulting 
Services, LLC 
• Neil Greenberg 

• Queen’s University, Canada 
• Glenville Jones 

 

 

 

 

 
 

 

• Stanford University 
• Lu Tian 

• University of Minnesota 
• John Eckfeldt 

• University of Otago, NZ 
• Murray Skeaff 

• University of Washington 
• Andrew Hoofnagle 

• University of Wisconsin-
Madison 
• Hector DeLuca 
• Neil Binkley 
• Gary Lensmeyer 

• Virginia Commonwealth 
University 
• Greg Miller 
• Lorin Bachmann 



  
 
 
 

 

 
 

 
 

  
  

Thank you! 

For more information contact: 

Christopher Sempos, PhD 

Coordinator, Vitamin D 

Standardization Program 

Email: semposch@mail.nih.gov 



  

http://ods.od.nih.gov/VitaminD 

Join the 

VDSP  

effort! 



Sign up for the 

VDSP e-mail list! 

Email: VDSP@mail.nih.gov 


