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Abstract

Wide spread variation in measurement results of total 25-hydroxyvitamin D (25(OH)D) confounds international efforts
to develop evidence-based clinical guidelines. Accordingly, NIH Office of Dietary Supplements (ODS) in collaboration
with CDC National Center for Environmental Health (NCEH), National Institute of Standards and Technology (NIST)
and Ghent University established the Vitamin D Standardization Program (VDSP) in November 2010. VDSP objectives
include: (1) standardize 25(OH)D concentration measurements in national health surveys around the world, (2) evaluate
survey differences, (3) extend standardization efforts to assay manufacturers, and to clinical, commercial, and research
laboratories, (4) promote standardization of emerging metabolites of vitamin D status, and (5) enable the use of standard-
ized data in patient care and public health. An interlaboratory comparison study is being conducted to assess measurement
variability among current assays. Participants include national health surveys from Australia, Canada, Germany, Ireland,
Mexico, South Korea, UK and USA, 15 assay manufacturers, and two external quality assurance programs. CDC will
implement a formal laboratory certification program. Standardization activities will use single-donor, fresh-frozen serum
collected using the CLSI C37 protocol. Initial assay performance criteria, based on biological variability data, are <10 %
imprecision and <5 % bias in relation to the reference values. An ancillary study on commutability of NIST SRM 972a,
external quality assurance testing materials is included. To increase the comparability of existing data from different national
surveys, master equations will be developed to facilitate the conversion of already existing national survey data to the
NIST-Ghent University reference measurement procedures.
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Introduction . . .
time, location, and laboratory procedure to improve

The wide spread method-related differences in results
of total 25-hydroxyvitamin D (25(OH)D) concentra-
tion measurements confounds international efforts
to develop evidenced-based guidelines [1,2].
Accordingly, the Vitamin D Standardization
Program (VDSP) was established in November 2010
with the goal of promoting 25-hydroxyvitamin D
(25(OH)D) concentration measurements that are
accurate (precise and true) and comparable over

clinical and public health practice world-wide.
VDSP is an international effort conducted by the
US Office of Dietary Supplements, National Institutes
of Health (NIH) in collaboration with the US Centers
for Disease Control and Prevention (CDC), National
Center for Environmental Health (NCEH), US
National Institute of Standards and Technology
(NIST) and the Belgian Laboratory for Analytical
Chemistry, Faculty of Pharmaceutical Sciences, Ghent
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University. The initial objective of the VDSP is to stan-
dardize 25(OH)D concentration measurements in
national health surveys around the world. This report
will provide an overview of the VDSP, an explanation
of our focus on national health surveys, a description
of our standardization procedures, introduce the CDC
Vitamin D Certification Program and outline the
anticipated schedule through the year 2013.

Overview of the VDSP

Total 25(OH)D concentration is the biomarker of vita-
min D status and exposure that is used to develop
dietary reference intakes [3]. It is the sum of 25-hy-
droxyvitamin D2 (25(OH)D2), 25-hydroxyvitamin D3
(25(OH)D3) concentrations. In addition, total 25(OH)
D concentration is used as the principal biomarker of
vitamin D status in developing clinical guidelines for
treating vitamin D insufficiency and deficiency. As a
result, it is the focus of public health monitoring and
surveillance by national health surveys.

The central role of total 25(OH)D concentration
in the assessment of vitamin D status leads to the
following VDSP objectives to:

e Standardize measured 25(OH)D concentra-
tions in national health surveys to the recently
developed NIST-Ghent University reference
measurement procedures (RMP) [4,5].

e Evaluate differences in measured 25(OH)D
concentrations among standardized national
health surveys.

e Expand standardization services from national
surveys to include assay manufacturers and
clinical and research laboratories.

e Promote the standardization of emerging
metabolites of vitamin D status, and

e Enable the use of standardized data in patient
care and public health activities.

Using the reference measurement procedures
recently developed by NIST and Ghent University, we
propose to standardize the measurement of the con-
centrations of total 25(OH)D, 25(OH)D2, 25(OH)
D3 and the 3-epi-25-hydroxyvitamin D3 [3-epi-25-
(OH)D3]. The 3-epi-25(OH)D3 metabolite is of
unknown origin, biological value, distribution and
clinical significance [3,6—-8]. Standardization of 3-epi-
25(0OH)D3 concentration measurement highlights
that, in addition to promoting standardization of total
25(OH)D concentration measurements, a fundamen-
tal objective of the VDSP is to conduct research on
vitamin D - its metabolism, measures of status and
the relationship of its biomarkers of status to clinical
and public health endpoints. A further example is that
the VDSP will investigate 24—25-dihydroxycholecal-
ciferol [24,25(OH),D3] as a possible interfering sub-
stance in immunoassays and its potential to aid in the
assessment of vitamin D status [3,9,10].
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To achieve the VDSP goals and objectives, we
have designed a program with five components: pro-
gram coordination, certification program, reference
laboratories, national health surveys and interna-
tional organizations. The Office of Dietary Supple-
ments will provide overall program coordination and
support. In addition, it will provide overall scientific
direction, coordinate national survey and epidemiol-
ogy study standardization, and coordinate the VDSP
research program. As part of an interagency agree-
ment between the Office of Dietary Supplements
and CDC, a Vitamin D Standardization Coordinat-
ing Center was established within National Center
for Environmental Health.

CDC has more than 50 years of experience in
standardization programs dating back to the 1960s
[11]. In addition, CDC has extensive experience in
developing and maintaining certification programs
[12-14]. The CDC Vitamin D Coordinating Center
will provide direction on the science of standardiza-
tion, maintain and manage the certification program,
provide logistical support for the VDSP and partici-
pate in the VDSP research program.

NIST and Ghent University will provide refer-
ence laboratory services for the VDSP. They are both
internationally renowned laboratories with extensive
experience in developing and maintaining RMPs.
RMPs are fundamental to any standardization
scheme because these provide a mechanism to eval-
uate trueness [15,16]. Both laboratories have recently
developed RMPs to measure total 25(OH)D, 25(OH)
D2, 25(OH)D3 and 3-epi25(OH)D3 concentrations
based on LC-MS/MS systems [5,6]. The first RMP
was developed by NIST. The RMPs developed by
NIST and Ghent University give essentially identical
results using slightly different methodology. With
these RMPs it is possible to determine concentra-
tions of total 25(OH)D, 25(OH)D2, and 25(OH)D3
in serum or plasma. A prerequisite for determining
25(0OH)D3 concentrations is the measurement of the
3-epi-25(OH)D concentration which is not chro-
matographically resolved from 25(OH)D3 by most
routine LC-MS/MS methods. This could result in
overestimation of the 25(OH)D3 concentration.
Therefore, the reference measurement procedures
also produce values for the 3-epi-25(OH)D concen-
tration. The reference laboratories will provide scien-
tific direction on standardization especially the
development of new RMPs, participate in the VDSP
research program and assist other laboratories in
their standardization efforts. For example, NIST
conducts a Vitamin D Metabolites Quality Assurance
Program [17]. Additionally, NIST, with the support
of the Office of Dietary Supplements, has developed
standard reference materials (SRM) 972a in human
sera and SRM 2972 calibration solutions for 25(OH)
D2 and 25(OH)D3 [18].

Eight national health surveys are currently par-
ticipating in the VDSP (Table I). National surveys
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Table I. National health and nutrition surveys participating in the Vitamin D Standardization Program (VDSP).

Age
Survey Interval Measurement
Country Survey Name Years 2] Procedure
Australia Australian Health Survey (AHS) including: LC-MS/MS
National Health Measures Survey (NHMS) and 2011-2012 12+
National Aboriginal and Torres Strait Islander Health Measures 2012-2013 18+
Survey (NATSIHMS)
Canada Canadian Health Measures Survey (CHMS) 2007-2012 6-79 DiaSorin Liaison
Germany German Nutrition Survey (BGS) 1997-1999 18-79 DiaSorin Liaison
German Health Interview and Examination Survey for 2003-2006 0-17 DiaSorin Liaison
Children and Adolescents (KiGGS)
German Health Examination Survey for Adults (DEGS) 2008-2011 18-89 DiaSorin Liaison
Ireland National Adult Nutrition Survey (NANS) 2008-2010 18+ IDS EIA
Future LC-MS/MS
Mexico Mexican Health and Nutrition Survey (ENSANUT) 2006, 2011 2+ DiaSorin RIA
South Korea Korea Health and Nutrition Examination Survey (KNHANES) 2007 10+ Biosource RIA
Korea Health and Nutrition Examination Survey (KNHANES) 2008-2010 10+ DiaSorin RIA
United Kingdom National Diet and Nutrition Survey (NDNS) 1994-1995 65+ DiaSorin RIA
National Diet and Nutrition Survey (NDNS) 1997-1998 4-12 DiaSorin RIA
National Diet and Nutrition Survey (NDNS) 2000-2001 19-64 DiaSorin RIA
National Diet and Nutrition Survey (NDNS) 2008+ DiaSorin Liaison
Rolling Programme
United States Third National Health and Nutrition Examination Survey 1988-1994 12+ DiaSorin RIA
(NHANES III)
NHANES 2000-2002 2000-2002 6+ DiaSorin RIA
NHANES 2003-2006 2003-2006 1+ DiaSorin RIA
NHANES 2007+ 2007-2014 1+ LC-MS/MS

from Australia, Canada, Germany, Ireland, Mexico,
South Korea, UK and USA are all participating in
the program and we hope to recruit more national
surveys. The national surveys help to provide scien-
tific direction to the VDSP and participate in the
VDSP research program. Also, they help to promote
the implementation of measurement procedures
within their countries that are traceable to the
NIST-Ghent University RMPs.

An essential component of this international
effort includes collaboration with international orga-
nizations. Collaborating with the VDSP are the
American Association for Clinical Chemistry
(AACC), the International Federation of Clinical
Chemistry and Laboratory Medicine (IFCC), the
College of American Pathologists (CAP) and the
Vitamin D External Quality Assessment Scheme
(DEQAS). This paper is the outcome of our collabo-
ration with the IFCC and the IFCC'’s kind invitation
to participate in the 13™ Bergmeyer Conference:
Vitamin D in Health and Disease.

Why Focus on National Health Surveys?

The reason to focus on national health surveys lies
in their purpose [19]. National health surveys are
instituted to provide government ministries or/agen-
cies with nationally representative data to inform,
evaluate & update government policy & regulatory
decisions [20]. In addition, they are used to estimate
the burden of disease and therefore are useful in

planning public health programs and they provide an
excellent data source for epidemiological research.
Moreover, they provide reference ranges or intervals.
As such, national health surveys can have a profound
impact on commercially developed laboratory and
health assessment procedures. This effect can help to
promote standardization.

For example, in developing dietary reference
intakes (DRI) for vitamin D, the Institute of Medi-
cine (IOM) DRI committee examined the distribu-
tion of total 25(OH)D concentration in Canada and
the USA [3,21]. Surprisingly they found that mean
total 25(OH)D concentrations in Canada were higher
than in the USA consistently across ages 16-79 years
(Figure 1). Are those striking results associated with
differences in the ethnic and racial compositions of
the Canadian and US populations or to differences
in fortification policy and supplement use?

In the Canadian Health Measures Survey a
DiaSorin Liaison ™ assay procedure was used while in
the US’ National Health and Nutrition Examination
Survey a DiaSorin radio-immunoassay was used. An
important question is whether differences in methodol-
ogy lead to differences in the 25-OHD concentrations
obtained in the national surveys. None of these ques-
tions can be explored until we have standardized mea-
surements of 25(OH)D concentration to compare.

Importance of Standardization

Before we go too far it is important to define what
we mean by “standardization” and how it differs
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Figure 1. Mean Concentrations of Total plasma 25(OH)D
(nmol/L) from the 2007-2009 Canadian Health Measures Survey
and serum 25(OH)D (nmol/L) from the 2001-2006 National
Health and Nutrition Examination Survey by Age Group. [21]
and analysis of NHANES public use data sets, by Sempos CT.

from the term “harmonization” [15]. Harmonization
is a familiar concept to analytical and clinical chem-
ists. It means to bring the values of all laboratories
into line with each other. In “Standardization” that
process is taken one step further by bringing labora-
tories into alignment with the “true” value as mea-
sured by an RMP. That is vitamin D standardization
leads to harmonization by bringing into line all labo-
ratories methods, in this case, and assuring that they
are traceable to the NIST-Ghent University RMPs.

Standardization allows for the development of
and consistent application of evidenced-based medi-
cine guidelines [3,15,16]. It is the first and essential
step in comparing and contrasting results from dif-
ferent studies whether they are clinical trials or
observational epidemiological studies. With stan-
dardization it is possible to achieve long-term stabil-
ity of measurement procedure results used in both
research and patient care.

The best example of this sort of success story is for
serum total cholesterol [11,12]. In 1958 CDC estab-
lished the Cooperative Cholesterol Standardization
Program (CCSP). The CCSP was directed by the late
Dr. Gerald Cooper. One of Dr. Cooper’s first efforts
was to select a reference method. After a great deal of
research he chose the Abell-Kendall method. Then, in
1962, Dr. James Watt, Director of the NIH National
Heart Institute, initiated collaboration with CDC which
resulted in the expansion of the CDC standardization
efforts to include all epidemiological lipid laboratories
supported by the National Heart Institute. There is no
better example of this landmark effort than the over
50 years of US trend data for serum total cholesterol
collected in the National Health and Nutrition Exami-
nation Survey or NHANES [22].

Cholesterol standardization was achieved to a
certain extent by requiring laboratories to use the
same measurement systems. In contrast, the goal of
the VDSP is to standardize any and all routine mea-
surement procedures to the RMP. Achieving that
goal will require collaboration and cooperation with
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assay manufacturers. To that end we have enrolled a
number of assay manufacturers into the VDSP inter-
laboratory comparison and commutability studies
with 15 different measurement procedures. Collabo-
ration with assay manufacturers, clinical, commercial
and research laboratories is an essential focus, there-
fore, of the VDSP.

By the same token, we are committed to cooper-
ating and collaborating with external quality assess-
ment or performance testing schemes. Members of
CAP and DEQAS are scientific consultants to the
VDSP and the laboratories of those members are
participating in the interlaboratory comparison study.
Moreover, performance testing samples from both
CAP and DEQAS are part of the ancillary commut-
ability study currently ongoing.

VDSP Standardization Protocols

There are two basic protocols: one for current and
future measurement procedures and another for stan-
dardizing 25(OH)D concentrations from past surveys
or studies. The keys to the development of a standard-
ization protocol are the development of a reference
system, establishing a metrological chain of traceabil-
ity from an individual assay to the RMP and then a
method for verifying end-user analytical performance
(Figure 2). The reference system includes the RMP,
reference materials and the use of single donor sera
in the standardization program. It is the set of single
donor sera which is the backbone of the system. With
this system current and future measurement systems
can be standardized to the NIST-Ghent RMP. Using
methods developed by the VDSP, those results as
well as additional analyses can be used to standardize
25(0OH)D concentrations measured in past national
health surveys or in past studies of any sort.

The VDSP reference system includes the NIST-
Ghent RMP, the NIST SRMs 972a and 2972 and the
single donor serum set (Figure 3). SRM 2972 is an
ethanolic solution of a “pure compound” reference
material for the measurement of 25(OH)D2 and
25(0OH)D3 concentrations, and could directly be used
to calibrate the RMP. Using the RMPs, values for con-
centrations of total 25(OH)D, 25(OH)D2, 25(OH)D3
and 3-epi-25(OH)D3 were assigned to each of the 50
single donor serum samples for use in the interlabora-
tory comparison study. Using a protocol to be described
below, the single donor serum set was sent by the CDC
Vitamin D Standardization Coordinating Center to the
reference laboratories and to each participant inter-
laboratory comparison study for measurement. Results
were then sent back to the Coordinating Center for
review, comparison to the assigned values, and inter-
pretation. In this way, the VDSP reference system estab-
lishes metrological traceability of the current and/or
future survey measurement procedures to the hierar-
chically higher order RMPs and the primary 25(OH)
D2 and 25(OH)D3 reference materials. This provides
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NIST-Ghent University
RMPs
Single donor
sera NIST SRM

Single donor serum panel

Certification

Develop
Reference System

Reference Methods
and Reference Materials

 Z

Establish Metrological
Traceability

Calibration of Individual
Assays

2

Verify “End-User”
Test Performance

Consistency Across
Assays

Figure 2. Vitamin D Standardization Program: Steps in the Standardization Process.

an unbroken chain between the RMPs and the current
and/or future survey measurement procedures leading
to provisional standardization. Establishing traceability
is a higher standard which is possible to achieve in a
certification program.

The CDC Vitamin D Certification Program

A formal laboratory standardization program will be
implemented in 2012 using procedures similar to
those used in the CDC Hormone Standardization
Program (HoSt Program http://www.cdc.gov/labstan-
dards/hs.html ) [13]. The program is used to stan-
dardize current and/or future measurement procedures

o Initial study to assess current assay performance
and enable calibration to higher order reference

o Study uses panel of serum samples with values assigned

by a reference method

o Study execution and statistical data analysis follows

established protocol.

o Values are assigned for

Total 25(OH)D,
25(0H)D2,
25(0OH)D3,
3-epi-25(OH)D3

to the RMP. It consists of three phases (Figure 4). In
phase 1 “Calibration/Calibration Verification Phase”
the method calibration is verified and recalibrated as
necessary using single donor serum samples. For par-
ticipants of the interlaboratory comparison study, the
results from this study can be used for this phase 1
activity. Others can obtain single donor samples from
CDC starting fall 2012. Once the assay is calibrated,
the participants enters phase 2 which consists of four
quarterly challenges using ten blinded single donor
serum samples per challenge. At the end of the four
challenges, the results from these challenges are com-
bined and analyzed using CLSI 9 protocol [23] to
determine the bias and the level of imprecision by the

Pure Compound”
Reference Material
(NIST 2972)

Calibrate

Mass Spectrometry-based
Reference Methods
(NIST, Ghent University)

Assign Valu:/

Panel of Sera

Calibrate

1 Routine or Survey :
| Measurement |
I Procedures |

- -

L e e e e — =
Assign Valij/

Population and Patient
Samples

Figure 3. Vitamin D Standardization Program (VDSP) Metrological Traceability Plan. Baseline or Interlaboratory Comparison Study Design.
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40-50 single donor serum
samples with values assigned

Callibration/Calibration
Verification

Phase 1: 15t Year only

Challenge 1
(1st Quarter-Phase 2A)

10 blinded single donor serum

Challenge 2
(2nd Quarter-Phase 2B)

Phase 2: Completed Annually

samples per challenge

Challenge 3
(3rd Quarter-Phase 2C)

Challen
(4th Quarter-Phase 2D)

CLSI Protocol EP9

Accuracy Estimation
(using all 4 challenges)

Imprecision: < 10% CV

Bias: < 5%

Figure 4. Centers for Disease Control and Prevention (CDC) Certification Program. Vitamin D Standardization Scheme.

survey laboratory. The results are evaluated to deter-
mine if the laboratory in question is meeting the pre-
set criteria for imprecision, <10 % CV, and accuracy,
<5 %. These criteria are based on data on biological
variability [24] and were reviewed by the VDSP steer-
ing committee. Participants meeting these criteria are
considered sufficiently accurate and precise and are
certified as being standardized to the RMP. Certifi-
cates are valid for one year and need to be renewed
annually through re-enrollment in phase 2 in the fol-
lowing year. Laboratories that change methods and
may need to recalibrate or verify calibration can
request samples used in phase 1 at any time during
this process.

The Office of Dietary Supplements supported
the development of the CDC Vitamin D Certifica-
tion Program for the first year of the VDSP with the
interlaboratory comparison study. CDC is expanding
its existing standardization programs to include this
certification program in 2012. Further details about
the program are available from CDC.

VDSP Interlaboratory or Baseline
Comparison Study

The VDSP interlaboratory comparison or baseline
study can be viewed as the first step along the path
towards certification. A set of 50 single donor serum
samples was procured from Solomon Park (Seattle,
WA, USA) by the CDC Vitamin D Coordinating
Center over the summer of 2011. The samples were
collected, and prepared following CLSI C37-A guide-
lines [25]. Based on preliminary measurements per-
formed by the CDC Fat-soluble Vitamins and Nutrients
Laboratory the set had a total 25(OH)D concentration
interval of approximately 15-145 nmol/L. The con-
centrations were determined using an LC-MS/MS

procedure developed by that laboratory [26]. The
single donor serum samples are referred to colloqui-
ally as “patient samples™.

In October-November 2011 individual sets were
sent out by the Coordinating Center to 36 different
participating laboratories. The 36 participating labo-
ratories consisted of the two reference, 8 national
survey, 16 assay manufacturers, six commercial,
three research/clinical, and two external quality
assessment laboratories, one affiliated with CAP and
the other with DEQAS. Recruitment of the non-
survey laboratories to the interlaboratory compari-
son study was managed by the CDC Vitamin D
Standardization Coordinating Center. The Coordi-
nating Center randomly assigned an ID to each of
the patient samples. A run order was also prepared
by the Coordinating Center and sent to each of the
laboratories.

The value assignment protocol consisted of NIST
measuring the 50 patient samples in duplicate on two
separate occasions, while Ghent University measured
all samples in triplicate on three separate occasions.
On each occasion, three independently prepared
standard stock solutions were used by both reference
laboratories. The set level of imprecision for the RMPs
was a CV <5 % and a set level of bias <1.7 %. The
assigned value is the mean of the results from the two
reference laboratories.

The protocol for the participating laboratories
consisted of analyzing the 50 patient samples in
duplicate on three days. It was recommended that a
different calibrator lot be used on each of the three
days. The initial assay performance criteria for rou-
tine measurement procedures are <10 % imprecision
and <5 % bias in relation to the reference values.
A comparison of the routine or “survey” and
reference laboratory results will be used to develop
a set of master equations that can be used to convert
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routinely measured survey results to the NIST-Ghent
University RMPs.

Ancillary Commutability Study

Do reference materials perform like patient samples?
That is the fundamental issue surrounding the assess-
ment of commutability [27,28]. For the purpose of this
study, commutability is defined as the ‘equivalence of
the mathematical relationships between the results of
different measurement procedures for a reference mate-
rial and for representative samples from healthy and
diseased individuals’. The commutability of a reference
material is measurement procedure specific and its
assessment requires special experimental designs.

Reference materials are commonly pooled or oth-
erwise modified. This includes NIST prepared SRMs
and materials used in the CAP and DEQAS external
quality assessment schemes. Sometimes measure-
ment procedures provide accurate results when used
to analyze patient samples but inaccurate results
when measuring pooled samples. Pooled samples are
generally considered to be non-commutable unless
shown otherwise.

Commutability is assessed by analyzing pooled
reference materials and routine patient samples using
the same study protocol as is used in an interlabora-
tory comparison study. It is recommended to assess
the commutability of pooled reference materials
prior to their use as calibrators or trueness controls.
However, because of the costs and complexities of
assessing commutability formal testing of reference
materials is done infrequently.

The VDSP interlaboratory study provided a
unique opportunity to test the commutability of
NIST’s new SRM 972a, 5 CAP and 8 DEQAS refer-
ence materials. Eleven laboratories participated in
the commutability study — eight laboratories using
immunoassay and three laboratories using LC-MS/
MS assays. The experiment was designed using CLSI
C53-A guidelines [29] which will be used in the
analysis of the results.

Standardizing 25(OH)D Values from
Past Surveys

Serum total 25(OH)D concentrations have been
measured previously in past cycles on national
health surveys or in epidemiological studies includ-
ing clinical trials. The question arises: Can those
measurements be standardized to the NIST-Ghent
RMPs? The answer is “Yes” given that banked sera
from the past surveys are available for re-analysis.

We have developed two options for standardizing
values from past surveys.

Option 1 pertains to the surveys that are currently
participating in the interlaboratory comparison
study. In that case a three step process can be used

to standardize past values to the NIST-Ghent RMPs.
The three steps are:

(1) Use results from the interlaboratory compar-
ison study to develop a master equation to
convert values based on the current measure-
ment procedure to the NIST-Ghent RMPs;

(2) Re-measure a statistically defined subsample
of the stored sera from the past survey and
develop an equation to convert past values to
the current measurement procedure; and

(3) Merge the two sets of equations to form a
single equation that is used to convert past
survey values to the NIST-Ghent RMPs. A
fourth option step would be to send a dupli-
cate set of samples to a certified traceable
laboratory for confirmation.

Option 2 also consists of three steps, namely:

(1) Select a higher order laboratory that has been
certified traceable to the NIST-Ghent Univer-
sity RMPs, possibly a reference laboratory;

(2) Use a statistically defined sampling proce-
dure to select a small subset of the banked
sera for re-measurement by the certified
laboratory; and

(3) Develop a mathematical equation to convert
the past survey results to the results obtain by
the higher order laboratory which is traceable
to the NIST-Ghent RMPs.

In addition, we have also developed a statistical
algorithm for estimating the number of stored sam-
ples that need to be reanalyzed based on the inter-
assay coefficient of variation (CV) of the routine
measurement procedure. Moreover, we have devel-
oped a uniform sampling procedure for selecting the
appropriate samples. We are preparing a paper which
will report in more detail about the procedures they
have developed.

Option 1 is the more cost effective protocol for
survey laboratories by eliminating the need for ship-
ping and the costs of contracting with a higher order
laboratory. Moreover, some national laboratories are
prohibited from shipping participant samples out of
the country. As a result, Option 2 is not available to
some national health surveys.

Based on Table 1, it is clear that there is a great deal
of data from past national health surveys which might
profit from standardization. Work is underway to stan-
dardize results from many of the past surveys conducted
in Canada, Germany, Ireland, and the US. Other sur-
veys and epidemiological studies, as resources become
available, may choose to standardize data from some of
the past surveys. In any event, standardized past survey
data will become a great resource for research providing
an opportunity to compare 25(OH)D concentrations
across time and countries.
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VDSP Plans and Schedule through 2013

We are currently in the process of completing the
interlaboratory comparison study and the ancillary
commutability study. Our plan is to complete those
analyses in time to hold a public symposium in
March-August of 2013 to report the results. The
symposium is scheduled to take place in Bethesda,
MD on the NIH campus. Between now and then
we hope to recruit more national health surveys into
the VDSP. Once results from the interlaboratory
comparison study for the eight national surveys
becomes available we plan to evaluate the impact of
standardization on 25(OH)D distributions and to
begin evaluating the survey characteristics that
appear to explain differences between and among
surveys. Announcements about the VDSP will be
made through the Office of Dietary Supplements
webpage http://ods.od.nih.gov/Research/VitaminD.
aspx, the Federal Register, and professional organi-
zations, e.g. AACC, IFCC, the American Institute
of Nutrition, and the Endocrine Society.

The CDC Vitamin D Certification Program is
open to assay manufacturers, clinical and commer-
cial, national survey and research laboratories. Enroll-
ment is currently ongoing. Announcements about
the program will be made through CDC/VDSP web-
site and professional organizations, e.g. AACC, IFCC
and Endocrine Society.

Please do not hesitate to contact us if you have
any questions about the VDSP including enrolling in
the CDC Vitamin D Certification Program.

Questions and Answers
J Wielders, Netherlands

We all agree there is a need for standardisation, but why
choose a mixture of two species as the measurand?

C Sempos

Because both have biological value. If you wish to
know a person’s vitamin D status, you have to be able
to measure their total vitamin D. The immunoassays
all measure total as they have antibodies to both
25(0H)D2 and 25(OH)D3 forms. Information from
the DQAS scheme indicates the antibodies do not
bind to the epimer, so, if you wish to know vitamin
D status, you must measure the total vitamin. The
ultimate objective is to learn about the concentra-
tions of 25(OH)D2, 25(OH)D3 and the epimer.

R Vieth, Canada

I believe too much emphasis is being placed on the
epimer. It does not naturally occur in most adults. It is
rare to see in proficiency samples unless they have been
spiked. It is of interest to those using MS methods. The
compound of interest which large-scale automated
analysers are measuring is 24,25,(OH),D, which has
not been mentioned. It is a big interferent.
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C Sempos

In general, the epimer concentration is 3—-5 % of the
total. In some individuals it can be 50-60 % or more.
Thienpont has found it in people of all ages. It is
important that we learn its source and if it is a con-
taminant and if it interferes with 25(OH)D metabo-
lism. Secondly, when using MS methods, if we do
not correct for the epimer concentration, 25(OH)D
concentration will be overestimated. Laboratories
around the world are using a wide variety of meth-
ods, both immunological and MS methods, so to
develop reference guidelines which are independent
of time, place and assay methodology, a standardisa-
tion programme is absolutely required.

Dedication: To the memory of Dr. Mary Frances
Picciano, 1946-2010.

Disclaimer: The findings and conclusions in this
report are those of the authors and do not necessarily
represent the views of the CDC, the NIH, the US
Department of Health and Human Services, NIST,
or the US Department of Commerce.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are respon-

sible for the content and writing of the paper.
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