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To correct these disparities, the Vita-
min D Standardization Program (VDSP), 
an initiative of the National Institutes of 
Health Office of Dietary Supplements 
(NIH ODS),  was launched in 2010 in col-
laboration with  the National Institutes of 
Health, the Centers for Disease Control and 
Prevention (CDC), the National Institute 
for Standards and Technology (NIST), and 
Ghent University in Belgium. This article  

will describe the progress toward stan-
dardization of vitamin D assays and what 
laboratories should do until then to ensure 
patient safety.

Vitamin D Biochemistry
Vitamin D is a steroid hormone involved 
in regulating calcium homeostasis in part 
through intestinal absorption of calcium 
and renal re-absorption of calcium. Often 

referred to as the “sunshine vitamin”, vita-
min D is actually a fat-soluble hormone 
that the body can synthesize. There are two 
major types: vitamin D2 (ergocalciferol), 
which is synthesized by plants and is not 
produced by the human body; and vitamin 
D3 (cholecalciferol), which is made by bare 
skin when exposed to sunlight.

Whether it is absorbed through unpro-
tected skin or ingested then absorbed by the 

intestines, vitamin D binds to two proteins 
in the bloodstream, albumin and vitamin 
D binding protein, and then travels to the 
liver. From there it undergoes two hydrox-
ylations. In the liver, it is transformed into 
25-hydroxyvitamin D or calcidiol, which is 
the primary circulating form of vitamin D 
and the most commonly measured form in 
serum. In the kidneys, it is transformed into 
1,25 dihydroxyvitamin D or calcitriol, which 

is the biologically active form of vitamin D.
As levels of 25-hydroxyvitamin D reflect 

vitamin D synthesized through unpro-
tected skin or ingested in food or supple-
ments and absorbed by the intestines, its 
serum concentration is recognized as the 
best indicator of an individual’s vitamin 
D status. While not biologically active like 
1,25 dihydroxyvitamin D, the former has 
a much longer half-life (2–3 weeks versus 
4–6 hours) and is not influenced by chang-
es in calcium and parathyroid hormone 
levels (2). 

Technical Challenges
Even though 25-hydroxyvitamin D is the 
preferred vitamin D analyte, measuring it 
is not straightforward. In serum, the hor-
mone is completely bound to proteins. 
Furthermore, the normal protein levels 
in human serum are capable of binding 
hundreds of nanograms of vitamin D. To 
measure vitamin D in blood, it must first 
be released from its binding protein, which 
has a high affinity constant on the order of 
1 x 107 – 109.  

For LC-MS/MS analysis methods, labs 
first precipitate the binding protein from 
serum, followed by organic extraction of 
the vitamin D from the sample and then 
analysis. Of particular importance, most 
LC-MS/MS methods cannot distinguish 
the C3 epimer, 3-epi-25-hydroxyvitamin D, 
from 25-hydroxyvitamin D. The biological 
importance of the former molecule is not 
known; however, its inclusion in the mea-
surement could contribute to falsely high 
levels of vitamin D. In some instances, this 
elevation could make a patient who is vita-
min D deficient appear normal, or in more 
extreme situations, the patient may appear 
abnormally high, approaching toxic levels 
(3–6).

With commercially available immu-
noassays, each manufacturer has its own 
proprietary process to separate vitamin D 
from its binding protein. Newer assays on 
the market also contain specific blockers to 
minimize the interference of heterophilic 
antibodies in patient samples that may 
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bind the detection antibody and produce 
erroneous results. This type of reagent is es-
pecially important for reducing the occur-
rence of low or high outliers. When assays 
do not account for heterophilic antibody 
interferences, the correlation coefficient be-
tween methods may be lower.

In 2010, a panel of 25 vitamin D experts 
from various clinical fields recommended 
using vitamin D assays that measure both 
25-hydroxyvitamin D2 and vitamin D3 so 
that dietary supplementation from both 
plant and animal sources would be mea-
sureable (7). Therefore, laboratories ideally 
need a test that can recognize both forms, 
not just one. 

The Disparity in Vitamin D Assays
Today, however, due to the lack of an in-
ternationally recognized, commutable vi-
tamin D reference material, discrepancies 
exist across testing methods for vitamin D, 
as well as among commercially available 
vitamin D tests. Comparisons of manu-
facturers’ assays and laboratory-developed 
assays also show scatter in test results that 
may be due to differences in the way the as-
says measure vitamin D, different methods 
to release vitamin D from its binding pro-
teins, and interference from heterophilic 
antibodies. 

The observed variability in vitamin D 
assays is not unique. As laboratory scien-
tists know well, a number of factors may 
cause differences among commercial assays 
that measure lipids, hemoglobin A1c, and 
hormones. Such variability arises from the 
complex nature of these analytes in human 
serum, the assay method, and antibody 
specificity.

Furthermore, steroids such as vitamin 
D typically are bound to proteins—often 
very tightly—and must be released before 
the immunoassay reaction can take place. 
Differences in the releasing reagents used 
also can lead to differences in patient sam-
ple results between different assays.

Antibody specificity, especially for vi-
tamin D, also plays an important role in 
understanding the differences between as-
say results. For example, a specimen tested 
with an assay that measures only 80% of 
vitamin D2 relative to vitamin D3 will pro-
duce a different result when tested with an 
assay that measures 100% of both vitamin 
D2 and vitamin D3.  

The quality and source of materials that 
manufacturers use to standardize an assay 
also may differ and contribute to the ob-
served discrepancies. Manufacturers typi-
cally produce internal reference materials to 
assign master curve standards, but use other 
calibration materials for patient test results. 
This practice may contribute to differences 
in assay results between manufacturers. 

The Vitamin D Standardization Program  
To minimize assay-to-assay variability for 
vitamin D, a reference material is needed 
to standardize assays and eventually har-
monize patient results. Reference standards 
serve as anchors that can provide compara-
bility across time and methods. But devel-
oping an international reference material is 
not easy, and success depends on that mate-

rial being commutable across all manufac-
turers and methods.

The VDSP has developed protocols 
for standardizing procedures to measure 
25-hydroxyvitamin D in National Health/
Nutrition Surveys. The group also aims to 
improve public health practice by promot-
ing measurements that are accurate and 
comparable over time, across locations, 
and independent of laboratory methods. 
The CDC has introduced a Vitamin D 
Standardization-Certification Program to 
ensure reliable clinical vitamin D measure-
ment.

The Importance of Standardization
International standardization programs 
have already been successful in standardiz-
ing lipid measurements, immunoassays for 
hormones such as estradiol and testoster-
one, and hemoglobin A1C. Critical factors 
in establishing successful standardization 
programs include minimizing matrix ef-
fects in the standard reference material that 
may lead to spurious results, and maintain-
ing commutability of standards across all 
manufacturers and all methods.

Over the last several years, multiple 
standardization certification programs 
sponsored by CDC have harmonized test 
results among manufacturers (8). For ex-
ample, the Lipid Standardization Program 
provides accuracy-based standards for 
measuring total cholesterol, triglycerides, 
high-density lipoprotein cholesterol, apoli-
poprotein A-I, and apolipoprotein B in U.S. 
and international laboratories.  

The CDC Hormone Standardization 
(HoSt) Program is also aimed at introduc-
ing more accurate and precise steroid hor-
mone tests for patient care, including tes-
tosterone, estradiol, and estrogen. It seems 
likely that the differences today between 
manufacturers’ assays are likely the result 
of high concentrations of steroid-binding 
proteins present in serum, a situation simi-
lar to that of vitamin D.  

In fact, the HoSt Program has begun 
work on vitamin D as the next hormone 
assay to be part of the program. Phase 1 
of the program has made 40 native patient 
samples available that have been assayed by 
isotope dilution, liquid chromatography 
tandem mass spectrometry (ID-LC-MS/
MS), the same method used to establish 

vitamin D values for the VDSP. The Joint 
Committee for Traceability in Laboratory 
Medicine (JCTLM) also recognizes ID-LC- 
MS/MS as the reference method for vita-
min D, and it is comparable with other ref-
erence methods, such as the NIST reference 
method. Manufacturers will use these 40 
samples to make adjustments to their own 
internal standard materials, if necessary, 
and to gain better alignment with the CDC 
certification process.

In the Absence of a Standard
Generally speaking, the ideal vitamin D 
standard material would be native human 
serum samples representing endogenous 
levels of vitamin D over a range of 5–150 
ng/mL. For some other immunoassays, 
manufacturers have used reference stan-
dards from the World Health Organization 
(WHO) to standardize their assays. Unfor-
tunately, a WHO reference material is not 
available for vitamin D. 

Instead, manufacturers have used the 
NIST standard reference material (SRM) 
972, which has been available since 2009 
and represents the first step in vitamin D 
standardization. Together with the U.K. 
Vitamin D External Quality Assurance 
Scheme (DEQAS), this reference material 
has been helpful in improving the accuracy 
of LC-MS/MS analyses across laboratories. 
In fact, imprecision in LC-MS/MS methods 
demonstrated in the DEQAS surveys has 
greatly decreased over time as the calibra-
tion has been adjusted to bring individual 
laboratories closer to the all laboratory 
trimmed mean. 

Although SRM 972 is suitable for LC-
MS/MS methods, only Level 1 at 23.9 ng/mL 
is suitable for immunoassays. The other 
levels are adulterated and may cause matrix 
effects in immunoassays. Some manufac-
turers have already made their immunoas-
says traceable to the LC-MS/MS method, 
but some variability can still occur based 
on the referenced LC-MS/MS.

Implementing the Vitamin D  
Standardization Program 
Under the leadership of Christopher  
Sempos, PhD, of the NIH ODS, the VDSP 
partners began work on attempting to 
standardize 25-hydroxyvitamin D measure-
ments across methods and manufacturers. 

They selected the NIST reference method 
procedure (RMP) as the primary reference 
method for measuring total 25-hydroxy- 
vitamin D, including 25-hydroxyvitamin 
D2, 25-hydroxyvitamin D3, and 3-epi-25- 
hydroxyvitamin. A second method from 
Ghent University is also traceable to the 
NIST RMP. 

Linda Thienpont, PhD, at Ghent Uni-
versity, has developed an ID-LC-MS/MS 
method for vitamin D in human serum 
that is traceable to NIST SRM 972 (9) and 
that separates the 3-epi-25-hydroxyvitamin 
D3 from 25-hydroxyvitamin D3. This anal-
ysis ensures that 25-hydroxyvitamin D3 is 
not overestimated in the result. 

NIST researchers are working to cre-
ate certified reference materials to decrease 
possible bias in the vitamin measurements 
(10). They have generated 50 unique pa-
tient specimens ranging in vitamin D con-
centration from 5.04–60 ng/mL, all with 
assigned values for the three vitamin D 
analytes using both established reference 
methods. These samples were distributed 
to manufacturers and select labs in De-
cember 2011. Because the patient reference 
samples are native, the researchers do not 
expect commutability issues.

Standardization of vitamin D measure-
ment procedures is also part of the CDC 
HoSt program, conducted by the Clinical 
Chemistry Branch, Division of Laboratory 
Services, under the supervision of Hubert 
W. Vesper, PhD. In 2012, HoSt started to in-
clude vitamin D in its effort to improve the 
accuracy and comparability of hormone 
measurements. 

The CDC Standardization Certifica-
tion Program for Vitamin D is a two-phase 
process (Figure 1, above). Manufacturers 
and laboratories using laboratory devel-
oped tests to measure vitamin D receive 
40 single-donor serum samples with value 
assignments for calibration purposes. Val-
ues are assigned by a JCTLM-recognized 
reference method; therefore, calibration 
using these samples allows manufacturers 
and laboratories to establish metrological 
traceability according to ISO 17511 (11). 
For immunoassays, participants receive a 
set of internal standards to match the pa-
tient reference samples. Once participants 
verify the calibration to the initial sam-
ples, CDC on a quarterly basis distributes  

Figure 1
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challenges with 10 blinded samples as part 
of phase two to verify and monitor stability 
of calibration over time. 

When participants pass four consecutive 
surveys, they are awarded certification for 1 
year (12). Renewal is an annual process, and 
the performance criteria for vitamin D are 
a 5% mean bias and 10% imprecision. 

The Future of Vitamin D Results
Standardization of vitamin D assays is es-
sential to patients’ safety and health, but 
manufacturers and laboratories will need 
time to implement the results once they 
are available. Regulatory requirements will 
no doubt take time to be fully developed, 
and implementation by manufacturers will 
not occur immediately. So what can labo-
ratories do until the standardized assays are 
available?

Accuracy-based testing systems, such 
as the NIST-NIH Vitamin D Metabolites 
Quality Assurance Program (VitDQAP), 
the College of American Pathologists 
(CAP), and DEQAS, bridge the gap in the 
standardization effort not covered by the 
CDC HoSt program by helping individual 
laboratories that cannot afford to partici-
pate in the program to standardize their 
measurements of total 25-hydroxyvitamin 
D and its component metabolites. Starting 
with the October 2013 round of DEQAS, 
NIST will assign values for all DEQAS ma-
terials used in the program.  

Laboratories participating in the 
CDC Standardization Program Certifi-
cate will need to wait at least 1 year for 
their results to be released. In the mean-
time, external accuracy-based surveys 
such as VitDQAP, CAP, and DEQAS will 

take into consideration that participants 
may be at different stages of the stan-
dardization process when they submit 
results. It is equally important that labo-
ratories are aware of this situation when 
interpreting these results.

Clearly, not only is the absence of an in-
ternational vitamin D standard a concern 
for immunoassay manufacturers striving to 
produce assays that accurately measure vi-
tamin D, but it is also a public health issue. 
Until we reach the goal of having standard-
ized assays, researchers who publish study 
results in this area will likely continue to call 
for a vitamin D standard. 

To be successful, standardization requires 
a collaborative process involving support 
of an independent international organi-
zation, selection of an official reference  
standard, and development of a commut-

able material. We are well on our way at this 
point.                                                                CLN
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