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Summary: Vitamin D is an important deter minant for the
regulation of calcium and phosphorus levels and mineraliza-
tion of the bone. The most reliable indicator of vitamin D sta-
tus is the measur ement of plasma or ser um 250H-D con-
centration. Several studies r eported discrepancies between
the results of assays. These high variabilities in 250H-D
measurements are due to used assay technologies and lack
of standardization against the reference materials. Different
assays have been employed for the measurement of 250H-
D levels: Competitive Protein Binding Assays, immunoassays,
direct detection methods. Choosing an assay platfor m is
important both for clinical laborator y professionals and
researchers, and several factors affect this process. Recently,
liquid chromatography and tandem mass spectrometry is an
alternative method to traditional assays and pr ovides higher
specificity and sensitivity than many assays; ther efore, it has
been suggested as a candidate reference method for circu-
lating 250H-D3. Standardization of methods for the quan-
tification of 250H-D by using the human-based samples
would reduce the inter-method variability. The best way for
laboratories to demonstrate the accuracy of their results is by
participating in the exter nal quality assessment scheme.
Standardization of the assays is also r equired to provide cli-
nicians with the accurate tools to diagnose hypovitaminosis.
In addition, assay -specific decision limits ar e needed to
define appropriate thresholds of treatment.
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Kratak sadr’ aj: Vitamin D je vazna deter minanta u regu-
laciji nivoa kalcijuma i fosfora i mineralizaciji kostiju. Naj -
pouzdaniji indikator statusa vitamina D je odr edivanje kon-
centracije 250H-D u plazmi ili ser umu. Nekoliko studija je
pokazalo neslaganja izmedu r ezultata razlicitih testova.
Ovako velike varijacije u odredivanjima 250H-D su posledi-
ca koriséenih tehnologija testova i nepostojanja standar -
dizacije u odnosu na referentne materijale. Razliciti testovi se
koriste za odredivanje koncentracija 250H-D: testovi kom-
petitivnog vezivanja za pr oteine, imunoodredivanja, metode
direktnog odredivanja. Izbor platforme odredivanja je vazan i
za klini¢cko-laboratorijsku praksu i za istrazivanja i nekoliko
faktora uti¢e na ovaj proces. Odnedavno, te¢na hromatogra-
fija i tandem masena spektr ometrija predstavlja alternativu
tradicionalnim testovima, ima vedu osetljivost i specifi¢nost
od mnogih testova i predlozena je za kandidata za r eferent-
nu metodu odredivanja 250H-D3. Standardizacija metoda
za kvantifikaciju 250H-D upotrebom uzoraka humanog se -
ruma bi smanijila varijacije izmedu metoda. Najbolji nacin za
potvrdu taénosti odredivanja rezultata u laboratoriji je ucesce
u programu spoljasnje kontr ole. Standardizacija testova je
takode potrebna da bi se klini¢arima obezbedile tacne infor-
macije za dijagnozu hipovitaminoze. T akode, neophodni su
nivoi odluke specifi¢ni za test da bi se definisale odgovara-
juée vrednosti praga za terapiju.

Klju~nere~i: 25 hidroksi vitamin D, test, standar dizacija,
spoljadnja kontrola kvaliteta, LC-MSMS

Introduction

Vitamin D is a pr o-hormone, known for its im -
portant role in the r egulation of calcium and phos-
phorus levels and mineralization of the bone. Hypo -
vitaminosis D is known to contribute to osteopor osis
through decreased calcium absorption, subsequent
secondary hyperparathyroidism and incr eased bone
resorption. For this reason, decreased vitamin D levels
are usually associated with the incr eased parathyroid
hormone (PTH) levels. R ecent studies have shown
that the Vitamin D r eceptors are present in a variety
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of cells and have biological effects which ar e far
beyond the mineral metabolism (1). Low Vitamin D
levels have been found to be associated with the asth-
ma in children (2), endothelial dysfunction (3, 4),
harmful immunomodulatory effects (5), cardiovascu-
lar risk (6), cognitive impair ment (7), and lost anti-
tumoral activity potentiating a number of cytotoxic
anti-cancer agents (8). In oncology patients, it has
been shown that low ser um vitamin D levels pr edict
an advanced stage of disease (9).

It has been estimated that globally mor e than
one billion people are vitamin D deficient and in the
States, more than 75% of the adult population is vita-
min D insufficient (1, 10). Increases in vitamin D test-
ing is attributed to gr owing global deficiency due to
blockage in sun exposur e and increased number of
evidence between vitamin D deficiency and health
conditions.

Vitamin D is metabolized in the liver to produce
25-OH-Vitamin D (250H-D) and 1,25 (OH)2- Vita-
min D is produced in kidneys (11). 250H-D is a pre-
dominant form in the circulation and generally accep-
ted as the best single marker of vitamin D status (1,
12). There are two types of 250H-D found in the cir-
culation: 25-OH-Vitamin D2 (250H-D2) is also cal -
led ergocalciferol and derives mainly from plants and
fish (13). 25-OH-Vitamin D3 (250H-D3) or cholecal-
ciferol accounts for appr oximately 95% of the cir cu-
lating 250H-D pool, wher eas 250H-D2 represents
only a minor fraction unless vitamin D2-containing
medication is taken by the individual (13).

1,25 (OH)2-Vitamin D is closely r egulated by
PTH and intestinal calcium. It cir culates at extremely
low concentrations what makes it more difficult to be
measured accurately. Since vitamin D itself is tightly
bound to vitamin D binding pr otein, it is the most
highly lipid soluble form of the vitamin D (14).

250H-D is better indicator of the patient’s vita-
min D status than the vitamin itself . This is because
the hydroxyl group makes 250H-D less fat soluble
and makes it have lower affinity to vitamin D binding
protein than the actual vitamin. These factors make
the circulating concentrations of 250H-D about
1,000 times more concentrated than the steroid hor-
mone form of vitamin D. 250H-D levels also cor re-
late well with the clinical signs of vitamin D deficien-
cy (15).

Measurement of 25-Hydroxyvitamin D
Competitive Protein Binding Assays

The history of developing a sensitive method for
the estimation of 250H-D levels dated back to near-
ly half a century. At first, the 250H-D methods wer e
categorized into two types: 1- Physicochemical meth-
ods and 2- Biological assays (16). The early gas chro-
matographic analysis of vitamin D was developed by

Kodicek and Lawson in 1967 and by Sheppar d et al
in 1972 (17, 18). Edelstein et al. (19) argued that no
suitable physicochemical methods have been avail-
able to estimate the amounts of vitamin D levels in
animal tissues. F urthermore, these methods wer e
time-consuming in separation pr ocedures for the
elimination of the interfering compounds with similar
chemical properties, such as r etinol or cholester ol.
For this reason, biological assays gained importance
to be used routinely in laboratories for the analysis of
both human materials and analysis of animal food
stuff, fish oils and many phar macological prepara-
tions (16). But it was observed that low sensitivity, the
cost of the analysis, labour and time consumption
were the main disadvantages of bioassays (16).

Characterization of binding proteins of vitamin D
led to development of competitive pr otein binding
(CPB) assays for vitamin D (19). In the first r eported
CPB assay, the estimation of cholecalcifer ol and its
25-hydroxy metabolite in plasma by using the specif-
ic vitamin D -binding protein from rat ser um was
described (20). In the assay, beta-lipoprotein isolated
from the human plasma was used as a car  rier for
steroids to overcome limited solubility of the ster oids
in water. The main disadvantage was the time factor.
Several days were required for equilibration and dis-
placement. This factor prevented the routine usage of
this method for the estimation of vitamin D and its
25-hydroxy metabolite.

Another CPB radioassay for 25-hydroxycholecal-
ciferol was reported by Haddad and Chyu in 1971
(21). In this assay, specific binding pr otein isolated
from the kidney and tritiated 25- OH vitamin D3 as a
tracer was used. Addition of absolute ethanol into the
assay system over came the solubility pr oblem.
Reaching the equilibrium displacement in 60 minutes
provided this method simple and sensitive for r outine
estimation of 25-hydr oxycholecalciferol levels. This
method estimated 25-hydroxycholecalciferol levels as
low as 4 ng/mL. A dvantage of this assay was its co -
specificity for 25-OH vitamin D3 and 25-OH vitamin
D2 levels, which made it suitable for monitoring of
patients treated with ergocalciferol. Free steroid was
separated from the bound steroid by using the char-
coal coated with dextran (21).

Chromatographic methods using the silicic acid
columns to separate 25-hydr oxycholecalciferol from
other vitamin D metabolites wer e found to inter fere
with CPB assay and pr oduce erroneous blank values
(16). These were the results of substances produced
during chromatography, which derived fr om impuri-
ties in the silicic acid pr oduced by the interaction of
the solvents and the silicic acid (16). Edelstein et al.
(22) developed CPB assay for 25-hydr oxycholecalcif-
erol, which eliminated the inter fering substances by
using small Sephadex LH-20 columns. It was r eport-
ed that in spite of the differ ence in sensiti vity and
specificity of CPB and biological assays, high cor rela-
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tions were found in patient samples (16). All these
attempts confirmed that 25-hydroxylated metabolite
was the main metabolite of vitamin D in the cir cula-
tion (16). Further studies on development of similar
CPB assays were not successful. An automated CPB
method (the Nichols A dvantage Analyser) was intr o-
duced in 2004, but was withdrawn in 2006 (23).

Immunoassays

The first 250H-D radioimmunoassay was deve -
loped by Hollis and Napoli (24). The assay antibody
was raised against a synthetic vitamin D analogue
coupled to bovine serum albumin. This antibody was
co-specific for 25-hydroxyvitamin D3 and 25-hydr o-
xyvitamin D2 (25). The first version of the assay used
tritiated 250H-D, but the method was modified to
incorporate an 125l tracer (26). The Hollis and Na -
poli assay was the basis of the first commer cial
250H-D kit, originally marketed by Incstar and cur-
rently by DiaSorin Corporation (Stillwater, MN) (24).
250H-D is extracted by denaturing the vitamin D
binding protein (DBP) with acetonitrile. Since it was
the only RIA detecting total cir culating 250H-D, it
was widely used by investigators to conduct all of the
research related to circulating 250H-D levels in vari-
ous disorders. In 2004, DiaSorin introduced a chemi-
luminescence assay to be used on Liaison analyzer .
The antibody used in this assay was similar to the one
used in RIA but the sample extraction step was mis -
sing. In 2007, The Liaison Total was introduced with
the improved sensitivity and specificity (23). The Lia -
ison Total is a non-extraction assay using the pr opri-
etary technique to displace 250H-D from the binding
protein. Both assays claimed co -specificity for 25-hy-
droxyvitamin D3 and 25-hydr oxyvitamin D2 in DE -
QAS survey but the 3-epimer of 250H-D was not
detectable by either assays (23).

RIA from Immunodiagnostic Systems (IDS) uses
an antibody, which has only 75% of cr oss-reactivity
with 25-hydroxyvitamin D2. A cetonitrile is used for
sample extraction. IDS has also produced non-extrac-
tion enzyme immunoassay (EIA) using the same anti-
body. In 2009, IDS introduced a chemiluminescence
method for use on their new iSYS automated analy -
zer. In this assay, standards based on equine ser um
were applied. According to manufacturers, the assay
has co-specificity for 25-hydroxyvitamin D3 and 25-
hydroxyvitamin D2. It was also appr oved by FDA for
use in the USA. It is a non-extraction assay and the
involvement of pH shif t exists for displacement of
250H-D from binding pr oteins. It was also estab-
lished that IDS assays could not detect 3-epimer of
250H-D (23).

Other than Diasorin chemiluminescence assay ,
Nichols Institute Diagnostics, R oche Diagnostics,
Abbott and Siemens introduced 250H-D reagents for
use in random access automated instr uments (27,

28). In 2001, Nichols Diagnostics intr oduced fully
automated chemiluminescence A dvantage 250H-D
assay. In this assay system, unextracted serum or plas-
ma sample is directly added into the mixture contain-
ing human vitamin D binding pr otein (DBP), acridi-
nium-ester labeled anti-DBP and 250H-D3 coated
magnetic particles (25). This assay was CPB assay
and resembled the procedure described by Belsey et
al (29). The differences between these methods were
deproteinization of samples with ethanol and the pre-
paration of calibrators in ethanol in the Belsey assay ,
whereas calibrators wer e prepared in ser um based
matrix in the Advantage assay (25, 29). It was shown
that the A dvantage assay constantly over estimated
total 250H-D levels and was unable to detect 250H-
D2 levels (26). In 2006, the assay was withdrawn
from the market (25).

The first commercial direct automated immuno-
assay for 250H-D3 was intr oduced by Roche Diag-
nostics on Elecsys and Cobas systems in 2007 (25,
30). The assay is a dir ect electrochemiluminescence
immunoassay for human ser um or plasma. Itis a
competitive assay in which the binding pr otein of vi-
tamin D is inactivated during incubation. The assay
employs polyclonal antibody directed against 25-OH
vitamin D3 (39).

The Roche Vitamin D T otal assay for Elecsys
analyzers and Cobas Modular platforms was launched
on May 13, 2011 (www .roche.com). The Elecsys
Vitamin D Total assay is a fully automated assay based
on biotin-streptavidin technology, and it measur es
both 250H-D2 and 250H-D3. In October 19, 2011,
FDA approved the Siemens Healthcar e Diagnostics
Vitamin D Total assay for use on AD VIA Centaur ®/
XP Immunoassay Systems (www .medical.siemens.
com). Abbott announced, on November 30, 2011,
that it was granted approval from FDA for fully auto-
mated 250H-D assay per formed on its widely used
ARCHITECT ® platform. The ARCHITECT 250H-D
assay is a chemiluminescent microparticle immunoas-
say (CMIA) for quantitative determination of 250H-D
in human serum or plasma. (www.abbott.com).

Direct Detection Methods

HPLC procedures were developed for deter -
mination of the cir culating 250H-D, (31-33). The
HPLC methods were able to separate and quantitate
250H-D2 and 250H-D3 levels. HPLC followed by
UV detection was highly r epeatable and most of the
researchers consider HPLC methods golden standard
(25).

The analyses of the cir culating 250H-D and its
metabolites were also attempted by means of li quid
chromatography/tandem mass spectr ometry (LC-
MSMS) (34-40). As LC-MSMS has been increasingly
used in clinical laboratories, many differ ent method-
ologies are being used and it has been observed that
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the measurements are not straightfor ward. The dis-
crepancies of the r esults could be attributed to vari-
ables in sample pr eparations, chromatography and
ionization and fragmentation (41, 42).

Which method to use for Vitamin D
analysis?

The most reliable assessment of vitamin D sta-
tus is a measurement of plasma 250H-D concentra-
tion. As two distinct for ms of 250H-D exist, 250H-
D3 is the major metabolite of inter est, which
maintains 250H-D concentrations to a higher degree
in comparison to 250H-D2 which is solely derived
from supplementation or fortification of food (15).
Nearly 85% of all 250H-D is bound to vitamin D bin-
ding protein, 15% bound to albumin and only 0.03%
is free. Chromatographic separation techniques thus
require an extraction step to r elease 250H-D from
the binding protein. Because of the lipophilic natur e
of 250H-D, non-extraction methods ar e susceptible
to matrix effects. These factors make the routine meas-
urement of 250H-D an analytical challenge (43).

The number of assessments of the cir culating
250H-D for diagnostic purposes has increased signif-
icantly in recent years. 250H-D testing volumes con-
tinue to grow, making it one of the most r equested
assays in clinical laboratories. Dramatic incr ease in
requests prompts many laboratories to consider using
more automated assays. The r eplacement of tradi-
tional RIA with non-isotopically labeled assays allow -
ed automation of the analysis, but recent studies have
suggested that both the Nichols Advantage automat-
ed chemiluminescence protein-binding assay and, to
a lesser extent, the IDS RIA underrecover 25-OH D2
compared with HPLC analysis (23, 37, 44). R ecent
publications have highlighted the interlaboratory vari-
ability of 25-OH D analysis on patient samples meas-
ured by RIA and chemiluminescence assays (45).
Mass spectrometry has been the privileged r esearch
methodology and rarely been applied to the r outine
quantification of analytes in the r outine clinical set-
tings, but recently it has been shown that LC -MSMS
offers an alternative method to traditional assays and
higher specificity and sensitivity than many assays.
Many LC-MSMS methods have been described for
circulating metabolites of vitamin D and suggested as
a candidate reference method for circulating 250H-
D3 (36).

Many authors compare commercially available
250H-D methods with LC -MSMS accepted as a r e-
ference method. Roth et al. compar ed six routinely
available methods; HPLC, IDS-RIA, IDS-EIA, A dvan-
tage, two versions of DiaSorin automated immunoas-
say; Liaison 1, Liaison 2 and Elecsys assay with LC -
MSMS (15). It was obser ved that all evaluated
methods, except HPLC, revealed considerable devia-
tions of the individual values compar ed with LC -

MSMS defined tar get values (15). Snellman et al.
(46) investigated the performances of three common
commercially available assays. HPLC -atmospheric
pressure chemical ionization—-mass spectr ometry
(HPLC-APCI-MS), RIA and chemiluminescent immu -
noassay (CLIA) methods wer e used. The str ongest
correlation was found for HPLC-APCI-MS and lowest
for CLIA (46). F arrell et al. (47) compar ed the per-
formance of recently launched automated immu no-
assays, pre-existing assays with two differ ent LC-
MSMS methods. Randomly selected patient samples
were measured by two LC -MSMS methods, a RIA
(DiasSorin), automated immunoassays fr om Abbott
(Architect), DiaSorin (Liaison), IDS (ISYS), R oche
(E170, monoclonal 250H-D3 assay) and Siemens
(Centaur). Although most assays have demonstrated
good intra- and inter-assay precision, the automated
immunoassays have demonstrated variable per form-
ance and failed to meet pr e-defined performance
goals. Only RIA assay showed a performance compa-
rable to LC-MSMS (47). Van den Ouweland et al.
(47) compared LC-MSMS assay with DiaSorin RIA
and re-standardized version of the electr  ochemi-
luminescent immunoassay (ECLIA) fr om Roche
Diagnostics. It was found that the DiaSorin RIA corre-
lated well with LC -MSMS method, wher eas Roche
ECLIA method disagreed (48).

Because of the increased demand for vitamin D
testing, laboratories shif t to automated 250H-D
assays but this shif t leads to significant impact on
results, diagnostic classification and tr  eatment
options. Barake et al. (49) described their experience
in analyzing the 250H-D levels by using IDS-RIA and
DiaSorin Liaison assays. The r esults revealed that
250H-D levels were lower when the samples wer e
analyzed by Liaison than by IDS-RIA (49). Such inter-
assay variability leads to misdiagnosis of patients and
target treatment thresholds need to be established

(50).

Choosing an assay platfor m is important both
for clinical laboratory professionals and researchers,
and several factors affect this pr ocess. The higher
throughput clinical laboratories could choose manual
RIA platforms, whereas automated immunoassay
platforms or automated LC -MSMS platforms are
required and suitable for the highest thr oughput re-
ference laboratories (25). An important factor to be
considered is the r ecognition of the commer cial
assays capable of analyzing both vitamin D2 and D3.
Binkley et al. (45) evaluated interlaboratory variability
in serum 250H-D results. Some assays have been
found to be unable to measure reliable 250H-D2 le-
vels essential for the monitorization of er gocalciferol
treatment (27). The Inter national Vitamin D Quality
Assessment Scheme (DEQAS) has been monitoring
the performance of 250H-D assays since 1989 (27).
DEQAS demonstrated that in the samples containing
only 250H-D3, most commercial methods produced
results closer to tar get values and the r esults were
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highly operator-dependent (27). In the samples con-
taining more 250H-D2, Nichols and IDS RIA pr o-
duced significantly lower r esults than those by other
methods (27).

Because of the discr epancies between the r e-
sults of assays used to measur e 250H-D levels, an
international standardization of vitamin D measur e-
ments was r equired. For this r eason, the National
Institute of Standards and Technology (NIST) deve -
loped a standard reference material (SRM) for cir cu-
lating vitamin D analysis. NIST measures vitamin D by
isotope-dilution liquid chr omatography-mass spec-
trometry and tandem mass spectr ometry (50). SRM
972, vitamin D in human ser um consists of four
blood sample pools with varying levels of 250H-D. It
has certified values for 250H-D2, 250H-D3 and 3-
epi-250H-D3 (www.nist.gov). SRM can be used to
validate new analytic methods and to designate va -
lues to in-house quality contr ol materials. Moreover,
SRM can also serve as adjunct to existing DEQAS for
vitamin D analysis (51).

References

1. Holick MF. Vitamin D deficiency . N Engl J Med 2007;
357(3): 266-81.

2. Gupta A, Sjoukes A, Richards D, Banya W, Hawrylowicz
C, Bush A, Saglani S. R elationship between serum vita-
min D, disease severity, and airway remodeling in chil-
dren with asthma. Am J R espir Crit Care Med 2011;
184(12): 1342-9.

3. Ertek S, Akgul E, Cicero AF, Kitak U, Demirta S, Cehreli
S, Erdo an G. 25-Hydroxy vitamin D levels and endothe-
lial vasodilator function in nor motensive women. Ar ch

Med Sci 2012; 8(1): 47-52.

4. Caprio M, Mammi C, R osano GM. Vitamin D: a novel
player in endothelial function and dysfunction. Arch Med
Sci 2012; 8(1): 4-5.

5. Prietl B, Pilz S, Wolf M, Tomaschitz A, Obermayer-Pietsch
B, Graninger W, Pieber TR. Vitamin D supplementation
and regulatory T cells in appar ently healthy subjects: vi-
tamin D treatment for autoimmune diseases? Isr Med
Assoc J 2010; 12(3): 136-9.

6. Motiwala SR, Wang TJ. Vitamin D and cardiovascular dise-
ase. Curr Opin Nephrol Hypertens 2011; 20(4): 345-53.

7. Annweiler C, Schott AM, Allali G, Bridenbaugh SA,
Kressig RW, Allain P, Herrmann FR, Beauchet O
Association of vitamin D deficiency with cognitive impair-
ment in older women: cr oss-sectional study. Neurology
2010; 74(1): 27-32.

8. Trump DL, Deeb KK, Johnson CS. Vitamin D: consider-
ations in the continued development as an agent for can-
cer prevention and therapy. Cancer J 2010; 16(1): 1-9.

9. Churilla TM, Brereton HD, Klem M, Peters CA. Vitamin
D Deficiency Is Widespread in Cancer Patients and Cor-

Conclusion

There are differences in the accuracy of me -
thods in the steps of sample purification befor e final
quantification or immunologic reactions. Standardiza-
tion of methods for the quantification of 250H-D by
using the human-based samples would r educe the
inter-method variability. The best way for laboratories
to demonstrate the accuracy of their results is by par-
ticipating in an exter nal quality assessment scheme.
Standardization of the assays is also r equired to pro-
vide clinicians with the accurate tools to diagnose
hypovitaminosis. In addition, assay -specific decision
limits are needed to define appr opriate thresholds of
treatment.

Conflict of interest statement

The authors stated that there are no conflicts of
interest regarding the publication of this article.

relates With Advanced Stage Disease: A Community
Oncology Experience. Nutr Cancer 2012; DOI:10.
1080/01635581.2012.661515.

10. Ginde AA, Liu MC, Camargo CA Jr. Demographic diffe-
rences and trends of vitamin D insufficiency in the US
population, 1988-2004. Arch Intern Med 2009; 169(6):
626-32.

11. Holick MF and Chen TC. Vitamin D deficiency: a world-
wide problem with health consequences. Am J Clin Nutr
2008; 87(suppl): 1080S-1086S.

12. DelLuca HF. Overview of general physiologic features and
functions of vitamin D. Am J Clin Nutr 2004; 80:
1689S-1696S.

13. Holick MF, Biancuzzo RM, Chen TC, Klein EK, Young A,
Bibuld D, et al. Vitamin D2 is as effective as vitamin D3
in maintaining cir culating concentrations of 25-hy -
droxyvitamin D. J Clin Endocrinol Metab 2008; 93:
677-81.

14. Bringhurst RF, Demay MB, Kran SM, Kr onenberg HM.
Bone and Mineral Metabolism in Health and Disease,
Chapter 23 in Har rison’s Endocrinology. Jameson JL,
editor. McGraw-Hill Medical Publishing Division 2006.

15. Roth HJ, Schmidt-Gayk H, Weber H, Niederau C. Accu-
racy and clinical implications of seven 25-hydroxyvitamin
D methods compared with liquid chr omatography-tan-
dem mass spectrometry as a r eference. Ann Clin Bio -
chem 2008; 45(Pt 2): 153-9.

16. Edelstein S. The assessment of vitamin D status. P roc
Nutr Soc 1973; 32: 255-8.

17. Wilson PW, Lawson DE, K odicek E. Gas-liquid chr oma-
tography of er gocalciferol and cholecalcifer ol in nano -
gram quantities. J Chromatogr 1969; 39(1): 75-7.



J Med Biochem 2012; 31 (4)

331

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28

29.

30.

31.

32.

33.

34.

Sheppard AJ, Prosser AR, Hubbard WD. Gas chromatog-
raphy of the fat-soluble vitamins: ar  eview. J Am Qil
Chem Soc 1972; 49(11): 619-33.

Edelstein S, Lawson DEM, K odicek E. The transporting
proteins of cholecalciferol and 25-Hydroxycholecalciferol
in serum of chicks and other species. Biochem J 1973;
135: 417-26.

Belsey RE, Deluca HF, Potts Jr JT. Competitive binding
assay for vitamin D and 25- OH vitamin D. J Clin Endo -
crinol Metab 1971; 33(3): 554 7.

Haddad HG, Chyu KJ. Co  mpetative protein-binding
radioassay for 25-hydroxycholecalciferol. J Clin Endocrinol
Metab 1971; 33(6): 992-5.

Edelstein S, Charman M, Lawson DE, K odicek E. Com-
petitive protein-binding assay for 25-hydr oxycholecalcif-
erol. Clin Sci Mol Med 1974; 46(2): 231-40.

Carter GD. A ccuracy of 25-Hydr oxyvitamin D Assays:
Confronting the Issues. Current Drug Targets 2011; 12:
19-28.

Hollis BW, Napoli JL. Impr oved radioimmunoassay for
vitamin D and its use in assessing vitamin D status. Clin
Chem 1985; 31: 1815-9.

Hollis BW. Measuring 25-hydroxyvitamin D in a clinical
environment: challenges and needs. Am J Clin Nutr
2008; 88(suppl): 5075-5108S.

Hollis BW, Kamerud JQ, Selvaag SR, Lor enz JD, Napoli
JL. Determination of vitamin D status by radioimmunoas-
say with a 125|-labelled tracer. Clin Chem 1993; 39:
529-53.

Carter GD, Carter R, Jones J, Ber ry J. How accurate are
assays for 25-hydr oxyvitamin D? Data fr om the Inter -
national Vitamin D External Quality Assessment Scheme.
Clin Chem 2004; 50: 2195-7.

. Ong L, Saw S, Sahabdeen NB, Tey KT, Ho CS, Sethi SK.

Current 25-hydroxyvitamin D assays: Do they pass the
test? Clin Chim Acta 2012; 413: 1127-34.

Belsey RE, Deluca HF, Potts Jr JT. A rapid assay for 25-
OH-vitamin D3 without pr eparative chromatography. J
Clin Endocrinol Metab 1974; 38: 1046-51.

Leino A, Turpeinen U, Koskinen P Automated Measure-
ment of 25-OH Vitamin D3 on the Roche Modular E170
Analyzer. Clin Chem 2008; 54(12): 2059-62.

Eisman JA, Shepard RM, DelLuca HF. Determination of
25-hydroxyvitamin D2 and 25-hydr oxyvitamin D3 in

human plasma using high-pr essure liquid chromatogra-
phy. Anal Biochem 1977; 80(1): 298-305.

Gilbertson TJ, Stryd RP High-performance liquid chro-
matographic assay for 25-hydr oxyvitamin D3 in ser um.
Clin Chem 1977; 23(9): 1700-4.

Lambert PW, Syverson BJ, Ar naud CD, Spelsberg TC.
Isolation and quantitation of endogenous vitamin D and

its physiologically important metabolites in human plas-

ma by high pr essure liquid chr omatography. J Ster oid
Biochem 1977; 8(9): 929-37.

Watson D, Setchell KD, Ross R. Analysis of vitamin D and
its metabolites using ther mospray liquid chr omato-
graphy/mass spectrometry. Biomed Chromatogr 1991;
5(4): 153-60.

35.

36.

37.

38.

39.

40.

a1.

42.

43.

a44.

45.

46.

a7.

Higashi T, Awada D, Shimada K. Simultaneous De ter-
mination of 25-Hydr oxyvitamin D2 and 25-Hydr oxyvi-
tamin D3 in Human Plasma by Liquid Chr omatography-
Tandem Mass Spectr ometry Employing Derivatization
with a Cookson-Type Reagent. Biol Phar m Bull 2001;
24(7): 738-43.

Vogeser M, Kyriatsoulis A, Huber E, Kobold U.
Candidate Reference Method for the Quantification of
Circulating 25-Hydroxyvitamin D3 by Liquid Chr oma-
tography-Tandem Mass Spectr ometry. Clin Chem
2004; 50(8): 1415-7.

Maunsell Z, Wright DJ, Rainbow SJ. Routine isotope-dilu-
tion liquid chr omatography-tandem mass spectr ometry
assay for simultaneous measur ement of the 25-hydr oxy
metabolites of vitamins D2 and D3. Clin Chem 2005;
51(9): 1683-90.

Hgjskov CS, Heickendorff L, Mgller HJ. High-throughput
liquid-liquid extraction and LCMSMS assay for deter -
mination of circulating 25(OH) vitamin D3 and D2 in

the routine clinical laborator y. Clin Chim A cta 2010;
411(1-2): 114-6.

Vogeser M. Quantification of cir culating 25-hydroxyvita-
min D by liquid chr omatography-tandem mass spectro-
metry. J Ster oid Biochem Mol Biol 2010; 121(3-5):
565-73.

Kobold U. Appr oaches to measur ement of Vitamin D
concentrations — Mass spectr ometry. Scand J Clin Lab
Invest Suppl 2012; 243: 54-9.

Couchman L, Benton CM, Moniz CF . Variability in the
analysis of 25-hydroxyvitamin D by liquid chr omatogra-
phy-tandem mass spectrometry: The devil is in the detail.
Clin Chim Acta 2012; 413, 1239-43.

Bossuyt PMM. Defining biomarker per formance and cli-
nical validity. Journal of Medical Biochemistry 2011; 30:
193-200.

Wootton AW: Improving the measurement of 25-hydrox-
yvitamin D. Clin Biochem Rev 2005; 26: 33-6.

Glendenning P, Noble JM, Taranto M, Musk AA, McGui-
ness M, Goldswain PR, Fraser WD, Vasikaran SD. Issues
of methodology, standardization and metabolite recogni-
tion for 25-hydroxyvitamin D when comparing the Dia -
Sorin radioimmunoassay and the Nichols A dvantage
automated chemiluminescence protein-binding assay in
hip fracture cases. Ann Clin Biochem 2003; 40(Pt 5):
546-51.

Binkley N, Krueger D, Cowgill CS, Plum L, Lake E, Han-
sen KE, DeLuca HF, Drezner MK. Assay variation con-
founds the diagnosis of hypovitaminosis D: a call for stan-
dardization. J Clin Endocrinol Metab 2004; 89(7):
3152-7.

Snellman G, Melhus H, Gedeborg R, Byberg L, Berglund
L, et al. (2010) Determining Vitamin D Status: A Compa-
rison between Commercially Available Assays. PLoS ONE
5(7): e11555. doi:10.1371/journal.pone. 0011555.

Farrell CJ, Martin S, McWhinney B, Straub I, W illiams P,
Herrmann M. State- of-the-art vitamin D assays: a com-
parison of automated immunoassays with liquid chr  o-

matography-tandem mass spectr ometry methods. Clin
Chem 2012; 58(3): 531-42.



332 Serteser et al.: Challenges in vitamin D analysis

48. Van den Ouweland JM, Beijers AM, Demacker PN, van

49.

Daal H. Measurement of 25- OH-vitamin D in human
serum using liquid chr omatography tandem-mass spec-
trometry with comparison to radioimmunoassay and auto-
mated immunoassay. J Chr omatogr B Analyt T echnol
Biomed Life Sci 2010; 878(15-16): 1163-8.

Barake M, Daher R T, Salti |, Cortas NK, Al-Shaar L,
Habib RH, Fuleihan Gel-H. 25-hydroxyvitamin D assay
variations and impact on clinical decision making. J Clin
Endocrinol Metab 2012; 97(3): 835-43.

50. Glendenning P, Inderjeeth CA. Vitamin D: Methods of 25

51.

hydroxyvitamin D analysis, tar geting at risk populations
and selecting thr esholds of tr eatment. Clin Biochem
2012 http://dx.doi.org/10.1016/j.clinbiochem.2012.
04.0002.

Phinney KW. Development of a standard reference mate-
rial for vitamin D in ser um. Am J Clin Nutr 2008; 88
(suppl): 5115-512S.

Received: May 15, 2012
Accepted: June 8, 2012



