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KEY POINTS

� Vitamin D and its metabolites are tightly bound to serum proteins, of which the vitamin D
binding protein (DBP) is the most important, such that less than 1% of the total concen-
tration of vitamin D and its metabolites are free in the circulation.

� Formost tissues, the vitaminDmetabolites enter the cell as the free hormone presumably by
diffusion (the free hormone hypothesis), although a few tissues such as the kidney express
megalin/cubilinenablingbyendocytosis vitaminDmetabolitesbound toDBPtoenter thecell.

� Measuring the free levels of the vitamin Dmetabolites may provide a better measure of the
true vitamin D status than measuring the total levels.

� Early methods to determine the free levels of 25-hydroxyvitamin D (25(OH)D) and 1,25 di-
hydroxyvitamin D (1,25(OH)2D) demonstrated that the free levels were normal in patients
with liver disease despite low total levels and that free levels were elevated in pregnant
women in the third trimester more than would be predicted based on total levels.

� Newer methods for measuring free 25(OH)D have been developed that are easier to
perform, and their widespread application should help determine the clinical value of
determining free 25(OH)D in addition to and/or instead of total 25(OH)D in the evaluation
of vitamin D status.
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INTRODUCTION

Circulating levels of 25-hydroxyvitaminD (25(OH)D) are themost commonly usedmarker
for the assessment of vitamin D nutritional status. The main reason why 25(OH)D levels
are used to assess vitamin D nutritional status is because its concentration in blood is
higher than all other vitamin D metabolites, making it easier to measure, and because
its conversion from vitamin D is substrate dependent with minimal regulation. The liver
is the major source of this conversion, performed by several enzymes with 25-hydroxy-
lase activity, themost specific ofwhich is CYP2R1. However, 25OHD is not themost bio-
logically activemetabolite of vitamin D. Instead, 25(OH)Dmust be further metabolized to
1,25 dihydroxyvitamin D (1,25(OH)2D) for vitamin D to achieve its full biologic potential.
1,25(OH)2D is the ligand for a nuclear transcription factor, the vitamin D receptor (VDR),
that mediates the genomic and at least some of the nongenomic actions of vitamin D
within thecell. Nearlyall if notall cells express theVDRatsomestage in their development
oractivation.Thekidneyproducesmostof thecirculating1,25(OH)2D throughtheenzyme
CYP27B1, but many cells also express CYP27B1 and so are able to form their own
1,25(OH)2D.As the appreciation that vitaminDand itsmetabolites affect numerousphys-
iologic processes and not just bone and mineral metabolism, and that these physiologic
processes may have different requirements for these vitamin D metabolites,1 interest in
determining optimal levels of the vitamin D metabolites to effect these different biologic
processes has grown. Complicating this determination is the fact that all the vitamin D
metabolites circulate in blood tightly bound to proteins, of which the vitamin D binding
protein (DBP) plays the major role. For most cells, these binding proteins limit the flux
of the vitaminDmetabolites fromblood into the cell, where they exert their biologic activ-
ity. This observation raises the issue then of what should be measured to determine
vitaminDstatus: the total levels of thesemetabolites or the free levels.Before considering
this subject directly, a brief review of vitaminD production andmetabolism is undertaken
by way of introducing the key players in the vitamin D endocrine system.

VITAMIN D PRODUCTION AND METABOLISM
Vitamin D Production

Vitamin D3 (D3) (cholecalciferol) is produced from 7-dehydrocholesterol in the skin
through a 2-step process in which the B ring is broken by UV light (UV-B spectrum
280–320 nm), forming pre-D3 that isomerizes to D3 in a thermosensitive but noncata-
lytic process. Vitamin D is also obtained from the diet. Most foods with the exception
of fatty fish contain little vitamin D unless fortified. The vitamin D in fish is D3, whereas
that used for fortification is often D2 (ergocalciferol). D2 is produced by UV-B irradiation
of ergosterol in plants and fungi (eg, mushrooms). It differs from D3 in having a double
bond between C22 and C23 and a methyl group at C24 in the side chain. These dif-
ferences from D3 in the side chain lower its affinity for DBP, resulting in a higher ratio
of free to total vitamin D metabolite concentration as well as faster clearance from the
circulation and altered catabolism by the 24-hydroxyase (CYP24A1).2–4 Moreover,
several immunoassays do not recognize the D2 metabolites as well as the D3 metab-
olites, a problem addressed in later discussion. However, the biologic activity of D2

and D3 metabolites is comparable, and if no subscript is used, both forms are meant.

Vitamin D Metabolism

The 3 main steps in vitamin D metabolism, 25-hydroxylation, 1a-hydroxylation, and
24-hydroxylation, are all performed by cytochrome P450 mixed function oxidases
(CYPs) located either in the endoplasmic reticulum (eg, CYP2R1) or in the mitochon-
drion (eg, CYP27A1, CYP27B1, and CYP24A1).
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