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Bioavailability of Vitamin D and Its Metabolites
in Black and White Adults
Michael F. Holick, M.D., Ph.D.
Vitamin D deficiency has become a global health
problem that has been associated not only with
metabolic bone disease but also with many
chronic illnesses.1 The definition of vitamin D
deficiency has been controversial, in part owing
to the interpretation of surrogates associated
with vitamin D status. The Institute of Medicine
concluded that to maximize bone health, the
level of 25-hydroxyvitamin D should be higher
than 20 ng per milliliter.2 Others have relied on
parathyroid hormone levels to assess vitamin D
status, arguing that such levels reach a nadir and
plateau when 25-hydroxyvitamin D levels are 30 to
40 ng per milliliter.3 One study indicated that a
25-hydroxyvitamin D level of more than 30 ng per
milliliter ensured the absence of osteomalacia.4
Bone mineral density has a positive correlation
with serum 25-hydroxyvitamin D levels,5 and numerous association studies have suggested that
the risk of many chronic illnesses is increased
with a 25-hydroxyvitamin D level of less than 30 ng
per milliliter.1
A perplexing paradox is that blacks have a
higher bone mineral density but lower 25-hydroxy
vitamin D levels than whites.6 In this issue of
the Journal, Powe et al.6 report the evaluation of
serum levels of calcium, 25-hydroxyvitamin D,
and parathyroid hormone as well as bone mineral density in more than 2000 community-dwelling blacks and whites. The investigation confirmed that blacks had higher bone mineral
density and lower 25-hydroxyvitamin D levels
than whites. However, when the authors compared two common polymorphisms in the vitamin D–binding protein gene in blacks and whites
and then measured vitamin D–binding protein
levels and calculated free 25-hydroxyvitamin D,
they found that blacks had lower vitamin D–
binding protein levels than whites and that their
bioavailable 25-hydroxyvitamin D levels were
similar to those in whites. The authors concluded that vitamin D deficiency may need to be redefined, to consider not only total but also bioavailable 25-hydroxyvitamin D levels.
The vitamin D–binding protein that is also
known as GC-globulin is the approximate size
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of albumin and has three major polymorphic
forms — GC1F, GC1S, and GC2. Vitamin D–
binding protein has the highest affinity for 25hydroxyvitamin D, with 20 times and 100 times
less affinity for 1,25-dihydroxyvitamin D and
vitamin D3, respectively. The vitamin D–binding
protein variants have different abundances and
affinities for vitamin D and these two vitamin D
metabolites, with GC1F greater than GC1S and
GC1S greater than GC2.7 GC1F is the most
abundant form in persons of African ancestry,
whereas GC1S is most abundant in European
populations. Albumin also binds 25-hydroxy
vitamin D with lower affinity than that of the vitamin D–binding protein. Albumin in the circulation is 15 times more abundant than vitamin
D–binding protein; approximately 10% of the
total 25-hydroxyvitamin D in the circulation is
bound to albumin, which may also be an important component of bioavailable 25-hydroxyvitamin D.6 Megalin (LRP2), a transmembrane protein, internalizes 25-hydroxyvitamin D bound to
the vitamin D–binding protein and albumin.7
Mice lacking megalin have increased urinary
loss of 25-hydroxyvitamin D bound to vitamin D–
binding protein and albumin and have a metabolic bone disease that is more severe than that
seen in mice lacking vitamin D–binding protein.7 Thus, the bound 25-hydroxyvitamin D appears to be important for the renal conversion of
25-hydroxyvitamin D to 1,25-dihydroxyvitamin D
for calcium and bone metabolism.
It has been hypothesized that during the
course of evolution, the most abundant polymorphic form of the vitamin D–binding protein
in blacks had an increased affinity for vitamin
D3 and thus was able to transport vitamin D3
more efficiently from the skin to the liver for its
metabolism to 25-hydroxyvitamin D.8 However,
mice lacking vitamin D–binding protein have
been shown to metabolize vitamin D3 to 25-hydroxyvitamin D with increased efficiency, which
suggests that free, not bound, vitamin D3 is what
the liver prefers.7-9
Maasai warriors living near the equator, who
are outside daily, have mean blood levels of
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25-hydroxyvitamin D of 44 ng per milliliter.1,3
As the people in equatorial Africa began migrating farther north and south, their deeply pigmented skin was less efficient in producing vitamin D3, resulting in rickets due to severe
vitamin D deficiency; for women, the flattened,
deformed pelvis caused by rickets complicated
giving birth. One may speculate that this might
have been the evolutionary driver for the mutation of the melanocyte-stimulating hormone receptor gene, leading to skin with little sunscreening pigment to enhance vitamin D3 production.10
Is it possible that this loss of pigment may also
have led to lower bone density? The higher
blood calcium levels observed in blacks as compared with whites may result from higher bioavailable levels of 1,25-dihydroxyvitamin D due
to the observed lower levels of vitamin D–binding protein. Bioavailability may be relative regarding vitamin D and its metabolites. Megalin
serves to transport the bioavailable 25-hydroxyvitamin D bound to the vitamin D–binding protein and albumin.7 However, the liver prefers
unbound vitamin D3.9 Immune and other cells
lack megalin and thus may be able to use only
unbound 25-hydroxyvitamin D. Therefore, more
research is needed to fully appreciate what bioavailable versus total vitamin D status means —
for 25-hydroxyvitamin D as well as 1,25-dihydroxy
vitamin D. Full elucidation will be important not
only for bone health but also for physiological
aspects of vitamin D in health and disease.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
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