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Introduction. Physiology of vitamin D
Vitamin D is actually not a vitamin in the strict
sense of the word. It is not an essential dietary
component, and it is entirely possible, in most pla-
ces, to obtain it through exposure to the sun, as it
is synthesized in the skin by the influence of solar
ultraviolet rays1 (Figure 1).

In order to be functional, hydroxylation is nee-
ded in the liver, where it is converted into 25-
hydroxy-vitamin D3 or 25-hydroxycholecalciferol
(25-HCC). Subsequently another hydroxylation
occurs in the renal tubule, becoming 1,25 dihy-
droxy-vitamin D3 (1,25-DHCC) or calcitriol, the
true hormone D, with physiological actions in
individuals of all ages2,3 (Table 1). The most well-
known physiological function of this hormone is
to regulate of calcium and phosphorus metabo-
lism, in order to keep the concentrations of these
ions stable in blood, and adequate mineralization
of the skeleton2.

The endocrine system of vitamin D is critical,
not only to maintain bone health, but to keep the
whole organism healthy. The effects of vitamin D
on other cells and body tissues and its influence
on all types of diseases have been called extra-
dose actions of vitamin D4, and will be discussed
in more detail in other sections of this paper.

Determination of vitamin D status
25-HCC is the only vitamin D metabolite used to
determine if patients have vitamin D deficiency,
sufficient levels or if they are intoxicated5,6. This
metabolite is the main way to circulate vitamin D
and has a half-life of approximately 2-3 weeks. 25-
HCC is a sum of vitamin D both that produced
from sun exposure and that which is ingested5,6.

Although 1,25-DHCC is the biologically active
form of vitamin D and, therefore, it could be
thought to be the ideal metabolite to ascertain
the state of vitamin D, it actually is not. There are
several reasons for this. First, the circulating half-
life of 1,25-DHCC is only 4-6 hours. Furthermore,
circulating levels of 1,25-DHCC are a thousand
times lower than those of 1,25-HCC. As the
patient becomes vitamin D-deficient, there is a
decrease in intestinal calcium absorption, which
temporarily reduces ionized calcium. This signal
is recognized by the calcium sensor in the
parathyroid glands to increase the production
and secretion of parathyroid hormone (PTH),
which, in addition to increasing the tubular re-
absorption of calcium in the kidney, increases
the mobilization of calcium in the skeleton and
also increases renal output by 1.25-DHCC6,7. So,
when a patient begins to have insufficient or
deficient levels of vitamin D, the compensatory
increase in PTH causes serum values of 1,25-
DHCC to be normal or even elevated. Therefore,
its determination is not useful as a measure of the
status of vitamin D, although it has been used
effectively in the diagnosis of several acquired
and inherited disorders in calcium metabolism
involving the alteration in renal or extra produc-
tion 1,25-DHCC7-9.

We currently have several laboratory techni-
ques to measure 1,25-DHCC. The gold standard
is still high-pressure liquid chromatography
(HPLC), but it is a complex technique and not
available in all laboratories. So instead the use of
simpler automated methods such as immune-
chemiluminescence have been more widely
accepted8,9.
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What are optimal levels of vitamin D?
A fundamental problem in the determination of
25-HCC is the precision and reproducibility of the
methods available for its measurement. Despite
the variability among the available methods for
measuring vitamin D and although there is no uni-
versally accepted consensus on adequate calcife-
diol levels, it is increasingly agreed that concentra-
tions of 25-HCC greater than 30 ng/mL (to pass to
Nmol/L multiplied by 2.5) is an optimal vitamin D
status that ensures bone health, although higher
levels of calcifediol are probably required to ensu-
re other health goals. The minimum desirable
serum concentration of calcifediol should be in all
individuals above 20 ng / mL, which would mean
an average of around 30 ng /mL in the whole
population3,7.

Table 2 shows the values of 25-HCC that have
been considered optimal for the prevention of
various events, although there is no consensus on
this.

Patients are considered to have severe vitamin
D deficiency with serum calcifediol levels below 10
ng/mL and moderate deficiency or insufficiency
when they are between 10 and 20 ng/mL, with
optimum values above 30 ng/mL. Calcifediol serum
levels are not clearly defined, but may be derived
from populations highly exposed to the sun, where

it is very difficult to exceed a serum concentration
of calcifediol of 65-70 ng/mL. Therefore, serum
levels of calcifediol between 30 and 70 ng/mL of
25-HCC seem the most physiological and are advi-
sable. In a review of thirty studies no toxicity has
been demonstrated in patients with calcifediol
levels below 100 ng/mL3,7 (Figure 2).

Are all metabolites of vitamin D equivalent?
In Spain, the same dose of calcidiol as vitamin D3
(cholecalciferol) is prescribed in the treatment of
osteoporosis, although there is not enough evi-
dence available to prove its equipotency. In a
recent study by Quesada et al., carried out with 40
postmenopausal patients with osteopenia and
vitamin D deficiency, it was established that vita-
min D3 and its metabolite 25-HCC are not equipo-
tent, based on the increase of 25-HCC by calcitriol
and cholecalciferol. These are molecules with dif-
ferent pharmacological mechanisms that must be
prescribed with different doses to obtain the same
result10.

Calcidiol is more rapid, potent and polar, a cha-
racteristic that influences the intestinal absorption
and its transport in the blood by the protein DBP
(vitamin D binding protein). It is a metabolite with
a shorter half-life and, logically, leads to a greater
and faster concentration increase of 25-HCC.

Table 1. Vitamin D metabolites

First name  Abbreviations used Function

Cholecalciferol or vitamin D3 CC, (D3) Substratum

Calcifediol, calcidiol 25HCC, 25(OH)D3 Measures the reserve

Calcitriol 1,25DHCC, 1,25(OH)2D3 Active metabolite

Figure 1. Physiological regulation of vitamin D
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The administration of 25-HCC implies a 2 to 5
fold increase in the activity of vitamin D3 adminis-
tration in the induction of intestinal absorption
and the mobilization of calcium from the bone
and could lead to over-dosage and a high risk of
hypervitaminosis D and Calcidiol-induced hyper-
calcaemia, as recently published in Clinical
Medicine by García Doladé et al.11.

Vitamin D3 needs to acquire the optimal
serum values of 25-HCC
It is well known that the serum increase of 25-
HCC following a dose of vitamin D3 is inversely
proportional to the baseline value of vitamin D. In
other words, the lower the vitamin D levels, esta-
blished by the 25-HCC blood test, the higher will
be the observed increase12,13. Thus, for every 40 IU
of vitamin D3 administered orally daily, an avera-
ge increase of 0.48 ng/mL of 25 HCC was calcula-
ted when the previous vitamin D values are low,
but this increase, with the same 40 IU of vitamin
D3, is as low as 0.28 ng/mL when 25 HCC levels
were previously above 28 ng/mL.

In young and middle-aged adults, administra-
tion of 25 µg of vitamin D3 daily is sufficient to
correct vitamin D deficiency and maintain levels of
25-HCC between 32 and 40 ng/mL14. Holick has
suggested the administration of 50,000 IU of vita-
min D3 every two weeks to achieve serum levels
of 25-HCC between 30 and 40 ng/mL13. Patients
with lower baseline levels of vitamin D may requi-

re higher doses. Interestingly, calcium intake does
not appear to modify the effect of vitamin D3
administration on serum levels of 25-HCC15.

In view of the recommendations made by the
international clinical guidelines, a dose of vitamin
D3 of 600-2000 IU is recommended, so that it
could be administered daily or in its weekly or
monthly equivalent16-18.

Vitamin D in the treatment of osteoporosis
All baseline studies with drugs used for the treat-
ment of postmenopausal osteoporosis have been
performed by administering all calcium and vita-
min D supplementation to the patients. The
amounts of vitamin D varied, ranging from 350 IU
in the FIT study with alendronate to 1,200 IU in
others22-34. In some studies, a determination of the
serum levels of 25-HCC was made and the dose
indicated was adjusted accordingly. In others, the
administration was uniform, with the same dose
for all. A summary of these is shown in Table 3.

Vitamin D3 was always the only metabolite
used. None of these studies have used calcifediol
or calcitriol. Therefore, if we apply the criteria in
Evidence-Based Medicine, any drug used for the
treatment of osteoporosis should be prescribed
together with a supplement of calcium and vita-
min D319.

Conflict of interest: The authors declare they
have no conflict of interest regarding this work.

Table 2. Serum values of 25-HCC suggested to achieve a clinical or analytical objective

Objetive
Serum values   of

25HCC recommended
(in ng/mL)

Author Bibliographic
reference

Optimum absorption of calcium 32 Heaney 20

Reduction of fracture risk globally 30 Trivedi 21

Avoid secondary hyperparathyroidism 24 Kuchuk 22

Optimal bone mineral density 36-40 Bischoff-Ferrari 23

Fall reduction 24 Bischoff-Ferrari 24

Hip fracture reduction 40 Bischoff-Ferrari 25

Range of rickets/osteomalacia 8 Heaney 20

Figure 2. Classification of patients according to serum levels of 25HCC

10 ng/mL

Rickety range Deficiency Insufficiency Optimal values Possible toxicity

20 ng/mL 30 ng/mL 80 ng/mL
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