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Vitamin D is a steroid synthesised in the skin by
exposure to sunlight and/or through ingestion of
foods which contain it, and it plays a fundamental
role in the mineralisation of the bone system at all
ages. Vitamin D is not only a nutrient but is also
considered to be a true hormone with various
functions, a principal one of which is to maintain
blood calcium at a physiologically acceptable level
for it to carry out its metabolic functions, the transduction of signals and neuromuscular activity1.
The process of synthesis and metabolisation of
vitamin D has been well known since the 1920s.
In summary, the process is initiated by the transformation of 7-dihydrocholsterol into provitamin
D and subsequently to vitamin D, initially inert,
which then requires two hydroxylations to become biologically active (Figure 1). The first
hydroxylation, whether it is of vitamin D2 (ergocalciferol) or vitamin D3 (colecalciferol), takes
place in the liver, where it becomes bonded to the
binder protein of vitamin D, which turns into 25
(OH) vitamin D, its main circulating form, and
whose blood levels are those used to evaluate its
state of deficit, normality or intoxication. The
second hydroxylation happens mainly and essentially in the kidney – although there are other tissues in which it is also produced, such as the breast, colon, prostate, etc. – where it converts into
the biologically active form, 1,25 (OH)2 vitamin D,
or calcitriol, whose essential functions are to increase the absorption of calcium and phosphorus in
the intestine, inhibit the formation of osteoclasts
for bone reabsorption and to reduce the produc-

tion of the parathyroid hormone (PTH)2. But in
addition, the 1,25 (OH)2 vitamin D produced
locally in tissues not related to calcium metabolism may have the aim of regulating a wide variety
of biological functions, including cell growth,
apoptosis, angiogenesis, the differentiation and
regulation of the immune system, which would be
called the non-classical actions of vitamin D. Thus,
given that this vitamin participates in no end of
physiological functions, an association between a
deficit of vitamin D and many acute and chronic
diseases, including alterations in the metabolism
of calcium, some cancers, type 2 diabetes, cardiovascular disease and infectious diseases3 has been
confirmed.

Optimum levels of vitamin D
Considering the many and important functions of
vitamin D both in the skeleton and outside it, it
seems logical to assume that the levels of this vitamin need to be optimum for it to be able to fulfil
its functions4. However, there is still much controversy as to what are the optimum levels of 25(OH)
vitamin D for the maintenance of bone health and
to reduce the risk of its deficit.
Understanding what are the optimum levels of
25(OH) vitamin D is the starting point for knowing
what would be the supplementary intake of vitamin D necessary to reach these levels, given that
it is widely known that there is a general deficiency in vitamin D in the population5,6.
In general, the common understanding of the
experts and most of the scientific societies concer-
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Figure 1. Schema of the different steps in the synthesis and metabolisation of vitamin D. Step 1: Conversion
of 7-hehydrocholsterol to colecalciferol brought about by ultraviolet rays from the sun. Step 2: First hydroxylation of the C atom situated in position 25 in the liver. CYP2R1 is probably the most important enzyme in this
first hydroxylation. Step 3: Second hydroxylation in the kidney thanks to the enzyme 1α hydroxylase controlled by CYP27B1. This step is regulated by various factors such as FGF23, PTH and 1,25(OH)2 vitamin D itself.
Step 4: Deactivation of vitamin D by means of 24 hydroxylase (CYP24A1) which makes it metabolically inactive [1,24,25(OH)3 vitamin D, or calcitroic acid]
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ned with this matter is to consider a deficiency of
vitamin D to be at values lower than 20 ng/ml,
insufficiency at between 21-29 ng/ml and sufficiency at values >30 ng/ml, with the a range of 4016 ng/ml being preferred, and vitamin D intoxication in general, at values higher than 150 ng/ml
(Table 1)7-9. By general agreement, values below
20 ng/ml are insufficient. However, the argument
centres on whether it is necessary to reach 30
ng/ml to achieve vitamin D’s effects in and outside the bone9. There are histomorphometric data
which indicate that at levels below 30 ng/ml the
osteoid volume would be higher, and biopsy data
for which there would be a diagnosis of osteomalacia in 25% in individuals with these levels of vitamin D10.
In the bone, levels of between 24 ng/ml and 32
ng/ml appear to be sufficient to reduce the risk of
fracture and even of falls11.

How to achieve these optimum levels of
vitamin D?
The primary and most important source is exposure to sunlight, from which is obtained 90% of vitamin D, whose production depends on the particular angle of the sun. Thus, for example, it has been
observed that exposure to the sun of the whole
body with minimum erythema (reddening of the
skin 24 hours after exposure to the sun) results in
the achievement of levels of vitamin D comparable to taking 10,000 to 25,000 UI of vitamin D
orally12. However, exposure to sunlight in winter

Nonclassical actions: skin,
muscle, breast, prostate,
immune system

at certain latitudes does not produce any vitamin
D313. Hence, in certain places such as Boston, it is
recommended that white men and women should
expose their face and arms or arms and legs to
sunlight approximately three times a week for
25% of the duration which would produce slight
sunburn in spring, summer and autumn12,13. Other
factors which influence reduction in the production of vitamin D by exposure to sunlight are sun
protection creams, greater skin pigmentation and
older age (essentially older than 65 years)14,15.
Dietary sources contribute to the achievement of
optimum levels of vitamin D. The number of foods
which naturally contain a significant quantity of vitamin D is limited, which meant that in Britain in the
1930s some of these, for example, milk, fizzy drinks,
bread and even beer, were enriched with vitamin D.
However, apparent cases of vitamin D intoxication
occurred in children in the 1950s, which resulted in
much tighter European regulation, which only permitted the enrichment of margarine, something
which continues to the present day. On the other
hand, in the United States, since 2003 juices have
been enriched, which seems to have had a similar
degree of effectiveness as oral supplements3. The
recommended daily intake of vitamin D is currently
the subject of argument. The US Institute of
Medicine (IOM), the endocrinology societies and
the Task Force are not in agreement as to the necessary daily amount, although they agree that there is
a deficiency in the population. The coherent explanation of this matter would be that the IOM and the
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Table 1. Levels of 25(OH) vitamin D and clinical significance
Task Force have made
recommendations for the
general healthy popula25(OH) vitamin D
25(OH) vitamin D
Diagnostic
tion, while the medical
(ng/ml)
(nmol/l)
societies have tried to
make recommendations
Deficiency of
for patients and special
<20
<50
vitamin D
16,17
cases . This situation has
created confusion among
staff who are not experts
Insufficiency of
20-30
50-75
in the field, and editorial
vitamin D
arguments between the
experts themselves18.
Sufficient levels of
The IOM recommends
>30
>75
vitamin D
600 UI/day for the population between 1 and 70
years of age and 800
UI/day for the population
of 25(OH) vitamin D, hypercalcemia and hyperof 71 years or older, and with a maximum level of
phosphatemia. However, regimens with high
daily intake of 4,000 UI to maintain levels of
doses (of 5,500 to 11,000 UI daily for more than 20
25(OH) vitamin D above 20 ng/ml, which would
weeks)) in patients with low baseline deficits
be necessary for the general health of the populawithout hypercalcemia occurring have been destion19. On the other hand, the US Society for
cribed23.
Endocrinology would recommend levels higher
In obese patients it has been seen that the
than 30 ng/ml, which means a daily intake of
necessity for vitamin D supplements are greater,
1,500-2,00020.
which is why some authors have suggested the
Along the same lines, the IOF (International
following formula:
Osteoporosis Foundation) also recommends levels
Necessary dose of vitamin D in UI = [weight x
higher than 30 ng/ml (75 nmol/L) of 25(OH) vitadesired change in 25(OH) x 2.5] – 1024.
min D, requiring, to reach this threshold, suppleHowever, there are various studies which sugments of between 800 and 1,000 UI/day (20-25
gest that there is a non-linear relationship betweµg/day). Furthermore, it was established that there
en 25(OH) vitamin D and mortality25, with an
is a correlation between the quantity of vitamin D
increase at both low and high blood levels of
supplements and blood level of 25(OH) vitamin D
25(OH) vitamin D. Thus, Melamed et al.26 found
reached, which would be approximately 2.5
an increase in the risk of all causes of mortality in
nmol/L (range 1.75-2.75 nmol/L) for each 100 UI
women with doses of 25(OH) vitamin D <20
(2.5 µg) of additional vitamin D21. You would
ng/ml, but also if >50 ng/ml. A U curve phenomethink, therefore, that supplementation in the
non appears evident in relation to levels of mortaupper range of the recommendations of IOF
lity and vitamin D. Michaëlsson et al.27 observed
(1,000 IU/day) would increase the likelihood of
50%
higher total mortality in 1,194 males with an
patients achieving levels of 30 ng/ml, compared
average age of 71 years with low levels of 25(OH)
with a lower dose supplementation. Like the
vitamin D (around 18.5ng/ml), but also with higEndocrine Society, the IOF also considers that
her levels (around 39 ng/ml). A recent meta-analysupplementation with vitamin D could reach 2,000
sis has shown similar data, with benefits in terms
UI/day in certain patients, among others, obese or
of optimum values of mortality at between 31 and
osteoporotic people, those with limited exposure
35 ng/ml28.
to sun (for example institutionalised people),
21
Contrary to what one might assume, there is no
those with problems of absorption, etc .
unanimous position on the maximum level of vitaIn relation to the above, in terms of bone in
min D to avoid an alleged risk. Therefore, controgeneral, doses higher than 800 UI would be suffilled randomised studies are required, with the
cient to reduce hip and non-vertebral fractures in
administration of different doses of vitamin D to
patients over 65 years of age22.
establish with certainty what are the optimum
doses and what doses may become harmful18,28.
Excess or intoxication by vitamin D
The administration of excessive doses of vitamin
Conclusion
D does not carry greater benefits, but does have a
In clinical practice, taking decisions about treathigher risk of intoxication. The risk of intoxication
ment is always difficult, and even more so when
is determined by the levels of 25(OH) vitamin D
there is disagreement about when and how. At
and the presence of hypercalcemia. It is certain
present, the evidence and the consensuses, the
that intoxication would probably require a dose
guides of the scientific societies and the opinions
much higher than 4,000 UI/day. Thus, an excessiof the experts show the importance of vitamin D
ve intake of vitamin D (normally >10,000 UI/day)
as a hormone which has an influence on numeover many months may provoke vitamin D intoxirous metabolic processes, among which, bone
cation, which is detected by notably raised levels
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metabolism is the most important. All are in agreement that there is a deficit in the general population and, above all, in the population affected by
osteoporosis. However, views on the optimum
levels of vitamin D may be torn between 20 and
39 ng/ml, although it seems that there is enough
consensus in establishing a minimum level of 30
ng/ml. Nor is there unanimity regarding the maximum level which should be reached and if this
could be quite dangerous, not in producing
serious metabolic alterations such as hypercalcemia, but due to possible increases in cardiovascular mortality.
In terms of supplements, there is agreement on
their necessity but the doses are also the subject of
argument. It seems clear that for the majority of
individuals, between 800 and 1,000 UI a day
would be necessary and that a supplement in the
range higher than this interval (1,000 UI/day)
would increase the probability that the patients
would achieve blood levels of 25(OH) vitamin D
higher than 30 ng/ml, although it is also possible
that some special groups require even higher
doses (up to 2,000 UI/day) to reach these levels.
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