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Although the use of vitamin D for its skeletal effects,
prevention and therapy against osteoporosis is already
widely known, in recent years important data have
emerged, proving that vitamin D deficiency correlates an
increase in infections risk cardiovascular diseases, auto-
immune diseases like multiple sclerosis, type 1 diabetes as
well as some malignancies like colorectal and breast
cancer.

In a recent meta-analysis, published in the American
Journal of Clinical Nutrition, the outcomes of 14 pro-
spective cohort studies were evaluated in more than 62,000
subjects, revealing a connexion between vitamin D—25
(OH)D levels and mortality. As a matter of fact, the relative
risk of mortality lowers with the increase of 25 (OH)D
blood levels and the optimal concentration of this sub-
stance has been estimated between 75 and 87.5 nmol/L;
beyond this value a further reduction in mortality risk has
not been showed. This meta-analysis reveals that there is a
statistically non-linear reduction in mortality with respect
to 25(OH) vitamin D concentrations [1].

This close relationship should probably be associated
with the less known extra-skeletal actions of this major
calcium regulator hormone.

While vitamin D is indeed one of the most well-known
calcium regulatory hormones which helps to maintain the
bone trophism, it also has considerable effects on cardio-
vascular risk, on endocrine-, immune system and infec-
tious-, rheumatologic-, neurodegenerative- and oncological
diseases.
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The effects of vitamin D on the nervous system mainly
concern the development and maturation of central nervous
system neurons. This datum was demonstrated by trials
with laboratory animals showing that low levels of circu-
lating vitamin D are associated with aberrant behavior and
inability to learn simple exercises.

It has been observed that vitamin D receptor polymor-
phisms trigger the onset of neurodegenerative diseases such
as Alzheimer’s and Parkinson’s and people affected by
these diseases show reduced vitamin D levels with respect
to the general population.

Moreover, trials regarding the administration of 25(OH)
hydroxyvitamin D in animals have shown that this therapy
protects from neuronal degeneration. Furthermore, animals
with vitamin D deficiency, affected by Alzheimer’s dis-
ease, reported an improvement in their ability to perform
physical exercises after administration of non-hydroxylated
form of vitamin D (cholecalciferol).

Among the rtheumatic diseases vitamin D has a complex
role. Vitamin D, thanks to its ability to modulate some
functions of the immune system, seems to play a role in the
autoimmune diseases since it is able to support the pro-
tective mechanisms against rheumatic diseases. As several
studies demonstrate, people affected by this kind of disease
show low levels of vitamin D, sun exposure is very often
contraindicated and, as a consequence, vitamin D supple-
mentation is strongly recommended.

The effect of vitamin D on the cardiovascular system is
not yet very well known and further studies are needed to
determine if vitamin D is able to reduce significantly the
incidence of cardiovascular events and to establish the
optimal level of administration. However, the available
data show that good levels of vitamin D, obtained by
supplementation, settle a normalization of blood pressure
by preventing the development of hypertension with the
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consequent reduction in the incidence of serious cardio-
vascular events, often fatal, such as myocardial infarction.

Vitamin D is also important to improve the activity of
the immune system: HIV-infected patients who run a risk
higher than 20-30 % to develop a vitamin D deficiency
with respect to the general population, are all recom-
mended to receive daily supplementation of 800 IU of
vitamin D, even without having been underwent a prior
hypovitaminosis test.

The role played by vitamin D in the onset and manifes-
tation of certain endocrine system disorders, like thyroid
diseases, diabetes and some endocrine tumors, is becoming
more and more clear, thanks to the new scientific findings.
Patients affected by this kind of disorders run a greater risk of
having low levels of vitamin D; the dosage of vitamin D and
its supplementation, where needed, is therefore necessary.

The vitamin D can also play a role in the onset of
obesity and diabetes. Nowadays, very interesting data are
available: vitamin D is one of the factors that can control
insulin secretion and some data indicate that good levels of
vitamin D reduce the risk of developing diabetes mellitus
and patients with diabetes can be helped to have a better
control of this disease [2].

Evidences in animal models have pointed out that the
decarboxylated osteocalcin (ucOC), a osteoblasts product,
is a hormone which affects pancreas insulin production and
insulin sensitivity in peripheral tissues, at least partly by
the increased secretion of adiponectin by adipocytes.

The osteocalcin (also known as bone Gla protein, BGP)
is a 5 kDa protein and it is the most non-collagen-origi-
nated bone protein [3]. It is exclusively synthetized in some
cells of the osteoblastic line: mature osteoblasts and
osteocytes [4, 5]. Most of the OC are found in bones, but
small amounts circulate in the blood and serum levels are
considered a bone formation marker [6]. The OC gene
transcription is partly regulated by 1,25-dihydroxyvitamin
D levels [7].

The osteocalcin post-translational modification (three
gammacarboxylation Gla residues) allows to bind tightly
calcium ions in hydroxyapatite (HA) [8—10]. The carbox-
ylation occurs through vitamin K-dependent carboxylase
activity, although the mechanism has not been yet fully
understood [11]. The decarboxylated OC (ucOC) has less
than three carboxylated residues, ranging from none, one or
two with, therefore, a lower affinity toward the bone tissue.
The completely carboxylated and decarboxylated OC
fragments are present both in the bone than in the serum
[12]. However, a bigger proportion of ucOC is located in
the circulation, while a higher proportion of carboxylated
OC resides in the bone matrix.

OC is a small secretion protein that is probably able to
bind to an unknown receptor on P cells, although this has
never been proved.
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It is of worthwhile interest that the decarboxylated
osteocalcin reduces the secretion of insulin and can reduce
the glucose plasmatic levels [13, 14]. Physical activity, by
stimulating the production of decarboxylated osteocalcin,
is assumed to support the insulin-resistance improvement.

It is nowadays estimated that vitamin D deficiency is
extremely worldwide spread, especially in the Mediterra-
nean area where, despite the plentiful sun exposure, there is
a general vitamin D shortage, even higher than in North
Europe countries. In Italy more than 70 % of the popula-
tion over 75 has a vitamin D deficiency.

The main source of vitamin D is formed in humans by
the skin exposure to sunlight, which represents 90 % of
vitamin D, either in circulating or in deposit form [15-17].
The sunlight, in its UVB component (290-315 nm), is the
best and most natural source of Vitamin D obtained by the
conversion of 7-dehydrocholesterol into pre-vitamin D3 in
human skin. The human body is able to take the necessary
amount, by eliminating the excess.

The production of vitamin D after sunlight exposure is
also reduced by sun-screen lotions and by melanin pro-
duction. A SPF 8 sun-screen lotion reduces vitamin D3
skin production of 97.5 % and the increase of the skin
melanin pigment has a dramatic effect on the reduction of
vitamin D3 skin production [18]. In fact, Afro-American
populations show a high incidence of vitamin D deficiency,
both in breast-fed infants and in adults [19, 20].

During wintertime, moreover, the sun has a more obli-
que zenith angle and few B ultraviolet photons can reach
the earth’s surface. As a result, at a latitude over 35th
parallel little or no vitamin D is produced [21, 22].

Aging can also drastically reduce the levels of vitamin
D3 precursors (7-dehydrocholesterol) in the skin, dropping
by more than four times the production of vitamin D3 in a
patient aged 70 years with respect to a 20-year-old patient
[23-25].

However, the skin has a huge capacity to produce
vitamin D3. The exposure of the whole body to the sunlight
effect can cause a light reddening of the skin (I minimal
erythema dose) equivalent to the intake of 10,000-
25,000 IU of vitamin D per os. The exposure of 6 % of the
body to 1 minimal erythema dose is equivalent to 600 and
1,000 IU vitamin D intake [26]. Therefore, the exposure to
erythema dose of hands, arms, face, or neck two or three
times a week is sufficient to satisfy one’s vitamin D need
[18].

Therefore, it is precisely the lack of sunlight exposure
the major factor of the growing increase in vitamin D
deficiency. This phenomenon is becoming of universal
importance. At the present time, the human beings spend
less time in the sun than in any other period of their past
history and this is the reason why almost a billion people in
the world have vitamin D deficiency. This phenomenon is
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also related to the widespread use of cosmetics and false
information about harmful effects of UV light skin expo-
sure. In fact, no study has shown that a regular, moderate
sunlight exposure can represent a significant risk for the
skin.

The alimentary vitamin supply is, on the other hand,
rather poor: in fact, few natural foods contain vitamin D
and in limited quantity, just to provide 10 % of the supply
only. Food with vitamin D are in fact fatty fish (wild sal-
mon, sardines, mackerel, tuna and cod) and dried mush-
rooms; lower quantities are found in dairy products and
eggs. For this reason, because of the low vitamin D content,
food has been enriched with such vitamin. United States
and some European countries, by supplementing vitamin D
to milk, have in the past contributed to the substantial
eradication of rachitism.

Where this practice was not carried out, the adminis-
tration of cod-liver oil, rich in vitamin D, was the most
used system to strengthen the bones in children.

However, starting in the 1950s and 1960s, these customs
gradually became less frequent, till they disappeared; as a
partial consequence, the incidence of rachitism in children
and osteomalacia in adults has significantly raised again.

Vitamin D deficiency is particularly frequent (>80 %)
among the elderly [27-33]. This is related to food shortage,
poor inclination to sun exposure with the getting on in
years and age-related impairment to vitamin D synthesis. In
spite of what often supposed, people over 60 living in the
most Southern European regions are the most affected by
hypovitaminosis D [34-37]. In the North European coun-
tries, the minor incidence is due to several reasons: better
“historic” awareness of the problem, major intake of ani-
mal fats, fish in particular and frequent supplement of
vitamin D in dairy products. In Italy, a severe vitamin D
deficiency (levels of circulating 25 OH vitamin D <12
ng/ml) was found during wintertime in 82 % of subjects aged
over 70 [38—40]. The prevalence of deficiency increases in
the oldest population, both in women and in men [41, 42],
involving practically all the subjects aged >75 years.

Even in Islamic countries a major shortage has been
recorded.

Muslim women who wear the veil may have low levels
of vitamin D. As a result, their children may be at risk of
vitamin D deficiency, especially if exclusively breastfed
after 6 months of delivery [43-45].

With these considerations, it is important that the sci-
entific community effectively intervenes with a correct
communication, by informing people about vitamin defi-
ciency in every age level and facilitating the controlled sun
exposure to the sun as an implementation of the Mediter-
ranean lifestyle that, despite a more climatic availability, is
characterized by a higher deficiency compared to North
Europe population. The scientific community should

particularly and strictly act on the populations and ethnic
groups who, for religious reasons, bring on a deficit
exposure that could lead a significant cancer and metabo-
lism risk in women. In this review, two interesting articles
drawn up by Fouda and Skouroliakou underline the sci-
entific community attention toward this issue that should be
considered, in the Mediterranean area, as a priority.
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