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Abstract
The role of vitamin D in maintaining bone health has
been known for decades. Recently, however, the discovery that many tissues expressed the vitamin D
receptor and were able to transform the 25-OH vitamin D into its most active metabolite, 1,25-(OH)2 vitamin D, has led to a very promising future for this
‘‘old’’ molecule. Indeed, observational studies, and
more and more interventional studies, are raising the
importance of a significant vitamin D supplementation for not-only skeletal benefits. Among them, 25OH vitamin D has been found to play an important
role in prevention of cancers, auto-immune diseases,
cardiovascular diseases, diabetes, and infections.
Vitamin D deficiency, defined as serum 25-OH vitamin
D levels -30 ng/mL, is very common in our population. The cost/benefit ratio and some recently published studies are clearly now in favor of a controlled
and efficient vitamin D supplementation in these
patients presenting a 25-OH vitamin D level -30
ng/mL. More attention should also be focused on
pregnant and lactating women, as well as children
and adolescents.
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Introduction
The discovery of vitamin D may have begun in Belgium in 1900 when Professor Wildiers from the University of Louvain studied the ‘‘bios’’, an organic
extract of self-autolyzed yeast. This substance stimulated the proliferation of yeast (1). In 1912, Casimir
Funk suggested the name ‘‘vitamine’’ for ‘‘nitrogenous substances, minute quantities of which are
essential in the diet of birds, man and some other animals’’ (2). In 1921, Funk and Dubin showed that there
were two different vitamins present in yeast: the
absence of one of these, vitamin B, caused polyneuritis in birds (beri-beri), while the other, which they
called vitamin D, was the ‘‘bios’’, necessary for the
activity of low concentrations of yeast cells. Both vitamins were necessary for the proper growth of rats (3,
4). At the same time the interest for rickets was
renewed. This disease had already been described by
Herodotus in the 5th century BC. Glisson recorded its
appearance in England in 1651 and its prevalence in
industrial cities was rising. Physicians were divided
into two camps regarding the origin of rickets. Some
believed that the main cause was dietetic and the
others incriminated faulty hygiene. Alfred Hess stated
that although a faulty diet may lead to the development of rickets, the lack of vitamins was not the dominant cause – with sunlight playing an important role
(5). He also proposed the hypothesis that cholesterol
in the skin was activated by UV-irradiation and rendered anti-rachitic (6). It was shown, 1 year after, that
it was not cholesterol but a close parent that was the
precursor of vitamin D (7). So, ergosterol, a fungal
steroid from ergot, was considered as the provitamin
D, convertible to vitamin D by UV-irradiation (8). The
irradiation product of ergosterol was purified and
crystallized a few years later and was named vitamin
D2, or calciferol. However, as ergosterol is not present
in animals, the question on how the organism obtains
vitamin D by sunlight remained. It was solved in 1937
when Windaus and Bock isolated and identified 7dehydrocholesterol from the skin, and also found it to
be present in different foods, such as milk or liver. The
UV-radiation of this product gave a potent antirachitic
substance and was named vitamin D3 or cholecalciferol (9). The chemical structure of calciferol and
ergosterol are presented in Figure 1.
Since those heroic times, the major concern of
vitamin D therapy was the prevention of rickets and
osteomalacia and little attention was focused on the
other properties of vitamin D. However, in the last
decade we have observed a renewal of interest in
vitamin D and the number of publications regarding
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25VTD by itself plays important physiological roles.
Indeed, it can directly enhance the intestinal absorption of calcium, 200–400 times less potently, but
plasma concentration of 25VTD is much higher than
of 125VTD (500–1000 times) (11).

Vitamin D deficiency and ‘‘desirable’’
serum values

Figure 1 Chemical structure of calciferol and ergosterol.

Figure 2 Emergence of publications on vitamin D in the last
decade, compared to parathormone (PTH).

its implications on non-skeletal systems, as well as on
its insufficiency in the general population rose dramatically (Figure 2).

Metabolism of vitamin D
Vitamin D is thus produced by the skin or absorbed
through the intestine. It enters the bloodstream where
it is bound to the vitamin D binding protein. It is then
hydroxylated in the liver on the carbon in position 25.
The production of the 25-hydroxyvitamin D (25VTD)
is not regulated and increases with the amount of
vitamin D available. In the kidneys, the 1-a hydroxylase adds a second hydroxyle group on the carbon in
position 1 to finally give the 1,25-(OH)2 vitamin D
(125VTD) or calcitriol, the active form of vitamin D.
This hydroxylation is regulated, mainly by parathyroid hormone (PTH), hypophosphatemia, and low dietary calcium (10). The half-life of 125VTD is much
shorter than of 25VTD (4 h vs. 2–3 weeks) (11).
125VTD acts by binding to the cytosol receptor VDR,
found in many tissues. If 125VTD is the active form,

It is now consensual that the status of vitamin D must
be evaluated by the measurement of the 25VTD and
not by the measurement of the 125VTD. Indeed, in
vitamin D insufficiency, the level of 125VTD in serum
can be normal, high, or low (12). The measurement
of 125VTD is thus not adapted to evaluate the vitamin
D status of the patient and should be kept for the
explorations of some specific diseases, such as granulomatous diseases, pseudovitamin D-deficiency
rickets, hereditary vitamin-D resistant rickets, hypophosphatemic vitamin-D resistant rickets, and Xlinked hypophosphatemic rickets. It is the 25VTD,
representing the reserve of vitamin D of the body,
which must be assayed to identify if a patient has or
has not a vitamin D insufficiency. However, many
experts have claimed that the reference values of
25VTD are unsuitable (too low) and that the supplementations recommended are insufficient (13–16).
This brought about a new approach for the establishment of these reference values. Indeed, in our laboratories, when we establish the reference values for a
biological parameter, we generally determine this
parameter in a large number of ‘‘healthy’’ subjects,
representative of the reference population, and we
calculate a reference range, corresponding, e.g., to
95% of the population. If we did the same for 25VTD,
and even if we suppose that the same assay technique is used everywhere, the reference range will
depend on the studied population and in particular on
the season during which the blood samples were collected, of the latitude and the altitude of the place of
residence of the subjects, as well as their age and skin
pigmentation. The lower limit obtained would thus
vary from 10 nmol/L (4 ng/mL), e.g., for black subjects
in winter living at latitudes higher than 408, to 50 or
even 75 nmol/L (20 or 30 ng/mL) for white people who
were exposed to intense sunshine for a long period.
Even if it is interesting to know these ‘‘usual’’ values,
one should not forget that the physician who prescribes a 25VTD determination generally wants to
know the level of vitamin D of his patient in order to
prescribe it if necessary. For that purpose, the reliability of the reference range of 25VTD was questioned
by Heaney who, in 2000, wrote in an editorial (13):
‘‘When ordering and interpreting serum 25VTD concentration, the physician needs, in virtually all cases,
to ignore the laboratory’s published reference
range« ’’. Lips (17) proposed to define vitamin D
insufficiency as the concentrations of 25VTD for
which there is no deleterious effects for health and
particularly for the bone. However, this concept is
unusual for the Clinical Biologists, and the value
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threshold defining the insufficiency in vitamin D is not
easy to determine. Let us also remember that this value (if it exists) depends on the assay used and should
be given for all the assays available on the market
(there is no standardization of these kits to date)
(18–20). Moreover, these assays should also be able
to recognize both 25-OH vitamin D2 and 25-OH vitamin D3. Indeed, although skin exposure to UVB produces vitamin D3 and food sources of vitamin D
contain mainly vitamin D3, supplementation is often
made with vitamin D2, especially in the USA. As long
as vitamin D2 is available, it is mandatory to measure
25VTD with a method that recognizes both 25VTD2
and 25VTD3 in order to avoid underestimation of the
vitamin D status and thus potentially lead to overtreatment, and to expensive and stressful explorations (21).
The different approaches used to define the levels
of 25VTD associated with an optimal vitamin D status,
and consequently to define the insufficiency in vitamin D, can be separated into several categories and
are listed as follows:
1) Study of the relationship between the serum concentrations of 25VTD and PTH in populations
(apparently in healthy populations).
• Dawson-Hughes et al. observed seasonal variations of PTH conversely related to the variations
of 25VTD in subjects older than 65 years (182
men and 209 women) in the area of Boston, MA,
USA. They observed that PTH could increase as
soon as the serum 25VTD decreased below 44
ng/mL (110 nmol/L) (22). In this study, the average calcium food content was approximately 730
mg/day.
• Malabanan et al. gave vitamin D2 (50,000 IU/week
during 8 weeks, thus 400,000 U over a period of
2 months) and calcium (1000–1500 mg/day) to 35
patients aged 49 to 83 years old, whose basal
serum 25VTD was comprised between 10 and 25
ng/mL (25–62.5 nmol/L) (23). After these 8 weeks,
they observed a significant PTH decrease in the
subjects whose basal 25VTD was -20 ng/mL but
not in those (ns7) whose 25VTD was higher than
20 ng/mL. The authors concluded that a serum
25VTD )20 ng/mL at least was necessary to
obtain an optimal concentration of PTH.
• Many studies evaluated the relation between the
concentrations of 25VTD and the concentrations
of PTH in populations apparently in good health
while seeking to define the concentration of
25VTD below which the PTH can increase. Most
of these studies observed a negative statistical
relation between these two parameters (the concentration of PTH drops when the level of 25VTD
increases). However, this relation was generally
not linear: PTH decreases until the 25VTD reaches
a value threshold above which the PTH plateaus.
These studies were recently listed and commented by Aloia et al. (24). The reported thresholds
varied coarsely between 16 and 44 ng/mL (40 and

110 nmol/L) according to the methodology used
to evaluate the relation between 25VTD and PTH
but also according to the studied population. The
average calcium intake of these populations
seemed to be an important parameter. Approximately, the value threshold of 25VTD was around
20 ng/mL (50 nmol/L) when the average calcium
intake was approximately 1200–1500 mg/day,
and 30–32 ng/mL (75–80 nmol/L) with calcium
intake of approximately 700–1000 mg/day. It
should be noted that the relation between the
concentrations of PTH and the concentrations of
25VTD is probably dependant on the magnesium
status of the subjects tested. Indeed, a relative
hypomagnesemia is able to explain why PTH
does not rise, even if the patient is clearly vitamin
D insufficient (25).
2) Evaluation of the concentrations of 25VTD for
which the intestinal absorption of calcium is optimal. The evaluation of the intestinal absorption of
calcium is not easy and very few studies have been
published on this topic. The conclusions of these
studies suggest that the intestinal absorption of
calcium increases when the 25VTD increases from
30 to 80–85 nmol/L (12 to 32–34 ng/mL) approximately; beyond this point, it seems that there is no
significant modification any longer (26).
3) Study of the relation between the concentrations
of 25VTD and the frequency of certain diseases. If
it can be generally agreed to consider that neither
rickets nor osteomalacia occur when 25VTD is
)12–25 nmol/L (5–10 ng/mL), many observational
studies suggest a relation between low concentration of 25VTD and the frequency of many diseases
(cancers, diabetes, multiple sclerosis, rheumatoid
polyarthritis, tuberculosis, hypertension, cardiovascular ‘‘events’’«) or abnormalities (sarcopenia«). Generally, subjects in the highest quantile
of 25VTD (concentrations generally )75 nmol/L or
30 ng/mL) have a lower relative risk than those in
the lowest quantile (27–30). It should be noted,
however, that these studies remain observational,
and even if their methodology is irreproachable,
they are not as well quoted as interventional studies in the hierarchy of evidence-based medicine.
4) Study of the mean concentration of 25VTD reached
in interventional studies showing positive effects
of vitamin D on:
• the reduction of fracture risk (75–100 nmol/L or
30–40 ng/mL) (31),
• the reduction of risk of falls (61–90 nmol/L or
24.4–36 ng/mL) (32),
• the reduction of cancer risk wbased on a study
where the mean 25VTD level reached was 96
nmol/L (38.4 ng/mL), starting from a basal value
of 71 nmol/L (28.4 ng/mL)x (33),
• the reduction of risk of tooth loss wstill, only one
study where the concentrations of 25VTD raised
from 71 to 110 nmol/L, or 28.4 to 44 ng/mL (34)x,
• the reduction of blood pressure after 3 months of
UVB, where 25VTD raised from 58 to 151 nmol/L
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(23.2 to 60.4 ng/mL) (35), or after 1200 mg of calcium and 800 IU/day of vitamin D3 for 2 months
during which 25VTD increased from 25.7 to 64.8
nmol/L (10.3–25.9 ng/mL) (36).
All the results of these different approaches,
although quite variable, are coherent with the proposal made in 2005 by five of six experts assembled
in a roundtable to define the insufficiency in vitamin
D as a concentration of 25VTD -75 nmol/L (30 ng/mL)
(‘‘«it is important to ensure that the serum 25VTD
level obtained after vitamin D supplementation in
individual patient reaches this new threshold.’’) (37).
Based on such criterion, vitamin D deficiency
becomes very common. It has been estimated that 1
billion people worldwide suffer from vitamin D deficiency (12).
As vitamin D is not essentially present in our alimentation (Table 1), the main source remains as the
cutaneous generation under UV exposure (38). However, this will be limited by multiple factors, which
can be split into two categories: environmental (latitude, season, time of the day, ozone amount, cloud
amount, aerosol and reflectivity of the surface) and
personal (skin type and pigmentation, age, clothing,
cultural habits, and use of sunscreen) (39). In some
parts of the world, vitamin D synthesis will not occur
during a significant part of the year. Generally, we can
consider that dark-skinned migrants who have significantly moved to the north or south are at high risk of
vitamin D deficiency because of melanin UVB absorption. On the other hand, fair-skinned individuals moving towards highly sunny areas will be at high risk of
erythema and skin cancer and thus will particularly
need to protect themselves.

Oral supplementation and ‘‘toxicity’’ of
vitamin D
Currently, the recommendations from the US Institute
of Medicine are 200 IU/day from birth through to age
50 years, 400 IU for individuals aged 51–70 years, and
600 IU for those )70 years, with a tolerable upper
Table 1 Vitamin D concentration found in some foodstuff.
Food

Halibut liver oil (D3)
Mackerel liver oil (D3)
Tuna liver oil (D3)
Salmon liver oil (D3)
Cod liver oil (D3)
Eel (D3)
Mushroom (D2)
Sardine (D3)
Tuna (D3)
Mackerel (D3)
Herring (D3)
Butter (D3)
Egg (yolk) (D2 and D3)
Chicken liver (D3)

Concentration,
in mg for 100 g
(1 mgs40,000 IU)
50–100
5
5–15
1
0.6000
0.1100
0.0800
0.0400
0.0250
0.0150
0.0060
0.0025
0.0020
0.0020

input level of 2000 IU/day (40). Actually, these ‘‘old’’
recommendations are inadequate, misleading, potentially harmful, and should not be used any longer in
clinical practice. Re-examination of the requirements
for vitamin D is urgently required and may likely
reveal the need for vitamin D intake exceeding 2000
IU/day for adults (14).
On the other hand, textbooks have revealed that
vitamin D, similar to vitamin A, is ‘‘toxic’’ as it accumulates in fat tissue and could induce severe hypercalcemia,
nephrocalcinosis,
or
cardiovascular
disorders. Some cases have been published in the literature, especially iatrogenic intoxications in children.
However, the amounts of ingested vitamin D needed
to obtain clinical signs of toxicity are enormous.
Recently, Chambellan-Tison et al. have listed some
cases of intoxications in children ranging from 3
months to 7 years (41). The lowest and highest cumulated doses ranged from 1,200,000 IU to 6,000,000 IU
during 4 and 30 days, respectively. Moreover, no
complications were observed with 300,000 IU/day for
10 days in a 6-month-old girl, 600,000 IU/day for 4
days in a 4-year-old boy and 300,000 IU/day for 15
days in a 7-year-old boy. These data do not minimize
vitamin D toxicity, but these cases of iatrogenic accidents have also been published with other drugs or
common daily used products. However, what is striking is the security margin between the levels needed
to observe a clinical sign of intoxication and the levels
needed to raise or maintain serum 25VTD over 30
ng/mL. Vitamin D is thus not to be considered as particularly ‘‘toxic’’. Moreover, the ‘‘intoxication’’ level of
25VTD has never been clearly determined, and in all
cases of intoxications 25VTD levels were clearly over
100 ng/mL.

Skeletal action of vitamin D
The role played by vitamin D in bone health is important and well known (42). Indeed, the curvilinear relationship between net calcium absorption and calcium
intakes reflects the sum of two absorptive mechanisms (43). The first one is a passive, diffusional, and
paracellular absorption driven by transepithelial electrochemical gradients. It accounts only for 10%–15%
of dietary calcium and 60% of phosphorous. The second one is cell-mediated, saturable, and active. This
active transport of calcium from the lumen of the
intestine to the circulation is regulated by 125VTD. If
the transport mechanisms are still unclear (44), they
include calbindin-D9k, a calcium-binding protein
induced by 125VTD which facilitates the diffusion of
calcium through the cell interior toward the basolateral membrane, and TRPV6, a membrane calcium
channel responsible for the first step in calcium
absorption in the intestine. TRPV6 is colocalized with
calbindin-D9k and induced by 125VTD (45). 125VTD
also stimulates the intestinal expression of NPT2B,
which activates absorption of phosphate. The precise
result is that with adequate vitamin D, adults absorb
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30%–40% of dietary calcium and 70%–80% of
phosphorus.
The main function of 125VTD for bone mineralization is to maintain a supersaturated Ca-P product in
the circulation. This will allow the passive mineralization of the collagen bone matrix. A major deficit in
vitamin D will thus lead to bone pathologies characterized by a defect of mineralization as a consequence: rickets in children and osteomalacia in adults.
This is particularly frequent when this deficit is associated with a malabsorption (46). When the deficit in
vitamin D is less important, there are no rickets or
osteomalacia, but the reduction in the intestinal
absorption of calcium and the trend to a decrease in
ionized calcium which follows will induce a rise in the
concentration of PTH. This secondary hyperparathyroidism will stimulate the 1-a hydroxylase, increasing
the serum concentration of 125VTD.
PTH also stimulates the expression of a protein,
RANKL (receptor activator for nuclear factor kB
ligand), a member of the tumor necrosis factor (TNF)
family of proteins, on the cell surface of osteoblasts
(47). On the other hand, pre-osteoclasts express
RANK, a member of the TNF receptor family on their
membrane. The interaction of RANKL of the osteoblast on the RANK of the pre-osteoclast allows the
differentiation of the latter into mature osteoclasts.
These mature osteoclasts produce hydrochloric acid
to dissolve bone mineral and release calcium into the
extracellular fluid. More information on the modulation of osteoclast differentiation and function by the
members of the TNF receptor and ligand families has
been published previously (48).
125VTD also has other effects on osteoblasts: it
increases the expression of bone alkaline phosphatase, osteocalcin, osteonectin, osteoprotegerin, and a
variety of cytokines. Finally, 125VTD exerts negative
feedback on the secretion of PTH by the parathyroid,
thus limiting its hyperplasia in the event of
hyperparathyroidism.
Osteoporosis is a major concern in our societies as
it affects approximately 33% of women 60–70 years
of age and 66% of those 80 years or older (12). Calcium and vitamin D are still essential components in
osteoporosis management. It is not clear, however,
whether calcium should be added to vitamin D supplementation or vitamin D to calcium supplementation (49). Nevertheless, it has been demonstrated that
vitamin D by itself increases bone density (50). Next
to the bone action of vitamin D by itself, it also plays
an important role on muscle strength and prevents
falls in elderly patients (32).
Current recommendations for vitamin D supplementation in preventing bone loss and fracture in
osteoporosis are in excess of 700–800 IU daily (51).

Non-skeletal actions of vitamin D
If skeletal activity of vitamin D is well known, the
knowledge of its action on other tissues is generally
poorly shared in the medical community. However,

brain, prostate, and colon tissues, amongst others,
have a vitamin D receptor and respond to 125VTD
(12). Observational studies, and more and more interventional studies, are raising the importance of a significant vitamin D supplementation for not-only
skeletal benefits. A systematic review of these studies
would be tedious and thus we will only discuss some
of them in the following sections.
Vitamin D and diabetes
Several studies have suggested that vitamin D supplementation in children reduced the risk of type 1
diabetes. Moreover, living in northern latitude has
been associated with an increase of the risk of suffering from this disease. A cohort study, where Finn children were given 2000 IU/day during their first year of
life, showed an 80% reduction of the risk of developing type 1 diabetes at 31 years (52).
Vitamin D also plays a role in type 2 diabetes.
Indeed, vitamin D deficiency is associated with the
metabolic syndrome, and a combined therapy of
calcium/vitamin D (1200 mg/800 IU) was shown
to lower the risk of type 2 diabetes by 33% vs. 600
mg/400 IU (53).
Autoimmune diseases, immune regulation,
and infections
In 1903, Finsen was awarded the Nobel Prize for demonstrating that sun exposure was beneficial for
patients suffering from lupus vulgaris. It has also
been known for decades that sun exposure is beneficial to patients suffering from tuberculosis. This fact
was explained later, with the role of cathelicidin, a
peptide produced by the monocytes and the macrophages. Indeed, these cells present on their surface
Toll-like receptors, which trigger direct antimicrobial
activity against intracellular bacteria. The activation of
these receptors upregulates the expression of the
vitamin D receptor and the vitamin D-1-a-hydroxylase
genes. This leads to the induction of the antimicrobial
peptide cathelicidin and kills intracellular Mycobacterium tuberculosis. The production of cathelicidin
stops when extracellular 25VTD levels fall below 20
ng/mL (54).
Vitamin D is also known to modulate autoimmunity.
Ecological studies (relation between sunshine or latitude with the apparition of the diseases) and observational studies have shown its importance in various
diseases, such as multiple sclerosis (27, 55) or rheumatoid arthritis (56).
Vitamin D and cancer
More than 20 years ago, different ecological studies
hypothesized that sunshine and thus (?) vitamin D
was associated with a reduced risk of different cancers, such as breast (57), ovarian (58), colorectal (59),
and prostate cancers (60). Since then, many different
epidemiological studies have confirmed this initial
hypothesis (61). The basis for antitumoral effect
exists: many cell types – including tumoral cells –
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contain vitamin D receptors and when these receptors
are activated, they induce differentiation of the cells
and inhibit proliferation of the tumoral cells, invasiveness, angiogenesis, and metastatic potential (62). The
first randomized controlled study that involved vitamin D intervention sufficient to raise serum 25VTD
over 30 ng/mL and reporting favorable cancer outcome in postmenopausal women was recently published (33). It showed that, after 4 years, the relative
risk of suffering from a cancer was reduced by 35%
for every 10 ng/mL increase in serum 25VTD.
Vitamin D and cardiovascular diseases
Implications of vitamin D in the cardiovascular system
are also very important. This has been suggested by
different epidemiological studies (63, 64) and finds its
roots in the fact that vitamin D receptors are found in
many cells of the cardiovascular system. Moreover,
there is evidence that 125VTD suppresses the renin
gene expression (65) and regulates the growth and
proliferation of vascular smooth cells and cardiomyocytes (66). Clinical studies have associated low levels
of vitamin D with blood pressure (67, 68), coronary
artery calcification (69), and cardiovascular diseases,
such as myocardial infarction (70), acute stroke (71),
congestive heart failure (72). Recently, in the Framingham Offspring Study, vitamin D deficiency has
also been associated with incident cardiovascular diseases (64).
If the field seems promising, interventional studies
are, however, still lacking.
Vitamin D, pregnancy, and lactation
Vitamin D insufficiency is common in healthy pregnant women (73). There are many reasons for this
observation, and one of these is certainly the low concentration of vitamin D in vitamin supplements given
during pregnancy (74). However, it has been shown
that reduced concentrations of 25VTD in mothers during pregnancy was associated with reduced bonemineral content in children at the age of 9 years (75),
as well as other bone disturbances (76, 77). Moreover,
maternal vitamin D deficiency at -22 weeks gestation
was also found to be a strong and independent risk
factor for preeclampsia (78). The benefits of vitamin
D supplementation during pregnancy have been
alleged to decrease the risk of recurrent wheeze in
early childhood (79) and many hypotheses have
emerged to associate maternal vitamin D deficiency
with the asthma epidemic (80), schizophrenia (81, 82),
and autism (83). Nowadays, expert recommendations
for vitamin D supplementation during pregnancy and
lactation are actually as high as 6000 IU/day (84).

Conclusions
Vitamin D deficiency is common in our population.
Indeed, this prohormone is essential for bone health,
but its positive role has recently been demonstrated
in many other fields. However, vitamin D is not ‘‘mag-

ic’’ and there should be more scientific investigations,
such as controlled trials vs. placebo to understand the
ecological or epidemiological studies. In these trials,
one should clearly reveal serum levels of vitamin D
necessary to achieve the goals, which is sometimes
lacking.
Nevertheless, the cost/benefit ratio and some
recently published studies are now in favor of a controlled and efficient vitamin D supplementation in
patients presenting a 25VTD level -30 ng/mL. More
attention should also be focused on pregnant and lactating women, as well as children and adolescents.
Next to the medical aspects of vitamin D, some
brave and interesting evolutionary theories have
emerged to associate the evolution of skin color,
human migration from East Africa (the cradle of
humanity), rickets and vitamin D (14, 85–89). In these
theories, our African ancestries, certainly very darkly
pigmented, have migrated to populate more northern
or southern latitudes. This migration would have led
to a gradual adaptation of the skin pigmentation,
linked to a necessary synthesis of vitamin D. Indeed,
this evolution was necessary for the survival of the
human species, as rickets is not compatible with
childbirth due to the misshapen pelvis of women suffering from this disease. Moreover, these darkly pigmented people living in the north would probably
rapidly become vitamin D depleted, with resulting
mobility and reproductive problems associated with
this deficiency.
In the same direction, we are not supposed to live
covered with clothes inside our buildings. The ‘‘return
to nature’’ would certainly fit with a rise in serum
25VTD concentrations. Hopefully, for those who
would not dare, vitamin D supplementation remains
a solution!
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