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Vitamin D: Multiple impacts, new perspectives
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ABSTRACT 
Vitamin D deficiency is a global public health problem in all age groups, mainly caused by insufficient exposure 
to sunlight, inadequate diets, inefficient absorption and use, higher requirements or higher losses. Knowing the 
implications of vitamin D for the body and sensitive growth and development periods, it is important to perform 
biological determinations, to make proper prophylaxis and to intervene promptly when changes occur. The age 
groups recommended for vitamin D administration are infants (whether they receive natural, formula or comple-
mentary feeding) and adolescents. Besides the well-known role of vitamin D in phosphocalcic metabolism, 
there is an increasing debate about the involvement of vitamin D in the pathogenesis of non-musculoskeletal 
diseases.
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Rickets, which has been described in literature 
since the 17th century, has been associated with vi-
tamin D deficiency years later, once it was possible 
to understand the metabolism of vitamin D and its 
mechanism of action in target organs. Between 
1920 and 1940, vitamin D, originally known under 
the name “sunflower’s vitamin”, was classified as a 
vitamin rather than a steroid hormone.

However, photochemical production of vitamin 
D has been demonstrated by exposure to the sun, 
consequently proving that it becomes a real vitamin 
only in the absence of regular exposure to sunlight 
or ultraviolet light. The 1650-1963 period repre-
sented an important step in determining the chemi-
cal structures of vitamin D, and the role in biologi-
cal, clinical or nutritional sciences was later 
recognized (1).

Contrary to its name, vitamin D is actually a 
steroid hormone, known for its important role in 
regulating calcium and phosphorus in the body, and 
mineralizing bones. More recently, it has become 
clear that vitamin D receptors are present in a wide 
variety of cells and that this hormone has biological 
effects that far outweight the control of phosphoc-
alcic metabolism.

It is known that vitamin D is a liposoluble vitamin, 
naturally present in very few foods, added to others 
and available as a dietary supplement; It exists in two 
forms – D2 (ergocalciferol) obtained from yeast and 
plants and D3 (cholecalciferol), obtained from the 
diet by ingestion of the products containing vitamin 
D (oily fish and eggs), milk fortified with vitamin D 
or margarine and / or the use of multivitamins (2,3).

It is also an endogenous product under the ac-
tion of ultraviolet rays in the skin. The term vitamin 
D is an imprecise term in the way that it is referring 
to one or more members of a group of steroid mol-
ecules. Vitamin D obtained from sun exposure, 
food, and supplements is biologically inert and 
must be subjected to hydroxylation reactions in the 
body to be brought into an active biological form. 
This transformation takes place in two stages:

– In the liver, cholecalciferal is hydroxylated to
25-hydroxycholecalciferol by the enzyme
25-hydroxylase

– In the kidneys, 25-OH-cholecalciferol is con-
verted by alpha-hydroxylase into 1,25-dihy-
droxy-cholecalciferol, the biologically active
form. Later, it is transported in the blood and
linked to carrier proteins (vitamin D-binding
protein) (4).
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VITAMIN D DEFICIENCY

Vitamin D Deficiency is a global public health 
problem in all age groups, mainly caused by insuf-
ficient exposure to sunlight, inadequate diets, inef-
ficient absorption and use, higher requirements or 
higher losses. Vitamin D deficiency is much more 
common than previously thought, especially among 
infants, adolescents, women and the elderly, but for 
many countries there is no reported data, so it can-
not be properly quantified (5-7). 

A multitude of factors and situations contribute 
to the emergence of the deficit of vitamin D. Fears 
related to the development of a neoplasm and cul-
tural beliefs, can lead to the avoidance of exposure 
to sunlight, while hyperpigmentation of the skin 
and the inefficiency of the sun during the cold sea-
son can also actively contribute to reduced vitamin 
D synthesis in the skin. Strictly vegetarian or vegan 
diets, including unfortified vegetable milk, low vi-
tamin D foods play a role in creating this deficiency 
as well. A special category is represented by the 
congenital vitamin D deficiency in the infant, the 
most frequent being caused by severe deficiency in 
pregnancy due to faulty intake, low sun exposure 
for those who live at northern latitudes or have had 
a small interval between pregnancies (8).

Other causes of this deficiency are represented 
by chronic liver and kidney diseases, which reduce 
conversion into active forms, increased vitamin D 
losses, intestinal absorption deficits (cystic fibro-
sis, celiac disease, short bowel syndrome), chronic 
consumption of certain drugs (anticonvulsants, im-
munosuppressants, chemotherapeutic, antitubercu-
lous, antacid, corticosteroids, anticoagulants,) ex-
cessive use of skin products with protective factor, 
stress (9,10). 

CURRENT RECOMMENDATIONS ON VITAMIN 
D DEFICIENCY PROPHYLAXIS

The American Academy of Pediatrics (2008) 
recommends adding vitamin D in any infant, the 
dose being of 400 IU/day. For children and adoles-
cents, the recommended dose is 400 IU/day in a 
vitamin complex or an unique product with vitamin 
D (11). For Europe, the ESPGHAN (European So-
ciety for Paediatric Gastroenterology, Hepatology 
and Nutrition) Committee on Nutrition recom-
mends a daily oral supplementation of 400 IU vita-
min D for all infants during the first year of life. 
According to the European Food Safety Authority, 
the upper limit of safety is set at 1,000 IU/day for 
infants, 2,000 IU/day for children ages 1 to 10 

years, and 4,000 IU/day for children and adoles-
cents ages 11 to 17 years. For risk groups, oral sup-
plementation of vitamin D must be taken into ac-
count beyond 1 year of age (12).

Vegetarian diets, due to their restrictive and un-
balanced consumption, can easily lead to poor 
growth and deficiency in micro and macronutri-
ents, so it is recommended to add vitamin D (13). 
Vitamin D supplementation for infants breastfed 
exclusively by vegetarian mothers is required only 
for limited exposure to sunlight, similar to non-
vegetarian mothers. It is considered that lactose and 
lacto-ovo-vegetarian children should consume vi-
tamin D fortified cow’s milk in sufficient quantity, 
which implies that supplimentation with vitamin D 
is only necessary for vegan children with inade-
quate exposure to sunlight (14). 

A special category is the majority of premature 
infants (98.9%) who had vitamin D deficiency, half 
of which were severe. The risk of vitamin D defi-
ciency has not been correlated with low gestational 
age (15).

REFERENCE VALUES FOR SERUM 
VITAMIN D CONCENTRATION

Serum concentration is the best indicator of vi-
tamin D status. This reflects vitamin D produced by 
the skin and obtained from food and supplements. 
Reference values for plasma 25-hydroxyvitamin D 
(25 (OH) D) concentrations are:

–  Deficiency < 20 ng/ml (<50 nmol/l)
–  Insufficient level: 20-30 ng/ml (50-75 nmol/l)
–  Optimal level: 30-100 ng/ml (75-250 nmol/l)
–  Excess > 100 ng/ml (> 250)
–  Toxicity > 150 ng/ml (> 325 nmol/l) (16).
The effects and implications of vitamin D in 

the development and proper functioning of the hu-
man body have been and are still being studied. The 
classic manifestations of vitamin D deficiency, en-
countered in child and adult are rickets and osteo-
malacia; both reflect poor bone mineralization and 
usually result from a combination of inadequate 
exposure to sunlight and a decrease in vitamin D 
intake in the diet. But rickets have effects outside of 
bones and muscles, with cases of cardiomyopathy 
associated with low levels of 25 (OH) D and rick-
ets. In addition, although classic rickets mostly af-
fect children aged 6-24 months up to 5 years, there 
are cases of rickets with hypocalcemic convulsions 
in adolescents (17). 

Research suggests that vitamin D could play a 
role in the prevention and treatment of a number of 
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different conditions, including diabetes, hyperten-
sion, cardiovascular disasase, allergy, immunity, 
brain, and nervous system, infectious disease, mul-
tiple sclerosis, and, apparently, influence the ex-
pression of genes involved in cancer development.

Obesity is a chronic, non-transmissible disease 
with multifactorial etiology, the prevalence of 
which is steadily increasing worldwide. Nowadays, 
especially for the pediatric age, it is considered to 
be one of the worst public health problems of the 
21st century. Obesity and vitamin D deficiency are 
two of the most important modifiable risk factors 
among chronic diseases. However, it remains con-
troversial whether their association is constant or 
incidental (18).

Considering the physiological processes en-
countered in puberty and adolescence, it appears 
that supplementation with vitamin D contributes to 
weight loss and also to preventing bone deminer-
alization in obese children with vitamin D deficien-
cy (19). 

Epidemiological and observational studies are 
focused on studying the relationship between vita-
min D status and metabolic syndrome, adiposity 
markers and insulin resistance in children and 
obese adults. It is yet to be determined when ex-
actly vitamin D intervenes to develop a public 
health strategy for cardio-metabolic diseases by 
preventing vitamin D deficiency. At the same time, 
being aware of the link between vitamin D, homeo-
stasis of phosphocalcic metabolism and the integ-
rity of the osteo system, in particular, ensuring an 
optimal level of vitamin D doubled by a healthy 
lifestyle, can help prevent insulin resistance and 
diabetes (20,21). 

Current data shows that 25 hydroxyvitamin D is 
a strong immunomodulator which reduces system-
ic inflammation. The plasma level of vitamin D is 
inversely proportional to a series of pro-inflamma-
tory biomarkers which are associated with insulin 
resistance development. Data from literature has 
shown that the prevalence of vitamin D deficiency 
would likely be higher in obese subjects, but the 
focus remains on whether vitamin D deficiency is 
the cause or the consequence of obesity.

It has been observed that hypovidaminosis D 
was associated with hyperglycemia, hyperinsuline-
mia, decreased beta-pancreatic cell function, and 
insulin resistance, therefore, with an increased risk 
of type 2 diabetes. However, the results emphasise 
the need for additional research in order to demon-
strate with certainty if the optimum level of 25 
(OH) D could prevent type 2 diabetes (22,23).

In observational studies, cardiovascular disease 
risk factors (CVD) are associated with low serum 
concentrations of 25 (OH) D. (24). The possible ef-
fects of vitamin D on blood pressure are explained 
by implication on endothelial dysfunction and 
modulation of the renin-angiotensin system. Thus, 
in hypertensive patients with low renin level, it has 
been observed that vitamin D treatment increased 
plasma renin activity (25).

Epidemiological evidence from the past decade 
suggests the involvement of vitamin D in the patho-
genesis of food allergies. It has been noticed that 
the risk of food allergy was associated with the de-
gree of sun exposure, latitude, the child’s birth sea-
son, and the vitamin D serum level. An understand-
ing of the role that vitamin D plays in the cellular 
and genetic immune system, as well as the interac-
tion between microbe and vitamin D, will provide 
insight into its impact on food allergies (26).

Vitamins and their metabolites have an important 
control function in immune homeostasis by influenc-
ing both innate and acquired immune responses. In 
recent decades, animal models have contributed sig-
nificantly to understanding the pathophysiological 
mechanisms of allergic diseases such as asthma, ana-
phylaxis, or food allergy (27). The consistent evi-
dence from animal studies on the multiple forms of 
impact of vitamins D and A on the immune system 
draws attention to their role in controlling allergies, 
but randomized controlled human studies are re-
quired. These findings highlight the importance of 
determining vitamin status in allergic patients, and 
especially for vitamin D (28). There are currently 
many studies with vitamin D supplements, which try 
to answer the question whether supplementation re-
duces the respiratory tract infections, including risk 
groups (infants, elderly, immunodeficiency, asthma, 
chronic obstructive pulmonary disease, dialysis, and 
HIV patients). In addition, more research needs to be 
carried out to further define the mechanisms by which 
vitamin D is able to regulate the immune responses to 
prevent or to reduce infectious status (29,30).

Vitamin D deficiency has been related to a high 
number of pathologies, including skin cancer, auto-
immune skin disorders, photodermatoses, atopic 
dermatitis and psoriasis, but it is clear that much 
more evidence is needed to comprehend the con-
nections between vitamin D and skin pathology 
(31).

CONCLUSIONS

The prevalence of vitamin D deficiency and in-
sufficiency is high and current data suggests an in-
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laxis, it is necessary to keep in mind the stages of 
growth and development, starting with intrauterine 
life, each with different peculiarities and needs, as 
well as the family, environmental and lifestyle 
factors. Risk factors for vitamin D deficiency are 
various, some of them modifiable. Knowing the 
multiple implications of vitamin D in the body, 
there is more and more scientific proof suggesting 
the need for screening, drug supplementation in 
certain situations and targeted treatment.
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