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ABSTRACT

Vitamin D, also known as the “sun vitamin” in the litera-

ture, has been examined for many years and still arouses re-

searchers’ interest due to the pleiotropic eff ects achieved in the 

human body. Because of the infl uence on mineral homeostasis, 

the initially observed eff ects of vitamin D on the prevention and 

treatment of rickets, have now been extended to a large number 

of diseases with diff erent aetiologies such as cardiovascular, au-

toimmune, endocrine, infectious, neurological, malignant and 

other diseases. Due to the large number of experimental studies 

in animals and humans, we have exact information about the 

role of vitamin D in many of these conditions. Reaching an ad-

equate level of 25(OH)D in the human body is a basic require-

ment for the realization of these eff ects; 25(OH)D is a metabolic 

product that refl ects the vitamin D status but that does not have 

any biological activity. Th e biological activities of vitamin D can 

occur only after the formation of a second metabolic product, 

1,25(OH)
2
D, in the kidneys. Th e three main sources of acquiring 

vitamin D are through food, skin and supplementation. Food is 

not a rich source of vitamin D; it is clear that the most impor-

tant infl uences to achieve an optimal vitamin D status in the 

human body are vitamin D synthesis at the skin and adequate 

supplementation intake. An alarming fact is that vitamin D de-

fi ciency is detected in an increasing number of people from one 

day to another in the general world population and that this 

condition has pandemic dimensions. Introducing the benefi cial 

eff ects and sources of vitamin D to the general population and 

to medical experts with adequate supplementation regime can 

decrease the number of people who are vitamin D defi cient. 
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SAŽETAK

Vitamin D, u literaturi poznat kao “vitamin sunca”, iako je 

već dugo godina ispitivan i dalje pobuđuje interesovanje kod 

naučnika usled plejade efekata koje ostvaruje u humanom or-

ganizmu. Prvobitno dokazani efekti vitamina D u prevenciji i 

terapiji rahitisa usled uticaja na postizanje mineralne homeo-

staze danas su prošireni na veliki broj bolesti različite etiologije 

kao što su kardiovaskularna, autoimunska, endokrinološka, in-

fektivna, nerološka, maligna i druga oboljenja. Zahvaljujući ve-

likom broju ekperimentalnih studija kako na animalnom tako i 

na humanom modelu danas se za veliki broj navedenih obolje-

nja zna tačan mehanizam dejstva vitamina D. Za ispoljavanje 

navedenih efekata osnovni preduslov je dostizanje optimalnog 

nivoa 25(OH)D, prvog metaboličkog produkta vitamina D, 

koji iako služi kao osnovni parameter za određivanje statusa 

vitamina D kod ljudi ne predstalja biološki aktivnu formu vi-

tamina D. Da bi se ispoljili navedeni biološki efekti vitamina D 

neophodno je formiranje sekundarnog metaboličkog produkta 

1,25(OH)
2
D. Tri osnovna izvora vitamina D su koža, hrana i 

suplementi. Kako hrana sadrži vitamin D u mali količinama, 

jasno je da na adekvatan status vitamina D najviše utiče sin-

teza vitamina D u koži i uzimanje određene doze suplemena-

ta. Alarmirajući podatak je da iz dana u dan raste broj svetske 

populacije kod koje je utvrđeno postojanje hipovitaminoze D i 

da ova pojava trenutno ima pandemijske razmere. Upoznava-

njem opšte javnosti sa korisnim efektima vitamina D i njegovim 

izvorima a stručne javnosti sa adekvatnim suplementacionim 

dozama može se uticati na smanjenje broja defi cijentnih osoba 

kako u našoj zemlji tako i svetu.

Ključne reči: vitamin D, fi ziološki efekti, farkakokinetke 

karakteristike, defi cijencija vitamina D 

ABBREVIATIONS

cAMP- cyclic adenosine monophosphate

CRE- cyclic adenosine monophosphate response element 

FGF23- fibroblast-like growth factor-23

PTH- parathyroid hormone 

TGFβ1- transforming growth factor β1

VDBP- vitamin D binding protein
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the optimal range of 25(OH)D in the human body is the 

skin, both in humans and animals (9).

The process of vitamin D synthesis in the skin is mul-

ti-step and multifactorial, which makes it significantly 

difficult to reach an optimal range of 25(OH)D. Two-

thirds of the concentration of serum 25(OH)D has an en-

dogenous origin, while the remaining one third is exoge-

nous. Although 25(OH)D, as a first metabolic product, is 

biologically inactive in contrast to 1,25(OH)
2
D, it serves 

as a key marker to assess the status of vitamin D in the 

human body due to pharmacokinetic characteristics such 

as a half-life from several days to several weeks for this 

metabolic form, in comparison, the half-life of calcitriol 

is only a few hours (10).

First information about vitamin D production in the 

skin dates back to the beginning of the 20th century with 

evidence on mammalian skin synthesis, and the complete 

explanation of this process was revealed to the general 

public in 1980 by Holick and co-workers (11). As the sun is 

an unavoidable factor in the synthesis of vitamin D, a com-

mon synonym for this vitamin in the medical literature is 

“sunshine vitamin”. 

Vitamin D skin production begins with skin exposure 

to UVB radiation in the range of 290 to 315 nm when 

provitamin D, 7-dehydrocholesterol, from the skin is con-

verted to previtamin D, which undergoes thermal isomer-

ization to vitamin D3. It is interesting that the scientific 

population, after the chemical identification of vitamin 

D3 at the beginning of the 20th century, considered that 

this compound was a direct product of provitamin D. This 

claim was refuted after a solution of 7-dehydrocholester-

ol was exposed to UV radiation and yielded an unknown 

compound that was later classified as previtamin D3 (12). 

Unlike previtamin D3, vitamin D3 is thermostable and 

does not undergo further isomerisation in the body. Ex-

perimental resources demonstrate that the optimal body 

temperature for the thermal isomerisation of previtamin 

D is 37 ºC. The only distinction between vitamin D2 and 

D3 synthesis is in the starting substance (13). An advan-

tage of this multistep reaction is that previtamin D and 

vitamin D, after prolonged exposure to the sun, absorb 

UVB radiation and create biologically inactive products 

such as lumisterol, tachysterol, suprasterol, etc. (1, 4). 

Due to the aforementioned characteristics, prolonged ex-

posure to sunlight is not related to toxic levels of vitamin 

D3, this finding is substantiated by the results of many 

clinical trials (14). 

Synthesized vitamin D is transported from the skin 

via the blood to the liver where the hydroxylation reac-

tion occurs by means of the 25-hydroxylase enzyme and 

is thereafter transported to the kidneys where the second 

hydroxylation reaction occurs by the 1-alpha-hydroxylase 

enzyme. The final product of the second hydroxylation is 

1,25-dihydroxyvitamin D, calcitriol, which acts as a hor-

mone. This reaction is firmly controlled by the actions of 

two hormones, parathyroid hormone and fibroblast-like 

growth factor-23 (FGF23), which have opposing actions. 

INTRODUCTION

Vitamin D, a lipophilic vitamin, has been examined 

since the 20th century and continues to be a focus of 

scientific research due to it pleiotropic effects in the hu-

man body. The roles of vitamin D have been observed 

in a large number of epidemiological and experimental 

studies that confirmed correlations between vitamin D 

status and both acute and chronic diseases. The primary 

recognized effects of vitamin D on mineral homeostasis 

and consequently on bone health have now expanded to 

include diseases such as autoimmune, anti-inflammatory, 

cardiovascular, cancer, diabetes, infectious, psychiatric 

and others (1-5). 

The most important vitamin D discovery from a his-

torical perspective was in 1922, when McCollum, an 

American biochemist, was performing experimental 

work on rats with rickets with his team and noted a sub-

stance in fish oil that could prevent and treat this bone 

disease, he called this substance vitamin D. Simultane-

ously, Huldschinsky observed the benefits of UV radia-

tion in children with rickets. Both events intrigued the 

scientific community to specify why these events hap-

pened and triggered further testing that finally resulted in 

the precise definition of the chemical structure of vitamin 

D after several years of work (6, 7). 

There are several different structural forms of vi-

tamin D, but two forms are separated from that group 

according to their physiological importance for the hu-

man body; those two forms are vitamin D2 (ergocalcif-

erol) and vitamin D3 (cholecalciferol). In addition to the 

differences in chemical structure, they have various or-

igins: ergocalciferol has a plant origin while cholecalcif-

erol has an animal and human origin. According to the 

results of clinical trials, cholecalciferol exhibits more 

potent clinical efficiency than ergocalciferol due to its 

structural and metabolic differences, which can be im-

portant for providing recommendations about vitamin 

D supplementation for some indications (8). 

The two cardinal causes of deficiency include insuf-

ficient exposure to sunlight and inadequate nutritional 

intake of vitamin D, but there are also many factors with 

different mechanisms that lead to this deficiency. 

In this review article, we summarize the available sci-

entific accomplishments related to vitamin D and its defi-

ciency and the government guidelines in Europe and other 

countries.

VITAMIN D SYNTHESIS AND SOURCES

A characteristic of vitamin D that makes it unique 

among vitamins is that it is derived from exogenous and 

endogenous sources. A large number of observational and 

clinical trials have revealed that there are three main sourc-

es of vitamin D: the skin, certain foods and supplements. 

The most important of these three sources for achieving 
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PHYSIOLOGICAL EFFECTS OF VITAMIN D

There are a growing number of studies that have em-

phasised the effects of vitamin D in humans and animals, 

and this wide range of effects can be divided to skeletal 

and non-skeletal effects. Skeletal effects of vitamin D have 

been examined for many years, while non-skeletal effects 

are being investigated. 

Vitamin D plays an essential role in the maintenance of 

calcium and phosphorus homeostasis, consequently affect-

ing bone formation. Calcium and phosphorous absorption 

from nutritional sources is poor, only 10-15% of calcium and 

60% of phosphorous are absorbed, while at optimal vitamin 

D concentrations, the absorption of calcium and phospho-

rous is 30-40% and 80%, respectively (19). During certain 

periods when there is an increased need for Ca2+, such as 

during development, pregnancy and lactation, 60-80% of 

Ca2+ in food can be absorbed if the vitamin D status is suf-

ficient; the status is sufficient when there is an the increased 

concentration of circulating 1,25-dihydroxyvitamin D, which 

reflects the extent of mineral absorption (1). The role of vi-

tamin D in the prevention of bone diseases was established 

for different ages. A meta-analysis of the effects and dose de-

pendence of vitamin D with or without calcium supplemen-

tation on non-vertebral and hip fractures in older subjects 

showed a risk reduction of 29% for non-vertebral fractures 

and 15% for hip fractures. It was also observed that these ef-

fects were not calcium dependent, this conclusion was con-

firmed three years later by Bischoff-Ferrari, who performed 

a meta-analysis of vitamin D supplementation at a daily dose 

of 800 IU (10, 20). Conflicting data emerged from studies 

that analysed the effects of supplementation at higher doses 

(ranging from 20000 to 50000 IU weekly), which could ex-

plain the different respondents’ characteristics (21, 22). The 

results from a cross-sectional study confirmed the existence 

of correlations between calcitriol levels and bone mineral 

density and fracture incidence; the limit of the concentra-

tion of 25(ОH)D for a positive correlation ranged from 20 

ng/mL to 36 ng/mL depending on the examined popula-

tion and the geographical position of participants whose 

mineral density was measured (23). It is noteworthy that 

vitamin D supplementation in large annual doses could 

impair bone health and lead to unexpected effects (23). 

This evidence should prompt all healthcare professionals 

to search all literature when considering doses for vitamin 

D supplementation. 

The vast number of non-skeletal effects of vitamin D is 

explained by the presence of the vitamin D receptor (VDR) 

in most tissues and organs in the body. Another potential 

theory, in addition to the vitamin D receptor, is that after 

the 25(ОH)D level reaches a value over 30 ng/ml, there is 

enough substratum for the local production of the active 

metabolite 1,25(OH)
2
D in the colon, skin, prostate, lung 

and other non-renal tissue. It is now known that the afore-

mentioned metabolite has the ability to inhibit cell prolif-

eration and induce terminal differentiation as well as to 

decode genetic information for several hundred genes (2). 

Parathyroid hormone up-regulates calcitriol synthesis, and 

FGF23 down-regulates calcitriol synthesis. In addition to 

the parathyroid hormone, up regulation is stimulated by 

low levels of calcium and phosphorous, while down regu-

lation is stimulated by calcitriol itself (15). A precondition 

for these hydroxylation reactions is the binding of vitamin 

D to the vitamin D binding protein (VDBP) in the blood-

stream, vitamin D cannot otherwise be transported to the 

liver and kidney due to its liposolubility. Vitamin D pro-

duction occurs in extra renal tissue such as the parathy-

roid glands and the prostate, colon, lung, brain and other 

tissues in which the aforementioned enzymes were con-

firmed but present in smaller quantities (4). 

Some fish, such as herring, sardines, mackerel, and 

mushrooms, egg yolk, and offal are some types of food that 

contain vitamin D at specified amounts. Food is a source of 

vitamin D and can influence the serum vitamin D level in 

humans, but the list of food that contains this vitamin in cer-

tain amounts is scarce. Nutrition cannot offset inadequate 

endogenous vitamin D production during a specific period 

of the year, such as during the winter months (16, 17). 

As dietary intake of vitamin D may be not adequate, 

one of the potential ways to achieve a desirable level of vi-

tamin D is supplementation. It is notable that recommen-

dations for supplementation vary from country to coun-

try and for different populations. According to the report 

of the European Food Safety Authority for the adult pop-

ulation, the upper limit for vitamin D supplementation is 

100 μg/day instead of the former recommendation of 50 

μg/day, while the recommended dosage is in the range of 

800- 2000 IU/day (20-50 μg/day) (18). Healthcare practi-

tioners should always keep in mind that dosing should be 

harmonized with the patient’s pathophysiological condi-

tion in order to avoid potential intoxication due to over-

dose. The most common sign of vitamin D intoxication 

is hypercalcemia. The manifestation of hypercalcemia 

includes symptoms such as lethargy, nausea, vomiting, 

dehydration, etc. There are sparse clinical data on toxic-

ity. In addition to hypercalcaemia, other conditions that 

accompany vitamin D toxicity can include hypercalciuria 

or nephrocalcinosis (18).

PHYSIOLOGICAL AND PHARMACOKINETIC
EFFECTS OF VITAMIN D

In order to understand the role of vitamin D in the hu-

man body, it is necessary to understand its physiological 

and pharmacokinetic effects. Vitamin D exerts autocrine, 

paracrine and endocrine effects in the body by binding the 

vitamin D receptors that are located in most tissues and 

organs. Observations of many experimental studies have 

shown that after the synthesis of 1,25(OH)D, its biological 

effect is expressed by binding to nuclear vitamin D recep-

tors, leading to complex effects on specific DNA sequenc-

es, which consequently influences the transcription of sev-

eral hundred genes (4).
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ti-inflammatory cytokine. This result was in accordance 

with observations in a cohort study in which vitamin D3 at 

a higher daily dose of 20000 IU, influenced the function of 

CD4+T cells (34, 35). 

The presence of the VDR on beta cells in the pancreas, 

the stimulatory influence of calcitriol on insulin secretion, 

the decrease in insulin resistance in muscles as well as the 

reduction in inflammation that occur during insulin resist-

ance are some of the reasons why vitamin D has potential 

for diabetes prevention (23).

The two most important factors for the involvement of 

vitamin D in brain development and physiological brain 

functions are the existence of 1α-hydroxylase and VDR in 

the human brain. Cognition, Alzheimer’s disease, anxiety, 

and depression are some of the conditions in which the 

connection between vitamin D and disease pathophysiolo-

gy have been examined. 

It is well known that the activation and inactivation 

of vitamin D occur in the brain. The hypothalamus and 

substantia nigra are the two regions of the brain where 

1,25-dyhidroxyvitamin D is produced due to the presence 

of the CYP27B1 enzyme. The positive effects of vitamin D 

in the brain could be explained by the presence of the vi-

tamin D receptor in most neurons and certain glia and the 

impact of vitamin D on gene regulation that influences the 

expression of nerve grow factor and neurotrophin 3 and 

that affects neuroimmunomodulation processes (36). 

The hypothalamus and limbic system are connected 

with the pathophysiology of depression, and the presence 

of vitamin D receptors and hydroxylation enzymes in the 

aforementioned areas may indicate a connection between 

vitamin D deficiency and this disorder (37). One constraint 

of this assertion is the presence of divergent results from 

studies with different methodological and experimental 

approaches in subjects with anxiety or depression and 

healthy participants (38, 39). 

Autism, one epidemic condition that is diagnosed in 

childhood, may be correlated with vitamin D deficiency 

and hypovitaminosis D during the prenatal period or dur-

ing early childhood. Hypovitaminosis D is recognized as 

one of the potential risk factors for autism, and this hy-

pothesis is based on evidence from epidemiological and 

clinical examinations (40). However, research on this topic 

is preliminary, and more extensive studies should be con-

ducted in the future (41). 

PHARMACOKINETICS 

Pharmacokinetic processes of vitamin D are well 

known because of a large number of studies with radiola-

belled vitamin D3 in both humans and animals, which can 

considerably facilitate the clinical application of vitamin D 

according to the characteristics of an individual. 

The proximal part of the small intestine is the location 

where the majority of vitamin D absorption occurs. An es-

sential factor for this process is the presence of normal bile 

Cancer diseases are one of the leading causes of mor-

tality in the world, according to the World Health Organ-

isation; 19,3 million new cases are anticipated to emerge 

per year until 2025. There is evidence that vitamin D con-

tributes to these pathological conditions, which underlines 

the importance of adequate vitamin D supplementation 

in this patient population (24). Epidemiological research 

on the influence of sunlight on cancer has been conducted 

since 1936 in the USA. Different studies such as case con-

trol and prospective and retrospective trials have affirmed 

the connection between vitamin D and 15 different types 

of cancer where the anticancer mechanism of vitamin D 

by VDR is associated with the regulation of proliferation, 

differentiation, apoptosis and angiogenesis in normal and 

cancerous cells (25, 26). Data from the study that examined 

risk from breast cancer, one of the most common disorder 

of this type, observed a risk reduction for almost 58% at 

25(OH)D level >38 ng/ml (27).

Vitamin D impacted to cardiovascular disease pre-

vention due to the availability of VDR on the endotheli-

um and vascular smooth muscle and cardiac muscle cells. 

The anti-atherosclerotic effects of vitamin D included 

the inhibition of the foam cell formation and smooth cell 

proliferation, the expression of adhesion molecules on 

endothelial cells and the release of inflammatory media-

tors (28). Vitamin D also affects hypertension, one of the 

most common non-communicable diseases. Hypotensive 

effects occur due to the inhibition of the renin-angiotensin 

system in the juxtaglomerular apparatus of the kidneys i.e. 

due to the down-regulation of renin gene transcription by 

1,25(OH)
2
D. The inhibition of renin expression by calcit-

riol occurs due to the binding to the transcription factor 

cAMP-CRE- binding protein, which disables renal tran-

scription. The prevention of primary hyperparathyroidism 

and the regulation of calcium metabolism are complemen-

tary mechanism of the hypotensive effect (29, 30). Clini-

cal experience about this hypotensive is controversial and 

results from meta-analyses that show a negative correla-

tion between serum calcidiol level and blood pressure. The 

results of a multicentre clinical trial may provide more de-

tailed information (31). 

Studies that evaluated the influence of vitamin D on the 

development and modification of clinical pathways of auto-

immune disorders have presented positive results regard-

ing the significance of vitamin D in cytokine production, 

in inflammation decreasing and the induction of immune 

cells. It is well known that this vitamin increased the quan-

tity of Th2 lymphocytes and exerted immunoregulatory 

and anti-inflammatory effects via the induction of den-

dritic cell proliferation (32, 33). The influence of vitamin D 

on autoimmune processes has most often been evaluated 

in disorders such as diabetes, multiple sclerosis, rheuma-

toid arthritis and Crohn’s disease. A randomised, placebo 

controlled study revealed that participants with multiple 

sclerosis who take vitamin D at a daily dose of 1000 IU, 

apart from an increase in calcidiol levels, had a higher level 

of transforming growth factor (TGF)-β1, which is an an-



7

for the consensus about a key marker for the determina-

tion of vitamin D status in individuals (47). 

Apart from the hydroxylation enzymes, 24-hydroxylase 

is important for vitamin D metabolism, and its role is re-

flected in the catabolism of both vitamin D metabolites. 

Metabolic pathways of ergocalciferol and cholecalciferol 

are intertwine, but studies based on the clinical examina-

tion of differences after oral ingestion of these two forms 

have noted the controversial results.

Vitamin D is excreted predominantly via the bile and fae-

ces, and a smaller portion is excreted through the urine (6). 

FACTORS RELATED TO
VITAMIN D DEFICIENCY

Because the cutaneous production of vitamin D is a 

crucial step for the generation of an adequate vitamin D 

level, it is important to examine overarching factors that 

can influence this stage. These factors involve the season 

of the year, geography, clothing style, age, gender, skin type, 

obesity, sun exposure time, using of sunscreen, etc. (48). 

Important factors that have an enormous influence 

on vitamin D3 synthesis are the time of day when skin is 

exposed to the sun light, the time of the year and the ge-

ographical position, i.e. the latitude because these factors 

determine the solar zenith angle, and it is well known that 

a smaller solar zenith angle is linked to intensive UV ra-

diation (49). A combination of factors that can create un-

favourable conditions for vitamin D production at some 

period of the year in a country with a latitude below 350 

can be present during most of the year, while for higher 

latitudes value can exist during the winter months. Serbia 

is a country that extends into the Balkan Peninsula, and 

the geographical position between 41°53′ and 46°11′ im-

pedes vitamin D production from April to October, (50). 

Bandeira and co-workers has shown that countries with a 

lower latitude position exhibit a high prevalence of vitamin 

D deficiency, from 50% to 97% (51). 

In order to assess the real picture of deficiency, many 

studies were performed at different locations worldwide, 

and these results were also devastating. In the United 

Kingdom, the prevalence of vitamin D deficiency in the 

general population was 87,1%, in Germany, the prevalence 

was 50%, in Spain, the prevalence was 33,9%, and in Italy, 

the prevalence was 17% (52-55). A report from the Inter-

national Osteoporosis Foundation about hypovitamino-

sis D in Europe reported concentrations of 25(ОH)D of             

˂ 25 nmol/l in 2 to 30% of the adult population and 75% of 

the geriatric population (56). Alarming data were shown 

in a cross-sectional study of the adolescent population in 

ten European cities where hypovitaminosis D was pres-

ent in 80% of the evaluated population, and almost 40% 

of individuals exhibited deficiency (35). Medical students 

were also part of the hypovitaminosis D framework in sev-

eral countries such as Saudi Arabia, Spain and Serbia (52, 

58, 59). A recently conducted cross-sectional study in the 

acid secretion due to the lipophilic structure of vitamin 

D. Bile acid is an indispensable factor for the incorpora-

tion of nonpolar molecules of vitamin D into the micelles 

of bile salt, after which it can be absorbed into the liquid 

phase. Normal stomach and pancreas secretion and diffu-

sion through the liquid layers are additional factors for this 

pharmacokinetic step. In compliance with the aforemen-

tioned factors, the cause of reduced absorption is clear 

in intestinal diseases such as biliary obstruction, chronic 

pancreatitis, Crohn’s disease, renal insufficiency, etc. (42, 

43). The effect of malabsorption syndrome on vitamin D 

absorption was evaluated by Satia and co-workers, and 

their results indicate that vitamin D3 absorption was high-

er in healthy subjects than in patients with malabsorption 

disease (44).

The following pharmacokinetic step, distribution, be-

gins after the absorption of exogenous vitamin D in the 

small intestine. Distribution occurs due to the transfer of 

absorbed vitamin D into the lymphatic system. Vitamin D 

is then transported to circulation and binds to the vitamin 

D binding protein after which the resulting complex con-

tinues to the liver. Because the vitamin D binding protein 

is a key substance for distribution, it should be noted that 

hepatic impairment, nephrotic syndrome and malnutri-

tion negatively impact distribution while pregnancy and 

estrogen therapy have contradictory effects (45).

The metabolic pathway of vitamin D consists of two 

hydroxylation reactions that take place in the liver and 

kidneys in the presence of cytochrome P450 enzymes 

that function as oxidases, including 25α-hydroxylase, a 

27A1 cytochrome P450 isoform, and 1α-hydroxylase, 

a CYP27B1 isoform. These reactions are crucial for the 

creation of a physiologically active vitamin D form. Eex-

periments have demonstrated that hydroxylation in the 

liver proceed by first order kinetics and that 75% of the 

total amount of vitamin D consumed, whether it is ex-

ogenous or endogenous, undergoes first pass metabo-

lism through the liver (8). The final outcome of the first 

hydroxylation reaction in the liver is the formation of 

25-hydroxyvitamin D, which is the inactive form. Enzyme 

25α-hydroxylase is also detected in the skin, the kidneys 

and the intestines but in far less quantities. After calcidi-

ol formation, the vitamin binds to the vitamin D binding 

protein and is carried to the kidneys where it is filtered 

and reabsorbed in the proximal renal tubules. The availa-

ble data established the presence of the cell surface recep-

tors megalin and cubulin, which facilitate the endocytosis 

of calcidiol-VDBP by renal cells and other cells in the hu-

man body (46). Renal hydroxylation of calcidiol by 1α-hy-

droxylase forms calcitriol, a more polar and biologically 

active product of the second metabolic reaction. Particu-

larities of these two hydroxylation reactions are not only 

specific to the type of enzyme but also depend on endo-

crine mechanisms. An interesting observation is that the 

formation of 25(OH)D is independent of endocrinology 

and occurs exclusively in response to the concentration of 

available vitamin D, this attribute can be another reason 



8

in humans (69). Nevertheless, research that has examined 

correlations between vitamin D serum levels and body 

mass index showed opposing results (70). 

Apart from fat cells, vitamin D made in excess can be 

stored in the muscles, liver or skeleton, which prevents the 

attainment of a toxic dose during supplementation. This 

knowledge about fat storage in vitamin D created confu-

sion regarding the sudden release of vitamin D deposits in 

some situations such as weight loss, for example, whether 

this leads to a toxic dose in the human body. The results 

from studies have not confirmed this theory until now, and 

experimental research performed with radiolabelled vita-

min D has shown that the adipose storage process is not 

indefinite and even this process is associated with the half-

life of vitamin D in the whole body (71). 

VITAMIN D DEFICIENCY

Vitamin D deficiency is a problem that has existed 

since the early years of the 19th century with the emer-

gence of the migration of populations from rural to urban 

regions, and this problem still exists all around the world 

in accordance with technology, modernization and life-

style changes. All types of individuals are vulnerable to 

vitamin D deficiency, not only children as was considered 

earlier. Deficiency in children is associated with rickets, 

and deficiency in adults and older individuals is associ-

ated with osteomalacia, osteoporosis and consequently 

bone fracture (9). 

Evidence from studies shows the significance of 

raising awareness about the influence of vitamin D 

deficiency on health status in the general population; 

25-hydroxyvitamin D (25(OH)D) levels that represent 

normal, physiological, values of vitamin D are linked 

with risk reduction for the above mentioned diseas-

Shumadia region on healthy medical students showed a 

significant presence of vitamin D deficiency (60). Several 

reports about the status of this vitamin from studies con-

ducted in Southeast European countries in various popu-

lation groups are shown in Table 1 (60-65).

Currently, computer models created by researchers 

have been used to determine the amount of UVB radiation 

required to achieve an adequate level of vitamin D in indi-

viduals according to their skin type and place of residence, 

but the existence of the above mentioned factors disable 

the use of these software programs in clinical practice (14).

Society modernization and health education about 

skin care and harmful sun influence that can be reduced 

by using cosmetics products with the appropriate sun 

protection factor (SPF) have led to the occurrence of a he-

liophobic attitude in both females and males, which has 

created suitable conditions for vitamin D deficiency (66). 

An interesting observation from a descriptive study that 

was carried out in London was that participants were not 

aware that sunscreen preparation blocked vitamin D syn-

thesis (67). 

Human aging leads to a decreased concentration of 

7-dehydrocholesterol, which consequently negatively im-

pacts the process of vitamin D synthesis. Study data indi-

cate that the capacity is reduced to almost a quarter after 

70 years compared to young adults (49). 

Skin type varies from nation to nation, and dark skin re-

quires much more UVB radiation than lighter skin, which 

is experimentally affirmed due to the large amount of mel-

anin that absorbs UVB light and consequently decreases 

the availability of vitamin D3 (68). 

A number of studies indicate that gender affects levels 

of 25(OH)D, whereby higher levels are recorded in men; 

this is scientifically explained by the greater amount of 

adipose tissue in a woman’s body that can sequester en-

dogenously produced vitamin D and can store this vitamin 

Table 1. Vitamin D status at the Southeast Europe country

Country
Year of the study 

conduction
Population

Number of 

participants

Mean 25(OH)D

level

Percentage 

of vitamin 

D defi ciency 

patients

Season

Bulgaria61,62
2014

Adults patients 

with chronic 

hepatitis C viral 

infection

296 50.40 nmol/l 

49%

Winter

2012 Adults 2032 38.75 nmol/l 21,3% Winter

Croatia63,64

2013
Postmenopausal 

women
194 49.1 nmol/l 29.6% N.A.

2013

Adults with acute 

coronary

Syndrome

60 34.9 nmol/l
76%

N.A.

Romania65 From 2012 to 2014
Very young and 

very old 
6631 29.95 ng/ml 26.1% All seasons

Serbia60 2012
Young, healthy 

adults
86 13.26± 4.86 ng/ml 88.37% Summer
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GUIDELINES

According to the results of clinical studies, the upper 

limit of the vitamin D dose that has no connection with 

harmful effects ranges from 50 μg/day (2000 IU/day) to 

100 μg/day, which is a valid recommendation in Europe 

and North America (18). 

Consistent with the scientific evidence presented by 

Holick et al., a supplemental dose of 10000 IU/daily of vita-

min D in individuals without adequate sunlight exposure is 

safe, but the authors recommend a daily dose of 1000-2000 

IU of vitamin D; therapeutic doses are larger (9). Moreover, 

a recommendation by the same author is that requirements 

for vitamin D can be met in the Caucasian population by ex-

posing 10-15% of the skin area such as the neck, head, arms 

and legs to sun for 10-15 min daily or 2-3 times weekly from 

10 a.m. to 3 p.m. (50). This statement should be taken with 

some reservation due to the previously mentioned factors 

that determine the quantity of synthesized vitamin D. 

CONCLUSION

Vitamin D deficiency is a key public health issue world-

wide that requires comprehensive analyses to construct in-

ternational guidelines for vitamin D supplementation that 

will decrease the proportion of adverse effects of vitamin 

D deficiency. A sedentary lifestyle and heliophobic behav-

iour should be starting points that need to be eradicated 

in order to achieve optimal vitamin D levels in individuals.

The available literature suggests contradictory conclu-

sions about vitamin D supplementation that may confer 

benefits in humans. Furthermore, more systematic reviews 

to unify and analyse the results and the validity of numer-

ous studies of vitamin D around the world are needed.
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