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Abstract

The molecular structure of Vitamin D is closely allied to that of classical steroids such as
cholesterol. Technically Vitamin D is a seco-steroid hormone. Vitamin D3 (cholecalciferol) is
normally produced by exposure to sunlight of the precursor (7-dehydrocholesterol), present in
the skin. Vitamin D supplementation vary between 200 IU to 1000 IU. Serum levels of 25(OH)D
are generally consider as a indicator of Vitamin D status.

Vitamin D plays an essential role in healthcare, related not only with developing and
maintaining a healthy skeleton. Its adequate supplementation reduce even the risk of caries and
oral infections. Furthermore Vitamin D as a steroid hormone, modulates many gene transcription
and has anti-inflammatory and cardiovascular protective effect. Uncertainly low serum levels of
25(0OH)D are associated with misbalance in lipid profile and dyslipidemia, sacropenia and
muscle weakness. Its insufficiency is also a risk factor for enhanced reception of pain, risk of
type 2 diabetes, and often falls occurrences.

Adequate Vitamin D status is protective against musculoskeletal disorders, infection
disease, depression, diabetes mellitus, autoimmune diseases and neurocognitive dysfunctions.

In sport activities and athletic population adequate serum levels of 25(OH)D increase

muscle strength, and physical performance, and should be monitored.
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Introduction

The molecular structure of Vitamin D is closely allied to that of classical steroids such as
cholesterol.

Strictly, Vitamin D is a seco-steroid hormone. Seco-steroids are hormones, in which one
of the rings of the cyclopentanoperhydrophenanthrenering structure of classic steroid, has
undergone fission by breakage of a carbon-carbon bond. In the instance of Vitamin D (both
Vitamin D3 and Vitamin D2) this is the 9,10 carbon-bond of ring B. A cholesterol derivative 7-
dehydrocholesterol (3-beta-hydroxycholestadiene-5(6)7) is pro vitamin D3, called also
cholecalciferol. The chief structural prerequisite of Provitamin D3 to be classified as a sterol, is
its ability to be converted, upon ultraviolet irradiation, to a Vitamin D3 (Figure 1.) [1].

Vitamin D3 (cholecalciferol) is normally produced by exposure to sunlight of the
precursor (7-dehydrocholesterol), present in the skin. Only few foods contain high concentration
of Vitamin Da3: fatty fish such as salmon and sardines, milk, egg yolks, cod liver oil and liver [2].

In contrast Vitamin D2, which is produced via ultraviolet irradiation (a photochemical
reaction) of sterol ergosterol (Provitamin D2 - 3-beta-hydroxy-24-methylcholestatrien-
5(6),7,22), cannot be produced by exposure of skin to sunlight. It is phyto-sterol with 28 carbon
atoms. All of these sterols are found in plant sources. Ergosterol is (Provitamin D2) is isolated
firstly from ergot and yeast fungi, but usually it is obtained from beer-yeast and mushrooms
[21[3]1[8]

To be active, Vitamin D3 undergoes two hydroxylations. First, it is converted to 25-
hydroxyvitamin D3 (25(OH)D3) in the liver. Then, to 1-alpha,25hydroxyvitamin D3 (1-
alpha,25(0OH)2 D3) in the kidney. The classical function of 1-alpha,25(OH)2 D3 is regulation of
calcium homeostasis [4]. However, Vitamin D receptor (VDR) is expressed in tissues not
involved in calcium metabolism, which mean it takes part in the regulation of many non-
calcemic function [5]. Adipose tissue is an important metabolic organ. It has an essential role in
energy balance and glucose homeostasis. It is the main storage site for Vitamin D. It also
expresses VDR and enzymes involved in Vitamin D metabolism [6]. Recent research has
demonstrated, that Vitamin D3 is active in adipocytes. It interact with membrane receptors,
adaptor molecules, phosphatases, and nuclear co-regulator proteins. Therefore, it participates in

the control of gene expression as well as cell signaling. Although peroxisome proliferator-
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activated receptor (PPAR) and Vitamin D signaling pathways regulate a multitude of gene

involved in different physiological function [7].

T-dehydrachelesteral
pro vitamin D

'V -radiation
(A photochemical
rearrangement)

colecalciferol
Vitamim Dis

Figure 1. Provitamin D3 ultraviolet irradiation.

It has been shown that Vitamin D3 is from 60% to 80% more potent than Vitamin D2 in
elevating serum 25(OH)D concentration. Moreover Vitamin D2 up-regulates the hepatic 24-
hydroxylase involved in the degradation of both the D2 and D2 forms of 25(OH)D, causing a
shortening of 25(OH)D3 half-time. For this reason, more reviews are focused on Vitamin D3
discussions [2].

Recently, a relationship between Vitamin D deficiency and reduced muscle strength has

been observed. Vitamin D receptors have been found on skeletal muscle fibers, and studies have
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shown that these receptors are involved in protein synthesis within the muscle, promoting muscle
growth [8].

Supplementation

The most safe and effective dose of Vitamin D supplementation for healthy adolescents is
currently unknown [9]. There are many different randomized clinical trials about the most
effective, safety and efficient dose. It vary between 200 IU to 1000 IU. Many studies suggest that
a dose of 1000 IU is required to ensure adequate serum 25(OH)D levels for skeletal and overall
health [10][11][12]. Before years there is a data, that intake of Vitamin D in children and
adolescents was 200 IU daily [13]. The American Academy of Pediatrics recommends a Vitamin
D supplementation dose of 400 IU in healthy adolescents based on 2008 published
guidelines[14]. More recently IOM proposed daily allowance of 600 IU for healthy individuals
age 1-70 years [15]. But signs of Vitamin D intoxication or PTH suppression did not occur with
even 1000 IU dose [9].

25(0OH)D is generally considered as the best indicator of Vitamin D status, however,
definite thresholds for Vitamin D status are not clear. Values commonly accepted as reference
range are <50nmol/L, considered as deficiency; <80nmol/L, considered as insufficiency, and
>375nmol/L, considered as toxic. Optimal concentration are not yet well determined, but the
optimal status is commonly consider to be between 100nmol/L and 175nmol/L [16].

Vitamin D intoxication are rare event. Excessive Vitamin D intake is present with risk of
kidney problems, hypercalcemia and hypercalciuria, symptoms such: poor appetite, weight loss,
abdominal pain, vomiting, constipation, polyuria and polydipsia, and in severe cases, life-
threatening dehydration [17]. For that, it should be a monitoring of clinical symptoms as well as
serum 25(OH)D and calcium levels.

Studies have yielded conflicting data with regard to the optimal dose of Vitamin D
supplementation for healthy adolescents. The differing results may be related to multiple
potential confounding factors, such as sunlight exposure leading to cutaneous Vitamin D
synthesis, difficulty ensuring compliance in adolescent subjects, and differences in dietary
Vitamin D intake [9].
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Role of Vitamin D in healthcare

Vitamin D plays an essential role in developing and maintaining a healthy skeleton for
humans and other land vertebrates. The major biological function of 25(OH)D is to keep the
serum calcium and phosphorus concentrations within the normal range. It is essential in
maintaining cellular functions and, enzymatic activities, and promoting mineralization of
skeleton [18]. Associations have been reported between vitamin D intake and risks of
osteoporosis, multiple sclerosis, rheumatoid arthritis and cancer [19].

Low levels of 25(OH)D determine a decrease of intestinal absorption and in the blood
calcium concentration, causing an increase in the level of parathyroid hormone [PTH], and this-
in turn-causes an increase of bone turnover and therefore an increase in the risk of fracture [20].
Low levels of 25(OH)D are associated with alterations in balance [21], falls [22], fractures [23],
and pain [24]. All this may contribute to a sedentary lifestyle and immobility, and therefore, to
frailty [25][26].

Vitamin D’s role in reducing the risk of dental caries has been explored [27]. Other
studies have linked Vitamin D deficiency to periodontal disease [28] and premature tooth loss
[29]. Indirect bactericidal effect of Vitamin D may manifest via the induction of cathelicidin in
reducing oral infections [30]. Nevertheless, it is more likely that low Vitamin D levels could be a
marker for poor oral hygiene, malnutrition, and reflect a low socio-economic state [31].

Vitamin D is steroid hormone, which modulates gene transcription by binding a nuclear
receptor found in numerous tissues. One of the genes regulated by Vitamin D is renin [32].
Vitamin D act an endogenous inhibitor of renin expression [33]. Evidence is also emerging with
reference to associations between Vitamin D deficiency and an increase incidence of
cardiovascular mortality and all-cause mortality [34]. Vitamin D has anti-inflammatory and
cardiovascular protective effects [35]. Its cardiovascular protective effects are mediated through
lowering blood pressure and vascular tone [36], preventing vascular calcification, improving
cardiac and smooth muscle cell function, and maintaining the health of the endothelium [37].
Vitamin D improve not only left ventricular structure, but also functional parameters of
contractility and relaxation [38][39]. In a recent report, the correction of Vitamin D deficiency
and hypocalemia resulted in control of incessant ventricular tachycardia and cardiomyopathy.
There is a possible role of Vitamin D deficiency as a casual factor for arrhythmia [40]. There is a

data from researching experiment with mice with genetic deficiency of activity, from loss of
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either the Vitamin D receptor or the or 1-alpha-hydroxylase enzyme (which converts 25-hydroxy
provitamin D to Vitamin D), develop hypertension and ventricular hypertrophy [41].

The relationship between lipid profiles, Vitamin D and biomarkers of cardiovascular
disease risk has clear clinical and public health implication.[42]. Studies have shown that an
altered lipid profile characterized by high concentration of atherogenic factors, such as high
LDL- and TG concentration, and low HDL concentration during gestation, might increase risk of
cardiovascular diseases. This may also result in undesirable outcomes for the mother and fetus
[43][44]. Vitamin D may be an important modifiable risk factor. Studies in humans have shown
that Vitamin D adequacy might be related to improvements in the lipid profile [45][46]. Serum
levels of 25(OH)D are inversely correlated with very low density lipoprotein and triglyceride
levels [47]. Vitamin D deficiency may cause an abnormal lipid profile by increasing peripheral
insulin resistance and contributing to metabolic syndrome [48]. Uncertainly low level of
25(0H)D is repeatedly associated with dyslipidemia [49].

Vitamin D insufficiency is a risk factor for enhanced reception of pain [31]. Based on a
number of data sets, a mechanistic link has been established between hypovitaminosis D and
diabetic neuropathy, as well as certain pain symptoms such as: arthritic pain, rheumatism and
fibromyalgia., in the general population [50]. Several observational studies have reported the
effects of Vitamin D in reducing the risk of type 2 diabetes (T2D) [51][52][53]. Release of
insulin including secretion in response to glucose from pancreatic beta-cells, at least in part
seems to be dependent on Vitamin D adequacy. Having physiological blood levels of Vitamin D
reduces the overproduction and tissue-damage caused by free radicals and blocks renin
production [54]. This result in decreased islet cells harm from the effect of hyperglycemia and
insulin resistance [55]. In addition, in person with T2D, short-term, daily supplementation of
Vitamin D reduces central obesity and T2D, particularly in the carries of the AA genotype [56].
However, it is postulated that sufficient Vitamin D status has a beneficial influence on glucose
tolerance in nondiabetic, weight-stable adults. These observations are independent of body mass,
suggesting that there are direct effect of Vitamin D on glucose-controlling tissues [57].

Aging is also a risk factor for Vitamin D insufficiency [58], defined as a serum 25(OH)D
concentration less than 50nmol/L [59]. Aging is accompanied by a shift in body composition
toward the increase in fat mass and a decrease in skeletal muscle mass [60]. The loss of muscle

mass and function termed sacropenia, is associated with physical impairment and disability
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[61][62]. Serum 25(OH)D is positively associated with muscle function [63][64], independent of
physical activity. Older adults with Vitamin D insufficiency are reported to be more likely to
develop sacropenia or proximal myopathy compared with adults with sufficient Vitamin D status
[65][66]. Vitamin D receptors has been identified in skeletal muscle [67] and Vitamin D
deficiency causes rickets in children and osteomalacia in adults, resulting in proximal muscle
weakness. There are some evidence, that Vitamin D and leucine-enriched whey protein
supplement improves muscle mass in sarcopenic older adults. Vitamin D may have enhanced the
anabolic response causing the better uptake of leucine [68]. Muscle atrophy, particularly Vitamin
D via type 2 fibers has been described histopathologically [69]. A dose of 800 IU/daily improves
bone and muscle health and reduce the risk of falls and fractures [70].

Falls are a serious health problem of the aging population and start to increase after 60
years old, and even more in the 70°s and 80's [71] About 25%-30% of the elderly women fall at
last once a year and in those with a recent fall history more than 50% will fall again during the
next year [72]. Falls have many consequences; injuries and fear of falling again restrict physical
and social activities [73]. The idea of a medical treatment that can reduce falls has appeal and
Vitamin D has been the most commonly studied opinion [74].

Several reports indicate an inverse relationship between Vitamin D deficiency and
depression [75][76]. It's deficiency worsens depression and mental health-related quality of life
among women [77]. Vitamin D affect T- and B- lymphocyte activation, as well as quantity
maturation and function of regulatory natural killer T-cells and their counterparts in the gut.
Consequently, Vitamin D deficiency decreases innate and adaptive immunity, leading to
persistent infections, chronic inflammation, and fatigue [78].

Researchers have found that there is a positive effect of Vitamin D supplementation
combining with isokinetic training in the rehabilitation of burned children [6]. Burned patients
are especially at risk of developing Vitamin D deficiency, because of low sunshine exposure, less
skin capacity to synthesize Vitamin D, poorer absorption with less activation on the kidney and
peripheral tissues, and fewer or lower expression of Vitamin D receptors in the peripheral tissues
[79][80].
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Vitamin D concentration and sport

Despite a wide number of studies performed on the general population, little is known
about the Vitamin D status of athletes. Significant variation in serum 25(OH)D concentration
have been found in the general population. Similar patterns have also been reported in relation to
athletic population [81]. Training in-doors has a negative effect on serum 25(OH)D levels with
insufficiencies reaching up to 80% compared to 48% in those training out-doors [82].

Serum 25(OH)D is an important hormone with a wide range of functions. Almost its
deficiency has been shown to impair muscle action [83] and can lead to decrease in muscle
strength, [84] particularly in the elderly, to whom most of the published work refers to. Bischoff
et.al. [85] postulated the importance of exposure to sunlight to serum 25(OH)D levels, where
institutionalized elderly demonstrated lower sunlight exposure and lower muscle strength
compared to controls. Holick [81] and Hamilton [86] have noted that serum 25(OH)D deficiency
has significant negative relationships with lower body power, performance [87] and grip strength
[88] in adolescent girls. A systematic review on the elderly, concluded that Vitamin D
supplementation alone improves physical performance and, in combination with calcium, could
result in reduced falls [89].

A particular influence of many factors, including skin pigmentation, early- or late-day
training, indoor training, geographic location and extensive sunscreen use, has been observed in
the in the specific population. Athletes, who train indoors, especially during the winter are prone
to serum 25(OH)D deficiency. There are results, that shown significant drop in average winter
serum levels of 25(OH)D, which was accompanied by a significant decrease in mean serum
calcium and significant increase in mean serum PTH, in professional football players, both
within the normal reference range [90]. The periodical measurement of Vitamin D serum levels
is the only procedure capable to define athletes’ status. There is a data, that suppose, at least 800
IU dosage of Vitamin D alone or in combination with calcium may confer for physical
performance measures [2].

Several studies have reported performance improvement of athletes after exposure to
artificial UVB. Cross-sectional studies also reported that 25(OH)D improves physical
performance in elder people [91]. Studies conducted in older individuals show that vitamin D
improves their functional capabilities [31]. Although the mechanism is not well understood,

evidence suggests a direct association between increasing body mass index (BMI) and Vitamin
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D insufficiency in adults [92]. Vitamin D deficiency has been related to muscle weakness and to
Insulin Like Growth Factor Binding Protein3 (IGFBP3). A Vitamin D and acute exercise merge
is proposed to modify the IGF system [93] The Insulin-Like Growth Factor (IGF) system has
implications in physical activity and exercise [94], and more recently in its relationship to
Vitamin D. Physical activity alone is correlated with decreases in disease, as are sufficient levels
of Vitamin D [95]. Its adequacy may sustain performance ability.

Vitamin D supplementation have a significant effect on upper limb muscle strength. It
was found that it improves upper and lower muscle strength in a healthy adults, athletic and non-
athletic population between the age of 18 and 40 years old [8]. Vitamin D supplementation
combined with an isokinetic training program increase quadriceps muscle strength and Vitamin
D levels [96]. It has also been postulated, that Vitamin D improves physical performance
measures such as muscle power and contraction speed [97]. In addition, Vitamin D affects neural
coordination and control on neuromuscular system, and there is growing evidence showing that

vitamin D has a neurotrophic effect on body [98].

Conclusion

Vitamin D serum concentration is essential for normal body state and its stage is
positively correlated with health status. It is related with many biological process, not only with
skeletal and muscle system, but also with cardio-vascular and endocrine system. Vitamin D
serum concentration is co-related with lipid profile, aging and risk of falls and is widely used for
preventing of many disease, such as diabetes, cardio-vascular problems, depression. Moreover it
takes a part in regulation of essential elements and it support recuperation after some
inflammation process.

Vitamin D supplementation should be a part of daily-diet specially in group of active
sport-training populations. Coaches and medical staff should consider monitoring serum
25(0OH)D levels in their athletes throughout the year macrocycles, and especially during the

winter months to prevent its decrease.
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