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Abstract

Vitamin D is identified as an essential vitamin serving as a
primer steroid in the metabolic and biological processes in
the organism. Since Vitamin D is considered as having a
structure of direct-indirect effect for many processes in the
organismand its capability to serveasasteroid, it can bealso
denominated ashormoneD.

We did an editorial study which is based on the micro-
analyse method, which contains the required definitions
under the relevant subject scope, created by syncretizing
the information, results and comments obtained from
passed and actual studies. It is found that Vitamin D has
effects on the muscular functions that the direct effect in
respect of increase of the athletic performance (on athletes)
has not become definitive, however, that’s its deficiency can
have negative effects on the performance. It is seen that
Vitamin D deficiency has destructive effects on the muscle
tissue (muscular atrophy, impairment of the cross-bridge
formation, muscle weaknesses). It also causing bone
mineralization disorders in adults that causes unfavourable
conditions like pain and weakness in the muscles, bone
pains, difficulties in walking. And it was determined, that
the fibre type, which is mostly affected by such kind of
negations occurred particularly in case of its deficiency, is
the Type II (particularly muscular atrophy). It has also been
defined, that qualified increase in the VDR (Vitamin D
receptor) levels can be obtained by means of supplements
provided to individualswith Vitamin D deficiency.

Introduction:

Vitamin D, which existence and importance recently we feel
mostly and hear and face quite frequently its deficiency,
shows its effect at many points of the organism through
directand indirect ways. Vitamin D need is met by sunlight
and in few amounts from nutrients. Since the amount of
vitamin obtained from nutrients is quite few and
insufficient, at this point the most important thing is how
much weareable to exploit thesunlight. Byvirtue of that the
effects of Vitamin D in the organism is revealed, is more
reflected and hasacquired currency, it drew attention as the
indirect reason of many problems faced by humans.
Therefore, due to the reason of the difficulty to receive it,
the Vitamin D deficiency in human has become more
sensible and important. Vitamin D deficiency is
particularly seen more in the elderlypopulationhowever it
is seen commonly in the population (Allain & Dhesi, 2003).

And considering the world population, the rate of human
with Vitamin D deficiency shows incredible increases like
88% (Bendik et al., 2014). And it is stated, that factors
triggering the Vitamin D deficiency are developing
depending on more like suicide situations i.e. depressive
emotional and psychological disorders (Grudet et al., 2014),
neural disorders, regression in mental functions (Cheietal.,
2014), increase in cancer risks (Holick, 2006), depression
(Polaketal.,2014).

Its deficiency causes the rickets mainly due to
insensitivity towards Sunrays is determined in 1822
(Maozolowski, 1939). Thereafter it was reported that
nutrition with codfish liver oil may replace the sunlight in
the treatment of rickets (Mellanby, 1918) and this nutrition
factor was officially defined as Vitamin D (McCollum et
al.;1922).

Vitamin D is a vitamin soluble in oil and as of being
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discovered in the liver of the codfish (McCollum et al., 1922)
it is identified as an essential vitamin serving as a primer
steroid in the metabolic and biological processes in the
organism (Dahlquist et al., 2015). Since Vitamin D is
considered as having a structure of direct-indirect effect for
many processes in the organism and its capability to serveas
steroid, it can bealso denominated as hormone D.

After transformation of Vitamin D into biologically
active form (1, 25-dihydroxy vitamin D) it takes the role of a
regulator in the expression of many (>900) gene variants
(Wang et al., 2005). It is defined, that these expressions
have important effects on many general health factorsi.e.,
inflammation activated (induced) along exercise, tumour
inhibiting genes, neural functions, cardiovascular health,
sugar metabolism, bone (sufficient Ca density) health and
musculoskeletal performance and onperformancebased
parameters (Smithetal., 2012; Close et al., 2013).

Biochemical structure and action mechanism of
the D Vitamin:

Vitamin D moves in the circulatory system via binding
proteins (Holick, 2011) and shows is existence during the
three-phased enzymatic reaction (25-hydroxylation,
1ahydroxylation and 24 hydroxylation) process (Bikle, 2014;
Prosser & Jones, 2004; Dahlquist et al., 2015).

Vitamin D continues its function in the body by the
intermediation of the endocrinal and autocrine
mechanisms. The most known of these functions is the
endocrinal function, which increases the Ca absorption in
the intestines and the osteoclast (cell/bone resorption
catabolizing the bone tissue) activity (Owens et al., 2018).
And the autocrine mechanism (path) plays role in the basic
metabolic processes i.e. gene expression, protein and
hormone synthesis, immunity/ inflammatory responses,
positive cell cycleand synthesis (LeBoff et al., 2020).

Another situation, where the autocrine path plays a
role, isits effect of Vitamin D on the musculoskeletal tissue.
The reason of the intensity and studies performed recently
regarding this subject is the effect of VDR’s (vitamin D
receptors) present in the muscle tissue. Thus, the relation
of the Vitamin D and musculoskeletal system is
established. The effect of the Vitamin D is realized via two
mechanisms (Ceglia & Harris, 2013). The first one is the
direct effect of the 1.25 (OH) D vial the VDR’s in the muscle
cell. The second one is the effectiveness of Vitamin D in the
Ca binding regions, which are effective for the muscle
contraction or its indirect effect in the Ca transportation in
the SR (sarcoplasmic reticulum) on increasing its number
(Angelineetal., 2013).

Vitamin D is also effective on the muscle protein
synthesis and arrangement of the cell proliferation (cell
growth), it is further effective on the muscle function via
transporting Ca & P along the cell membrane while
arranging the phospholipid metabolism (Zhang et al.,
2019).
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It is shown, that Vitamin D contributes also on the
effectivenessof the stimulation of phosphor containing
compounds on the muscle power, which occurs in result of
the homeostasis and PTH (parathormone) oscillation by
the effect of Ca on the arrangement of cell intern-extern
levels(Buitrago et al., 2013). Besides, it is referred that
Vitamin D may cause in an indirect manner an increase on
the muscle mass and power generation by inducing the
synthesis in some muscle proteins. Further it is stated, that
the Vitamin D is capable to create a change in the size and
number of muscle fibres of type II, that its deficiency is
causing reduction of the intramyonuclear VDR gene
expression level and to muscle fibre atrophy of type II, and
may also support myopathy (Dzik & Kaczor, 2019; Todd et
al., 2016; Todd et al., 2015; Demireret al., 2020).

D Vitamin and Musculoskeletal System Relation :
Duettoits high importance for the healthy mineralisation in
skeletal system, Vitamin D has gained a vital function.
Vitamin D deficiency causes some symptoms related to the
musculoskeletal system, and this is confusable with
musculoskeletal system disorders occurred in general
(Holick, 2002; Yener, 2007).

Studies on musculoskeletal system disorders in result
of verification of the VDR existence in the musculoskeletal
tissue provided an evaluation potential particularly
regarding the mechanical properties of the Vitamin D
function (Simpson et al., 1985; Bischoff et al., 2001). Along
the discovery of VDR, which is a Vitamin D receptor, the
determination of its existence in different tissues, the
mechanic connection between Vitamin D and its
composition is also affecting many diseases and health
conditions disorders (Haussler & Norman, 1969). Some of
these are; obesity, low inflammation (pyogenesis)
situations, insulin resistance, metabolic syndrome, type 11
diabetes (McGill et al., 2008), cardiovascular risks
(Kunadian et al., 2014), Dementia / Alzheimer (Littlejohns
et al, 2014), depression (Jhee et al.,, 2017) and cancer
(Garland et al., 2006).

While the VDR gene expression is at the highest level in
tissues like kidney, intestines and bones, it exists in approx.
250 human tissues and all further cell types in low-mid
levels (Verstuyfet al., 2010).

In a research where C2Ci2 and Gs8 cells were used, it
was proved theVDR has to send signals in downward
direction purposing the differentiation of myoblasts from
myocytes, and at the same timethat the VDR has to be
expressed in the skeletal muscles in order to protect the
musclevolume (Tanakaet al., 2014).

Where the VDR has to act rapidly, the first reacting one
is present on the fast-contracting muscle fibres. Thus, it is
remarked that the existence and sufficiency of Vitamin D
has an increasing effect on the muscle power coordination
and that it is normal that it has become a factor preventing
theirreduction(Suzuki et al., 2008; Holick et al., 2011).
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In elder women with low mobility having an insufficient
Vitamin D level, it was determined that the
intramyonuclear (in the vastus lateralis muscle) VDR
concentration increased in a rate of 30% without exercise
aftera 4 monthly Vitamin D supplementation (Ceglia et al.,
2013). In a research on rats with chronic obstructive lung
disease it was determined, that the VDR expression in the
extensor digitorum longus and soleus muscles of rats with
Vitamin D deficiency reduced compared to rats with
Vitamin D level in regular ranges (Cielen et al., 2016; Dzik &
Kaczor, 2019). Vitamin D deficiency is observed in a huge
part of the population and might have harmful effects on
the musculoskeletal system. Insufficient Vitamin D
synthesis caused by insufficient sunlight exposure and also
malabsorption occurs, which result from a Ca-poor
nutrition (Wolff et al., 2008; Vieth, 1999; Oztiirk et al.,
2013). Vitamin D deficiency causes osteomalacia(bone
mineralisation disorder) in adults. And this shows itself as
pain and weakness in the muscles. Muscle weaknesses
occurred accompanied by these may cause bone pains and
difficulties in walking (Karadavut et al., 2003; Reginato et
al.,1999). In conducted studies it is defined that the muscle
fibres of type Il of patients with osteomalacia myopathy are
moreaffected from this situation (Pfeifer et al., 2002)

Effectsof Vitamin D on the Muscle Tissue:

As known, the bone/ bone mineral density of athletes is
higher compared to sedentary individuals. Regular physical
activity/ exercise/ training ensures the development of a
bone structure complying with the different body structures
and changes in the body structure depending on the sport
branch in which the individuals are interest and deploy
(Owensetal., 2018).

Thinking with reference to the positive effect created by
the exercise on the Vitamin D function (increase in the
enzymatic activity) (Macdougall et al., 1998), comparing
athletes with sedentary individuals, the sensitivity of
athletes to Vitamin D deficiency has been considered as
lesser. However, it should be considered that the sensitivity
could be increased. To this extent, in a meta-analysis study;,
where the results of 23 different researches conducted on
2313 athletes have been interpreted, it was indicted that the
Vitamin D rates in 56% of the athletes are at an insufficient
level (Farrokhyaret al., 2014; Dahlquist et al., 2015).

Studies on athletes did not reveal any solid proofs
showing the direct effects of Vitamin D on performance.
Addressing different age groups, it was defined that intake
of Vitamin D supplement increases the protection and
healing of bone health and minimizes the risks of, injury
and falling on the elder population. The definition of the
VDR present in the muscle tissue as Vitamin D receptor
caused that the subject whether the Vitamin D has a direct-
indirect effect on athletes has become a matter of huge
interest, and relevant studies have become more intensive
(Geserick et al., 2020; Iolascon et al., 2017; Owens et al.,
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2018; Demireretal., 2020).

Muscle fibres constituting voluntary muscle
contractions consist of three different types. Type I muscle
fibres; are known as the fibre type, which are can contract
slowly and for a long time identified as oxidative fibres and
where the resistance factor is in the forefront and where
intensive mitochondriaand capillary (capillary vessels) set-
up exist; and which ensures the energy generation-
utilization through aerobic (oxygenated) way and where the
load of the organism to perform work at low strengths for a
long time is met as energy and work. Type II-a muscle fibres;
are fibre types defined as fast oxidative fibres meeting the
energy need mostly via aerobic ways and providing benefits
also via glycolytic ways, constituting a rapid and strong
contraction ability, having a lower tiredness resistance
compared to type I fibres, however able to show a higher
performance capacity compared to type II-x (b) muscle
fibres. Type II-x muscle fibres; are fibre types defined as
rapid glycolytic fibres, meeting the energy need via
anaerobic (oxygen-free)ways, constituting a faster and
stronger contraction ability, however developing tiredness
in a short time and recognized as presenting an explosive
power (Clamann & Broecker, 1979; Dikmenoglu, 2000;
Oztiirk et al., 2013).

It is known, that Vitamin D has effects on muscular
functions. It is possible to express this with direct effects on
the protein synthesis in the muscle tissue and on the cell
growth (Boland, 1986; Serensen et al., 1979). Muscle
weaknesses are generally determined in proximal muscles,
while muscular atrophy (weakening, contraction) is
particularly determined in type I fibres (Russell, 1994).

Itisindicated that Vitamin D deficiency has destructive
effects on the muscle tissue (Sato et al., 2005). These effects
are explained with muscular atrophy (Glerup et al., 2000)
and situations like disorders in the cross-bridge
development referred in the muscle contraction theory
(Pfeifer et al., 2002) and that these destructive effects may
cause effects impairing and regressing indirectly the
athletic performance.

Conclusion:

Thedirect effects of Vitamin D supplement on sportand the
performance of athletes have become conclusive. However,
indirectly considering the biochemical structure and effect
mechanisms, it should be remembered, that the existing
Vitamin D deficiency of the athlete affects the training-
competition performance negatively. Considering
particularly its effects (protein synthesis in the muscle
tissue and cell growth) on the muscular functions, it can be
considered individually as an important and also
supporting supplementary factor in respect of person’s
psychomotor skills and general performance. In studies
focused on athletes it was determined that the number of
ones with insufficient Vitamin D levels is predominant.
However, addressing the age group, it was determined that

Ambient Science (2020)

http://www.caves.res.in/

Vol.-07(Sp1):p. 88



Ambient Science, 2020: Vol. 07(Sp1); 86-91
DOI:10.21276/ambi.2020.07.sp1.rv01

the Vitamin D supplement has important effects on the
elderly population in respect of protecting and improving
the bone health and minimizing the risks of injury and
falling.

According to results supported by studies, it is
determined that type Il muscle fibres are negatively affected
(muscular atrophy-myopathy) particularly in case of
Vitamin D deficiencies. Besides, it is cited that Vitamin D
may create a difference in the size and number of type II
muscle fibres. Additionally, it is remarked that Vitamin D
may cause indirectly an increase of the muscle mass and
power generation inducing the synthesis in some muscle
proteins. However, where it is required to move quite faster,
since VDR is on the first reacting, rapidly contracting
muscle fibres, it is stated that it is normal, that the
exigstence and sufficiency of Vitamin D has an increasing
effect on the muscle power-coordination and has becomeas
afactorpreventing falling.

Reduction of the bone mineral density, which is a factor
considered intensively in respect of women during the
menopauses, may trigger faster and higher reductions by
the destructive effect of the Vitamin D deficiency.
Accordingly, particularly prioritising these periods of
women, considering the vital function of VDR in the bone
mineralization atall adults, it is important to regularly track
and take under control the Vitamin D supplements and
deficiencies. Otherwise, long term lack of tracking may
cause that the motor systems suffers intensive loses in time
along musculoskeletal disorders and destructions on the
muscle tissue (muscular atrophy, muscle weaknesses, bone
mineralization disorders, muscle and bone pains,
difficultiesin walking).

Considering that factors triggering the Vitamin D may
also cause on long term all these negative effects (i.e.
suicidality, neural disorders, regression in mental
functions, increase of cancer risk and depression), it is
thought that direct intake (sun, nutrition), which pioneers
the elimination of the deficiency, or intake via indirect ways
(medication) and supplements are important in order to
prevent potential difficulties.
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