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VITAMIN D AND MUSCLE

The last decades have seen increased scien-
fific interest in the extra skeletal effects of the
vitamin D system, including ifs role in muscular
function. The hypothesis that this seco-steroid
was involved in muscle activity derives from
the observation that vitamin D-deficient chil-
dren affected by rickets experience serious
muscular impairment, defined as “myopathia
rachitica” [1]. In the first half of the last centu-
ry, to better understand the pathophysiological
mechanisms of such muscular damage, a the-
ory was formulated based on the key role of
alterations of phosphoric ester concentrations
in muscle tissue [2]. This theory, however, did
not fake info account the effects on skeletal
muscle of secondary hyperparathyroidism due
to hypovitaminosis D. In fact, it is known that
the hyperparathyroidism leads to significant
muscular damage characterized by muscle
atrophy due to the loss of mainly type Il fib-
ers [3]. This damage is different from pathog-
nomonic alterations of primary myopathy, in
which there is degeneration or even necrosis
of muscle fibers, together with a proliferation
of the endomysial connective fissue.

The discovery of vitamin D receptors (VDRs)
is a milestone in the study of vitamin D pleio-
tropic effects [4]. At the muscular level, VDRs
have been identified not only in the myoblasts,
myotubes and muscle cells of animal models,
but also in human myocytes [5,6]. As a con-
sequence, vitamin D is said to act on multiple
cellular components of skeletal muscle during
the different stages of an individual’s life, start-
ing from embryonic development. In parficu-
lar, it is involved in fissue repair affer injury
in all stages of life, until regressive alterations
due to aging.

The effects of vitamin D on muscle fissue occur
mainly by means of two mechanisms: a long-
term one, which involves genomic actfion, and
a shortHerm one, which enfails a non-genomic
mechanism [7]. The two mechanisms act in
synergy, both on muscle confraction, in re-
sponse to calcium intracellular fluxes (rapid
response), and on muscle strength and mass
(longterm response).
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Through the first mechanism, vitamin D sfim-
ulates the proliferation and differentiation of
muscle cells, modulating gene transcription
in the myoblasts and thereby increasing
synthesis of specific muscle proteins, such
as myosin and the calcium-binding protein
CBP. This mechanism involves a direct bond
of vitamin D activated by the nuclear VDR/
retinoid-X receptor (RXR] complex with spe-
cific DNA sequences, known as vitamin D
response elements (VDREs), with the result-
ing transcripfion regulation. In addition to
modulating calcium absorption, vitamin D
regulates phosphate metabolism at the mus-
cle level to meet structural and energetic
cellular needs. Recently, Shirvani et al. [8]
have shown that the genomic mechanism
acfivated by vitamin D is proportional fo
the dosage of vitamin D taken as a supple-
ment. In fact, the expression of 162 genes
(86 upregulated and 76 downregulated)
in peripheral white blood cells were influ-
enced in normal adults who took 600 1U/
day for &6 months, while the number of these
genes doubles with an intake of 4,000 U/
day and even increases eightfold if the dose
reaches 10,000 IU/day.

By means of the shortferm mechanism,
meanwhile, vitamin D regulates the calci-
um-dependent action of second messengers,
which come into play both in the inferaction
between cytosol and mitochondria in order
to modulate muscle energy metabolism, and
in the mechanisms at the base of muscle
contraction [?]. Non-genomic mechanisms,
which occur following binding between vi-
tamin D with the nuclear VDR (nVDR) and/or
the membrane VDR (mVDR] associated with
caveolin-1, include the activation of intracel
lular signal molecules such as PKC, PI3K,
MAPK, CaMKIl and PLA2 [10]. In its active
form, calcitriol influences muscle function by
acting on the dependent voltage channels
SOC/TRPCS to regulate calcium intracellular
levels and consequently the excitation-con-
fraction coupling of skeletal muscle fibers.
More recently, a third mechanism has been
suggested through which vitamin D presum-
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Biological mechanisms of vitamin D effects on skeletal muscle.

ably exerts beneficial effects on muscle
function, namely by inhibiting the trans-dif-
ferenfiation of myogenic precursors in
adipocytes, thereby reducing intra- and
inter-muscular adipose fissue accumulation
(IMAT) [11]. In vitro studies on myoblasts
exposed fo calcitriol [12] demonstrate an-
other of its hypothetical indirect effects: vi-
tamin D inhibits the secretion of myostatin,
a key negative regulator of muscle mass
(Fig. T).

From a clinical point of view, the evidence
that vitamin D can play a key role on mus-
cle function mainly derives from the many
studies performed on the confroversial as-
sociation between hypovitaminosis D and
risk of falls, particularly during the aging.
As it is commonly known, older people,
especially when instituionalized, show re-
duced VDR expression in muscle and lower
serum concentrations of 25(OH)D [13]. It
has been suggested that vitamin D deficien-
cy plays a key role in the agerelated mus-
cle mass loss and that muscle impairment
precedes the onset of biochemical aspects
of osteomalacia [14].

Hypovitaminosis D is closely associated
with both the reduction of muscle mass
and with the worsening of appendicular
muscle strength — in particular with regard

fo antigravity muscles — and physical per-
formance [15,16]. It is interesting fo note
that the same myopathic pattern present in
rickets, with a prevalent reduction of type
Il fibers, is found in elderly people affect-
ed by longterm vitamin D deficiency. This
pattern is also evident in sarcopenia, a
disease characterized by a reduction of
muscle mass and function. Such deficiency
increases the risk of falls and fragility frac-
tures [17], which in turn initiates a vicious
circle of reduced mobility and autonomy
and an exacerbation of hypovitaminosis D
status because of fewer outdoor activities
and less exposure fo sunlight [18].

By means of its many receptors and enzymes
ubiquitously present in the human body, the
vitamin D sysfem contfributes to modulafing
muscle performance by regulating various
functions related to physical performance,
androgen synthesis, cognitive sfatus and
neuroprotection. Deplefion of active vita-
min D needed fo carry ouf the organism's
physiological functions triggers a series of
pathological events which compromise mus-
cle function (Fig. 2).

Although  hypovitaminosis D and  altered
muscle functions are more common later in
life, we should emphasize that vitamin D
also plays a key role in the physical and

Note:
In red: negative modulation
In green: positive modulation

cognifive performance of younger subjects.
In fact, a recent study suggests the use of
vifamin D supplementation in specific popu-
lations which require high-level physical and
psycho-emotional performance, such as that
demanded of soldiers in wartime situations.
Weniz et al. [19] claim that vifamin D sup-
plementation given to soldiers affected by
hypovitaminosis D represents a noninvasive
and low-cost measure for improving combat
performance.

Among the many exfra skelefal actions af
fributed to the vitamin D system, that which
regards sfriated muscles undoubtedly repre-
senfs an intriguing element in understanding
the mechanisms at the basis of its complex
biological function. Pre-clinical, clinical
and observational studies appear to con-
firm a close relationship between serum
25[OHID and muscle activity, in particular
in improving functional performance and in
reducing the risk of falls and disability.

At the moment, however, there is no agree-
ment about the optimal serum levels of
25(OH)D to reach, the dosage to give as
supplement, or the frequency of administra-
fion which would lead to the attainment of
potential beneficial effects of vitamin D on
muscle function.
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Pathologic mechanisms of hypovitaminosis D in compromising muscle performance.
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