REVIEW

®

© A.IN. CrenaHoBa'*, T.J1. KapoHoBa'?, A.A. bbicTpoBa'?, B.b. bperosckuin®

Mep.bit CaHKT-MeTepbyprcknii rocyaapCcTBEHHbIM MEAVLMHCKNIA YHUBEPCUTET M. akagemuka W.MN. NMaBnoBa, CaHKT-TNe-
Tepbypr

2HauwmoHanbHbIN MeaUUMHCKU UCCNEefOBATENbCKUIN LIeHTP umeHn B.A. Anma3oBa, CaHKkT-TeTepbypr
3CaHkT-NeTepbyprckuin TepputopmanbHbIi guabetonornyeckuin ueHTp, CaHkT-NeTepbypr

CaxapHblii guabet (CLl) 2 Tuna sBnsieTcA rMobanbHON INNAEMMEN N aCCOLMMPYETCA C PA3BUTUEM TSHXKENbIX COCYAUCTBIX
OCNIOXHeHMN. uabetnueckas Heliponatva (JH) OTHOCUTCA K YacTbiM XPOHMYECKUM OCNOXHeHusam C[l, nprBoasLmm
K YXYZLIEHMIO MPOrHO3a U KauyecTBa »KM3HK 60/bHbIX. MacwTtabbl npobnembl onpefensoT akTyalbHOCTb NCCedOBaHNI,
HanpaBJ/ieHHbIX HA YTOYHEHWE MEXAHM3MOB Pa3BuUTUs 1 nporpeccupoBaHna CI1 u [H. B 0630pe obcyxgalTcs CoOBpeMEH-
Hble NpefCTaBNeHNa O BKafe BuTamrHa D B natopusmonornyeckne n 6roxmmmyeckme oCHOBbI MeTabosM3mMa roKo3bl,
paccmaTpmUBaeTCa yyacTue B perynauum npoueccoB BocnaneHums. MprneeneHbl JaHHbIE O TOM, UTO M3MEHEHME aKTUBHOCTHY
peuentopa BuTaMmmHa D nnu KOHUEHTpauumn BHe- 1 BHYTPUKNETOUYHOIO KanbLma B ycnoBuax geduuymTa ButammHa D moryT
0Ka3blBaTb HEGNIArONPUATHOE BO3AENCTBME Ha PYHKLMOHANIbHOE COCTOsIHUE 3-KJIETOK MOMKENYLOUYHON »ene3bl U NpruBo-
OWTb K YMEHbLUEHWIO CUHTE3a 1 CeKpeLMr MHCYNNHA. TakXe NprBeAeHbl COBPEMEHHbIe NpefcTaBneHna o ponu gedpuunta
BMTaMKrHa D B pa3BMTUM MHCYIMHOPE3UCTEHTHOCTMW. OBCYKAAIOTCA KITIOUEBbIE ACMEKTbI NaTOreHe3a HelponaTn y 60MbHbIX
CA. MpencTaBneHbl BO3MOXHblE MEXaHU3MbI, MOCPEACTBOM KOTOPbIX BUTaMuH D nprHmMmaeT yyactue B dopmnposaHmm H.
MpuBepeHbl pesynbTaTbl MCCIIE[OBAHNIA, MOCBALLEHHbIX BOMPOCaM Tepanun npenapatamm sutammHa D npu Cl. YuntbiBas
N3N0XeHHble B 0630pe paKTbl, aBTOpaMy 060CHOBBIBAETCA MAes O TOM, UTO AeduumnT BUTamrHa D MOXKeT paccmaTpuBaTbCA
KaK HeKflaccnyeckuii pakTop pucka pa3BuTtus He Tonbko CJl, HO 1 ero OCNIOXHEHWIA.
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Type 2 diabetes mellitus (DM) is a global epidemic associated with severe vascular complications development. Diabetic
neuropathy is the most common chronic complication of DM that worsens patients’ life quality and prognosis. Therefore,
studies dealing with DM and diabetic neuropathy underlying mechanisms are extremely relevant. The review discusses cur-
rent views on vitamin D role in glucose metabolism and inflammatory processes. It is reported that vitamin D deficiency can
contribute to insulin resistance development, and change in vitamin D receptor activity or extra- and intracellular calcium
concentration due to vitamin D deficiency can affect pancreatic 3-cells function and lead to decrease in insulin production.
Key pathogenic mechanisms of diabetic neuropathy as well as possible relationship between vitamin D deficiency and neu-
ropathy development are in focus of this review. Results of recent clinical trials regarding vitamin D supplementation in pa-
tients with DM are also discussed. The presented data suggest that vitamin D deficiency can be considered as a non-classical
risk factor for the development of not only DM but its complications as well.
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PREVALENCE OF DIABETES MELLITUS AND VITAMIN D
DEFICIENCY

More studies on the pleiotropic effects of vitamin
D are being conducted [1-3]. Large-scale population
studies revealed that vitamin D deficiency is nearly as
prevalent as type 2 diabetes mellitus (DM2) [4-7]. Both
DM and vitamin D deficiency occur in populations
throughout the world, regardless of race, age or gender
characteristics. According to the European Association
for the Study of Diabetes Mellitus (EASD), the number
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of patients with DM aged 20 to 79 years reached 415
million in 2015; that number could reach 642 million by
2040 [8]. As of early 2015, DM2 prevalence in the Russian
Federation amounted to 2.8% of the total population
[9]. According to the NATION study, it was estimated at
5.4% [10]. Similar statistics are observed when assessing
the prevalence of vitamin D deficiency [11]. Vitamin D
deficiency is common both in northern latitude regions
and in countries of Southeast Asia and the Middle East,
while its prevalence in the USA reaches 75% and in Japan
and South Korea it is 90% [6]. Possible reasons for such a
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high prevalence of vitamin D deficiency in regions with
a high level of insolation may be the wearing of clothing
covering the whole body, genetically determined skin
pigmentation, urban air pollution in cities and vitamin
D-depleted nutrition [5]. Data on the prevalence of
vitamin D deficiency in the Russian Federation are mainly
represented by isolated studies and do not differ from
the global statistics. Thus, among residents of large
megacities such as St. Petersburg, the rate of vitamin D
deficiency among the adult population was reported to
be 83.2% [7] and 61.2% in three-year-old children; also,
the vitamin D insufficiency was estimated at 24.8% [12].

Thus, both DM2 and vitamin D deficiency are
widespread diseases/conditions throughout the world
and studies should be conducted to find possible
mechanisms for their interrelation.

VITAMIN D DEFICIENCY AND RISK OF DEVELOPMENT
OF DIABETES MELLITUS TYPE 2

Studies indicate an association between the level of
vitamin D and the risk of developing both DM and its
chronic complications [13-16]. The Framingham Study
showed 40% of patients with a minimum level of 25(0OH)
D in serum developed DM2 7 years after the start of
follow-ups [17]. Similar data in a crossover study among
South Koreans over 20 showed DM2 was more common
in patients with vitamin D insufficiency and deficiency
compared to those with serum levels of 25(OH)D higher
than 75 nmol/l [18]. Moreover, a study involving more
than five thousand people in Australia suggested a higher
risk of DM2 development in individuals with a low level
of 25(0OH)D and showed that an increased concentration
of 25(0OH)D per every 25 nmol/l was associated with
decrease in DM risk by 24% [19]. In addition, the results
of the widely discussed Nurses’ Health Study showed
that the risk of DM2 development is reduced by 48% in
women with serum 25(OH)D level exceeding 33 ng/ml
[20]. However, there is contradictory data indicating a
lack of association between the risk of DM development
and the level of vitamin D sufficiency [21].

Despite data inconsistencies, most experts believe that
normal levels of vitamin D help prevent metabolic disorders
[22]. Studies indicate that, among participants with serum
25(OH)D level corresponding to the highest quartile, the
risk of metabolic disorders is 43% lower than that in those
with the lowestlevels of 25(0OH)D. Each 25-nmol/lincreasein
25(OH)D concentration is accompanied by a 13% decrease
in the risk of metabolic syndrome development [19]. Thus,
vitamin D deficiency can be considered an independent
risk factor for developing metabolic disorders, including
DM2 [15, 19, 20].

The mechanisms by which vitamin D is involved in
glucose metabolism are not fully understood. However,
vitamin D and calciumareinvolvedinthe control of glucose
homeostasis and changes in their concentrations may
play a role in developing DM [23]. The effects of vitamin D
on pancreatic cells may be mediated by interactions with
specific receptors controlling the expression of a number
of factors, or it may be caused by direct regulation of the
intracellular calcium concentration, thereby regulating
insulin synthesis and secretion [24]. In addition, normal
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intracellular ionised calcium (Ca®+) levels inhibit free
radical generation and protect B-cells from cytokine-
mediated apoptosis and necrosis [25]. Thus, a change
in activity of the vitamin D receptor or a change in the
concentration of extracellular and intracellular calcium
under conditions of vitamin D deficiency can adversely
affect the functional state of pancreatic 3-cells, leading to
decreased insulin synthesis and secretion [23]. In addition,
evidence of the possible role of vitamin D deficiency in
developing insulin resistance has been found [13, 14,
26]. Vitamin D stimulates the expression of the insulin
receptor gene and is, thus, involved in the transmembrane
transport of glucose [27]. In addition, the normal vitamin
D level maintains the intracellular Ca®+ concentration in
a narrow range. Changes in its level under conditions of
vitamin D deficiency affect the activity of the intracellular
glucose transporters-4 (GLUT-4), leading to development
of insulin resistance in peripheral tissues [23, 28].

PATHOGENETIC MECHANISMS OF DIABETIC
NEUROPATHY

DM is characterised by microvascular complications
triggered by hyperglycaemia, which adversely
affects patients’ prognoses and quality of life.
Diabetic neuropathy (DN) is one of the most frequent
microvascular complications [29, 30]. Depending on the
diagnostic methods used, DN can be detected in DM
patients with a frequency of 10 to 100%. According to
the Russian Registry, in St. Petersburg at the beginning of
2015, DN was diagnosed in 32.64% of DM1 patients and
in 17.2% of DM2 patients [9]. Moreover, DN is associated
with a high risk of non-traumatic amputations [30].

The most common form of DN is diabetic peripheral
neuropathy (DPN) [29, 30], which includes symptoms and/
or signs of impaired peripheral nerve function in diabetic
patients after ruling out other causes [30, 31]. According to
Russian authors, DPN can be revealed in 25% of DM patients
when conducting simple diagnostic testsand in 70%-90% of
patients when conducting a targeted search for a subclinical
form of neuropathy using electroneuromyography [29].
This wide range of DPN prevalence indices can be explained
by the lack of a universal diagnostic method. Peripheral
neuropathy is assessed by neurological symptoms,
neurological signs and data from neurotensiometry
and electromyograms [29, 30]. Most peripheral nerves
are mixed and contain motor, sensory and autonomous
fibres. Therefore, DM nerve lesion symptoms include
motor, sensory and autonomous disorders [32, 33]. The
most common form of DPN is sensory motor neuropathy,
manifested by pain, paraesthesia and loss of sensitivity due
to the progressive damage to myelinated fibres (segmental
demyelination and axonal degeneration) hindering impulse
conduction along the nerve fibre [29, 30].

DPN pathogenesis includes both metabolic and
vascular changes. Hyperglycaemia triggers DPN [34].
The high glucose level affects the tissues both directly
through glucose toxicity, and indirectly, through
oxidative stress activation, increased non-enzymatic
protein glycation, exacerbation of insulin resistance
in DM2, hypoxia and pro-inflammatory reaction
activation. As a result of glucose toxicity, endothelial
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cell regeneration is inhibited, endothelin production
(one of the markers of atherosclerotic lesions) increases,
protein glycation occurs, homeostasis changes (increased
platelet aggregation, impaired fibrinolysis) and the polyol
pathway for glucose disposal is activated [35]. An excess
of sorbitol damages the myelin sheath of nerve fibres and
impairs neurotransmission [36]. In addition, autoimmune
complexes are formed during protein glycation, inhibiting
production of nerve growth factor [37, 38]. Microvascular
lesions, especially in cases with genetic predispositions,
also exacerbate the resulting disorders [39].

Nitric oxide production disorders may damage nerve
fibres, in cases of hyperglycaemia and decrease nitric
oxide concentrations, which under normal circumstances
cause vasodilation, damage and dysfunction of small
arteries, leading to changes of varying severity, including
ischaemia and DPN progression [40].

Pro-inflammatory cytokines play roles in DPN
pathogenesis. Possible mechanisms of immune-mediated
nerve tissue lesion are being investigated, including
deposition of immune complexes in the vascular walls,
leading to activation of monocytes and release of
pro-inflammatory cytokines that stimulate neutrophil
migration to the damage zone and release of free radicals,
as well as activation of cell-mediated immunity, which
leads to vasa nervorum lesions with the subsequent
development of chronic endoneural ischaemia [41, 42].

VITAMIN D DEFICIENCY AND DIABETIC NEUROPATHY

Studies have shown that vitamin D deficiency and
other well-studied factors contribute to formation and
progression of DPN [43, 44, 45]. For example, studies
conducted at Shanghai University revealed an association
between 25(0H)D levels in blood serum and the severity
of neuropathy in DM2 patients. The greatest changes
were found in patients with 25(0OH)D levels lower than
16 ng/ml [44]. A possible association between vitamin D
deficiency and pro-inflammatory cytokines in patients
with DM2 and DPN was also demonstrated by the results
of a study conducted in Turkey--not only increased
concentrations of interleukins (IL-13 and IL-17), but also
a correlation between the level of 25(0OH)D in serum and
the IL values [45].

The exact mechanisms by which vitamin D deficiency
caninfluencethe processesin nervefibresin patients with
DM are not fully understood. On the one hand, because
of vitamin D insufficiency and deficiency, glycaemic
control probably deteriorates, leading to a higher risk
of microvascular complications. On the other hand, the
immune-modulating properties of vitamin D and its
regulation of oxidative stress suggest effects on systemic
inflammation in DM patients [46]. In addition, vitamin
D deficiency leads to increased parathyroid hormone
levels, the excess of which, in turn, can adversely affect
tissue sensitivity to insulin and vascular remodelling
parameters [47].

It remains undetermined whether and what doses of
vitamin D supplements should be used to compensate
for its insufficiency or deficiency in DM2 patients. In one
study on the effect of vitamin D therapy, it appeared to
improve glycaemic control (at a dose of 200,000 IU per
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month for 3 months) but the decrease in HbA1c was
statistically insignificant between patients with newly
diagnosed DM2 and asymptomatic vitamin D deficiency
[48]. In another study, a significant reduction in the
painful DPN symptoms was noted in patients with DM2
20 weeks after a single intramuscular injection of 600,000
IU of vitamin D [49]. In our own study, supplementing
vitamin D at a dose of 50,000 IU per week for three
months reduced HbA1c significantly in patients with
DM2 and DN [50].

A meta-analysis of 24 controlled studies provided
an assessed vitamin D therapy effects on HbA1c levels,
fasting plasma glucose and a homeostatic model for
insulin resistance assessment (HOMA-IR) in DM patients
and established that intake of vitamin D (daily dose of
at least 4000 IU) significantly reduces fasting plasma
glucose levels, HbA1c and HOMA-IR. [51]. In the above
studies, the daily dose of vitamin D was significantly
higher than the daily demands and started from 40,000
IU per day, which enabled a more effective control of the
glycaemic response and probably improved the tissue
sensitivity to insulin in DM2 patients. Moreover, therapy
with vitamin D preparations in patients with DM and DPN
was accompanied by reduced pain sensations, up to the
complete withdrawal of the anaesthetic drug from the
group of semi-synthetic opioids, and a 1-ng/ml increase
in 25(0H)D was associated with decreased neuropathy
and increased conduction along nerve fibre by 2.2% and
3.4%, respectively [43].

According to international recommendations, people
with obesity, which is common in DM patients, are at risk
for developing vitamin D deficiency [6, 11]. Therefore,
therapy with cholecalciferol is recommended for these
patients, taking into account the pleiotropic effects of
vitamin D, not only to replete the deficiency, but also to
improve the glycaemic profile, reduce insulin resistance
and, possibly, prevent the development of microvascular
complications.

CONCLUSION

Considering the high prevalence of DM2 and DN,
as well as their social implications, studies on factors
affecting development and progression of the diseases
are needed. The results outlined in this review suggest
vitamin D deficiency is an independent risk factor for
developing not only DM but also its complications. The
data on the association between DM and vitamin D
deficiency not only expand the current understanding of
the mechanisms of DM2 and DN pathogenesis, but also
create prerequisites for new studies aimed at preventing
the development and progression of chronic diabetes
complications using vitamin D preparations.
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