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The article presents a literature review on the effect of vitamin D deficiency on the body of premature newborns. According
to the results of numerous studies, insufficient intake of vitamin D in the fetus increases the risk of developing bronchopulmo-
nary dysplasia, lower respiratory tract infections, and neonatal sepsis. There is evidence that hypovitaminosis D negatively
affects physical and neuropsychic development. One of the most important biological effects of vitamin D, namely its participa-
tion in the regulation of phosphorus-calcium metabolism and bone remodeling, is discussed. The mechanisms of the influence
of parathyroid hormone (PTH) and calcitonin (CT) on the regulation of phosphorus-calcium homeostasis are also described.
Increasing the survival rate of extremely low birth weight and very low birth weight infants increases the incidence of pediatri-
cians and neonatologists with diseases such as osteopenia — a metabolic bone disease of preterm infants, characterized by
impaired bone mineralization due to a lack of vitamin D, calcium and phosphorus. The review examines the causes, clinical
manifestations, diagnosis, treatment and prevention of this disease.

Keywords: vitamin D, vitamin D deficiency, preterm neonate, parathyroid hormone, calcitonin, osteopenia of preterm
neonates

0630p nocesLeH BAnsAHWMIO aedurumnTa BUTaMmnHa D Ha opraHvu3m geTemn, poxaEHHbIX paHbLue cpoka. CornacHo pesysb-
TaTaM MHOrOYMCNEHHbIX NCCNeaoBaHNN, HEQOCTATOYHOE MOCTYMJIEHNE B OpraHvM3M njoga BuTamMuHa D noBbIlWAET puUck
pas3BUTUSE BPOHXONEFOYHOM ANCNa3nK, MHPEKLMIA HUXHUX OblXaTeNbHbIX MyTel, a Takke HeoHaTasibHOro cencuca. Mime-
I0TCS AaHHble, NOATBEPXAAKOLWNE HErATUBHOE BAUSIHME rMNoBUTaMnHo3a D Ha duamnyeckoe n HEPBHO-MCUXMYECKOE pas-
BuTHMe. O6CYyXaaeTcs OOMH U3 BaxKHENLLMX Guonormnyecknx adekToB BuTammHa D, a UMEeHHO — ero yyacTtue B perynauum
dochopHO-KanbLUMEBOro obmMeHa U PeEMOAENMPOBAHNN KOCTHOM TKaHU. Takxke OonucaHbl MeXaHW3Mbl BAMSHUS napaTtu-
peougHoro ropmoHa (MNTl) n kanbumtoHmHa (KT) Ha perynsumio dochopHO-KanbLMeBOro romeoctasa. NoBbilieHne Bbl-
XXMBAEMOCTM HOBOPOXAEHHbIX C 9KCTPEMAsIbHO HM3KOM MacCcoi Tena U O4eHb HN3KOW MaCCOW Tena yBesm4ymBaeT 4acToTy
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BCTPEYaeMoCTu C TaknuMm 3abosieBaHMeM, Kak OCcTeoneHns — metabosimyeckoe 3aboneBaHne KOCTen HeOHOLLIEHHbIX HOBO-
POXAEHHbIX, XapaKTepuU3YIoLLLEeCs HapyLLIeHNeM MUHepann3auumn KOCTHOM TKaHu BCneacTBue HexsaTku ButammHa D, kasnb-
uns n docdopa. PaccmaTpmBatoTcs NMPUHNHBI, KITMHUYECKUE MPOSBIEHUS, ANArHOCTMKA, ledeHne 1 npodunakTnka gaHHo-

ro 3abonesaHus.
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IGF-1- insulin-like growth factor-1
PTH - parathyroid hormone

and multi-vector noncalcemic effects, remains
the focus of attention of the medical scientific
community. It is one of the most important

To this day, the study of vitamin D, its calcium

ubiquitin-regulated proteins, interleukins that regulate im-
munity and inflammation, and proteins of calcium home-
ostasis.

vitamins necessary for maintaining the body
from infancy to old age [1, 2].

The history of the discovery of vitamin D began
in 1913, when E. V. McCollum and his colleagues
found a «fat-soluble growth factor» in fish oil that

has antirachitic effects. American biochemist | esopama PLC \,/ PKC V Adenylyl
Harry Stenbock showed in 1923 that certain [Plasma membrane - NARSS Sclase

types of food that were exposed to ultraviolet rays
helped in the treatment of rickets. A. Hess and
M. Weinstock in 1924 obtained ergosterol - vita-
min D1 from vegetable oils. In 1928 A. O. R. Win-
daus, who described the structure of vitamin D,
received the Nobel Prize for the discovery of the
precursor of vitamin D, 7-dehydrocholesterol [3].

The peculiarity of this vitamin is that it enters
our body not only with food (ergocalciferol) but is
also produced under the action of ultraviolet rays
of sunlight on the skin (cholecalciferol). In both
cases, vitamin D is not considered biologically
active until two hydroxylation processes have
taken place [4]. The first occurs in the liver with
the participation of the enzyme 25-hydroxylase
(CYP3A4), which promotes the formation of
25-hydroxyvitamin D-25(OH)D. The level of this
metabolite is a standard biomarker of the body’s
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supply of vitamin D. The second stage of activation
occurs in the kidneys under the influence of
1a-hydroxylase (CYP27B1), where 25(0OH)D
is transformed into the most active form of the vitamin —
1.25-dihydroxyvitamin D (calcitriol) [5]. It is calcitriol that
is transported in the bloodstream by the vitamin D-binding
protein VDBR.

The activation of VDR receptors by calcitriol is the most
important way of realizing the biological effects of vitamin
D through non-genomic and genomic mechanisms [1, 2].
Non-genomic mechanisms are carried out by the action of
vitamin D on signaling pathways in the cells of the nervous
and immune systems, followed by regulation of the activity
of phospholipase C(PLC), adenylate cyclase, tyrosine
kinase (SRC), MARSS protein, and protein kinase C(PKC).
Genomic mechanisms involve the interaction of the VDR
with genomic DNA (Fig. 1) [6].

There are 6 groups of specific proteins specifically as-
sociated with the regulation of gene expression through
the VDR receptor: mitochondrial proteins, zinc finger pro-
teins involved in gene expression, NAD dehydrogenases,
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Fig. 1. Genomic and non-genomic mechanisms of regulation

of the biological effects of vitamin D [6]

In newborns, both maturely and prematurely born,
there are peculiarities of the metabolism of vitamin D.
From the mother through the placenta, 25(0OH)D is sup-
plied using passive or lightweight transport, while from
the 24th week of gestation, the fetal kidneys begin to me-
tabolize 25(0OH)D in 1.25(0H),D [7, 8]. After birth, possi-
bly due to the need to stimulate the absorption of calcium
in the intestine, the synthesis of 1.25(0OH).D is activa-
ted [9].

In preterm infants, due to the immaturity of the
expression of 24-hydroxylase CYP24A1, insufficient
conversion of vitamin D into the form 24.25 (OH) » D occurs,
which allows them to maintain a higher concentration of
1.25 (OH) » D to ensure active skeletal growth [7, 9].

For a long time, the metabolic effects of vitamin D
have been analyzed exclusively from the standpoint of an
antirachitic agent. However, the discovery of receptors in
various organs and tissues has significantly expanded the
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Fig. 2. Metabolism and the role of vitamin D
in the mother-placenta-fetus system [10]

understanding of the spectrum of its biological properti-
es[1].Accordingtotheresults of numerous studies, vitamin
D deficiency increases the risk of metabolic disorders,
diseases of the endocrine, immune, cardiovascular,
reproductive and other systems (Fig. 2) [10, 11].

One of the most susceptible to hypovitaminosis D
population groups are newborns, regardless of gestational
age [12]. Their provision with calcidiol depends directly on
its level in the mother’s body. In the umbilical cord blood
of a child, the concentration of 25(0OH)D is 50-80 % of the
level of maternal calcidiol [7, 8]. Deficiency of vitamin D
can lead to the development of symptomatic hypocalcemia
and hypocalcemic seizures [13].

Vitamin D metabolites have a positive effect on the de-
velopment of lung tissue, on the synthesis of surfactant,
reduce the need for oxygenation, especially in preterm
infants and, thereby, reduce the risk of developing respi-
ratory distress syndrome and respiratory tract infections
[14, 15].

Calcidiol has an immunotropic effect by stimulating the
formation of antimicrobial peptides, namely 3, -defensins
and cathelicidins, which have bactericidal activity, helping
to reduce the incidence of neonatal sepsis [16, 17].

There are data confirming the linear dependence of the
dynamics of neurocognitive development in children on
the provision of vitamin D in the antenatal period. Vitamin D
has neuroprotective and neurotrophic effects, is a neuros-
teroid and an integral element of the neuroendocrine reg-
ulation of the development of the nervous system, starting
from the prenatal period [8].

Despite the variety of noncalcemic mechanisms,
one of the most important biological effects of vitamin D
throughout life is its participation in the regulation of phos-
phorus-calcium metabolism and bone remodeling [4, 18].
Calcitriol stimulates the synthesis of transport proteins
by enterocytes of the small intestine, such as the calci-
um-binding protein calbindin — CaBP-9k, CaBP-28k and
others, which bind calcium, magnesium and phosphate
ions, then transport them to the lymphatic and then to the
circulatory system [19]. Calcitriol interacts with VDRs lo-
cated on osteoblasts, which increase the production of

1,25(0OH)2D3

Pazearne ckenera
mioga

Fetal skeletal
development

Tpodobaact (m103)
Trophoblast (fetus)

alkaline phosphatase and non-collagen pro-
teins (osteonectin, osteocalcin, osteopontin)
[9, 19, 20].

1.25(0H).D also stimulates the
differentiation of osteoclasts from progenitor
cells and promotes the acceleration of
bone resorption with the release of mineral
components into the vascular bed. Thus,
the process of bone tissue remodeling, and
maintenance of normal blood calcium levels
is carried out [20].

Bone tissue, which performs metabolic,
protective and support functions in the hu-
man body, is a type of connective tissue [21].
Bone metabolism is a combination of two op-
positely directed processes — bone formation
with the help of osteoblasts and bone resorp-
tion by osteoclasts [21, 22].

Osteoblasts are bone cells that actively
synthesize and secrete extracellular sub-
stance. They have a well-developed granular
endoplasmic reticulum and the Golgi com-
plex. Osteoblasts synthesize type 1 procol-
lagen, containing the N-terminal and C-ter-
minal domains. Under the action of special
peptidases, these molecular fragments are
cleaved from the procollagen. The C-termi-
nal peptide contains the alpha form of aspar-
tic acid, which is then converted to the beta
form — B-cross-laps. In the process of bone resorption,
B-cross-laps enters the vascular bed and is a marker of
type 1 collagen degradation [22].

Osteoclasts are large multinucleated cells that, by
synthesizing alkaline phosphatase and collagenase, cause
the destruction of the bone matrix [22, 23].

In the period of intrauterine development, the
dominance of bone mineralization in relation to bone
growth is noted. Thus, at the birth of a mature newborn,
the bone tissue has sufficient density. And already in the
postnatal period, the bones begin to grow intensively by
increasing the length and diameter, which is accompanied
byadecreaseindensityin the cortical layer [24]. In preterm
infants, a decrease in bone density is more often detected
due to more pronounced violations of bone mineralization,
compared with linear bone growth [25].

The main micronutrient involved in the formation of
the bone tissue matrix is calcium (Ca2*). Most of Ca?*,
about 90-95 % is in the bone, and the rest is involved in
the regulation of several important functions (activation
of the secretion of endo- and exocrine glandular cells,
participation in ensuring adequate neuromuscular
excitability, as well as muscle contractility, regulation of
secretion enzymes, proteins, etc.) [26].

Calcium enters the body with food (dairy products,
sesame seeds, nuts, dried fish) in the form of calcium
phosphate and is absorbed in the proximal parts of the
small intestine, with the participation of calcium-binding
protein. In serum, the level of total calcium is represented
by three fractions: in a complex with proteins (about
40 % of the total level), mainly with albumin; in the form
of ionized Ca?*, which is about 50 % of the total calcium;
associated with anions (about 5-10 % of the total), such as
citrate, phosphate, carbonate, sulfate.

Along with calcium, magnesium is also an essential
micronutrient for bone tissue. In addition, it regulates
many intracellular processes, takes part in electrolyte
and energy metabolism, is important in the synthesis of
protein molecules, inhibits excitation processes in the
central nervous system, and causes relaxation of skeletal
muscles.
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Another important micronutrient in the formation
of bone tissue is phosphorus (P%), which is required
for the synthesis of hydroxyapatite due to the binding
of extracellular calcium in composite mineralized bone
structures [27].

In mature infants, 99 % calcium and 80 % phosphorus
at birth are in the skeleton, while in preterm infants there
is a deficiency of most nutrients, up to 33-34 weeks of
gestation, the accumulation of Ca®* and P%- is very low
[26]. It was found that during the third trimester the daily
intake of calcium is 90-150 mg/kg/day [28], according to
other sources — 10-130 mg/kg/day, phosphorus — up to
60-70 mg/kg/day [29].

A decrease in the intake of calcium, phosphorus,
magnesium and other micronutrients by 3-3.5 times is
facilitated by disturbances in the maternal-placental and
placental-fetal blood flow [30]. Thus, bone mineralization
in preterm infants with extremely low birth weight (ELBW)
is 25-70 % lower than in mature infants, which significantly
increases the risk of subsequent disorders of bone
metabolism [31].

In addition to calcitriol, PTH and CT are involved in the
regulation of calcium-phosphorus metabolism [32, 33].

PTH was first isolated in 1970 by H. D. Nayel et al. in bo-
vine parathyroid glands. The molecule is represented by a
polypeptide chain consisting of 84 amino acid residues. Ac-
cording to the literature, this hormone is synthesized mainly
by oxyphilic cells of the gland. With a decrease in the level
of Ca?* in the blood, the synthesis of PTH increases, as a
result of which the resorption of bone tissue and the release
of calcium from the bone into the blood increase, in parallel,
the reabsorption of Ca2* and the excretion of P3- in the renal
tubules increase, the absorption of Ca2" in the intestine is
enhanced by the method induction of QD synthesis [34].

The effect of PTH on bone is characterized by inhibition
of the synthesis of type 1 collagen by active osteoblasts,
osteocalcin, as well as an increase in the osteolytic activity
of osteoblasts and osteocytes. As a result, the latter be-
gin to secrete cytokines and insulin-like growth factor-1
(IGF-1), which stimulate the activity of osteoclasts [35].

It is important that, depending on the duration of
action, PTH can affect the bone in different ways: a short
intermittenteffectpromotesboneformation,andinthecase
of long-term continuous action (hyperparathyroidism), itis
accompanied by osteodestruction and a decrease in bone
mineral density [36].

In 1962, another important regulator of phospho-
rus-calcium metabolism, CT, was discovered [33]. This
hormone is synthesized by the C-cells of the thyroid gland
and consists of 32 amino acids. CT secretion depends
on the serum calcium concentration: in response to an
increase in Ca?" in the extracellular fluid, an increase in
CT production is noted. It is, on the one hand, the main
antihypercalcemic, and hypophosphatemic hormone, on
the other. CT performs its effects by disrupting the forma-
tion and suppression of the activity of osteoclasts, there-
by reducing bone resorption. It also helps to reduce the
synthesis of the biologically active metabolite of vitamin
D - calcitriol, as a result of inhibition of the synthesis of
a¢-hydroxylase. In the kidneys, CT reduces the reabsorp-
tion of Ca2* and P3-, while the absorption of Ca2* in the
intestine decreases in parallel [37].

Phosphorus-calcium homeostasis is influenced by
several other factors. Micronutrients such as Mg and
Al compete with calcium in the absorption process,
vitamin A is a calcitriol antagonist in intestinal absorption.
Glucocorticoids promote the leaching of Ca?' into the
blood and increase the risk of osteoporosis [38]. In turn,
somatotrophic hormone (growth hormone) and androgens
reduce blood calcium and increase calcium deposits
in bones. Growth hormone stimulates the formation of
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insulin-like growth factor-1 (IGF-1), under the influence of
which cartilage cells undergo increased division. Growth
hormone, with the help of intracellular signaling systems,
promotes the proliferation and maturation of mesenchymal
precursors to osteoblasts and chondrocytes. Growth
hormone has a depressing effect on osteoclasts by
stimulating the production of osteoprotegerin with its
subsequent accumulation, which leads to blocking of
RANK and RANKL receptors.

The ligand-receptor system RANK/RANKL/OPG is one
ofthe key links in bone tissue homeostasis, which regulates
osteoclast differentiation and osteolysis. In certain
situations, leading to the activation of osteoclastogenesis,
the suRussian Federationace receptors RANK and
RANKL begin to interact with each other. This facilitates
the transformation of osteoclast precursors into mature
active osteoclasts [23]. Osteoprotegerin, produced by
osteoblasts and stromal cells, has an inhibitory effect on
the binding of osteoclast precursors to RANK receptors,
thereby exerting an antiresorptive effect [39].

Preterm infants have several significant features of
calcium-phosphorus metabolism. During the first week
after birth, they have hypocalcemia, then, as the post-
anal age increases, the calcium level gradually increases,
but does not reach the indicators characteristic of mature
infants [25, 27].

Extremely preterm infants are characterized by
persistence of hypocalcemia until the 9-12th week of life.
The development of this condition is possibly associated
with a reduced secretion of PTH in infants born pretermly,
due to the low sensitivity of their tissues to this hormone
[27, 30, 32].

Another important reason is the increased secretion of
CT, while the younger the gestational age, the higher the
serum calcitonin level [40]. Also, functional immaturity of
renal tissue in preterm infants contributes to a decrease
in glomerular filtration, impaired absorption of calcium,
phosphates and an increase in their excretion in the urine.
The persistence of hypercalciuria throughout the neonatal
period was revealed in preterm infants up to 32 weeks of
gestation. An insufficient level of vitamin D contributes
to impaired absorption of Ca?* in the intestine and the
development of hypocalcemia [10].

It should be remembered that preterm infants in ute-
ro do not have time to accumulate the required amount of
minerals, sufficient levels of vitamin D, as a result of which
the maturation of bone structures is insufficient [41]. In ex-
trauterine life, they show increased growth, which is inevi-
tably accompanied by an increase in the need for calcium,
phosphorus and vitamin D. These features, inadequate
environmental conditions for their development, increase
the risk of bone mineralization disorders, which can lead to
a decrease in bone density (Fig. 3) [42].

Normal Small o] laci Ost
Trabecular bone
Cortex
Cortex
Bone mineral content Normal Low Low Low
Areal bone mineral density Normal Low Low Low
Physical bone mineral density Normal Normal Low Low

Fig. 3. Conditions affecting bone mineral density
in preterm infants [42]

In the literature, this condition is referred to as osteo-
penia of prematurity, and its development is facilitated by
both insufficient accumulation of P3~ and Ca?* by the time
of birth, and postnatal deficiency of micronutrients intake
due to impaired absorption. Osteopenia is a metabolic
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bone disease in preterm newborn infants, characterized
by impaired bone mineralization and growth, which de-
velops primarily due to insufficient intake of calcium and
phosphorus after birth [43].

In the United States back in the 90s, when modern
nutritional support protocols were not introduced, the
incidence of osteopenia was about 60-65 % in newborns
weighing less than 1000 g, in children weighing less than
1500 g - 22-32 %, and fractures occurred in 10 % of
newborns with VLBW [44]. According to S. Viswanathan
et al., 31 % of preterm infants weighing less than 1000 g
showed radiographic signs of metabolic bone disease,
and the frequency of fractures was 10 % [45].

Among maternal factors that increase the risk of
developing metabolic disorders in newborns, first, vitamin
D deficiency in a pregnant woman is included [46].
Extragenital pathology, in particular, liver and kidney
diseases, preeclampsia, etc. also contribute to a decrease
in the synthesis of vitamin D-transport proteins, which can
lead to the development of osteopenia in newborns [30].

Anumber of drugs with prolonged use also contribute to
the violation of bone mineralization. It has been proven that
glucocorticoids increase bone resorption, anticonvulsants
induce the excretion of Ca2* from the depot, diuretics
lead to an increase in the excretion of Ca2*, P3- and other
micronutrients in the urine [38, 47].

Pathology ofthe gastrointestinaltractinnewborns, such
as, in particular, short bowel syndrome, malabsorption
syndrome, contributing to the disruption of the passive
pathway of absorption of Ca?*, P~ ions.

The risk of developing steppe in preterm infants is the
higher, the longer their hyperbilirubinemia is. This is since
a high level of bilirubin prevents the conversion of vitamin
D into a transport form [48]. Also, in premature newborns,
bile salts are formed in an insufficient volume, as a result
of which the absorption of fats is reduced. In the intestine,
free fatty acids bind with calcium to form insoluble soaps
and thereby cause impaired calcium absorption [49].

Long-term parenteral nutrition, without an adequate
subsidy of necessary micronutrients, late started enteral
nutrition with unfortified breast milk or a non-specialized
formula for preterm infants significantly reduce the intake
of Ca?*, P3 and other micronutrients, which is also a
risk factor for the development of bone mineralization
disorders [50, 51].

Clinical signs of osteopenia, characteristic radiological
manifestations, and laboratory changes begin to
appear between 6 and 12 weeks after birth [52-54].
Electrolyte disturbances underlying the disease are most
often manifested by hypophosphatemia. Respiratory
disturbances, dependence on respiratory support due to
weakness of the respiratory excursion are clinically noted.
Also characterized by a decrease in muscle tone, heart
failure, depression syndrome, syndrome of vegetative-
visceral disorders, dysphagia and even sudden death. Rib
fracturesare asymptomaticand are diagnosedaccidentally
on x-rays. Fractures of long bones are characterized by
local tenderness and swelling, limited motor activity, and
muscle hypotonia in the injured limb [55].

Possible late clinical manifestations include lagging
behind peers in weight and height with reduced bone

density and impaired bone mineral composition [56].
Atthe sametime, the growth of the head is preserved, there
are frontal tubercles, craniotabes, an increase in the large
fontanelle with softening of the edges, and the divergence
of the skull bones at the seams. Due to violations of the
shape of the skull, myopia of preterm infants develops.
Due to the high excretion of Ca?* in the urine, the risk of
developing dysmetabolic nephropathy and urolithiasis is
high.

Itis significantthatchanges characteristic of osteopenia
appears on radiographs when bone mineralization is
already reduced by 20-40 %. At the beginning, the
changes are insignificant, then «worn out» epiphyses are
revealed, and in severe cases — fractures of long bones
and/or ribs [52].

Certain laboratory parameters allow us to indirectly
assess the metabolism of bone tissue [57]. An increase in
the bone isoenzyme of alkaline phosphatase (more than
500 U/L) may indicate a high risk of developing osteopenia
[53]. At the same time, a simultaneous decrease in the
level of phosphorus (in preterm infants the lower limit of
P3-is 1.3 mmol/l) and an increase in the level of alkaline
phosphatase is an important condition for confirming
the diagnosis [54]. The level of calcium is not a reliable
sign, since its indicator in the body of a newborn can be
within the normal range for a sufficient time, as a result
of the mobilization of Ca?* from the bone tissue (N — 1.8—
2.6 mmol/l).

Primary prevention and treatment of osteopenia of
prematurity first consists in providing the pregnant woman
with the necessary level of vitamin D [45]. According
to some data, the need of pregnant women for calcidiol
ranges from 150 to 1000 IU/day [58], according to others,
an increase up to 1500-2000 IU/day is possible [59].

Adequate intake of P3~ and Ca®' into the body plays
an important role in the formation and mineralization
of bone tissue [29]. It is possible to provide a newborn,
and even more so a preterm baby with the necessary
level of trace elements by enriching breast milk, as
well as using a specialized mixture for preterm infants.
This type of nutrition allows prematurely born children
to assimilate approximately 180-220 mg/kg/day of
calcium and 100-130 mg/kg/day of phosphorus, which
reduces the risk of metabolic disorders in bone tissue,
and, if they occur, has a therapeutic effect. Preterm
infants receiving parenteral nutrition should receive a
parenteral supplement of calcium, phosphorus and vita-
min D [44].

Physical activity plays an important role in stimulating
bone growth, while daily mechanical stimulation using
passive exercises for 5-10 minutes improves bone
mineralization [60].

Conclusions. Thus, the problem of diagnosis and
treatment of prematurity osteopenia requires close
attention. It must be remembered that it is extremely
important to prevent bone damage through the timely
identification of risk factors. Inthe event of the development
of the disease, timely diagnosis and treatment of calcium,
phosphorus and vitamin D deficiency in newborns will
significantly reduce the incidence of severe disorders of
bone metabolism.
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