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Abstract. The review describes the symptoms of damage to the skeletal system in celiac disease, chronic gastritis,
the condition after gastrectomy and inflammatory bowel diseases. The state of the vitamin D system and bone
metabolism in chronic diseases of the digestive system, the mechanisms of the influence of vitamin D on the
state of the intestinal mucosa, and risk factors contributing to pathological changes in bones in gastrointestinal
diseases are presented. The review shows that in most cases, impaired bone mineral density in diseases of the
digestive system is caused by impaired phosphorus-calcium metabolism, metabolism of the vitamin D system
and impaired intestinal microbiocenosis, and specific mechanisms for each nosological form require further
study.
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The course of any chronic disease negative-
ly affects the processes of bone modelling and
remodelling. The bone tissue loses its metabo-
lic rate, especially in childhood. As a result, bone
mass does not reach proper values, which creates
the ground for the formation of low bone mineral
density (LBMD) and osteoporosis in the future [1].

Researchers in recent decades have identified
characteristic changes that have occurred in the
course of chronic digestive diseases in children.
They include early debut, frequent relapses, and
an increase in combined gastrointestinal patho-
logy. In this case, the process of inflammation in
the mucosa of the stomach and small intestine
has widespread and pronounced morpholo-
gical changes, up to atrophic [2]. Disruption of
nutrient breakdown and absorption processes
in chronic gastrointestinal diseases with malab-
sorption syndrome in children is often combined
with low disharmonious indicators of linear body
size and changes in bone remodelling [3]. Pro-
longed micronutrient deficiency, including vita-
min D deficiency in children with gastrointestinal
pathology can lead to reduction in bone mineral
density [3-7].

Literature data clearly indicate that the role
of the upper digestive system (stomach and du-
odenum) in the absorption of micronutrients, es-
pecially phosphorus, calcium and vitamin D, is of
paramount importance [7]. Vitamin D affects bone
mineral density by regulating calcium absorption
in the gastrointestinal tract and influencing the
RANK/RANKL/OPG system [8]. Phosphorus, calci-
um and vitamin D deficiency in gastrointestinal
pathology leads to symptoms of osteomalacia:
frequent fractures, bone pain in various locali-
sations, posture disorders in sagittal and frontal
planes, and limb deformities [1, 3, 9]. Such symp-
toms have been described in the case of celiac
disease, chronic gastritis, condition after gastric
resection and inflammatory bowel diseases.

1,25(0OH),D have also been shown to be in-
volved in immune cell differentiation, modulation
of the gut microbiota, gene transcription and bar-
rier integrity, maintenance of the integrity of mu-
cosal tight junctions, improvement of folic acid
absorption and activation of cytochrome P450
3A4 expression [10].

The following mechanisms of vitamin D effect
ontheintestinal mucosa (IM) have been described:
regulation of colonic IM mucus secretion [11], en-
suring structural integrity [12], influence on the
composition and functions of the gut microbiota

ISSN 2221-2582

[13], increased expression of tight junction pro-
teins, and suppression of zonulin release [14]. The
effects of the vitamin D on the innate immunity
system are associated with stimulation of produc-
tion by neutrophils, macrophages and cells lining
epithelial surfaces of antibacterial peptides with
broad antimicrobial activity, such as cathelicidin
(cAMP) and B-defensin 2 (DEFB4) [15-17], with in-
creased antimicrobial action against some path-
ogens, induction of intracellular pathogen recog-
nition receptor NOD2, improved transcription of
cAMP and DEFB4, suppression of hepcidin anti-
microbial peptide expression, and decreased fer-
roportin-mediated export of intracellular iron [18,
19]. The effect of vitamin D on adaptive immunity
is to control the differentiation and maturation
of dendritic cells, expression on monocytes of
molecules involved in antigen capture, decrease
the pro-inflammatory Th1 response, increase the
anti-inflammatory Th2 response, increase the
number of T regulatory cells, and limit the num-
ber of CD4+ T cells [20]. Due to these pleiotropic
effects, vitamin D is associated with the activity of
immune-mediated diseases — those forms of pa-
thology in which lesions of both the bone system
and the digestive tract are manifestations of auto-
immune processes (inflammatory bowel disease,
celiac disease, autoimmune gastritis) [21-23].

Different forms of vitamin D are in the blood-
stream in the bound form with the VDBP receptor.
And the active form of vitamin D (1,25(0H),D,)
due to binding to the receptor exerts various bio-
logical effects by interacting with the nuclei of
target cells located in various organs and tissues,
such as the immune system, pancreas, cardiovas-
cular and muscular systems, and brain [24, 25].

The VDR gene is located on the short arm of
chromosome 12 and contains 8 protein-coding ex-
ons (exons 2-9) and 6 untranslated exons (exons
1a-1f) [26, 27]. A large number of polymorphisms
of the VDR gene have been described, which may
affect VDR expression and function and subse-
guent vitamin D-mediated effects [28]. VDR also
regulates the cell cycle, influences cell differenti-
ation and proliferation, controls the development
of cancer pathology, as well as inhibition of den-
dritic cell differentiation, and stimulation of the
synthesis of a number of hormones [26, 29].

The effect of calcium on the gastrointesti-
nal tract has been studied in basic research. It is
known that calcium is a secondary messenger
of cell metabolism regulation and a regulator of
synaptic transmission. Its action on the gastric
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and intestinal mucosa is regarded as astringent.
It attenuates peristalsis by acting on smooth mus-
cle. In foci of an inflammation, calcium stimulates
reparative regeneration in the intestine and sup-
presses excessive proliferation of gastric cells.
Calcium chloride thickens tissue and reducing the
permeability of cell membranes [30].

Reduced absorption of Ca from the intestine
due to accelerated chyme passage and reduced
secretion of hydrochloric acid, which converts
poorly soluble Ca compounds into soluble,
well-absorbed calcium chloride, also plays a role
in the genesis of osteopathies in gastrointestinal
diseases [31-33]. It is possible to explain degene-
rative-dystrophic changes of the spine in children
with digestive diseases from the point of view of
innervation disorders in neurometamers. Accor-
ding to this concept, neurotrophic changes are
primary. The pathology of the digestive and bone
systems in adolescents and adults is secondary
[34]. But there is another view — a recognition of
the influence of irritation from the affected organ
on the state of the musculoskeletal system, lea-
ding to muscle spasm, impaired mobility of mo-
tor segments in children, adolescents and adults,
persons suffering from gastric and duodenal ulcer
disease [35]. Cases of spasm of long back muscles
leading to scoliosis in liver and gallbladder disea-
ses have been described [35, 36]. Another possi-
ble cause of osteopathies in patients with gastro-
intestinal diseases is the use of medications that
negatively affect bone tissue. These include glu-
cocorticosteroids, anticonvulsants, thyroid hor-
mones, anticoagulants and antacids, diuretics
and nonsteroidal anti-inflammatory drugs, and
some other drugs [37-41]. The results obtained
in a number of studies indicate that long-term use
of proton pump inhibitors (PPIs) increases the risk
of osteoporosis-related fractures due to impaired
Ca absorption and inhibition of osteoclastogene-
sis [40]. Moreover, the side effect of PPIs, in addi-
tion to suppression of the acid-forming function
of the stomach, may be of a completely different
nature. Undoubtedly, the pharmacological target
of PPIs is H*K*-ATPase of parietal cells, which is
an organ-specific enzyme [42]. But M. uzuki et al.
suggested that PPIs can inhibit the activity of vac-
uolar H*-ATPase enzyme, which is close in bio-
chemical structure and is localised in the cyto-
plasm of many cells of the human body [43]. As
a consequence, essential functions may be affect-
ed, including bone resorption, which is a neces-
sary process for the restoration of normal bone.
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Recent studies have shown that long-term (for se-
veral years) use of PPIs for the treatment of chro-
nic gastroduodenal pathology increases the risk
of bone fractures as a manifestation of osteopo-
rosis [40, 44, 45]. At the same time, hypocalcaemia
and hypophosphataemia cause gastroduodenos-
tasis and pathological gastroesophageal and duo-
denogastric refluxes due to the development of
muscular hypotonia and impaired motor function
of the stomach and gut [46].

Thus, pathogenetic mechanisms of the bone
tissue pathology development in chronic gas-
trointestinal diseases in most cases are caused
by disorders of phosphorus-calcium metabolism
and vitamin D metabolism. Moreover, specific me-
chanisms in each nosological form require further
study .
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OONOJIHUTEJIbHAA UHOOPMALINA

ABTOp npounTan n opobpun dbrHanbHy Bep-
cuio nepep nybnukaymen.

UctouHuK PpuHaHcmpoBaHusa. ABTOp 3anaBnA-
€T 06 OTCYTCTBMM BHELLUHETO PUHAHCUPOBAHUSA NP
nposefeHun nccnegosaHua. MIHpopmmnposaHHoe
cornacue Ha nyénukaumto.
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