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Abstract. The review describes the symptoms of bone damage in diseases of the stomach and duodenum:
scoliosis, poor posture, joint diseases, discrepancy between the bone age and the passport age, decreased linear
growth rates and recurrent caries. The causes of bone mineral density disorders in chronic gastroduodenitis
(CGD) are discussed: prolonged deficiency of micronutrients and protein due to malabsorption, significant
deficiency of vitamin D and calcium. The risk factors for the development of mineral dencity in adolescents with
CG and CGD, the features of bone metabolism in patients with CG that differ from those in healthy individuals, the
effect of Helicobacter pylori (HP) infection on bone tissue condition and the role of vitamin D in the development
of H. pylori infection are given. The review shows that currently there are insufficient data characterizing the
relationship between the features of the clinical and morphological picture of chronic diseases of the upper
digestive tract and Helicobacter pylori infection with the processes of osteosynthesis and remodeling of bone
tissue and vitamin D. Further research is needed to develop treatment strategies for Helicobacter pylori infection,
gastric neoplasia and gastric cancer.
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Pestome. B 0630pe onuncaHbl CUMNTOMbI NMOPa)KEHUA KOCTHOWM CUCTEMbI MPY 3a60N1eBaHNAX »KenyKa 1 fBeHaLa-
TUNEPCTHOW KULLKMW: CKONMO3, HapyLUEHVe OCaHKK, 3a60N1eBaHNA CyCTaBOB, HECOOTBETCTBYIE KOCTHOIO BO3pacTa
NMacnopTHOMY, CHUXKEHVE MOoKa3aTesell IMHENHOro pocTa Tena 1 peunamBrpyowmnn kaprec. ObcyxgatTca npu-
YMHbI HapPYLUEHNA MUHEPasnibHOM NIOTHOCTM KOCTHOW TKaHM NP XpOHMYeCcKoM ractpopyopeHuTe (XIJ): npogon-
XKUTENbHbIN AePULMT MAKPOHYTPUEHTOB 1 6efka BCieCcTBMe Manbabcopbumu, 3Haunmblii aedbuumnt ButammtHa D
1 Kanbums. Npusoaatca GakTopbl prcka pa3BUTUA HaPYLLEHUA MAHEPANbHOW MIIOTHOCTY KOCTU Y NMOAPOCTKOB C
XTI n XI'[l, ocobeHHOCTM KOCTHOro MeTabonunsma y 6onbHbIx ¢ XI, oTnnyatowmeca ot nokasaTesie 30pPOoBbIX L,
BANAHNE NHOMLMPOBAHHOCTU NMUAOPUYECKM XennKobakTepom (HP) Ha cOCTOAHME KOCTHOW TKaHW 1 OMMCbIBa-
eTca ponb BuTaMrHa D B pa3Butum nHdekuumn H. pylori. B 063ope nokasaHo, YTO B HacTosLiee Bpema AaHHbIX,
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KOTOpbIe XapaKTepU3yoT B3aIMOCBA3b 0COBEHHOCTEN KIMHUKO-MOPG)ONOrMYeCcKon KapTHbI XPOHUYECKUX 3a-
60seBaHNIi BEPXHVIX OTAENOB MULLEBAPEHUSA 1 XENMKOOAKTEPMO3a C NPOLeCcCaMyi OCTEOCUHTE3A 1 PEMOAENNPO-
BaHWA KOCTHOW TKaHW 1 BUTamunHa D, HegocTaTouHo. Heo6XxoanMbl fanbHelmne ncciefoBaHnsa ans oTpaboTkm
CTpaTeruii IeUeHns XennKobakTepmnosa, XenygouHblX HEOMA3UA 1 paKa »Kenyaka.

KnioueBble cnoBa: KocmHbili Memabonusm, sumamuH D, kanbyuti, MUuHepanbHAs NJIOMHOCMb Kocmel, XpOHUYe-

cKuli 2acmpum, xesIuKko6aKkmepuo3

In the works of the last decades it has been
noted that in groups of patients of different ages
suffering from gastric and duodenal diseases,
bone system changes such as scoliosis, posture
disorders, joint diseases [1-5], non-compliance
of the bone age with the passport age, decreased
linear body growth and recurrent dental caries oc-
cur with a higher frequency. Most authors report
bone mineral density disorders in chronic gastro-
duodenitis (CGD) [5-9], considering it from the
position of prolonged micronutrient and protein
deficiency [10-12]. Back in 1991, A.P. Avtsyn et al.
wrote: “Every physician, first of all, should be inte-
rested in factors that can damage or even destroy
the mechanisms of absorption and elimination of
micronutrients... The extremely common diagno-
sis of ‘duodenitis’, which occurs as often as ‘gastri-
tis’, from the position of the theory of micronutri-
ents should cause at least a careful attitude. Thus,
inflammatory, dystrophic and especially atrophic
changes in the duodenal mucosa are inevitably
accompanied by disturbances in the absorption
of trace elements” [13].

The use of dual-energy X-ray bone densito-
metry has shown that both children and adults
with gastroduodenal diseases have reduced
bone mineral density, and the degree of its re-
duction depends on the duration of the disease
and the severity of duodenal lesions [7-10].
G.G. Haustova (2008) revealed that the level of
bone mineral density (BMD) in children with
CGD is interrelated with the child's age, body
length and weight, morphofunctional features
of the gastric and intestine mucosa: thickness
of the gastric and intestine mucosa, depth of
gastric glands, number of secretory granules of
the main cells, number of parietal cells of the
gastric mucosa, degree of vascularization of the
gastric and small intestine mucosa, preserva-
tion of structural order and functional activity
of the small intestine epithelium [10]. Accor-
ding to O.V. Guzeeva (2012), a decrease in BMD
(Z-score <-2SD) in CGD in children is found in
10.6% of cases. The risk factors for the deve-
lopment of BMD disorders in adolescents with

CGD are: the presence of an aggravated history
of diseases with chronic inflammation (obesity,
autoimmune and allergic diseases), the pre-
sence of comorbid somatic and allergic diseases,
dental enamel disorders and superficial gastritis
[5]. In adult patients, osteodensitometric study
revealed a high prevalence of BMD reduction
in chronic gastritis (CG). Osteopenia was found
in 35% of patients in LI-LIV, in 23.3% of con-
trols and in 52% of patients it was found in the
proximal femur, while in healthy individuals os-
teopenia was found in 13.3%. Osteoporosis was
found in 23% of patients in LI-LIV and in 13% of
patients in the proximal femur, whereas no such
BMD changes were found in healthy individuals
[9]. Only one study did not describe differences
in BMD in patients with CGD and healthy indi-
viduals [3].

Most researchers report a significant vitamin D
deficiency in patients with gastroduodenal dis-
eases, which increases with the duration of the
disease [9, 10]. There is a direct correlation bet-
ween serum vitamin D levels and the presence of
stromal fibrosis and glandular atrophy in the gas-
tric mucosa of adolescents with CG [5]. These re-
sults are consistent with the previously obtained
data on the relationship between molecular ge-
netic variants of VDR and the degree of inflam-
matory changes in the gastric mucosa of children
with CG [14-16]. It can be explained by the effect
of vitamin D on cell proliferation, differentiation
and apoptosis [17, 18].

In adult patients with autoimmune atrophic
gastritis (AAG) a significant vitamin D deficiency
has also been revealed [19-21]. It correlated with
the degree of atrophy of the gastric mucosa. The
pathogenetic mechanism underlying this as-
sociation has not been fully elucidated, but it is
probably related to a decrease in vitamin D ab-
sorption against the background of gastric hy-
poachlorhydria [21, 22]. Several studies have re-
ported decreased calcium absorption in patients
with AAG [18, 19], while another study found no
significant differences in calcium absorption in
patients with autoimmune gastritis compared to
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controls [20]. Since active transcellular absorption
of ionized calcium in the duodenum and proxi-
mal small intestine represents the most important
physiological pathway of calcium absorption and
is highly dependent on vitamin D, it seems pos-
sible that vitamin D deficiency in patients with
AAG explains calcium malabsorption and changes
in bone mineralization [20]. In non-autoimmune
CG, there is also evidence of decreased serum cal-
cium levels [10]. There are reports of no significant
difference between patients with CG and healthy
controls [1, 9.

The data on BMD in AAG are controversial.
A number of studies have found no significant dif-
ferencesin the incidence of osteoporosis between
patients with AAG with vitamin D deficiency and
patients with normal levels of vitamin D [20]. At
the same time, it has been proven that bone min-
eral density is reduced in achlorhydria [22-26].

Literature data clearly indicate that not only
BMD indices, but also the level of markers of
bone metabolism in patients with CG differs
from those of healthy individuals [1], and this
level depends on the sex of patients and infec-
tion with Helicobacter pylori (HP). Thus, ado-
lescents with chronic HP-associated gastritis
were significantly more likely than their peers
with HP+CG to have bone metabolism disor-
ders in the form of lower levels of osteocalcin
and higher values of blood C-terminal telopep-
tides (CTTP), and boys with HP-associated CG,
compared to girls, were characterized by higher
serum parathormone levels and lower bone mi-
neral density against the background of a more
severe course of CG [27].

Itis known from a few studies that helicobacte-
riosis is often accompanied by a low physical de-
velopment, disharmonious development, chan-
ges in bone remodeling processes and decreased
bone mineral density due to impaired nutrient
digestion and absorption [18, 29, 30].

It has been revealed that patients with Helico-
bacter-associated CG also have secondary chronic
duodenitis in more than 90% of cases [31-33].
Under the influence of HP, inflammatory morpho-
logical changes develop in the duodenal mucosa,
leading to a decrease in calcium absorption and
its level in the body.

Previous studies have revealed some addi-
tional mechanisms of HP influence on calcium
metabolism. Thus, the decrease in calcium ab-
sorption in Helicobacteriosis is associated with
an increase in the absorption of competing with
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it nickel, the formation of which occurs in the
process of destruction of bacterial urease in the
stomach [3, 34]. It has been revealed that HP is
able to synthesize the enzyme urease, which
contains nickel in its structure. Nickel under the
action of hydrochloric acid is converted to NiCl,,
which is easily absorbed in the stomach. In addi-
tion, the increase in the absorption of the trace
element may be associated with the presence of
nickel transport proteins in HP and the formation
of ammonium complexes with NH; released du-
ring the hydrolysis of urea by bacterial urease [3,
35]. Various undesirable effects associated with
toxic and mutagenic effects of this trace element
may result from increased nickel intake into the
organism during HP infection [11, 13]. It is pro-
bable that this effect may result in impaired bone
system formation [28].

Some researchers have proposed another
mechanism in CG. Thus, it is assumed that in au-
toimmune gastritis, antibodies to H+K+/ATPase
of gastric parietal cells cross-react with a chemi-
cally similar enzyme — vacuolar H+/ATPase of os-
teoclasts [36-38], which is directly involved in the
process of bone resorption.

Numerous studies have focused on the rela-
tionship between vitamin D deficiency and H. py-
lori infection [39-45]. The results of the published
meta-analysis, which studied the relationship
between serum vitamin D levels and H. pylori,
made by M.O. Sasaran et al. in 2023, are presen-
ted in Table 1.

Despite the existence of studies that have not
confirmed the relationship between helicobacte-
riosis and vitamin D levels [27,51, 52,58, 59], most
previous reviews conclude that vitamin D plays
an important role in the development of H. py-
lori infection. A large number of studies consider
vitamin D deficiency as a risk factor for failure of
H. pylori eradication [42, 44, 45, 63, 64]. Based on
these studies, the therapeutic hypothesis of ad-
ding vitamin D; to classical eradication regimens
emerged and the efficacy of such a regimen was
proved [65].

A number of experimental works on mice con-
firmed the protective role of vitamin D3 in rela-
tion to gastric infection with H. pylori through
upregulation of VDR [66, 67], enhanced activa-
tion of the antimicrobial peptide pathway VDR-
cathelicidin (CAMP) [66, 671, and restoration of
lysosomal degradation through activation of the
protein disulfide isomerase A3 (PDIA3) receptor,
which promotes calcium release from lysosomes,
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lysosomal acidification and, consequently, elimi-
nation of H. pylori through the autolysosomal
pathway [68]. Synthetic production of vitamin
D-derived indene compounds has been shown
to result in selective antibacterial effect against
H. pylori [69, 70]. In particular, vitamin D pro-
ducts, such as vitamin D3 product 1 (VDP1), delay
effects against H. pylori by inducing collapse of
the cell membrane structure of bacteria [71]. The
inhibitory effect of 10,25-dihydroxyvitamin D; on
H. pylori-induced apoptosis of gastric epithelial
cells was proved [72].

Gastric mucosal cells from patients infected
with H. pylori showed a significant increase in
VDR expression compared to the healthy cont-
rol group [73]. A significant correlation was also
found between Fokl and Apal polymorphisms
of the VDR gene and Bsml genotypes of the VDR
gene and H. pylori infection [74]. The other three
polymorphisms studied, namely Fokl, Apal and
Taql, showed no significant variations in geno-
type distribution between the two groups stu-
died [75].

Several studies have shown significantly
lower levels of 25-OHvitD in patients with gast-
ric neuroendocrine neoplasms (NEN) compared
to patients without gastric NEN. The patho-
genetic mechanism leading to this association
has been attributed to the pleiotropic effects of
vitamin D [47, 51, 76, 77]. In the last few years,
a number of studies have also focused on the
antitumor properties of vitamin D in various
solid neoplasms [48, 51, 74]. Tumor suppressor
protein 3 (VDUP1) was found to increase the
regulation of vitamin D, (VDUP67), which has
been shown to be protective against gastric
carcinogenesis [3].

Nevertheless, there is currently insufficient
data that characterize the relationship between
the clinical and morphological features of chro-
nic upper digestive diseases and helicobacterio-
sis and the processes of osteosynthesis and bone
remodeling and vitamin D. Further studies are
needed in order to refine strategies for the treat-
ment of helicobacteriosis, gastric neoplasia and
gastric cancer.

ADDITIONAL INFORMATION

Author contribution. Thereby, all authors
made a substantial contribution to the concep-
tion of the study, acquisition, analysis, interpre-
tation of data for the work, drafting and revising
the article, final approval of the version to be pub-

Children’s Medicine of the North-West
2024 /Vol.12N23

lished and agree to be accountable for all aspects
of the study.

Competing interests. The authors declare
that they have no competing interests.

Funding source. This study was not suppor-
ted by any external sources of funding.

AOMOJIHUTENbHAA UHOOPMALUA

Bknag aBTOpoB. Bce aBTOpbl BHeCnn cyule-
CTBEHHbIV BKNag B pa3paboTKy KoHuenuuu, npo-
BefleHne WcCcnefoBaHUA U MOATrOTOBKY CTaTby,
npounu n ogobpunu GrHaNbHYK BepCUo nepes
nyénukaumen.

KoHNuKT mHTepecoB. ABTOpPbl fAeknapu-
pYIOT OTCYTCTBME ABHbIX U NOTEHLMANbHBIX KOH-
GNUKTOB NHTEpPecoB, CBA3aHHbIX C Nyb6nukaunen
HacToALEeNn CTaTbu.

UcTouHuk ¢puHaHcupoBaHuA. ABTOPbI 3asB-
nAT 06 OTCYTCTBMY BHelHero GrHaHCMpOoBaHMWA
npun NpoBeAeHNY NCCNefoBaHUA.
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