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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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RELATIONSHIP BETWEEN SARCOPENIA AND OSTEOPOROSIS IN NON-ALCOHOLIC
FATTY LIVER DISEASE

Pivtorak K., Monastyrskiy V., Kuleshov O., Fedzhaga 1., Pivtorak N.

National Pirogov Memorial Medical University, Vinnytsia, Ukraine

The relationship between bone, muscle and adipose tissue
is increasingly evident in the prevalence of sarcopenia and
osteoporosis in chronic diseases such as diabetes, metabolic
syndrome and obesity. Recent studies have shown [1] that
skeletal muscles and bones act as endocrine organs. The
coexistence of osteoporosis and sarcopenia has recently been
considered a syndrome called "osteosarcopenia". The term
osteoporosis reflects low bone mass and deterioration of bone
microarchitecture, while sarcopenia is a loss of muscle mass,
strength and function [2]. Osteopenia is a condition in which
there is a decrease in bone mineral density and bone mass,
but the changes are not yet so pronounced as to be considered
osteoporosis.

In 2018, the European Working Group on Sarcopenia
(EWGSOP) revised the definition of sarcopenia. In the revised
version, low muscle strength (the most reliable indicator
of muscle function) replaced low muscle mass as the main
parameter of sarcopenia [3]. Sarcopenia, osteoporosis,
osteosarcopenia, and vertebral fractures were significantly
common and closely related in patients with liver cirrhosis. In
particular, patients with osteosarcopenia had the highest risk of
vertebral fractures [4].

The aim of the work. is to analyze the scientific literature on
the mechanisms of interaction of bones, muscles, and adipose
tissue in non-alcoholic fatty liver disease (NAFLD).

Mechanisms of sarcopenia, osteopenia and osteoporosis.
Obesity is thought to affect bone health through a variety of
mechanisms, including body weight, fat volume, bone formation
and resorption, and proinflammatory cytokines along with the
bone marrow microenvironment [5]. Human bones consist of
cellular units - osteoblasts, osteoclasts and osteocytes, as well as
collagen, proteins and minerals. At the same time, two processes
invariably take place in the bones - destruction and remodeling
of "free" components.

Sarcopenia is based on several pathological processes:
reduction in the number of muscle fibers, reduction of their
size, violation of the innervation of myofibrils, as well as fatty
infiltration of muscles (myosteatosis) [6]. One of the features of
aging-associated sarcopenia is the relative mismatch between
muscle mass and muscle function, which may be due in part
to myosteatosis [6]. Fatty muscle infiltration is also considered
as part of the aging process, and it does not always depend on
the presence of systemic obesity. At the heart of myosteatosis
may be a decrease in physical activity, and fatty infiltration
of muscles, in turn, leads to an additional weakening of their
contractile activity, reducing muscle strength and functional
abilities of the elderly. Adipokines (mainly leptin), sex
hormones, glucocorticoids and impaired glucose metabolism
also play a role in the development of myosteatosis. Several
studies have shown that fatty infiltration of muscles not only
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leads to loss of muscle mass and strength, but also contributes to
insulin resistance, NAFLD and type 2 diabetes [6].

Mature muscle fibers consist of multinucleated cells that are
unable to divide, so muscle growth and regeneration occur due
to the proliferation of satellite cells. In sarcopenia, first of all,
the number of satellite cells and type II fibers decreases, which
leads to the inability of the patient to make rapid movements
[7].

There are important relationships between bone, fat and
muscle tissue. For example, direct relationships between
adipose tissue and bone mineral density are well known [8].
This includes primarily the positive effect of mechanical stress
(especially overweight), which stimulates the formation of bone
tissue by reducing apoptosis and increasing the proliferation and
differentiation of osteoblasts and osteocytes [9]. In addition, the
relationship between adipose and bone tissue may be mediated
by various biologically active substances, including leptin
and estrogen, which are synthesized by adipocytes, as well as
sclerostin and osteocalcin, which are synthesized by osteoblasts
and stimulate the secretion of adipokines and insulin [10].
Sclerostin expression leads to suppression of osteoblast-induced
bone formation, and therefore to a decrease in bone mass [11].

Osteoporosis occurs due to any imbalance between the
activity of osteoblasts and osteoclasts, which leads to excessive
degradation of bone tissue [12]. During remodeling, bone
can coordinate the activities of osteoblasts, osteocytes,
and osteoclasts, thereby maintaining a dynamic balance of
bone metabolism, in which osteoblasts (bone formation)
and osteoclasts (bone resorption) play a crucial role in bone
metabolism [13].

All cellular elements responsible for bone metabolism,
including osteoblasts, osteocytes, osteoclasts, chondroblasts
and chondrocytes, act under the influence of muscles, which
emphasizes the key role of this tissue in bone formation [14].
Moreover, several scientific studies emphasize that both tissues
perform an important endocrine function, the products of which,
represented by osteokines for bone tissue and myokines for
muscle tissue, realize biochemical connections between bones
and muscles [15].

Vitamin D is known to play an important role in the
development and maintenance of bones and muscles in the
body due to its ability to regulate the absorption of calcium and
phosphorus. Recent studies have shown that the level of serum
vitamin D in obese people is lower than in people with normal
weight, which is negatively correlated with body weight, BMI
and fat mass [16].

The interdependence between bone and muscle tissue can be
explained by several factors. First of all, with increasing muscle
mass, the load on the bone increases, which helps to strengthen
t [17]. The increase in muscle mass leads to lengthening of
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collagen fibers and hypertrophy of the periosteum at the site
of muscle attachment, which stimulates bone growth in this
area. The blood flow to the extremities increases in proportion
to the increase in muscle mass, and the increase in blood flow
to the bone, obviously, increases bone strength. Muscles also
perform an endocrine function, synthesizing biologically active
molecules (myokines) that can affect the regulation of bone
tissue [18]. The reduction of bone and muscle tissue as we age
may be the same pathogenetic factors: subclinical inflammation,
deficiency of hormones and nutrients, as well as reduced
physical activity [18].

In chronic inflammation, proinflammatory cytokines,
especially IL-6, IL-1 and TNF-a, promote osteoclast activation
and subsequent bone resorption [19]. IL-6 and IL-1 directly
modulate osteoclastogenesis, enhancing osteoclast function
[20]. Because IL-6 levels increase during liver damage to
stimulate liver regeneration, existing elevated IL-6 levels may
affect bone remodeling in various types of liver disease [21].

In particular, TNF-o enhances CSF-1 receptor gene expression
in the early stages of osteoclastogenesis and subsequently
stimulates osteoblast precursors, leading to increased osteoclast
formation regardless of the kappa nuclear factor receptor
(RANKL) pathway. These proinflammatory cytokines affect the
development of osteoporosis in viral hepatitis and nonalcoholic
steatohepatitis (NASH). Serum soluble TNF receptor p55 levels
have been shown to be significantly higher in patients with
cirrhosis and osteoporosis than in patients without osteoporosis
and positively associated with bone resorption [22]. In addition,
because obesity is considered a chronic inflammatory condition,
these proinflammatory cytokines contribute to the development
of osteoporosis in NAFLD [23].

Biomedical studies show that some myokines (insulin-like
growth factor 1, fibroblast growth factor, follistatin, osteonectin,
osteoglycine, irisin, and interleukin-15) have an anabolic effect
on bone, while other myokines (myostatin and interleukin-
causing tissue) [24].

Although the mechanisms that cause bone and muscle loss
are still unclear, it is now accepted that decreased muscle
function causes a decrease in bone load, leading to bone loss
[25]. However, a decrease in bone mass fully explains the
onset of sarcopenia, and muscle atrophy does not explain the
development of osteoporosis.

Pathogenetic link between sarcopenia, osteoporosis and
NAFLD.

Clinical studies describe a strong association between NAFLD
and sarcopenia, although the final causal relationship has yet
to be determined [26]. Four large meta-analyzes showed that
patients with sarcopenia had a 1.3 to 1.5-fold increased risk
of NAFLD compared with those without sarcopenia [27].
Among patients with rheumatoid arthritis with concomitant
NASH diagnosed with osteopenia and osteoporosis in 87.93%
of cases. The European Association for the Study of the Liver
(EASL), the European Association for the Study of Diabetes
(EASD) and the European Association for the Study of Obesity
(EASO) have linked NAFLD to colorectal cancer, metabolic
bone diseases (vitamin D deficiency, osteoporosis) and rare
metabolic diseases. [28].
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Sarcopenia was observed in almost half of patients with
cirrthosis of the liver and adversely affected mortality and
prognosis of liver disease [29]. Multivariate analysis has shown
that osteosarcopenic obesity, which included myosteatosis,
sarcopenia, and osteopenia, has a significant association with
NAFLD in women over 50 years of age, even with normal BMI
[30].

Skeletal muscle plays a crucial role in the transmission of
insulin signals as the primary tissue responsible for insulin-
mediated glucose removal. Decreased skeletal muscle mass can
cause insulin resistance and dysglycemia, which will eventually
lead to NAFLD and its characteristic features [5]. Oxidative
stress and chronic inflammation cause muscle atrophy and lead
to stress responses in hepatocytes, leading to the progression
of NASH-associated liver fibrosis, one of the stages of
NAFLD development [31]. The role of an aggravating factor
- hyperammonemia has been clarified. Ammonia is converted
to glutamate with subsequent conversion to glutamine with the
formation of leucine, which occurs in skeletal muscle. As a
result of this reaction, the function of mitochondria is impaired
and the level of adenosine triphosphate is reduced, which leads
to a deterioration of contractile function and a decrease in
muscle mass.

Skeletal muscle is an endocrine organ that secretes peptides
(myokins), which have a protective effect against the
development of NAFLD. Irisin is one of the myokines that
plays an important role in the B-oxidation of fatty acids in the
liver. Therefore, it is likely that a decrease in skeletal muscle
mass may be the cause of NAFLD due to decreased secretion of
various myokines [32].

According to the mechanism of sarcopenia is divided into
primary (due only to the aging process) and secondary,
which occurs in the presence of any pathology that can affect
the condition of muscle tissue (eg, systemic inflammatory
diseases). To date, many studies have been conducted to study
this problem in the elderly and in patients with a number of
chronic diseases. However, there are not many scientific studies
on the composition of the body in the elderly and long-lived,
and their results are quite contradictory [33].

Our anthropometric studies of men and women with NAFLD
showed that according to step-by-step discriminant analysis,
the most informative index for the diagnosis of NAFLD was
muscle mass according to Matejko [34]. According to Matejko's
formulas, body fat in patients with NAFLD was statistically
significantly higher, and muscle and bone mass were
statistically significantly less than in healthy men and women
of the same sex. The inverse of medium strength (r = 0.52, p
<0.001) correlations were found between Matejko's bone mass
and the body mass index in men and women with NAFLD
[35]. In Ukraine, a method has been developed to calculate the
probability of osteoporosis risk in patients with NAFLD using
statistical methods of multidimensional factor analysis and
logistic regression [36].

Numerous studies convincingly suggest that abdominal
obesity, hypertension, dyslipidemia and dysglycemia, which
are considered components of the metabolic syndrome, are
closely related to osteoporosis [37]. Patients with NAFLD with
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liver fibrosis were found to be significantly more likely to have
severe osteoporosis and hip fractures in Korean men over the
age of 50, and this positive association was more pronounced in
patients with sarcopenia [38].

The pathophysiology of osteoporosis associated with chronic
liver disease is complex. Increased bone resorption is an
important pathological feature of osteoporosis, especially in
patients with liver disease such as viral hepatitis and NAFLD.
Molecular mechanisms underlying changes in bone structure
in chronic liver disease include nuclear factor Kappa receptor
activator (RANK), osteoprotegerin (OPG), activation of
proinflammatory cytokines such as interleukin-1 (IL-1), IL-6 and
factor tumor necrosis alpha (TNF-a), as well as low testosterone
[39]. Bone remodeling is strictly regulated by osteocytes and
osteoblasts by various cytokines and hormones that modulate
activation and resorption [40].

Interactions between muscles and bones involve the
interaction of osteokines released from bones, muscle
myokines, and cytokines of dual origin, which trigger common
signaling pathways leading to fibrosis, inflammation, or protein
synthesis or degradation [41]. That is, if bone cells secrete less
"osteokines" and skeletal muscles secrete less "myokins", fat
metabolism may be impaired, as well as renal function, and even
testosterone levels may change, affecting many organ functions
and are usually interpreted. as "consequences of aging". This
new view forces us to reconsider the pathogenesis of NAFLD.
Deterioration of bone and muscle mass density, which leads
to osteoporosis and sarcopenia, respectively, is an age-related
process. The prevalence of NAFLD also increases with age.
In addition to physiological aging, these three conditions have
common underlying mechanisms, and their explanation may
be critical to developing more effective NAFLD treatment
strategies.

Prevention and treatment of sarcopenia and osteoperosis.

The primary task of treating patients with NAFLD with
overweight and obesity is to reduce the body weight of patients.
There are currently no tools for the pathogenetic therapy of
NAFLD that have a convincing evidence base. The pathogenetic
treatment of NAFLD is to reduce insulin resistance, oxidative
and cytokine-mediated stress, reduce the level of free fatty acids
and stop fibrogenesis [42].

Despite the high prevalence and clinical significance of
osteoporosis and sarcopenia in patients with liver disease,
the treatment of these musculoskeletal disorders is often not
considered in the clinical practice of treatment of these patients.
Currently, there is no specific treatment for sarcopenia, the
primary prevention is. Exercise, especially those where the
load gradually increases, is a stimulus for the synthesis of
muscle protein. In a meta-analysis of 37 studies, including 34
randomized clinical trials, the authors assessed the effects of
exercise on muscle mass in the elderly, when almost 80% of
cases increased muscle mass through exercise [43].

Like other diseases, osteosarcopenia is a serious global
health problem, so the focus should be on, among other things,
preventing it [44]. Bone mass can also be affected by mechanical
stress due to the involvement of cellular mechanisms that
regulate bone remodeling. Therefore, physical therapy, which
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includes increasing muscle strength, is an effective way to
improve bone health. Several scientific studies have confirmed
the existence of a correlation between mechanical stimuli,
muscle mass and protein synthesis. Increased mechanical stress
causes changes in muscle mass and increases protein synthesis,
which causes hypertrophy [45].

It should be emphasized that although increased protein
intake effectively increases muscle mass [46], the effects on
sarcopenia-related indicators such as strength and function are
less amenable to correction [47], although the effects of dosed
muscle load have a significant impact [48]. The results of a
study in rats with glucocorticoid-induced osteoporosis showed
that training on a treadmill and vibrating platform significantly
reduced RANKL expression and increased OPG levels,
improving osteoporosis [49]. Thus, the exercises can modulate
the transmission of RANK, RANKL, OPG signals, having a
beneficial effect on the condition of bone tissue.

The best modern protection against osteosarcopenia is
prevention. In fact, it is well known that bone is a dynamic
tissue that responds to a variety of physical stimuli, including
movement, traction, and vibration, that provide movement and
are fundamental to bone and muscle remodeling. The most
appropriate type, intensity, duration and frequency of exercises
for a positive effect on osteosarcopenia are not yet known [50].

Exercise is known to significantly reduce age-related bone and
muscle loss and benefit the whole body [51]. In particular, it has
been suggested that dynamic resistance supplements, supported
by adequate dietary supplements, may be the most promising
strategy for improving the clinical condition of elderly patients
with osteosarcopenia with beneficial metabolic effects and
positive effects on the nervous and cardiovascular systems.
Based on these data, Kemmler et al. showed the effect of high-
intensity exercise with dynamic loads in combination with the
introduction of milk protein, calcium and vitamin D in elderly
men with osteosarcopenia [52].

Restoring the relative skeletal muscle mass can help prevent
the onset or progression of NAFLD in both non-pathologists
and patients with sarcopenia [32].

Conclusion.

* Analysis of recent research has shown that a number of factors
in NAFLD (insulin resistance, lipolysis, oxidative stress,
decreased sex hormone levels, chronic systemic inflammation,
decreased insulin-like growth factor, hyperammonemia) are
the basis of the pathogenetic mechanism of sarcopenia and
osteopathy.

* Decreased insulin-like growth factor and sex hormones through
the intracellular signaling pathway, whose central components
are the enzymes phosphoinositide-3-kinase (PI3K), AKT and
mTOR kinases, have been shown to accelerate the vicious circle
of decreased muscle protein synthesis and enhanced muscle
growth. ulcers.

* The molecular mechanisms underlying bone resorption in
NAFLD include the triad: cytokine receptor-cytokine-receptor-
trap (RANKL — RANK — OPQ), activation of proinflammatory
cytokines, and low testosterone levels.

* Osteocyte-secreted sclerostin inhibits osteoblast differentiation
and reduces bone formation.
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RELATIONSHIP BETWEEN SARCOPENIA AND
OSTEOPOROSIS IN NON-ALCOHOLIC FATTY
LIVER DISEASE

Pivtorak K., Monastyrskyi V., Kuleshov O., Fedzhaga I.,
Pivtorak N.

National Pirogov Memorial Medical University, Vinnytsia,
Ukraine

Abstract. The article analyzes the scientific literature on the
mechanisms of interaction of bones, muscles and adipose tissue
in non-alcoholic fatty liver disease.

Modern views on the mechanisms of sarcopenia, osteopenia
and osteoporosis are highlighted. Interactions between muscles
and bones involve the interaction of osteokines released
from bones, muscle myokines, and cytokines, which trigger
common signaling pathways leading to fibrosis, inflammation,
or protein synthesis or degradation. The pathogenetic link
between sarcopenia, osteoporosis and non-alcoholic fatty liver
disease has been established. Numerous studies convincingly



suggest that abdominal obesity, hypertension, dyslipidemia
and dysglycemia are considered components of the metabolic
syndrome and are closely related to osteoporosis. Methods of
prevention and treatment of sarcopenia and osteoperosis have
been clarified. It has been suggested that dynamic resistance
exercises, supported by adequate nutritional therapy, may be the
most promising strategy for improving the clinical condition of
elderly patients with osteosarcopenia with beneficial metabolic
effects and positive effects on the nervous and cardiovascular
systems. Thus, direct relationships have been established
between adipose and muscle tissue and bone mineral density.
Fatty infiltration of muscles not only leads to loss of muscle
mass and strength, but also contributes to insulin resistance,
non-alcoholic fatty liver disease. Oxidative stress and chronic
inflammation cause muscle atrophy and lead to stress responses
in hepatocytes, leading to the progression of liver fibrosis.
Exercise with exercise significantly reduces the loss of bone
and muscle mass.

Keywords. Non-alcoholic fatty liver disease, bone, skeletal
muscle, osteoporosis, sarcopenia.

PE3IOME
B3AUMOCBSA3b MEXJIY CAPKOINEHUEH W
OCTEOIIOPO30M nrPu HEAJIKOT OJIbHOM

’KUPOBOM BOJIE3HHU NIEYEHHU

IMustopax E.B., Monacteipcknit B.H., Kynemos A.B.,
O®emxara U.B., ITusropak H.A.

BcrateenpoBeneHaHaTN3 HAyYHOWIUTEPATY PBIOTHOCUTEIBHO
MEXaHU3Ma B3aUMOJEHCTBUS KOCTEH, MBIIII] U AKUPOBOH TKaHU
IIPYU HEAJKOTOJNLHON JXMPOBOW Oose3Hn mnedeHH. OCBEUIEHBI
COBPEMEHHBIE B3IJISABI HA MEXaHU3MBI Pa3BUTHs CapKOIEHUH,
OCTEONIEHMM U  OCTeomopo3a. BzammopeiicTBue Mexay
MBIIIIAMU ¥ KOCTSIMU BKJTIOUAET B3aUMOJIEHICTBHE OCTEOKHUHOB,
BBIIEISIEMBIX U3 KOCTEH, MBIIIEYHBIX MUOKMHOB U ITUTOKUHOB,

KOTOpble  3allyCKalOT COBMECTHBIE€ CHTHAJbHBIE MYTH,
Beaynme K GuoOpo3y, BOCHAJICHHUIO, CHHTE3Y WIH JerpaIaiiu
Ocmka. YCTaHOBJEGHA TATOTGHETHYECKAas CBSI3b  MEKIY

capkornenuelt, octeornopozoM u HAXBII. MHorouncieHHbIe
WCCIIEIOBaHHsT YOEIUTENIFHO CBHUAETENBCTBYIOT O TOM, YTO
abJOMMHAIIBHOE OKUPEHHE, THIEPTEeH3Us, IUCIUIHIEMUS
U JUCTIMKEMHUs, KOTOPblE CUHTAIOTCd KOMIIOHEHTaMU
METabOJIMIECKOTO CHH/IPOMa, TECHO CBSI3aHBI C OCTEOIIOPO30M.
BrrsicHeHBI MeTO/IBI IPOMMIIAKTHKY U JICUCHHSI CAPKOTICHUH 1
ocTeomneopo3a. Bricka3aHo MpeanonoKeHue, 4To yIpaKHEHUs
C  JIMHAMUYECKUM  CONPOTUBIECHUEM,  IMOAKPEILUICHHbIE
aJIeKBaTHOW  HYTPUTHBHOW  TOJIEPKKOH, MOTYT  OBITh
Haunbosee MHOrooOemanel crparerueil ¢ OIaronpusTHEIMA
MeTabomueckuMu 3 dexTamMu U MOTOKHUTETBHBIM BIHSHUEM
Ha HEPBHYIO U CEPAECYHO-COCYJUCTYIO CUCTEMBI IS YIy4IeHUs
KJIMHUYECKOTO COCTOSIHMSA ITallUEHTOB C OCTEOCAPKONEHHEH.
TakuM 00pa3oM, yCTaHOBJIEHBI NPSIMbIE B3aMMOCBSI3H MEXKIY
JKUPOBOM, MBIIIEYHON TKAaHAMH U MUHEPAIbHOH MIOTHOCTBIO
KOCTHOM TKaHW. JKupoBass MHQMIBTpAIMs MBI HE TOJBKO
NPUBOAUT K IOTE€PE MBINIEYHOM MacChl M CHJIBL, HO U
CIIOCOOCTBYET BO3HMKHOBEHHMIO HHCYJIMHOPE3UCTEHTHOCTH,
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HEAJIKOTOJILHOW KHUPOBOH Ooyie3HN TeueHu. OKUCITATEIEHBINA
CTpeCC ¥ XPOHHYECKOE BOCHAJICHHE BHI3BIBAIOT aTPODHIO
MBI ¥ CTPECCOBBIE OTBETHI TE€MATOLUTOB, YTO TMPUBOAUT
K mporpeccupoBaHuo  (GubOpoza meucHn. Dusznyeckue
YOpaXXHEHUs] C Harpy3KOWl CYIIECTBEHHO CHIKAIOT MOTEPIO
KOCTHOM Y MBIIIEYHOH MAaCCHL.
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