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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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FATTY LIVER DISEASE
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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 

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 
it [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-α, 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-α 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].

Sarcopenia was observed in almost half of patients with 
cirrhosis 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 β-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-α), 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 

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 – OPG), 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 
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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.

РЕЗЮМЕ
ВЗАИМОСВЯЗЬ МЕЖДУ САРКОПЕНИЕЙ И 

ОСТЕОПОРОЗОМ ПРИ НЕАЛКОГОЛЬНОЙ 
ЖИРОВОЙ БОЛЕЗНИ ПЕЧЕНИ

Пивторак Е.В., Монастырский В.Н., Кулешов А.В., 
Феджага И.В., Пивторак Н.А. 

В статье проведен анализ научной литературы относительно 
механизма взаимодействия костей, мышц и жировой ткани 
при неалкогольной жировой болезни печени. Освещены 
современные взгляды на механизмы развития саркопении, 
остеопении и остеопороза. Взаимодействие между 
мышцами и костями включает взаимодействие остеокинов, 
выделяемых из костей, мышечных миокинов и цитокинов, 
которые запускают совместные сигнальные пути, 
ведущие к фиброзу, воспалению, синтезу или деградации 
белка. Установлена патогенетическая связь между 
саркопенией, остеопорозом и НАЖБП. Многочисленные 
исследования убедительно свидетельствуют о том, что 
абдоминальное ожирение, гипертензия, дислипидемия 
и дисгликемия, которые считаются компонентами 
метаболического синдрома, тесно связаны с остеопорозом. 
Выяснены методы профилактики и лечения саркопении и 
остеопеороза. Высказано предположение, что упражнения 
с динамическим сопротивлением, подкрепленные 
адекватной нутритивной поддержкой, могут быть 
наиболее многообещающей стратегией с благоприятными 
метаболическими эффектами и положительным влиянием 
на нервную и сердечно-сосудистую системы для улучшения 
клинического состояния пациентов с остеосаркопенией. 
Таким образом, установлены прямые взаимосвязи между 
жировой, мышечной тканями и минеральной плотностью 
костной ткани. Жировая инфильтрация мышц не только 
приводит к потере мышечной массы и силы, но и 
способствует возникновению инсулинорезистентности, 

неалкогольной жировой болезни печени. Окислительный 
стресс и хроническое воспаление вызывают атрофию 
мышц и стрессовые ответы гепатоцитов, что приводит 
к прогрессированию фиброза печени. Физические 
упражнения с нагрузкой существенно снижают потерю 
костной и мышечной массы.
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სარკოპენიასა და ოსტეოპოროზს შორის კავშირი 

არაალკოჰოლური ცხიმოვანი ღვიძლის დაავადებაში
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სტატიაში გაანალიზებულია სამეცნიერო 

ლიტერატურა ძვლების, კუნთების და ცხიმოვანი 
ქსოვილის ურთიერთქმედების მექანიზმის შესახებ 
ღვიძლის არაალკოჰოლური ცხიმოვანი დაავადების 
დროს. ხაზგასმულია თანამედროვე შეხედულებები 
სარკოპენიის, ოსტეოპენიის და ოსტეოპოროზის 
განვითარების მექანიზმებზე. კუნთებსა და ძვლებს 
შორის ურთიერთქმედება მოიცავს ძვლებისგან 
გამოთავისუფლებულ ოსტეოკინებს, კუნთების 
მიოკინებსა და ციტოკინებს შორის ურთიერთქმედებას, 
რომლებიც იწვევენ სახსრების სასიგნალო გზებს, 
რაც იწვევს ფიბროზს, ანთებას, ცილის სინთეზს ან 
დეგრადაციას. დადგენილია პათოგენეტიკური კავშირი 
სარკოპენიას, ოსტეოპოროზსა და NAFLD-ს შორის. 
მრავალი კვლევა იძლევა მტკიცე მტკიცებულებას, რომ 
მუცლის სიმსუქნე, ჰიპერტენზია, დისლიპიდემია და 
დისგლიკემია, რომლებიც განიხილება მეტაბოლური 
სინდრომის კომპონენტებად, მჭიდრო კავშირშია 
ოსტეოპოროზთან. სარკოპენიის და ოსტეოპოროზის 
პრევენციისა და მკურნალობის მეთოდები. ვარაუდობენ, 
რომ დინამიური რეზისტენტობის ვარჯიში, ადეკვატური 
კვების მხარდაჭერით, შეიძლება იყოს ყველაზე 
პერსპექტიული სტრატეგია სასარგებლო მეტაბოლური 
ეფექტებით და დადებითი ეფექტით ნერვულ და 
გულ-სისხლძარღვთა სისტემებზე ოსტეოსარკოპენიის 
მქონე ხანდაზმული პაციენტების კლინიკური 
მდგომარეობის გასაუმჯობესებლად. ამრიგად, 
დამყარდა პირდაპირი კავშირი ცხიმოვან, კუნთოვან 
ქსოვილსა და ძვლის მინერალურ სიმკვრივეს შორის. 
კუნთების ცხიმოვანი ინფილტრაცია არა მხოლოდ 
იწვევს კუნთების მასისა და სიძლიერის დაკარგვას, 
არამედ ხელს უწყობს ინსულინრეზისტენტობის 
დაწყებას, ღვიძლის არაალკოჰოლური ცხიმოვანი 
დაავადების განვითარებას. ოქსიდაციური სტრესი 
და ქრონიკული ანთება იწვევს კუნთების ატროფიას 
და ჰეპატოციტების სტრესულ რეაქციებს, რაც იწვევს 
ღვიძლის ფიბროზის პროგრესირებას, რომელიც 
დაკავშირებულია უალკოჰოლო სტეატოჰეპატიტთან, 
არაალკოჰოლური ცხიმოვანი ღვიძლის დაავადების 
ერთ-ერთ სტადიასთან. სავარჯიშო ვარჯიშს შეუძლია 
მნიშვნელოვნად შეამციროს ძვლებისა და კუნთების 
დაკარგვა.
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