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Sarcopenia is considered an important geriatric syndrome,
the manifestations of which lead to impaired quality of life
and increased mortality. Sarcopenia is a disease associated
with decreased muscle mass and strength. Sarcopenic obesity
is manifested by an increase in subcutaneous or visceral fat,
fatty degeneration of muscles, and is also accompanied by im-
paired muscle function. After the age of 40, an average of 8 %
loss of muscle mass is noted, and by the age of 80 this value
can reach 50 %. The review examined the relationship bet-
ween sarcopenia, sarcopenic obesity, and osteoarthritis (OA).
Many exogenous and endogenous factors influence the deve-
lopment and course of OA. Based on the study of mechanisms
of cellular and molecular profiles, the specific features for
these frequently coexisting pathologies have been identified.
The review presents the molecular mechanisms in the deve-
lopment of sarcopenia, sarcopenic obesity and osteoarthritis.
Increased fat mass is manifested by increased adipogenesis,
expression of inflammatory molecules (leptin, adiponectin,
interleukin-1 (IL-1), IL-1b, IL-6 and tumor necrosis factor @)
that contribute to chronic low-grade systemic inflammation
and negatively affect muscle and joint quality. The relationship
between elevated levels of myostatin and muscle weakness as
well as myostatin accumulation in synovial fluid and severity
of osteoarthritis was considered. Some common mechanisms
in the development of sarcopenia and OA were noted: the influ-
ence of oxidative stress, systemic chronic inflammation, and
disruption of the signaling pathway of bone morphogenetic
proteins. Based on the analysis of associations between sarco-
penia, sarcopenic obesity, and OA, population-based studies
have revealed a high prevalence of knee OA with an increased
risk among men with sarcopenic obesity. Women with sarcope-
nia and sarcopenic obesity had a high risk of knee OA in both
groups. The review reviewed the prevention and treatment
of the combined pathology, in particular the effect of sarcope-
nia on the results of total joint arthroplasty in patients with
OA. In general, sarcopenia, sarcopenic obesity, and OA can be
considered as concomitant age-associated diseases that jointly
affect quality of life and life expectancy.

Capronenis — 3axX60p108anHs, NOGA3ANE 31 SHUNICEHHAM M 30801
macu ma cunu. Caproneniune 0HCUPIHHA NPOABIAEMLCA 3011b-
WeHHAM eMicmy NIOWKIPHO20 ab0 8iCYepanrbHO20 JHCUDPY,
AHCUPOBUM NEPEPOONCEHHAM M’S3168 I NOPYULEHHAM M’S30801
¢ynxyii. Ilicna 40 pokieé usnauaroms smpamy M’s130601 macu
6 cepeonvomy Ha 8 %, a y 80 poxis yeil nOKA3HUK Moduce 00-
caemu 50 %. B oenndi pozensinymo 83a€mo36 130K Midic capko-
NeHicl, CapKONeHiYHUM OHCUPIHHAM i ocmeoapmpozom (OA).
Ha poszeumox i nepebie OA ennugae Oe3niu ek302eHHUX i eHdo-
2EHHUX (aKmMopis, HA OCHOGI 00CNIONCEHHA MeXAHI3MI8 K-
MUHHUX T MOJIEKYIAPHUX NPOQINI8, BUABIEHO 0COOIUBOCI YUX
namoanoeiil, AKi yacmo nepebicaroms y noeoHanui. Hagedero
MONEKYNAPHI MeXaHi3Mu pO36UMKY CAPKONEHIYHO20 OACUPIH-
HA 1l ocmeoapmpo3y. 30inbuenHs JHCUPOoBoi Macu NPOAGIAEMbC
niosuweHHAM adinozenesy, eKCnpeciclo MONeKyl 3andaieHHs
(nenmuny, aounowekmumny, inmepaetxiny-1, -1b, -6 i ¢paxmo-
Pa HeKpo3y NYXAUHU O), WO CRPUsE NIOMPUMYI XPOHIUHO20
HU3bKOZPAOIEHMHO20 CUCMEMHO20 3aNAlleHHs Ma He2amues-
HO 6NIUGAE HA AKICMb M’A3i6 [ cyel00i6. Posenanymo 36’130k
MIDIC NIOBUWEHUM Pi6HEM MIOCMAamuny ma ciabKicmio m’s3is,
a Mmaxko#C HAKONUYEHHAM MIOCMAMUHY 6 CUHOBIANbHIN PiOUHI
ma easickicmio ocmeoapmpo3sy. Busaeneno 3azanvni mexanizmu
6 po3sumky capxonenii i OA — enaue okcuoamugHo2o cmpe-
cy, cucmemue XpoHiune 3ananieHus, NOPYUWEHH CUSHATbHO20
wasxy Kicmxkosux mopgoeenemuynux 6iakis. Ha ocnosi ana-
i3y acoyiayitl MidiC cApKONEHIEI, CAPKONEHIYHUM OHCUPIHHAM
ma OA 6 nonynayitinux 00CaiONCeHHAX 8CMANOBNEHO BUCOKY
nowupernicmv OA KONiHHO20 cyenoba 3 Ni08UWEeHUM PUSUKOM
cepeod YON0GIKI8 13 CAPKONEHIYHUM ONCUPIHHAM. Y JICIHOK i3
capkoneHieio ma capkoneHiuHum odicupinuam pusux OA xo-
niHHO020 cy2n0b6a 6ys eucokum 6 060x epynax. Pozensnymo
nUManHs nPoGinaKkmuxku ma NiKy8anHs NOEOHAHOI nAmoaoeii,
30KpemMa 6NnauG capKoneHii na pe3ynbmamu momaibHo20 eHoo-
npome3y8anusa equKux cyznooie y nayienmis 3 OA. 3azanom,
capkoneniio, caprkoneniuyne odxcupinnusa i OA moocna posens-
damu AK CYynymHi 8iK-acoyilio8ani 3aX60pIOBAHHS, AKI CNIIbHO
enausarOms Ha AKicms i mpusaiicmo xcumms. Knwouogi crnosa.
Capkonenis, capkoneniyne odcupints, ocmeoapmpos, M’a306d
maca, AKICmv HCUMms.
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In recent years, medical scientists have been fo-
cusing on the association between sarcopenia and
osteoarthritis (OA) [1]. This connection is considered
from different positions: as coexisting conditions,
sarcopenia as a risk factor for the progression of OA
or OA as a risk factor for sarcopenia [2, 3].

Osteoarthritis is manifested by an alteration of int-
ra- and periarticular soft tissue with maximum seve-
rity in the articular cartilage and subchondral bone.
Muscles which are associated with the joint provide it
function and stability. Some studies shows that knee
extensor muscle weakness is a risk factor for the de-
velopment of gonarthrosis [4]. Thus, OA is an organ
failure of the entire synovial joint with an important
functional role of muscles [5].

Sarcopenia is defined as a progressive and gene-
ralized disease of skeletal muscle associated with loss
of muscle strength, mass (lean mass) and function
disorder [6]. This condition is associated with physio-
logical aging or as a result of physical inactivity,
endocrine diseases, and inadequate nutrient intakes,
etc. After 40 years of age muscle mass decreases ap-
proximately 1 % per year, and by the age of 80 it can
reach over 50 % [7].

Patients with osteoarthritis often have not only
sarcopenia, but also obesity, as well as a combina-
tion of sarcopenia and obesity — sarcopenic obesity,
but there is no clear understanding of the connection
between these conditions [8]. If patients with sarco-
penia look mostly thin, then with sarcopenic obesity
they look obese. In patients with OA the combination
of sarcopenic obesity leads to an increase in the effect
of sarcopenia, which significantly worsens the quality
of life and increases the risk of mortality [9]. Sar-
copenic obesity in the adult population occurs from
0 to 41 % [10] or according to the current data of stu-
dies presented in the literature, the prevalence varies
from 3 % to 35.4 % in different populations. The data
discrepancy may be due to the different methods for
assessing and classification of obesity by body mass
index (cut-off values in Asian populations are > 25 or
> 27.5, and in populations of North America and Eu-
rope > 30) [11].

Sarcopenic obesity is an increase in the subcuta-
neous or visceral fat content, accompanied by a de-
crease in muscle mass, which is a strong factor in
the development and progression of osteoarthritis
[11, 12].

A vicious circle is formed in patients with OA:
patients try to avoid physical activity due to pain and
joints dysfunction, which leads to a decrease in musc-

le strength, the development of overweight, or obe-
sity. Increased adipogenesis accelerates muscle loss,
leads to the development of sarcopenic obesity, and
acts as a risk factor for OA [7, 11, 13].

General mechanisms of OA and sarcopenia

The combination of sarcopenia and OA among
women over 65 years old is quite high and is equal
to 31.45 % and increases with age, reaching 61.54 %
in patients over 85 years old [14]. According to data
of the other authors, based on the result of SARC-F
questionnaire, the highest prevalence of risk of sar-
copenia was detected in patients with hip OA —
72.3 %, compared with 63.2 % in the population with
knee OA and 71.3 % with OA of other joints [15].

The mechanisms for the development of sarcope-
nia, sarcopenic obesity, and OA are common includ-
ing aging, overweight, genetic and other exogenous
and endogenous factors [11] (figure). Physical activity
decreases with age. Also changes occurs in hormo-
nal background like in the biosynthesis and metabo-
lism of insulin, sex hormones, parathyroid hormone
and vitamin D, the insulin-like growth factor-1 [39],
which are common links in muscle and joint tissue
disorders.

Age-related loss of muscle mass is accompanied
by disorganization of muscle fibers, a decrease in
satellite cells, type Il fibers (fast) and an increase in
the structure of skeletal muscles type I fibers (slow);
increased lipid infiltration, which leads to a decrease
in muscle strength and increased fatigue [16].

The increase in fat mass is manifested by an in-
crease in adipogenesis, inflammatory molecules ex-
pression (leptin, adiponectin, interleukin-1 (IL-1),
IL-1 beta, IL-6 and tumor necrosis factor alpha),
which contributes to a chronic low-level systemic in-
flammation and negatively affects the quality muscle.
Progressive loss of skeletal muscle mass are occurred
[17, 18, 19]. Muscle atrophy leads to an increase
of joint load and the formation of deformity of bone
ends and articular cartilage fissures with a low level
of regeneration.

Oxidative stress is a significant risk factor in
a combination of OA and sarcopenia. Free radicals
mediate and affect articular cartilage, intra-articular
and para-articular tissues, including muscles, increas-
ing degenerative tissue disorders [20, 21]. The accu-
mulation of active oxygen/nitrogen species is con-
sidered as the main reasons for the development
of muscular dystrophy and sarcopenia, since muscles
are susceptible to oxidative stress, and mitochondrial
dysfunction is considered as the main mechanism
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of aging of skeletal muscles and the development
of sarcopenia, as well as damage to articular tissues.
Oxidative stress is a cause of synovial inflammation,
degradation of articular cartilage, apoptosis of chond-
rocytes, its negative effect leads to a decrease in
the biosynthesis of matrix molecules and dysfunc-
tion of the subchondral bone [21-23]. Aging of cells
and degenerative disorders in skeletal muscle cells
and articular cartilage under the influence of reactive
oxygen species are accompanied by the accumulation
of single-strand breaks in telomere regions, leading
to a decrease in their length [24, 25].

Nuclear factor erythroid 2-related factor 2 (Nrf2)
is involved in the regulation of antioxidant genes.
The influence of OA on the development of sarcope-
nia can be carried out through Nrf2, which protects
the muscle from the toxic effects of free radicals [26].
The sedentary lifestyle of patients with OA leads
to dysfunction of Nrf2-mediated antioxidant response
which ultimately is a risk factor for the development
of skeletal muscle atrophy.

The key mediators of muscle and bone homeo-
stasis, play bone morphogenetic proteins (BMP) and
myostatin signaling pathways [27]. Myostatin, myo-
kine protein, belongs to the transforming growth fac-
tor B (TGF B). Mostly it is expressed in muscle tissue,
negatively regulating growth of skeletal muscles and
their regeneration, competing for binding of BMP re-
ceptor and Smad4 activation, which violated the quali-
ty of muscle. In addition, myostatin is expressed by
synovial membrane cells and its concentration in se-

rum and synovial fluid correlates with the severity
of knee OA [28].

Expression of BMP-2, BMP-4, BMP-7, myostatin,
phosphorylated small mothers against decapentaplegic
was studied by the methods of immunohistochemis-
try) Smadsl-5-8 proteins (regulating muscle regen-
eration by transmitting BMP signals), Pax7 and myo-
genen in muscle biopsy samples obtained during total
hip arthroplasty in patients with coxarthrosis [27]. It
was detected that in patients with OA, the expression
of BMP-2 and 7 in sarcopenic muscles was three times
higher than BMP-4 and contained numerous phos-
phorylated Smad1/5—8 positive nuclei, which indicates
the specificity of cellular and molecular characteris-
tics. At the same time, an increase in the expression
of myostatin and cytoplasmic Smad was accompanied
by a decrease in satellite cells involved in muscle tissue
regeneration, as well as Smad 2, 4, 7.

Searching for associations between sarcopenia, sar-
copenic obesity and osteoarthritis in population studies

In one of the largest longitudinal studies (1 653 sub-
jects) was studied the risk of knee OA depending on
the type of body composition, measured using Dual-
energy X-ray absorptiometry (DXA): normal, obesity,
sarcopenic obesity and sarcopenia. After the observa-
tion of patients for 60 months, the authors, revealed an
increased risk of radiographic knee OA among women
and men with obesity and sarcopenic obesity [29]. They
concluded that weight loss at the cost of fat content
and increased muscle mass are important elements in
the prevention and treatment of knee OA.
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Figure. The connection between age, sarcopenic obesity and osteoarthritis [adapted from 11]



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2021. Ne 3

A 2018 scoping review of the link between body
composition and osteoarthritis of the knee or hip
shows that this is an essential issue, as 796 publica-
tions of original research results were found between
2005 and 2017, including 118 full-text articles, but
only 11 have been included to research [11]. Accord-
ing to the literature data, the muscle weakness, low
skeletal muscle mass or sarcopenia in combination
with obesity affect the course and severity of the OA
of the lower extremity.

The high prevalence of OA of the knee joint
among persons with sarcopenic obesity is presented
in another scientific work [17]. The studied groups
of subjects with obesity and sarcopenic obesity had
the same body weight, however, the group of sarco-
penic obesity was more closely associated with knee
OA, which, according to the authors, confirms the im-
portance of the systemic metabolic effect of obesity.

The association between sarcopenia and OA was
determined in terms of appendicular muscle mass in-
dex (AMI), physical function (timing and running,
30-second sit-to-stand test, 40 Meter fast paced walk
test and grip strength) and self-reported fatigue (mul-
tivariate assessment of fatigue (Multidimensional
Assessment of Fatigue, MAF) and Visual Analogue
Scale (VAS)). The authors found no association
of sarcopenia with OA in evaluation AMI scores and
self-esteem, fatigue, or physical activity [30]. Mode-
rately strong association of OA and sarcopenia has
been found in subjects with high body fat concentra-
tion. In another study in 41 — 56 % of patients with
OA was detected fatigue and 10 % of subjects experi-
enced severe fatigue [6].

Another study, based on an assessment of 159 wo-
men with OA ((74 £ 6) years), showed that pain in-
tensity (VAS) and muscle function (short physical
performance battery (SPP)) were independent of sar-
copenia. However, body mass index, muscle strength,
and quality of life (according to the EQ-5D question-
naire) were significantly lower in subjects with sarco-
penia [14].

Another study involving 17,476 male and female
showed that obesity and sarcopenia were associated
with gonarthrosis in the elderly [31]. The risk of OA
was higher in men with sarcopenic obesity than in
men with non-sarcopenic obesity. In women, the risk
of knee OA was high in both obese groups.

The severity of OA is aggravated with sarcopenia
presence and metabolic syndrome or insulin resis-
tance [13].

However, not all researchers support the point
of view about the direct effect of sarcopenia on
the development of OA or opposite. Based on an ana-

lysis of four prospective and one crossectional studi-
es, which included 4 231 patients (mean age 62 years)
in terms of weight, height and body mass index and
assessment of gonarthrosis according to the Kellgren-
Lawrence scale, the authors were unable to support
the hypothesis of a direct effect of sarcopenia on
development OA due to the lack of clinical research
regarding on measurements and instruments to com-
pare sarcopenia and OA [32].

Effect of sarcopenia on the results of total knee
arthroplasty in patients with osteoarthritis

Due to the fact that sarcopenia is often common
in patients with osteoarthritis, researches are being
conducted to study the dynamics of the recovery pe-
riod after total knee arthroplasty. There are two pros-
pective studies showing that after total hip or knee
arthroplasty in patients with sarcopenia the length
of hospital stay is increased, the percentage of com-
plications, falls, fractures of the lower extremities,
and repeated hospitalization are increased [33-35].

There is a study of the effect of sarcopenia on
the clinical outcome after surgery in patients with
knee OA [35]. The authors revealed that patients with
sarcopenia had worse WOMAC-PF scores compared
to patients without sarcopenia, in addition, the severi-
ty of pain in patients with sarcopenia according to
the WOMAC scale was more severe.

However, there is also a study where, in a com-
parative assessment of 58 women with- and without
sarcopenia after surgery in both groups was revealed
an increase in walking speed and muscle strength [8].
However, no significant differences were found bet-
ween the groups.

Prevention and treatment

There are no specific evidence-based methods
of treatment for sarcopenia, as the primary point is
prevention. The data available in the literature are
based on the results of a study of the mechanisms
common for the development of sarcopenia and
osteoarthritis and have only advisory nature. Based
on the contribution of the generation of reactive oxy-
gen species (ROS) to the development of sarcopenia
and osteoarthritis, experimental studies have shown
that a decrease in above-mentioned indicator coun-
teracts telomere shortening, increases the survival
of muscle cells and restores muscle homeostasis [25],
as a result delays the development of sarcopenia [21].
In the perspective, a potential therapeutic target for
the protection of skeletal muscles from age-related
accumulation of ROS may be the restoration of redox
homeostasis through the effect on Nrf2 [26].

Exercises of various modes are recommended as
an effective strategy for maintaining muscle health,
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as a result the regulation of metabolic processes at
the molecular, cellular and organism levels is pos-
sible [36, 37]. In experimental studies in mice, it has
been shown that physical activity aimed at muscle —
strengthening helps to remove free radicals that are
the products of oxidative stress [37]. In addition,
the authors found that exercise increased lifespan
by altering muscle transcriptome and metabolism,
modulating the expression of the Cisd2 gene, which
promotes longevity. Exercise are also stimulus for
muscle protein biosynthesis by cells.

Adequate protein intake is important in the pre-
vention of sarcopenia. ESCEO recommends a dietary
protein intake of 1.0 to 1.2 g/kg body weight per
day [38].

In general, further studies of the cellular and mo-
lecular mechanisms of the connection between sarco-
penia and OA are needed to expand the understand-
ing of the common links of these conditions and to
develop pharmacological and non-pharmacological
methods of treatment.

Conclusions

Sarcopenia is considered an important geriat-
ric syndrome, the manifestations are leaded to im-
paired quality of life and increased rates of mortali-

ty. The severity of sarcopenia can be influenced by
many factors — a person’s age, comorbidity, lifestyle,
nutrition, etc. In this regard, an important direction
of scientific research is to study the manifestation
of sarcopenia in the conditions of various disorders
in the body. Sarcopenia is frequently accompanied by
OA. However, in current literature there are no fun-
damental scientific research on the connection and
interdependence of OA and sarcopenia, which makes
it impossible to assess it significantly. The available
data indicate that the presence of these pathologies vi-
olates the quality of life of patients in terms of quality
of life and physical activity, however, data on the ef-
fect of sarcopenia, including sarcopenic obesity, on
the manifestation of pain in large joints are ambigu-
ous. The mechanisms of cellular and molecular pro-
files specific to the association of these pathologies
are actively investigated. Although there are common
mechanisms in their development: the influence of re-
active oxygen species, systemic chronic low-grade
inflammation, myostatin expression, and BMR sig-
naling pathways, they cannot be considered as uni-
versal biomarkers specific only to sarcopenia and
OA. In general, sarcopenia and OA can be thought
of as coexisting age-related diseases that jointly af-
fect the quality and duration of life.



