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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 α) 
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  аrthroplasty  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.

Саркопенія — захворювання, пов’язане зі зниженням м’язової 
маси та сили. Саркопенічне ожиріння проявляється збіль-
шенням вмісту підшкірного або вісцерального жиру, 
жировим переродженням м’язів і  порушенням м’язової 
функції. Після 40 років визначають втрату м’язової маси 
в середньому на 8 %, а у 80 років цей показник може до-
сягти 50 %. В огляді розглянуто взаємозв’язок між сарко-
пенією, саркопенічним ожирінням й остеоартрозом (ОА). 
На розвиток і перебіг ОА впливає безліч екзогенних і ендо­
генних факторів, на основі дослідження механізмів клі-
тинних і молекулярних профілів, виявлено особливості цих 
патологій, які часто перебігають у поєднанні. Наведено 
молекулярні механізми розвитку саркопенічного ожирін-
ня й остеоартрозу. Збільшення жирової маси проявляється 
підвищенням адіпогенезу, експресією молекул запалення 
(лептину, адипонектину, інтерлейкіну-1, -1b, -6 і  факто-
ра некрозу пухлини α), що сприяє підтримці хронічного 
низькоградієнтного системного запалення та негатив-
но впливає на якість м’язів і суглобів. Розглянуто зв’язок 
між підвищеним рівнем міостатину та слабкістю м’язів, 
а також накопиченням міостатину в синовіальній рідині 
та важкістю остеоартрозу. Виявлено загальні механізми 
в розвитку саркопенії й ОА — вплив оксидативного стре-
су, системне хронічне запалення, порушення сигнального 
шляху кісткових морфогенетичних білків. На основі ана-
лізу асоціацій між саркопенією, саркопенічним ожирінням 
та ОА в популяційних дослідженнях встановлено високу 
поширеність ОА колінного суглоба з підвищеним ризиком 
серед чоловіків із саркопенічним ожирінням. У жінок із 
саркопенією та саркопенічним ожирінням ризик ОА ко-
лінного суглоба був високим в обох групах. Розглянуто 
питання профілактики та лікування поєднаної патології, 
зокрема вплив саркопенії на результати тотального ендо-
протезування великих суглобів у пацієнтів з ОА. Загалом, 
саркопенію, саркопенічне ожиріння й ОА можна розгля-
дати як супутні вік-асоційовані захворювання, які спільно 
впливають на якість і тривалість життя. Ключові слова. 
Саркопенія, саркопенічне ожиріння, остеоартроз, м’язова 
маса, якість життя.
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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 II 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 β (TGF β). 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) Smads1-5–8 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.

Figure. The connection between age, sarcopenic obesity and osteoarthritis [adapted from 11]
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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.
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