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Osteosarcopenia is a combination of osteoporosis and sarco-
penia that has been identified as a distinct geriatric syndrome,
which has recently attracted increasing attention from the medi-
cal community. Unfortunately, to date, there are no unified cri-
teria for defining this syndrome, which affects the determination
of its epidemiology and prevention methods. The coexistence
of osteoporosis and sarcopenia in an individual is associated
with an increased risk of falls and fractures, reduced functional
capabilities and quality of life, and a heightened risk of mor-
tality; thus, it holds significant medical and social importance.
The aim of this review was to analyze the current literature
on osteosarcopenia, including its prevalence, pathogenesis,
risk factors, and management. Methods. A review of literature
sources was carried out in the electronic scientometric data-
bases PubMed, Scopus, Web of Science and Google Scholar

using the keywords: "osteoporosis", "sarcopenia”, "osteosarco-

penia”, "sarcoporosis” for 2019-2024 with additional inclusion
in the analysis of earlier publications which have a recognized
scientific value. Both cohort and prospective studies, as well as
meta-analyses and systematic reviews, were analyzed. The re-
sults of this work included clarifying terminology, determining
the global prevalence of osteosarcopenia, and analyzing risk
factors and key components of its pathogenesis, particularly
in subjects with comorbidities (such as diabetes and obesity).
Scientific studies on the most explored pharmacological and
non-pharmacological approaches to treating osteosarcopenia
were also reviewed, with a focus on methods that require fur-
ther research to confirm their effectiveness. Conclusions. Given
the prevalence of osteosarcopenia and the associated risks,
further investigation, especially within the Ukrainian popula-
tion, is highly relevant and necessitates new research to improve
the management of this geriatric syndrome.

Ocmeocapkonenisi € NOCOHAHHAM OCMEONOpo3y mda capKone-
Hil, sKe OY10 GUOLIEHO, K OKpeMUll 2epiampudnuil CUHOPOM,
Wo OCMAaHHIM 4acoM npueepmac 6ce Oinvuie yeazu MeoudHol
cninonomu. Ha oicans, cbo200mi nemae eounux kpumepiis ujo0o
11020 GU3HAYENHA, WO GNIUBAE HA BUGUENHA enidemionozii ma
memodie npoginakmuku. Iloeonanna ocmeonopo3y ma cap-
Konewii 8 00Hiei ocobu acoyitiosano 3 NiOGUWEHHAM PUSUKY
naodinb I nepenomis, 3HUNCEHHAM (DYHKYIOHATLHUX MONCIUBOC-
meti ma AKOCMI JHCUMMs, 3POCIAHHAM PUSUKY CMEPMHOCMI,
MOMY MA€E BKPAll 8adCIUBE MEOUKO-cOYyianbHe 3Havenns. Mema.
Ipoananizysamu cyuacwi rimepamypHi Odcepena, siKi Ueuaomy
ocmeocaproneriio, ii nowupenicms, namozenes, axmopu pu-
3uKky ma meneoxucmenm. Memoou. Oazns0 nimepamypu 30itic-
HEHO 6 eleKMPOHHUX Haykomempuunux 6azax oanux PubMed,
Scopus, Web of Science ma Google Scholar i3 euxopucmarnnsm
KII0U0BUX CTlIB: «OCIMEONopo3y, «CApKONeHisy, «ocmeocapkone-
Hify, «capkonoposy 3a 2019—2024 poku 3 0o0amkosum 6KI0-
YeHHAM 00 AHANI3Y OilbW PAHHIX pOOIM 3a YMOBU IX GUSHAHOT
HayKo8oi yinnocmi. Po3ensanymo ax Ko2opmmui ma npocnekmueHi
O0CHIONCEHHA, MAK 1 MEeMAaanaiizu i CUCMEeMAMUYHI 02NA0U.
Pesyromamom yiei pobomu € ymouneHHs mepMiHOI02Ii, 8U3HA-
YeHHs NOWUPEHOCTI 0CMeoCcapKonerii' y ceimi, ananiz ¢pakmo-
PIi8 pUsuKy ti OCHOBHUX JIAHOK NAMO2eHe3Y, 30Kkpema i 6 0cib i3
CYRYMHBOIO NAMONORIEI0 (YYKpOGULl diabem, OACUPIHHA MOUJO).
Ipoananizoeani HayKo8i pobOMuU CMOCOBHO HAUOLIbLUL BUSYEHUX
MEOUKAMEHMOZHUX | HeMeOUKAMEHMO3HUX NiOX00i8 y NIKVEAHHI
ocmeocapkonenii 3 po3ena0om mMemoois, AKi nompedyoms no-
0anbUl020 GUGUEHHs OISl NIOMBEPOAICEHHST CBOEI eheKmuUeHOC-
mi. Bucnosku. Ypaxogyiouu nowupenicms ocmeocapkonemii
ma pusuxu, AKi noe’asaui 3 Hero, ii nodarvuie 8UBHUEHHS, 30-
Kpema U 8 YKPAaiHCubKill nonyaayii, € 6Kpail akmyaibHum i no-
mpebye npoeederHs HOBUX HAYKOBO-00CIIOHUX PO3POOOK 01
NOKPAWEHH MEHEeONCMEHMY YbO2O 2epiampuiHoco CUHOPOMY.
Karouoei cnosa. Ocmeonopos, capkoneHnis, ocmeocaprkonenis,
Ccapkonopos.
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Introduction

As human life expectancy has increased due to
improved living conditions and medical advances,
the proportion of the elderly in the world popula-
tion has increased significantly. According to cur-
rent projections, the number of people aged 60 years
and older will continue to increase, from 1.1 billion
in 2023 to 1.4 billion in 2030 [1]. This will contrib-
ute to a rise in the number of age-associated dis-
eases and conditions, and their study is becoming
increasingly relevant. The main geriatric syndromes
include cognitive impairment, depression, chronic
pain, polypharmacy, certain functional limitations,
urinary or fecal incontinence, constipation, orthos-
tatic hypotension, syncope, pressure ulcers, vision,
hearing or sensory impairment, falls, frailty, malnu-
trition, or loss of muscle mass and strength (sarcope-
nia) [2—4]. The presence of the latter in combination
with osteoporosis in one person has been singled out
as a separate geriatric phenomenon, which has been
combined with the terms “osteosarcopenia” (OSP) or
“sarcoporosis” [6]. However, today there is no con-
sensus in the world on the definition of this condi-
tion. Some scientists define OSP as a combination
of osteoporosis, instrumentally confirmed by two-
photon X-ray absorptiometry (DXA) and sarcopenia,
others in the presence of low bone mineral density
(BMD, osteopenia or osteoporosis) and sarcope-
nia or in the case of an osteoporotic low-traumatic
fracture in combination with sarcopenia [7-10]. OSP
poses a threat to the elderly due to the increased risk
of a number of complications characteristic of both
diseases, therefore it requires more attention and in
-depth study. In recent years, there has been an in-
creasing number of high-quality studies studying this
syndrome. Regrettably, the Ukrainian-language lit-
erature contains only limited research on the study
of OSP as evidenced by references [11, 12].

Purpose: to analyze modern literary sources on
osteosarcopenia, its epidemiology, pathogenesis, risk
factors and possible ways of prevention and treatment.

Material and methods

A review of literature sources was carried out
in the electronic scientometric databases PubMed,
Scopus, Web of Science and Google Scholar using
the keywords: “osteoporosis”, osteosa-
rcopenia”, “sarcoporosis” for

2019-2024 with additional inclusion in the anal-
ysis of earlier studies provided that their recognized
scientific value was recognized. Both cohort and pro-
spective studies, as well as meta-analyses and sys-

tematic reviews, were analyzed.
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Results

Definition of osteosarcopenia

As noted above, OSP combines two diseases: sar-
copenia and osteoporosis.

The term “sarcopenia” was first proposed to de-
scribe the loss of skeletal muscle mass by 1. Rozen-
berg in 1989, and in 1998 R. Baumgartner used this
term to characterize a syndrome associated with an
increased risk of falls and physical weakness [13, 14].
According to the latest European guidelines issued by
the European Working Group on Sarcopenia in Older
People (EWGSOP) in 2019, it is a progressive and
generalized skeletal muscle disease associated with
an increased risk of falls, fractures, impaired motor
activity and mortality [15].

The definition of “osteoporosis” was first pro-
posed by the World Health Organization (WHO)
in 1994 [16]. This disease is characterized by a de-
crease in bone density and impaired bone microar-
chitecture and leads to an increased risk of falls and
fractures, and, as a result, to disability and increased
mortality [17].

To describe the combination of osteoporosis and
sarcopenia, G. Duque and colleagues first proposed
the term “osteosarcopenia” [18]. The latter is charac-
terized by low BMD (according to WHO standards
osteopenia (according to the assessment of DRA val-
ues by T-criterion from —1 to —2.5 standard devia-
tions (SD)) or osteoporosis (T-criterion < -2.5 SD) or
the presence of a low-energy osteoporotic fracture
regardless of the state of bone tissue and low mus-
cle mass and decreased function (sarcopenia)), which
are established using criteria related to muscle mass,
strength and functional capabilities of the subject.

However, there is still ongoing debate about
the definition of OSP, and studies use different in-
clusion criteria to identify patients, which makes it
difficult to compare its incidence and consequences.
For example, in a meta-analysis by N. Veronese et al.
[7], osteoporosis and sarcopenia are combined for
the diagnosis of OSP, using generally accepted cri-
teria for their establishment. In another meta-anal-
ysis by S. Chen et al., other OSP criteria were used
for consideration: a combination of sarcopenia with
low BMD (osteopenia or osteoporosis) or sarcopenia
with osteoporosis [10]. In some publications, scien-
tists define OSP as a combination of sarcopenia and
low BMD (osteopenia or osteoporosis) [19-23], while
other scientists consider the presence of sarcopenia
and osteoporosis as criteria for determining OSP
[24-28].
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It should be noted that different researchers use
not only different data on the assessment of bone tis-
sue status (osteopenia, osteoporosis or low-traumatic
fractures), but also different criteria for determining
sarcopenia (EWGSOP, Asian Working Group for Sar-
copenia (AWGS), Foundation for the National Insti-
tutes of Health Sarcopenia Project (FNIH), Sarcope-
nia Definitions and Outcomes Consortium (SDOC),
etc.). Differences in the definition of OSP complicate
the study of its epidemiology and require a unified
approach, including outlining management and prog-
nosis strategies.

Epidemiology of Osteosarcopenia

A meta-analysis by N. Veronese et al., which in-
cluded 14,429 individuals (mean age 70 years, 64.5 %
women, OSP criteria included a combination of os-
teoporosis by DXA and sarcopenia), showed that
the prevalence of OSP was 12.72 % (95 % confi-
dence interval (CI): 9.65-15.78) [7]. Another obser-
vation [10] analyzed data from 64,404 individuals
aged 46.6-93 years to determine the overall inci-
dence of OSP in the adult population worldwide and
used different combinations of criteria. The results
showed that the overall prevalence of this syndrome
was 18.5 % (95 % CI: 16.7-20.3 %), including 15.3 %
(95 % CI: 13.2-17.4) in men and 19.4 % (95 % CI:
16.9-21.9) in women. The authors found significant
differences in the prevalence of OSP among people
who were hospitalized (24.7 %) and living in the com-
munity (12.9 %) (p = 0.001).

The use of different criteria in the study of the ep-
idemiology of OSP significantly affected the fre-
quency of diagnosis of the syndrome. Thus, the prev-
alence of sarcopenia combined with osteopenia or
osteoporosis was 20.7 % (95 % CI: 17.1-24.4), and
sarcopenia alone with osteoporosis confirmed by
DXA was 16.1 % (95 % CI: 13.3-18.9) [10]. Another
meta-analysis that studied the prevalence of OSP was
conducted by T. Huang et al. [29]. They analyzed
31 studies involving 15,062 subjects aged 64.1 to
84.8 years. The following diagnostic criteria for sar-
copenia were used: 8 studies — AWGS, 16 — EW-
GSOP, 2 —FNIH, 3 — Japan Society of Hepatology
(JSH), and the remaining 2 — two other sets of di-
agnostic scales. In 16 studies, OSP was considered
the combination of sarcopenia and low BMD, and in
15 — the presence of osteoporosis and sarcopenia.
Thirteen studies were conducted in Asia, 8 in Europe,
6 in Oceania, and 4 in the Americas. The prevalence
of OSP ranged from 1.5 to 65.7 % with an overall
rate of 21 % (95 % CI: 0.16—0.26). It was higher in
women, at 28 % (95 % CI: 21-35 %), and in men,
at 14 % (95 % CIL: 9-20 %). It has been shown to be

more common in European populations (26 %; 95 %
CI 11-45 %) than in Asian populations (18 %; 95 %
CI 13-24 %). It is higher in South America (23%;
95 % CI 5-48 %) than in North America (11 %; 95 %
CI 8-15 %), while in Oceania it is 21 % (95 % CI
10-34 %). Among those living in the community,
the prevalence of OSP was lowest (12 %; 95 % CI
7-18 %), compared with those receiving inpatient
(26 %; 95 % CI 18-36 %) or outpatient care (33 %;
95 % CI 16-53 %) [29].

The heterogeneity of the results of the above-men-
tioned meta-analyses on the epidemiology of OSP is
apparently related to differences in the populations
included in the analysis, study designs (cohort, cross-
sectional), and criteria for defining OSP. According to
some scientists, the presence of an osteoporotic frac-
ture is an important criterion for OSP. Thus, B. Kirk
et al. found that the prevalence of OSP among the el-
derly living in the community varies within 5-37 %,
with the most significant indicators in patients with
a history of fractures: ~46 % for people with low-trau-
matic fractures and from 17.1 to 96.3 % with a femur
fracture [9]. The inclusion criteria for this study were
the definition of OSP, which included the combina-
tion of osteopenia or osteoporosis according to DXA
or a current low-energy fracture regardless of BMD
together with sarcopenia. In a later study by this au-
thor, which included 481 community-dwelling indi-
viduals (mean age 78 years, 75.9 % women), the in-
clusion factors for determining the prevalence of OSP
were the combination of osteoporosis or osteopenia
and sarcopenia diagnosed according to the SDOC or
EWGSOP?2 criteria. When the former was used to de-
fine sarcopenia, the prevalence of OSP was 37.2 %,
and when the latter was used, it was 25.6 % [30].

Thus, to date, the results of individual publications
and meta-analyses indicate significant variability in
the frequency of OSP, which is caused by different
approaches to its definition. Currently, the prevalence
of this syndrome in Ukraine has not been studied,
which requires research to determine its medical and
social significance in our country.

Pathogenesis of osteosarcopenia

A substantial body of evidence has been accumu-
lated, indicating a close connection between muscles
and bones. In addition to mechanical influence, ge-
netic and molecular associations and the influence
of many endocrine factors are important [31, 32].

The most explained and studied is the mechani-
cal factor in the development of OSP, since such an
interaction between muscle and bone is obvious and
is emphasized by the “mechanostat” hypothesis. Ac-
cording to this theory, the muscle acts on the bone
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with a mechanical force with a certain threshold,
which determines the activity of the osteosynthesis or
resorption process. An increase in muscle mass leads
to stretching of collagen fibers and periosteum, which
causes stimulation of osteosynthesis. A decrease in
muscle mass and, as a result, a decrease in the me-
chanical effect on the bone, respectively, activates
the processes that cause a decrease in BMD [33].

Furthermore, since muscle and bone are derived
from mesenchymal stem cells, they are influenced
by the same genetic factors [34]. Genome-wide as-
sociation studies (GWAS) have confirmed the plei-
otropic effects of some genes on bone and muscle.
These include genes for growth/differentiation fac-
tor 8 (GDFB8), glycine-N-acyltransferase (GLYAT),
methyltransferase-like 21 C (METTL21C), gamma
coactivator l-alpha (PGC-1a), myocyte enhancer fac-
tor-2 C (MEF2C), sterol regulatory element-binding
transcription factor 1 (SREBF1), and others [20, 35].
Vitamin D receptor polymorphisms have also been
shown to be associated with sarcopenia and osteopo-
rosis [36].

The relationship between bone and muscle tis-
sue can be mediated by several autocrine, endocrine
and paracrine mechanisms. Muscle secretes “myok-
ines” — factors that affect other tissues, including
bone metabolism. On the other hand, factors synthe-
sized in bone tissue — “osteokines” (in particular,
osteocalcin, osteoprotegerin and sclerostin) — have
a regulatory effect on muscle tissue metabolism.
Some myokines (insulin-like growth factor-1, irisin,
follicle-stimulating hormone, interleukin (IL)-15, etc.)
have a positive effect on bone formation, while other
myokines (myostatin, IL-6) have a negative regula-
tory effect on its remodeling [33, 37].

Myostatin (growth and differentiation factor 8) is
a well-studied myokine [38, 39] that inhibits skeletal
muscle growth and also affects tendons and bones. It
not only inhibits muscle differentiation and growth,
promotes protein breakdown, affects adipogenesis
and bone remodeling, but is also a potent anti-os-
teogenic factor and a direct modulator of osteo-
clast differentiation. Myostatin can activate SMAD
and protein kinase signaling pathways, suppressing
the Wnt/B-catenin pathway to synergistically regulate
muscle and bone growth and metabolism, and is cur-
rently being studied as a therapeutic target to inhibit
osteoclast formation [39].

Thus, current knowledge about the pathogenesis
of OSP allows us to confirm the complex relation-
ships between bone and muscle tissue, and com-
mon hormonal and humoral mediators are the object

of study as therapeutic targets for the possible treat-
ment of this syndrome.

Risk factors for osteosarcopenia

In recent years, increased interest in OSP among
clinical researchers has led to an increase in the num-
ber of publications on its risk factors. As noted above,
the relationship between decreased muscle mass
and low BMD is explained by the mechanical effect
of muscles on the stimulation of osteosynthesis and
the humoral dependence of muscle and bone tissue.
Therefore, decreased muscle mass and the presence
of sarcopenia are important risk factors for osteopo-
rosis, and therefore OSP.

This thesis is confirmed by numerous studies.
Thus, in the publication of D. Scott et al. involving
3,334 people (mean age 70 years), it was confirmed
that patients with sarcopenia had significantly lower
BMD of the lumbar spine and femur, distal radius and
tibia than the group without defined sarcopenia and
with its probable presence (all p < 0.05) [40]. Other
studies also confirmed that probable and severe sar-
copenia was associated with osteoporosis (p < 0.05).
At the same time, low muscle strength, as measured
by hand dynamometry, and low physical capacity, as
assessed by the 4-meter test, were associated with os-
teoporosis (p < 0.02).

Low muscle strength and physical capacity were
associated not only with osteoporosis (p < 0.001) but
also with osteopenia (p < 0.05). In addition, prob-
able sarcopenia was associated with osteopenia at
the femoral neck (p < 0.01) [41].

Sung-Young Jang et al. found an association be-
tween low muscle mass and osteoporosis in the lum-
bar spine and femoral neck in both men (lumbar
spine: odds ratio (OR) = 1.73; 95 % CI: 1.08-2.76;
femoral neck: OR = 3.39; 95 % CI: 1.69-6.80) and
women (lumbar spine: OR = 1.52; 95 % CI 1.17-1.97;
femoral neck: OR =2.09; 95 % CI 1.56-2.80). The as-
sociation between low muscle mass and osteoporosis
was significant in men and women across age groups,
except for men aged 50—64 years [42].

A retrospective cohort study of 140 postmeno-
pausal women demonstrated that the most common
risk factors for OSP were insufficient protein in-
take (79.3 %) and dietary calcium intake (65.7 %),
low physical activity as measured by the SPPB test
(53.6 %), and hyperlipidemia (33.6 %). It was also
found that dynamometry indicators are decisive for
the occurrence of OSP (relative risk (RR) = 0.86; 95 %
CI: 0.80-0.92), and a decrease in handgrip strength
using a hand dynamometer by one unit increases
the risk of OSP by 1.16 times (95 % CI: 1.09—1.25)
[19]. Similar results were obtained by T. Tiftik et al.,
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who found a relationship between low dynamometry
values (< 22 kg) and a 1.6-fold increase in the risk
of osteoporosis [43].

Risk factors that influence the development of OSP
were also investigated by T. Huang et al. [29]. The re-
sults showed that female gender (OR = 5.10; 95 % CI:
2.37-10.98; p < 0.0001), older age (OR = 1.12; 95 %
CI: 1.03-1.21; p = 0.008), and history of fractures
(OR =2.92; 95 % CI: 1.62-5.25; p = 0.0003) signifi-
cantly increased the risk of developing OSP, while el-
evated parathyroid hormone (PTH) levels (OR =2.41;
95 % CI: 0.59-9.87; p = 0.22) and high body mass in-
dex (BMI) (OR = 1.01; 95 % CI: 0.63—1.62; p = 0.97)
did not have a statistically significant association
with OSP. On the other hand, low BMI was found
to be a significant factor associated with the devel-
opment of OSP, according to the results of a retro-
spective study by H. Okamura et al. (OR = 1.71; 95 %
CI: 1.46-2.00; p < 0.01) in all age groups (65-74,
75—84 and 85 years and older) [25]. In a publica-
tion by P. Suriyaarachchi et al. with the participation
of 400 subjects (mean age 79 years, 65 % women),
it was reported that individuals with elevated blood
PTH levels and normal calcium were more common
in the OSP group than in the group without sarcope-
nia and osteopenia (OR = 6.88; 95 % CI: 1.9-9.2) [23].
This suggests that elevated PTH levels may be a risk
factor for the development of OSP, but this suggestion
requires further study.

A study of 2,353 community-dwelling Australians
identified risk factors associated with OSP, such as
physical inactivity (OR: 0.64; 95 % CI: 0.46—0.88),
low BMI (OR: 0.84; 95 % CI: 0.81-0.88 for men and
0.77; 95 % CI: 0.74—0.80 for women), increased body
fat (1.46; 95 % CI: 1.11-1.92 for men and 2.25; 95 %
CI: 1.71-2.95 for women) and older age (in men, prev-
alence ranged from 14.3 % in the 60—64 age group
to 59.4 % at age 75) and older. In women, the cor-
responding figures ranged from 20.3 to 48.3 %,
p <0.05) [9].

Osteosarcopenia and comorbidity

Osteosarcopenia and obesity

Since scientific studies [9] have shown that in-
creased fat mass is a risk factor for OSP, and fat,
muscle, and bone cells originate from the same mes-
enchymal precursors, it is worth considering the rela-
tionship between adipose tissue and OSP.

Fatty infiltration of bones and muscles is common
in patients with osteoporosis and sarcopenia. With
age, the composition of body tissues changes with an
overall increase in the percentage of fat in the body
and a decrease in muscle mass, while total body
weight may remain stable. This condition is com-

monly called “sarcopenic obesity,” and its presence
leads to impaired functional capacity and increased
disability among older people [44]. That is why in
recent years the combination of sarcopenia, osteo-
porosis and obesity has been increasingly studied as
a condition called “osteosarcopenia obesity”.

Today, it is known about the protective effect
of adipose tissue on bone mass, which can be par-
tially explained by the well-documented relationship
between the level of extraglandular estrogen syn-
thesis and the number of adipocytes. According to
some authors, muscle strength in obese individuals
may be greater than in people without it. This may
indicate a positive effect of excessive adipose tissue
on muscles, associated with chronic overload, which
can increase muscle size and strength [44]. Thus, in
the study by H. Okamura et al., not a single patient
from the OSP group had obesity [25], which could in-
directly indicate the absence of its negative effect on
the development of OSP and isolated cases of combi-
nation with OSP. But in the observation of A. Polito
with the participation of 1,344 postmenopausal
women aged 50 years and older, the prevalence of os-
teosarcopenic obesity was 32 % [45].

A cross-sectional study of 542 community-dwell-
ing Southeast Asians aged 21-90 years reported that
the prevalence of OSP and osteosarcopenic obesity
was 1.8 % and 0 % in those aged 21-59 years; 12.9 %
and 2.8 % in those aged > 60 years; 17.3 % and 4.1 %
in those aged > 65 years; and 25.5 % and 7.0 % in
those aged > 75 years, respectively [20]. It was also
found that the risk of osteosarcopenic obesity was in-
fluenced not only by age, sex, and race, but also by
alcohol consumption. However, it was not a reliable
predictor of functional impairment in the subjects.

It has now been proven that bone and muscle ho-
meostasis is linked to adipose tissue through neuro-
humoral connections. High levels of adipose tissue,
independent of BMI, are lipotoxic, affecting the func-
tion and structure of other tissues. Lipotoxicity and
local inflammation are reflected in the biosynthesis
of proinflammatory cytokines, including IL-6 and tu-
mor necrosis factor-a [46]. Adipokines, including lep-
tin, resistin, and adiponectin, which are released from
adipose tissue, are also able to regulate both muscle
and bone metabolism. Exercise-induced stimulation
of bioactive cytokines through the interaction of mus-
cle, bone, and fat enhances muscle anabolism, bone
formation, mitochondrial biogenesis, glucose utiliza-
tion, and fatty acid oxidation, and attenuates chronic
inflammation. At the same time, the release of lipo-
lytic myokines (IL-6, irisin, and leukemia inhibitory
factor) induced by physical exercise activates thermo-
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genesis, promoting the transformation and darkening
of adipocytes [37].

Therefore, the association of OSP with obesity
continues to arouse interest in the scientific commu-
nity, prompting the emergence of new studies regard-
ing osteosarcopenic obesity.

Osteosarcopenia and diabetes mellitus

Recent study has shown that type 2 diabe-
tes mellitus (T2DM) is a significant risk factor for
OSP. A. Moretti et al. [47] in a case-control study
demonstrated that postmenopausal women with
T2DM had a 5-fold increased risk of OSP compared
with those without T2DM (50 vs. 17 %; OR = 5.0,
95 % CI: 1.05-23.79; p = 0.04), and their hand
strength was significantly lower ((10.09 £ 4.02) kg vs.
(18.40 + 6.83) kg, respectively; p = 0.001) [47].

L. M. Pechmann et al. in the observation with
the inclusion of women and men with DM2 (mean
age (65.1 £ 8.2) and (68.8 + 11.0) years) also con-
firmed a higher prevalence of OSP (11.9 vs. 2.14 %,
respectively, p = 0.01), sarcopenia (12.9 vs. 5.4 %, re-
spectively, p <0.03) and fractures (29.9 vs. 18.5 %, re-
spectively, p = 0.02) in patients with DM2 compared
to the control group and lower hand strength indica-
tors ((24.4 = 10.3) kg vs. (30.9 + 9.15) kg, respectively,
p < 0.001). The mean Trabecular Bone Score (TBS)
values were (1.272 + 0.11) and (1.320 £ 0.12), respec-
tively (p = 0.001). According to multivariate analysis,
age, larger waist circumference, fractures and osteo-
porosis increased the risk of low TBS. TBS was also
found to be associated with complications of T2DM
(p = 0.03), but not with its duration or glycemic con-
trol [48]. According to the results of studies high-
lighted in the systematic review by A. Polito et al.,
T2DM patients with TBS have lower BMI, waist
circumference, body fat percentage and worse B-cell
function. It has been concluded that B-cell function
may be a factor in counteracting the development
of OSP, and the focus on its preservation in individ-
uals with DM2 is a preventive measure to prevent
the development of OSP [45].

Therefore, considering that DM2 has an adverse
effect on muscle and bone health, which leads to
the development of OSP and, as a result, impaired
functional ability of patients, there is a need to timely
establish algorithms for the detection of this condi-
tion, its treatment and prevention.

Osteosarcopenia and the risks of falls and
fractures

In a study by W. Septlveda-Loyola et al. in-
volving 253 individuals (77 % women; mean age
(779 + 0.42) years), a significant association between
sarcopenia and the risk of falls was demonstrated,

and OSP classified as severe sarcopenia significantly
increased the frequency of falls (OR = 2.83-3.63;
p < 0.05) [8]. Similar results were obtained by other
researchers. Thus, according to the observational
data of B. Kirk et al., the presence of OSP increases
the risk of falls by 54 % (hazard ratio (HR) = 1.54;
95 % CI: 1.20-1.97) [9]. An even greater increase in
the risk of falls in individuals with OSP was demon-
strated in the study by Z. Teng et al. (OR = 1.62; 95 %
CI: 1.28-2.04) [49].

On the other hand, OSP has been associated with
fracture risk. The disease was classified as severe
sarcopenia (according to the EWGSOP2 and FNIH
definitions) and resulted in an increased fracture rate
(OR = 3.86—4.38; p < 0.05) [8].

A significant increase in fracture risk in the pres-
ence of OSP was found in the publication by B. Kirk
et al. (HR = 2.13; 95 % CI: 1.61-2.81; pooled results
of 7 studies) [9], while a later follow-up found that
the probability of recurrent fractures (> 2 vs 0-1)
was significantly higher in individuals with OSP
compared with those with osteopenia or osteoporo-
sis regardless of definition, after adjustment for age,
sex, alcohol intake, smoking, BMI, lowest DXA
T-score, physical activity, and comorbidities (SDOC:
HR = 1.63; 95 % CI: 1.03-2.59; p = 0.04; EWGSOP2:
HR = 1.83; 95 % CI: 1.12-3.01, p = 0.02) [30]. An
even greater increase in fracture risk in individuals
with OSP was demonstrated in a study by Z. Teng
et al. (OR =2.46; 95 % CI: 1.83-3.30) [49].

Osteosarcopenia and mortality risk

To date, the results of existing publications indi-
cate that OSP not only affects the functional activ-
ity and quality of life of patients, but also increases
the risk of mortality.

Thus, in a meta-analysis conducted by N. Veronese
et al. with the participation of 14,429 people (mean
age (70 + 6) years, 64.5 % women), it was found that
OSP significantly increased the risk of mortality by
53 % (OR = 1.53; 95 % CI 1.28-1.78) [7].

Other researchers demonstrate even higher
mortality rates in patients with OSP. In the work
of B. Kirk et al. it was confirmed that OSP signifi-
cantly increases the risk of mortality (OR = 1.75; 95 %
CI: 1.34-2.28, analysis based on the results of 5 ob-
servations) [9]. A significant increase in the risk
of mortality in the presence of OSP was also demon-
strated by the results of the study by Z. Teng et al.
(OR = 1.66; 95 % CI: 1.23-2.26) [49]. It is clear that
the results of these studies are important to consider
when examining patients to ensure timely detection
and treatment of OSP. In addition, the proven high
risks of falls, fractures and mortality in people with
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OSP emphasize the urgency of continuing to study
this syndrome with a targeted focus on its timely di-
agnosis and treatment.

Osteosarcopenia therapy

There are presently two methodologies utilized for
the treatment of OSP: non-pharmacological and phar-
macological interventions.

The most effective non- pharmacological ap-
proach is to ensure rational physical activity, which
has been shown to improve bone [50] and muscle
strength [51]. In addition, according to some research-
ers, the use of nutritional supplements enriched with
nutrients, in particular sufficient amounts of vitamin
D and protein, can improve physical performance and
be an effective tool for the prevention and treatment
of OSP [36].

The randomized controlled trial FrOST (Fran-
conian osteopenia and sarcopenia trial) evaluated
the effect of dynamic resistance exercise on the treat-
ment of OSP in elderly men. For this purpose, BMD
and appendicular fat-free mass index (AFMI) were
studied in 43 subjects aged 73-91 years who led
a sedentary lifestyle. Physical training in the study
group was performed on simulators with high in-
tensity, speed and resistance twice a week, and
both groups (study and control) received sufficient
amounts of protein, calcium and vitamin D daily.
After 12 months of observation, the exercise group
showed preservation of BMD at the level of the lum-
bar spine, while the control group was diagnosed
with its decrease (p < 0.001; standardized mean dif-
ference (SMD) = 0.90). The IAMS index increased
in the study group, while it decreased in the control
group (p < 0.001; SMD = 1.95). Proximal femoral
BMD did not differ significantly between groups
(p = 0.06; SMD = 0.65), while changes in maximal
hip extensor strength were significant (p < 0.001;
SMD = 1.92) in the high-intensity resistance exercise
group [51]. The results of this randomized trial sug-
gest that dynamic resistance exercise may be a prom-
ising tool for the treatment of OSP. It should be noted
that strategies aimed at preventing falls in patients
with OSP may also have important practical value.
These may include the addition of balance training
exercises, safety assessment and risk reduction in
the home, and the use of assistive devices that reduce
falls. However, there is a lack of high-quality work
examining this issue in individuals with OSP.

Currently, much attention is paid to the devel-
opment of the effectiveness of dictary strategies, in
particular the rational consumption of various macro-
and micronutrients in the management of both sarco-
penia and osteoporosis, but there are no studies that

would study the feasibility of using these strategies in
the prevention of OSP.

It has now been proven that vitamin D supplemen-
tation affects the increase in muscle strength, reduc-
ing the risk of falls and mortality, and this relation-
ship is stronger in older people and people who are
deficient in this vitamin. To ensure the maintenance
of bone and muscle health, daily intake of vitamin D,
at a dose of 800-1000 IU/d; calcium 1300 mg/d;
1.2-1.5 g/kg protein/d (with 2.5-3 g leucine at each
meal) is recommended [9]. Addressing vitamin D de-
ficiency in older adults and promoting its optimal in-
take through diet or supplementation may be a valu-
able tool in the management of OSP.

Currently, some studies suggest that adding cre-
atine to resistance training increases gains in both
muscle strength and mass compared with exercise
training alone. A recently published meta-analysis
of randomized clinical trials demonstrated a positive
effect of creatine supplementation with resistance
training on both upper (4 studies, n = 97, p = 0.05)
and lower body strength (4 studies, n = 100, p = 0.03)
compared with a control group, provided that the fol-
low-up period was at least 24 weeks [52]. Although
this approach requires further scientific evidence,
creatine supplementation has also been suggested by
other authors [9] to increase muscle strength (3—5 g/d)
in older adults.

It is likely that a combination of high-intensity
resistance exercise, balance exercises, protein sup-
plements, vitamin D, calcium, and creatine may be
an effective treatment for OSP in the elderly, but this
issue requires further detailed study.

The literature does not provide well-defined
strategies for the pharmacotherapy of OSP or sarco-
penia. On the other hand, both antiresorptives (bi-
sphosphonates, denosumab, etc.) and bone forma-
tion stimulants are used to treat osteoporosis and
its complications. Recently, reports have appeared
confirming the positive effect of antiresorptives
not only on BMD, but also on the state of skeletal
muscles and the risk of falls, which may be prom-
ising in the treatment of OSP. Thus, in a retrospec-
tive cohort study conducted by T. Rupp et al. [53],
a positive effect of denosumab was demonstrated
not only on BMD, but also on changes in hand mus-
cle strength (p < 0.001), which was also observed in
the group using bisphosphonates (alendronate and ib-
andronate) (p = 0.001). However, in patients who used
denosumab, the results were better than in the case
of using bisphosphonates or placebo (the dynamics
of changes in muscle strength per year in the control
group was (—6.05 + 10.22) %; during treatment with
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bisphosphonates (+0.78 + 8.23) %; with denosumab
(+5.14 £ 25.49)%). In addition, treatment with deno-
sumab resulted in better results in the sit-stand test
and a significant increase in lower limb strength com-
pared with the group that received bisphosphonates
(the dynamics of changes per year was in the control
group (+5.82 + 12.74) %; in the group of patients that
received bisphosphonates, (+0.95 + 8.61) %, deno-
sumab (+8.20 = 14.38) %). However, the dynamics
of the time index during this test did not show signifi-
cant differences between the three groups [53].

The positive effect of denosumab on lower limb
muscle strength may explain the reduction in the risk
of falls during its use, which is confirmed by the re-
sults of a placebo-controlled study conducted by
P. Chotiyarnwong et al. [54], but this relationship still
needs further study.

In a prospective study conducted by M. Pizzonia
et al., the effects of alendronic acid and denosumab
on BMD, TBS and AFMI were compared in 98 pa-
tients over 65 years of age with osteoporotic hip frac-
ture. According to the results, an early trend towards
improvement in BMD and its quality was observed in
the group receiving alendronic acid compared with
those receiving denosumab (femoral neck BMD:
64.0 vs. 46.7 %; total femur: 68.0 vs. 53.3 %; lumbar
spine: 84.0 vs. 53.3 %, respectively); TBS (48.0 vs.
20 %, respectively). However, the denosumab group
showed better results in the AFMI index [55]. In
a study by N. Bonnet et al., appendicular muscle mass
(AMM) and hand strength were assessed in post-
menopausal women treated for osteoporosis for three
years. Both denosumab and bisphosphonates (alen-
dronate and zoledronate) resulted in improvements
in BMD compared with the control group, in which
no medication was administered ((0.12 £ 0.29) g/cm?
and (0.04 + 0.12) g/cm? vs. (=0.07 + 0.19) g/cm?, re-
spectively, both p < 0.05). In contrast, only the de-
nosumab group showed an increase in BMD
and strength in both hands ((0.66 + 2.2) kg and
(3.22 +£ 10.0) kg, respectively, versus (—0.06 + 0.39) kg
and (-0.07 £ 6.6) kg with bisphosphonates; and
(—0.36 + 1.03) kg and (-1.39 + 2.4) kg, respectively, in
untreated patients, both p < 0.05). Changes in BMD
and hand strength correlated with changes in lumbar
spine BMD (r*> = 0.82 and r*> = 0.81, both p < 0.001)
only in the denosumab group [56].

There is little scientific evidence to sup-
port the positive effects of denosumab on muscle
strength, but the available studies encourage further
study of its mechanisms to expand the possibilities
of drug treatment of OSP in the future. And a com-
bination of non-pharmaceutical and pharmaceutical

approaches in treatment, with individual selection
of the most effective drug, will provide the best result
in OSP treatment.

Conclusion

With an aging population, OSP is a significant
global issue, impacting quality of life and increasing
healthcare system burdens. Given the mechanisms
of OSP development, it is necessary to ensure a mul-
tidisciplinary approach for the timely detection, ef-
fective treatment and prevention of this important ge-
riatric syndrome. Continued research in these fields is
essential to establish clear protocols and standardized
recommendations for managing patients with OSP
and individuals at increased risk of its occurrence in

the near future.
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