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Abstract. The association of sarcopenia and osteoporosis and their role in falls and fractures (literature review).
[Povoroznyuk V.V), Dedukh N.V., Bystrytska M.A., Dzerovych N.I., Shapovalov V.S. The progressive and
generalized loss of skeletal muscle mass and strength leads to sarcopenia in elderly people. A new geriatric syndrome
has been revealed — osteosarcopenia (osteosarcoporosis), which combines low bone mineral density with reduced
muscle mass, strength and functional activity. The review presents data on the peculiarities of manifestation of these
syndromes, the mechanisms of which are multifactorial and continue to be investigated. They are associated with
genetic factors, lifestyle — lack of physical activity and malnutrition. The pathogenesis of sarcopenia involves
mechanisms of chronic inflammation, changes in endocrine function, disturbance of neuromuscular connections and
low reparation level. Sarcopenia correlates with low quality of life, disability, and death. The review analyzes the
prevalence of sarcopenia which increases with age. However, there are conflicting results in the populations, which
may be related to different clinical conditions, patient area, lifestyle and the use of different assessment criteria. The
analysis of sarcopenia prevalence in men and women showed ambiguous results related to the studied population,
involvement of different age groups of patients, different evaluation methods. Metabolic disorders in muscular and bone
tissues were summarized on the basis of the analysis of the cross-influence of regulatory factors and metabolism
products of these tissues; a close metabolic and functional association between them was shown. Fat infiltration of
atrophied muscles and bone marrow is common in patients with sarcopenia and osteosarcoporosis, which affects
muscle and bone tissue. Lipotoxicity and local inflammation stimulate the biosynthesis of pro-inflammatory cytokines.
Literature analysis has shown controversial data on the association of sarcopenia and osteosarcopenia with falls and
fractures, but based on meta-analysis data, which include an extensive body of information, it should be noted that
individuals with sarcopenia and osteosarcopenia are more at rvisk of falls and fractures and require special special
attention. The most common fracture in osteosarcopenia is the hip fracture.

Pedepart. [loenHanHsi capkoneHii Ta 0cTeonopo3y Ta ixX poJib NpH NagiHHAX Ta nepejoMax (Orjsj JirepaTtypmu).
|1'[0|30p03m01< B.B.|, Henyx H.B., Bucrpuubka M.A., [I3epouu H.I.,, IlanoBanoB B.C. [Ipocpecyroua empama
CKelemHoi M'A306801 macu U cunu npu3800ums 00 PO3BUMKY CApPKOneHii 8 mrodell noxunozo 6iky. Busasieno Hoeuil
2epiampudHuli CUHOpPOM — OCMeoCapKOneHis (0Cmeocapkonopos), 8 sAKOMY HNOEOHVIOMbCA HU3LKA MIHepaibHd
WiNbHICMb KiCMKOB0I MKAHUHU 3i 3HUICEHOI M'1308010 MACOW, CUNOW0 i (YHKYIOHANbHOIO akmusHicmio. B oenadi
npeocmagieni 0ami npo 0coOAUBOCHI NPOABIE YUX CUHOPOMIB, 6a2amopaxmopHi MexaHizmu KOMpUux 3HAX005IMbCsl 6
cmadii poswupenux Odocniodcenv. Ix nos'szyiome 3 cememuunumu axmopamu ma cnocobom xcumms — He-
0ocmamuboi0 QI3UUHOI AKMUBHICIIO MA HENOBHOYIHHUM XAPYY8AHHAM. Y namoeenesi capkonenii 3anyueni Mexamizmu
XPOHIUHO20 3aNANeHHsl, 3MIHU eHOOKPUHHOI (DYHKYIT, NOPYULeHHs HeUpOM S13068UX 36 A3Ki6 [ HU3LKULL pieHb penapayil.
CapkoneHisi miCHO KOpeioe 3 HUZbKOIO SKICIMIO JHCUmMmsl, IHEariOHicmio, cmepmio. B 02nsdi npoananizoeano nokasHuku
nowuperocmi capkoneHii, siKi 30inbuyromocs 3 8ikom. OOHAK y PI3HUX NONYIAYIAX OMPUMAHI CYynepedugi pe3yiomamil,
KL MOJICymb Oymu no8'3aHi 3 PISHOMAHIMHUMU KITHIYHUMU YMOBAMU, PeCIOHOM NPO’CUBAHHS NAYIEHMIB, CHOCOOOM

21/ Tom XXV1/ 2 111



KJIIHI9HA MEJIHITHHA

olcummsl i GUKOPUCIMAHHAM PIZHUX Kpumepiié oyinku. AHaniz nowupenocmi capkonemii @ 4o08iKi8 1 JHCIHOK NOKA3as
HEOOHO3HAUHI pe3yIbmamu, 3YMO6IEeH] OOCHIONCYBAHOI0 NONYIAYIEI, 3ANYYEHHAM NAYIEHMIE DI3HUX 8iKO8UX 2pyn i
HEoOHaKo8UMU Memooamu oyinku. Memaboniuni nopywieHHs 8 M's1308itl i KiICMKOBill MKAHUHAX Y3A2albHeHi Ha OCHO8I
AHANI3Y NEPexpecrHozo 6NIUBY Pe2YISAMOPHUX (AKmopie i npooyKmie Memabonizmy yux mKAHUH, NOKA3AHO MICHUL
MemaboniuHull ma yHKYIOHANbHULL 36" 930K MIJIC HUMU. Y NayicHmis i3 capkoneHiero il 0CMeocapKkonopo3om nowmupena
Jrcuposa inginempayis ampogoeanux M’sa3ie [ KiICmKo8020 MO3KY, W0 GNIUSAE HA Memaboizm M 830801 i KiCmKO80T
mKaHus. Jlinomoxcuynicmes [ Micyese 3aNANeHHs CMUMYTIONOMb OIOCUHMe3 NPO3ANAIbHUX YUMOKIHIE. Ananiz
aimepamypu nokazag cynepeunusi 0ami npo acoyiayito capkoneuii ti 0CmeocapkoneHii 3 nadiHHsAMU i neperomMamu,
O0OHAK IPYHMYIOUUCH HA OAHUX MEeMAaHali3ie, IKi 8KII0UAOMyb 8eIUKULL MACU8 IHopmayii, cio 3a3Havumu, ujo ocoou 3
CApPKONEHIE 1l 0CMeocapKonexiclo Oilbul CXUNbHI 00 pU3UKY NAOIHb, Nepelomié i eumazawms 0cobnugoi yeazu.

Haiibinbw msasickum nepenomom npu ocmeocapKoneHii € nepesiom npoKCUMAIbHO20 8i00Ly CMe2HO801 KicmKuU.

ILH. Rosenberg first described sarcopenia as a
loss of skeletal muscle mass with age [32]. In 2016,
sarcopenia was included in the International Clas-
sification of Diseases (10th edition, code M62.84)
[5, 13]. This pathology is characterized by pro-
gressive generalized skeletal muscle mass and
strength loss, which is reflected in their function,
manifested by general weakness, increased risk of
falls, fractures, disability and increased mortality.

The diagnostic criteria for sarcopenia were
proposed by the European Working Group on
Sarcopenia (EGSOP) [36]. These include hand-grip
dynamometry, gait speed and muscle mass. The
most commonly used questionnaires for diagnosis
are SarQol (Sarcopenia and Quality of Life) and
SARC-F (Strength, Assistance with walking, Rise
from a chair, Climb stairs and Falls).

Epidemiology

Prevalence. The number of older people around
the world are steadily increasing and sarcopenia is
the leading disease at this age, although it may also
manifest itself at younger ages. Sarcopenia is
considered to be a skeletal muscle pathology, inclu-
ding osteoporosis, and also develops with neo-
plasms, chronic obstructive pulmonary disease,
chronic renal failure, etc.

The development of sarcopenia is facilitated by
many factors affecting the loss of muscle mass and
strength at any age, such as lack of physical activity,
poor nutrition, endocrine system and metabolic
disorders, chronic inflammation, as well as genetic
factors [2]. With age, the biosynthesis of muscle
proteins and regulatory factors decreases, which
slows down reparative processes in muscle tissue.

The number of patients in Europe is expected to
increase from 20 to 32.3 million by 2045 [39]. In the
USA 12-14% of people have sarcopenia (about 50
million people) and a doubling of number of patients
by 2050 is predicted. As reported in 2014 by of the
European Working Group on Sarcopenia in Older
People (EWGSOP) and International Working
Group on Sarcopenia (IWGS) prevalence of sarco-
penia was registered in 1-29% of those in com-
munity-dwelling populations of older adults, 14-
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33% in long-term care institutions and 10% in the
acute hospital-care population [28]. The prevalence
of sarcopenia was 19.2% in males and 8.6% in
females aged >65 [38]. Other studies have shown
that sarcopenia prevalence was from 2% to 37% in
communities [31, 41]. A high percentage of sar-
copenia (32.8%), of which 68% were men, was
found among people aged 70 years and living in
communities. The disease was registered in 50% of
people aged > 80 years [36].

Prevalence of sarcopenia among apparently
healthy Ukrainian women, as shown for other popu-
lations, increases with age. Sarcopenia indicatots
were 4.1% among 50-59 years old (y/|o), 3.7% — 60-
69 y/o, 18.4% — 70-79 y/o, 30.8% — 80-89 y/o [1]. In
estimating the prevalence of sarcopenia in men and
women, there are controversial results, which may
be related to the studied population and different age
groups [31].

Falls and fractures in sarcopenia. Sarcopenia
also affects a person's tendency to fall, which in
some cases ends in a fracture [3, 33]. An imbalance
is a strong risk factor for falling. The ability to
maintain balance requires the interaction of the
motor (muscular), nervous and sensory systems, the
functions of which decrease with age. In a cross-
sectional study in Australia in 2015 involving 680
elderly people with sarcopenia, falls were recorded
in 40% of individuals [27]. Meta-analysis data,
which included 2,771 literature sources are pre-
sented [33]. Individuals with sarcopenia were found
to have a higher risk of falling (OR 1.60; 95%
CI1.37-1.86, P<0.001, 12=34%) and fractures
(OR 1.84; 95% CI1.30-2.62, P=0.001, 12=91%)
compared to patients without sarcopenia.

The iISIRENTE study evaluated the relationship
between sarcopenia and 2-year risk of falling among
260 persons aged 80 and over [34]. Sarcopenia was
found in 66 participants (25.4%), 18 of whom
(27.3%) reported falling incidents during the 2-year
observation period. It was found that persons with
sarcopenia were more than three times prone to falling.

A survey of a group of 2000 men in the com-
munity aged >65 found that sarcopenia was
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associated with an increased risk of fractures
(OR 1.87; 95% CI 1.26-2.79) regardless of bone
mineral density (BMD) and other clinical risk
factors [45]. Another study based on meta-analysis
has shown that sarcopenia is a risk factor for falling
among older people living in communities
(OR=1.52, CI: 1.32-1.77) [14].

However, there are sporadic studies that do not
show a connection between sarcopenia, falls and
fractures. In a study of 498 adult men and women, a
weak association between sarcopenia and falls was
shown and no connection with fractures was found
[37]. Another study also showed no correlation
between sarcopenia and fracture in the distal end of
the forearm bones, but found a strong correlation
with BMD [20].

That is, sarcopenia's association with falls is
presented in a variety of ways, but based on meta-
analyses that include a vast array of information, it
should be noted that people with sarcopenia are
more likely to fall and fracture.

At the same time, the development of sarcopenia
may also be associated with a previous fracture. A
review has been carried out on the PubMed and
Cochrane databases to analyze and generalize data
on the prevalence of sarcopenia in low-energy
fracture patients and to identify fracture risk factors
in sarcopenia patients [43]. The prevalence of
sarcopenia after fracture ranged from 12.4% to 95%
in men and from 18.3% to 64% in women. Two stu-
dies have shown that sarcopenia was a significant
risk factor for low-trauma fracture at low BMD, but
only in men. The authors believe that there is an
urgent need for further research into the relationship
between sarcopenia and low-energy fracture risk, in
order to better understand its pathophysiological
mechanisms.

In a Spanish study, sarcopenia incidence in
patients with low-energy hip fracture was 17.1%
(12.4% in men, 18.3% in women) [30]. The pre-
valence of sarcopenia in patients with hip fracture in
the Chinese population was 73.6% in males and
67.7% in females, and 20.8% and 12.4%, respec-
tively, as defined by the Asian Sarcopenia Working
Group [29]. In the Taiwanese population of 139
patients with hip fracture, 70 (50.3%) had sarcopenia
[40]. Sarcopenia has also been associated with an
increased risk of vertebral fractures [11]. These data
suggest that fractures in old age can be considered a
risk factor for sarcopenia.

In addition, there is a study showing that after
proximal femur fractures, older patients with sar-
copenia need more blood for transfusion during the
perioperative period and longer postoperative
hospitalization [12].

21/ Tom XXV1/ 2

Mechanisms of the interrelation of the bone
and muscular systems

The bone and muscular systems are closely
linked. Bone remodeling is not only dependent on
the gravitational load, but also on the functional
activity of the muscles and the close metabolic
connection between the two systems. The concept of
"musculoskeletal unit" has been developed, which is
based on linear relationships at different ages
between BMD and muscle mass, and the cross-
influence of these tissues.

An association study (GWAS) has shown that
some genes are associated with both sarcopenia and
osteoporosis. These include polymorphisms of genes
encoding myostatin (MSTN), a-actinin 3 (ACTN3),
glycine-N-acyltransferase (GLYAT), and methyl-
transferase-like protein 21C (METTL21C), coacti-
vator of 1-alpha receptor, proliferator-activated by
peroxisome proliferators, gamma (PGC-la) and
myocyte enhancer factor 2C (MEF-2C) [18, 23].

Myokines, humoral cytokines and growth factors
expressed by skeletal muscles affect bone meta-
bolism. Among them are myostatin, insulin-like
growth factor-1 (IGF-1), fibroblast growth factor-2
(FGF-2), interleukins (1, 6, 15), osteoglycin, osteo-
nectin, the family of proteins FAMSC, irisin, trans-
membrane protein 119 (Tmem 119), matrix metal-
loproteinase-2, activin, follistatin, monocyte chemo-
attractant protein (MCP)-1, transforming growth
factor-f (TGF-B), bone morphogenetic proteins
(BMPs), ciliary neurotrophic factor (CNTF) and
others. The functions of many of them are not fully
understood [21, 22].

Myostatin plays an important role in bone
remodeling. It reduces bone formation and stimu-
lates resorption, influencing the proliferation of
osteoclasts by stimulating the expression of genes
producing the RANKL by osteoblasts, receptor in-
tegrin aVB3, dendrocyte expressed seven transmem-
brane protein (DCSTAMP) and calcitonin receptor.

However, despite the established pathways of
myokines' influence on bone metabolism, this
direction requires further research, which will con-
tribute to accurate diagnostics and development of
methods for treatment of muscle and bone diseases,
such as sarcopenia and osteoporosis.

Sarcopenia increases the expression of pro-
inflammatory TNF-o and C-reactive protein
molecules that directly or indirectly affect muscu-
loskeletal metabolism [44]. The state of muscle tissue
is affected by mitochondrial dysfunction observed in
sarcopenia, associated with increased apoptosis, which
is accompanied by low reparative ability [35].
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Growth hormone, sex hormones, and patho-
logical conditions such as excess glucocorticoids
and diabetes affect both muscles and bones [21].

There is also a reverse pathway of the influence
of bone tissue on muscle tissue through the secretion
of osteoblasts and osteocytes of osteokines, among
which: prostaglandin E2, sclerostin and osteocalcin
[21]. Osteocalcin stimulates the proliferation of -
cells of the pancreas, which secrete insulin, affecting
the metabolism of muscle tissue. Myoblasts proli-
feration is also affected by the secretion of vascular
endothelial growth factor (VEGF) by mesenchymal
stromal cells of the bone marrow. Protein of the
signaling pathway Wnt-3a expressed by bone cells
also affects muscle function, but this pathway has
not been sufficiently studied.

The effect of vitamin D deficiency on muscle and
bone tissue has been studied and evaluated, which is
accompanied not only by a decrease in BMD, but
also by a decrease in muscle strength, lengthening
the relaxation phase of muscle contraction. Vitamin
D affects muscle and bone cells both directly
through receptor (VDR) and indirectly, affecting
calcium homeostasis, phosphate and parathyroid
hormone (PTH) secretion [7].

Closely related homeostasis of bone, muscle and
adipose tissue is supported through neuro-humoral
connections. In patients with sarcopenia and osteo-
porosis, fat infiltration of atrophied muscles and bone
marrow is widespread, affecting muscle and bone
tissue. Lipotoxicity and local inflammation stimulate
biosynthesis of proinflammatory cytokines, among
which are interleukin-6 (IL-6) and tumor necrosis
factor alpha (TNF-a) [18]. In clinical practice, sarco-
penia in combination with osteopenia/osteoporosis and
other disorders of body composition (high fat mass) are
quite common. These states are defined as sarcopenic
obesity or osteosarcopenic obesity [4].

Osteosarcopenia

Given the close relationship and commonality of
osteoporosis and sarcopenia pathogenesis, the term
"osteosarcopenia" or "sarcoporosis" is now widely
used [9]. Osteosarcopenia has been described as a
new geriatric syndrome that combines low BMD
with reduced muscle mass, strength and functional
activity [16, 23]. No specific markers of this patho-
logy have been revealed, however, it has been
established that such patients have lower levels of
testosterone, vitamin D and hemoglobin in com-
parison with isolated pathology — osteoporosis or
sarcopenia [2]. The development of osteosarcopenia
is influenced by endocrine diseases, alimentary
insufficiency, obesity and corticosteroid intake.

In a study published in 2019, which included
3,334 elderly people, it was demonstrated that
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individuals with a confirmed sarcopenia diagnosis
had lower BMD rates and bone architecture disor-
ders in various anatomical skeletal areas compared
to those without sarcopenia [6].

The prevalence of osteosarcopenia in the elderly
living in community is 4.7% in Japan, 28% in
Germany, ranging from 7% to 13% in China, with
the highest rates of 40% in Australia and 34% in
Iran [14, 19, 26]. Osteosarcopenia incidence increa-
ses with age, in men it ranges from 14.3% (60-64
years) to 59.4% (> 75 years), in women it is 20.3%
(60-64 years) to 48.3% (> 75 years) [24].

However, in another study, higher rates of osteo-
sarcopenia were recorded in women, ranging from 2.5
to 82.6%, compared with 16.4 to 32.0% for men [15].

The prevalence of sarcopenia depended on the
criteria used to establish the diagnosis. Cases of
sarcopenia (92 patients, mean age 66+10 years, 90%
of women) according to core muscle index (CMI)
criteria were found in 65% of patients (9% had
sarcopenia, 56% had osteopenia), only 22% had
osteopenia/osteoporosis, 13% — without these patho-
logies [8]. In terms of handgrip strength, sarcopenia
was found in 60% of individuals, in gait speed —
45% and by SARC-F score (A Simple Questionnaire
to Rapidly Diagnose Sarcopenia) — 40%. Osteo-
sarcopenia according to handgrip strength was found
in 51%, gait speed — 34% and SARC-F score — 32%.

According to X-ray bone densitometry and ske-
letal muscle index (skeletal muscle mass divided by
height in meters, squared, SMI), sarcopenia was
found in persons with normal BMD in 40%, with
osteopenia — 64%, with osteoporosis — 76%. When
comparing the frequency of pathology by sex, gender-
specific features were identified, sarcopenia was recor-
ded in 69% of women and 33% of men (p=0.034).
Patients with osteosarcopenia and sarcopenia had
lower body weight indices, skeletal muscle mass and
appendicular mass (limb muscle mass) as well as
skeletal muscle index compared to patients with
osteopenia/osteoporosis or without this pathology [8].

Among the 2,353 individuals living in the com-
munity, risk factors associated with osteosarcopenia
included older age (men: 14.3% (60-64 years) to
59.4% (=75 years); women: 20.3% (60-64 years) to
48.3% (=75 years); physical inactivity (cumulatively
men and women (OR): 0.64, 95%, CI 0.46-0.88),
low body mass index (OR: males: 0.84, 95%,
CI 0.81-0.88; females: 0.77, 95%, CI 0.74-0.80) and
higher fat mass (males: 1.46, 95%, CI 1.11-1.92;
females: 2.25, 95%, CI 1.71-2.95) [24].

The data are controversial with respect to the risk
of fall and fracture in osteoporosis (compared to
sarcopenia and osteoporosis). In a prospective cohort
study the Osteoporotic Fractures in Men (MrOs),
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which lasted from 2001 to 2013 and included 2,000
individuals (>65 years), it was found that men with
osteoporosis have a 3.5 times greater risk of fractures
than men with sarcopenia or only osteoporosis [45].

A study in Australia (253 individuals, 77% of
whom were 77.9+0.42 years old women) found that
the risk of fall (ODs: 2.83-3.63; p<0.05) and fracture
(ODs: 3.86-4.38; P < 0.05) was significantly higher
in osteosarcopenia patients than in those without this
pathology [42]. The combination of osteoporosis and
sarcopenia resulted in a significant increase in the
risk of fracture (OR 3.49, 95% CI 1.76-6.90) in
comparison with persons with normal BMD and
without sarcopenia [45].

Osteosarcopenia was high — 5 to 37% in older
people (>65 years) living in communities. Sar-
copenia following low-trauma fractures was found
in 46% of patients, of whom 17.1-96.3% had hip
fractures [24]. The hip fracture is associated with
increased mortality in osteosarcopenia patients [25].

In the comparative analysis of the risk of
fractures and falls in 1575 men with osteosarcopenia
aged over 70 years, no distinctive features were re-
vealed in comparison with osteopenia/osteoporosis and
sarcopenia groups [10]. The participants were
contacted for 2 years, and for radiologically confirmed
fracture incidents — every 4 months for 6+2 years.

The relationship of osteosarcopenia with serum
PTH levels and falls was found. Of the 400 patients

surveyed, 24% had high PTH levels with normal
adjusted calcium levels. These individuals reported
more falls per year and had low levels of muscle
strength, gait rate and BMD [17].

When osteoporosis and sarcopenia are combined,
different results concerning the risk of falls and
fractures are obtained. These data indicate a need for
in-depth research in this area.

Thus, sarcopenia is regarded as a separate noso-
logic form presented in the International Clas-
sification of Diseases 10 (ICD-10) as a syndrome
that may manifest itself as a primary or secondary
condition. The manifestation of sarcopenia is
associated with loss of muscle mass, strength and is
combined with an increased risk of falls and frac-
tures. In turn, fractures may be a pathogenetic factor
in sarcopenia. Numerous signaling pathways leading
to disturbance of metabolism and muscle structure
have been described and the close metabolic and
functional association between muscle and bone
tissue has been demonstrated. The concept of osteo-
sarcopenia as a new geriatric syndrome has been
developed. Osteosarcopenia is widespread in various
populations and is associated with serious health
consequences in terms of quality of life: general
weakness, increased risk of falls, fractures and
mortality.
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