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Abstract. Osteosarcopenia is a burgeoning geriatric 
syndrome and a familiar disease among older individuals. It 
is characterized by reduced skeletal muscle mass and bone 
mineral density due to osteoporosis and sarcopenia. Its clinical 
manifestations include reduced physical performance and 
individuals becoming prone to falls during the aging process 
resulting in fractures and hospitalization, which seriously 
affects the quality of life of patients and increases the risk of 
death. Due to the aging social structure of the global popula‑
tion, the morbidity of osteosarcopenia is expected to continue 
to increase. Both muscle and bone belong to the motor system 
and originate from the mesoderm; therefore, sarcopenia and 
osteoporosis also share similar pathogenical factors, which 
influence and regulate each other. Studying the pathogenesis 
and treatment of osteosarcopenia is of great significance 
to improve the quality of life of patients. Therefore, the 
present study reviewed the research progress on sarcopenia 
and osteoporosis in osteosarcopenia from the standpoints 

of its definition, epidemiology, clinical manifestations and 
diagnosis, prevention and treatment.
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1. Introduction

As individuals live longer, natural manifestations of aging 
such as sagging skin, cardiac function decline and decreased 
bone mineral density (BMD) become more evident (1). For 
older individuals, the incidence of chronic degenerative 
diseases inevitably increases with age  (2). The decline in 
the musculoskeletal system in older adults can cause muscle 
atrophy, osteopenia and then muscle weakness and decreased 
exercise ability  (3). Osteoporosis and sarcopenia are two 
common chronic musculoskeletal disorders in older adults. 
With the increase in the aging of the global population, the 
prevalence of osteoporosis and sarcopenia is increasing each 
year, thereby considerably increasing the risk of falls, fractures 
and hospitalization in older individuals (4,5).

Both muscle and bone develop from the mesoderm and 
have common interstitial precursors (6). Both belong to the 
motor system. Anatomically, bones are connected by muscles 
that are attached to bones to function. Previous studies have 
revealed that both bone and muscle have a certain endocrine 
function and that muscle factors secreted by muscles can 
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affect bone growth and development (7‑9). At the same time, 
bone factors can also affect muscle strength and muscle mass 
to a certain extent (10). In addition, numerous studies have 
suggested that there may be molecular signaling pathways 
that regulate both muscle and bone or local signaling factors 
that link muscle and bone growth and development (11,12). 
Therefore, muscle and bone are not only regulated by several 
factors at the same time but also regulate each other to some 
level (10).

Sarcopenia and osteoporosis are closely related degenera‑
tive diseases, mainly through the interaction between muscle 
and bone. For example, both muscle strength and muscle mass 
influence BMD, and the amount of muscle changes as BMD 
increases and decreases (13,14). In the process of human aging, 
muscle and bone also influence each other, which in turn 
affects the occurrence and development of osteoporosis and 
sarcopenia (15). The decrease in the number of muscles will 
accelerate the loss of bone and trabeculae, and the decline of 
bone quality will also lead to the atrophy of muscle shape and 
decline of function (16,17). Therefore, understanding the rela‑
tionship between muscle and bone and effective intervention 
on bone and muscle degeneration can improve muscle mass, 
muscle strength, body balance, bone mass and bone quality; 
avoid falls; and reduce bone fracture rates. The present article 
explores the concept, pathogenesis, clinical manifestation, 
evaluation criteria, intervention and treatment of sarcopenia 
and osteoporosis

2. Sarcopenia

Definition of sarcopenia. The muscle content of an adult 
generally reaches its peak at 25 years of age, and the number 
of muscle fibers starts to decrease thereafter by a total of 5% 
until 50 years of age; after 50 years, the muscle content reduces 
by 1‑2% every year, and in total by 30‑40% until the age of 
70 years; and by ~3% every year after 70 years of age (18). 
Hence, sarcopenia, the concept of which was first introduced 
by Rosenberg in 1989, is defined as, in general, the loss of 
muscle mass and strength associated with aging (19). With 
increasing knowledge of sarcopenia, it has been defined as 
‘progressive and generalized loss of skeletal muscle mass and 
strength’ by the International Working Group on Sarcopenia in 
2010 (20). In October 2016, sarcopenia was officially included 
in the International Classification of Diseases (ICD‑10) disease 
code, marking its recognition by the medical community as a 
separate disease with individual characteristics (M62.8) (21).

Epidemiology. In 2010, the European Working Group on 
Sarcopenia in Older People (EWGSOP) conducted a screening 
of individuals aged >60 years old according to the definition 
of sarcopenia and found that 13% of those aged 60‑70 years 
and 50% of those aged >80 years experienced sarcopenia, 
among whom women outnumbered men (15). According to a 
meta‑analysis in 2021, the probability of sarcopenia in individ‑
uals <60 years old is 8‑36%, and the prevalence of sarcopenia 
≥60 years old is 10‑27% (22).

Clinical manifestations and diagnostic criteria. Despite 
the lack of specific clinical manifestations of sarcopenia, its 
symptoms include proneness to falls, difficulty in walking, 

weakness of the limbs, mobility degradation, decreased 
physical performance and osteoporosis or fracture  (23). 
The diagnosis of sarcopenia is based on a comprehensive 
assessment of muscle strength, muscle quality and physical 
performance  (24). Currently, there are several diagnostic 
criteria for sarcopenia and they have not been fully standard‑
ized (25‑31). The EWGSOP recommends that muscle strength 
be measured by the handgrip or chair stand test and that muscle 
weight be measured by dual energy X‑ray absorptiometer 
(DXA) or bioelectrical impedance analysis (BIA) (32). BIA 
can evaluate total muscle mass and limb skeletal muscle mass, 
respectively (33). Muscle function represents the functional 
state of the whole body and is an objective index of body motor 
function, involving muscle, central and peripheral nerve func‑
tion and balance function (34). The commonly used methods 
are walking speed and the Short physical performance battery 
scale (35). The initial diagnosis of sarcopenia can only be 
made using a step‑by‑step diagnostic method proposed by 
EWGSOP2: The possibility of sarcopenia is considered when 
the patient has low muscle strength, while low muscle strength 
combined with low muscle content is diagnosed as sarco‑
penia (36). At the same time, severe sarcopenia is diagnosed 
with hypofunction (22). Instead, the pathogenesis of sarco‑
penia is studied by directly diagnosing sarcopenia indirectly 
by using the individual definitions of sarcopenia.

3. Osteoporosis

Definition. Osteoporosis refers to systemic bone loss and is 
manifested by reduced BMD and deteriorative bone microar‑
chitecture, leading to an increased risk of fracture (37,38). The 
reason for bone loss and reduced BMD is that bone absorption 
prevails over osteogenesis during bone remodeling (39,40). 
Osteoporosis can be divided into primary and secondary 
types  (41,42), of which the primary type results from 
increasing age and changes in hormone levels, including senile 
and idiopathic osteoporosis, while the secondary type occurs 
secondary to other diseases such as rheumatic and immune 
diseases, blood disease and metabolic disease (43‑45).

Epidemiology. Bone mass increases with age when individuals 
are young, generally reaches the peak between the ages of 
30 and 40 years old, and then decreases each year to ~30% of 
the peak by the age of 70 years old (46). In postmenopausal 
women, bone mass decreases even faster by ~20% at 5‑7 years 
after menopause (18). As global aging gradually intensifies, it 
is predicted that fractures caused by osteoporosis will grow 
exponentially by 2050 (47,48). A study show that the number 
of osteoporotic fracture patients worldwide will exceed to 
21 million by 2050 (49). According to 2020 statistical data, 
the incidence of osteoporotic fractures in individuals aged 
>50 years in Europe and the United States is 4‑6% (50), while 
that in Asia is >15%. Therefore, along with the social structure 
of population aging, osteoporosis has become a major public 
health problem (51).

Diagnosis criteria. Showing no obvious clinical symptoms, the 
majority of patients can be diagnosed with osteoporosis only 
when serious complications, such as osteoporotic fractures, 
occur (44). According to the osteoporosis diagnosis criteria 
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issued by the World Health Organization (WHO), BMD can 
be measured by DXA, where the T value (SD), which reflects 
the BMD of the lumbar and femoral necks, is used to diag‑
nose osteoporosis  (52). T≥‑1.0 SD indicates normal BMD; 
‑2.5 SD<T<‑1.0 SD indicates osteopenia; while T≤‑2.5 SD 
indicates osteoporosis (53). Additionally, the WHO fracture 
risk assessment tool is deemed effective for the evaluation of 
long‑term fracture risk (54).

Osteosarcopenia. In 2009, Binkley proposed the concept of 
‘osteosarcopenia’, which refers to the appearance of the clin‑
ical manifestation of osteoporosis or low BMD accompanied 
by low muscle quality and/or function (55). A study on the 
relevance of the decrease in muscle mass with osteoporosis 
showed that when the relative appendicular skeletal muscle 
mass increases by 1 unit, the risk of osteoporosis will decrease 
by 36%, and the probability of the patient with sarcopenia 
exhibiting osteoporosis is two times higher compared with 
that of healthy individuals (56). However, to the best of our 
knowledge, an epidemiological survey on the correlation 
between osteoporosis and sarcopenia shows that there is a 
two‑way relationship between osteoporosis and sarcopenia, 
leading to the development of osteoporosis (57).

4. Interaction and mutual regulation between sarcopenia 
and osteoporosis

Biomechanical relationship between muscle and bone. 
Muscle is made up of myocytes that are activated under the 
control of the kinetic system. However, regulated by calcium 
ions, muscle cells will release acetylcholine, which leads to 
the decomposition of triphosadenine and the release of energy, 
providing energy for human muscles and bones (58). Bone 
is composed of bone cells and minerals such as calcium and 
phosphate. Bone cells can be divided into osteoblasts and 
osteoclasts, which exist in a large quantity and have a certain 
self‑repairing capability  (59). With the development and 
growth of the human body, the number of muscle cells and 
the volume of muscle will increase, and to compensate for the 
increasing load, the mass, size and strength of the bones will 
increase (5). However, after middle age, the muscle mass of the 
human body begins to decrease, and during old age muscular 
atrophy may even occur, and atrophic muscles cannot generate 
a strong load to the bones (60). This leads to disuse‑atrophy 
of the bones and to the loss of original biological functions 
and effects of the inner structure of bone, including bone 
trabecula (61). Change in muscle can cause changes in skeletal 
form and function, and changes in bone strength can also 
cause alter the biomechanical characteristics and the quantity, 
shape and function of muscle (62,63).

Chemical crosstalk between muscle and bone. A study has 
confirmed that skeletal and muscle tissues not only receive 
upstream endocrine regulation from distal organs and tissues, 
but also secrete chemical factors responsible for crosstalk (64). 
Upstream endocrine regulators contain hormones of the 
somatotropin‑insulin‑like growth factor 1 (IGF‑1) axis, sex 
steroid hormones, certain adipose tissue hormones and vitamin 
D (65). Muscles locally secrete cytokines, such as myokines, 
which stimulate bone formation independently of mechanical 

action, and bones secrete soluble factors that can act through 
the periosteum and into the muscle.

Effect of muscle on bone. The effects of muscle on bone mainly 
include mechanical and chemical effects. The mechanical 
effects refer to the signal to bone through muscle contraction, 
which affects bone growth and development and changes 
BMD and bone strength (66). A previous study has shown 
that muscle contraction caused by dynamic electric stimulus 
can inhibit bone loss and trabecular structure degradation 
to some extent, indicating that muscle contraction can also 
inhibit some bone loss (67). The chemical effects of muscle on 
bone refers to the effects of chemical substances generated by 
muscle such as cytokines, inflammatory factors and hormones 
on osteoblasts or osteoclasts through a paracrine or endocrine 
mechanism, which promotes osteoblast or inhibits osteoclast 
formation (68,69). For example, skeletal muscle can secrete 
myostatin, which may lead to a decrease in BMD, but muscle 
hypertrophy and increase in bone mass when its expression is 
inhibited (70).

Effect of bone regulation on muscle. The regulatory effect 
of bone on muscle is also achieved through mechanical and 
chemical activity. Connexin43 (Cx43), a gap junction protein 
that is rich in osteoblasts and osteocytes and plays an impor‑
tant role in mechanotransduction, is an example (71). When 
Cx43 expression is knocked out in mouse models, the muscle 
mass and strength of the mice decrease (72); however, injec‑
tion of undercarboxylated osteocalcin into the mouse can 
delay or prevent the decline in muscle mass and grip strength, 
indicating that bone can affect muscle functions through 
biochemical activity (73).

Special form of regulation of bones and muscles via diffusion. 
Skeletal muscle and bone are the two major components of 
the musculoskeletal system. They have a close mechanical 
relationship, where bone acts as a lever and muscle acts as 
a pulley to move the organism. The two tissues, bone and 
muscle, are interdependent and mutually influenced, and the 
most important layer of the barrier is the periosteum, which 
surrounds the cellular layer of bone and muscle and is ~60 µm 
thick. Lai et al suggest that soluble factors that are <40 kDa, 
such as NO and PGE2, can diffuse directly and passively 
through the periosteum to reach the tissue microenvironment 
and eventually into adjacent tissues (74). However, molecules 
such as bone factor or muscle factor, which are >40 kDa, are 
likely to be transported through the circulatory system or as 
exosome‑carried factors.

Regulation of common signal pathways of bone and muscle
Wnt/β‑catenin pathway. The Wnt/β‑catenin signal pathway 
can regulate bone and muscle growth and metabolism simul‑
taneously  (75). The Wnt ligand can be combined with the 
low‑density lipoprotein receptor‑related proteins(LRP)5/6 
receptor and stop the degradation of β‑catenin, leading to 
an excessively high level of β‑catenin in the body and, thus, 
regulating the expression of osteoblasts (76). One study has 
shown that osteoblasts can promote osteoclast differentiation 
by activating the ROR2 receptor and secreting Wnt5a (77). 
Meanwhile, the Wnt family can regulate the expression of 
Pax3/7, myoblast determination protein 1 and myogenic 
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factor 5 in embryonic myogenic progenitor cells (78). These 
transcription factors are important in stimulating, regulating 
and advancing myogenesis (79,80). Furthermore, it has been 
shown that activation of the classic Wnt pathway can help 
induce proliferation of satellite cells during skeletal muscle 
regeneration (81).

NF‑κB pathway. NF‑κB is the heterodimer of p50/p65 in 
the body (82). When exposed to an external stimulus, NF‑κB‑α 
will be separated from the compound p50/p65 and NF‑κB will 
be activated to enter the cell nucleus and regulate expression 
through combination with a specific locus of DNA (83,84). A 
typical indication of sarcopenia is increased reactive oxygen 
species secretion in myoblasts, which can activate the NF‑κB 
pathway to improve the level of S100 calcium‑binding protein 
B in muscle fibers, and finally to inhibit myocyte prolifera‑
tion and differentiation into brown fat cells (85,86). Another 
study on aging demonstrates that young men have only 
a quarter of the amount of NF‑κB in the vastus medialis 
muscle as compared with older men (87). Results from mouse 
genome sequencing have shown that the binding activity of 
NF‑κB DNA in the anterior tibial muscle of the senile mouse 
is notably enhanced (88). Meanwhile, NF‑κB DNA can be 
involved in NF‑κB receptor activator of nuclear factor NF‑κB 
ligand (RANKL)‑induced osteoclast differentiation in bone 
tissue, thus affecting bone mass.

Other pathways. Studies have also shown that other 
signaling pathways can influence muscle and bone differ‑
entiation and inhibition simultaneously. For example, IGF‑1 
can activate the MAPK/ERK and PI3K‑Akt pathways to 
regulate muscles and bones and promote their anabolism (89). 
Studies on other pathways are ongoing, and it is predicted 
that new treatment methods will be developed through newly 
discovered pathways such as JAK/STAT, Akt‑FoxO and 
PKB‑mTOR (90‑92).

5. Pathogenesis of osteosarcopenia

Both sarcopenia and osteoporosis are symbolized by the 
hypofunction of the motor system with aging, of which 
sarcopenia is related to bones while osteoporosis is related 
to muscles (93,94). Muscles and bones have the same origin 
and adjacent anatomical positions; therefore, the signal 
crosstalk between them is closely associated  (68). In the 
whole life process, muscles and bones regulate each other to 
maintain the normal functional status of the human body (95). 
Therefore, signal crosstalk may become the pathogenesis of 
osteosarcopenia (96). Since both sarcopenia and osteoporosis 
are caused by similar multifactorial factors, such as genetics, 
endocrine and fat infiltration, it can therefore be said that they 
are the same disease manifested in different physiological 
systems (97).

Hereditary factors. Hereditary factors play an important 
role in peak bone mass (PBM), which is the maximum bone 
mass that a person can acquire  (98). The lower the PBM, 
the higher the risk of developing osteoporosis. Furthermore, 
according to UK Biobank data, hereditary factors also influ‑
ence muscle strength to some extent  (99). A genome‑wide 
association study revealed that the genes encoding myostatin, 
α‑actin‑3, peroxisome proliferator‑activated receptor‑γ 
coactivator‑1α, myocyte‑specific enhancer factor 2C, glycine 

N‑acyltransferase and METTL21C are closely associated 
with sarcopenia and osteoporosis (100‑102). At present, it is 
generally considered that important heritable variations in 
muscle and bone tissues will provide new insights into the 
physiopathological mechanism of synthesis and catabolism of 
muscle and bone tissues (103).

Endocrine and paracrine regulation factor. Current studies 
show that muscles and bones are regulated by numerous 
signaling factors that influence one another through regulatory 
endocrine and paracrine mechanisms (104).

Endocrine regulation. Systemic hormones regulate the 
growth and metabolism of bones and muscles through the 
endocrine network  (105). For example, growth hormones 
(GH), sex hormones and vitamin D can regulate bones and 
muscles simultaneously (106‑108). The combined action of GH 
and IGF‑1 can induce muscle hypertrophy and help maintain 
bone mass, while IGF‑1 activity alone can promote myoblast 
proliferation and integration of existing muscle fibers (109). 
In addition, the regulation of sex hormone in bones and 
muscles can be summarized as the effects of androgen and 
estrogen (110). Androgen plays an important role in main‑
taining bone and muscle mass, with testosterone positively 
correlated with BMD and muscle strength (111). Meanwhile, 
estrogen, as the membrane stabilizer of muscle fiber, can not 
only protect muscle functions but also promote differentiation 
of bone mesenchymal stem cells into osteoblasts, thus main‑
taining the dynamic balance of bone formation and bone 
resorption (112).

Paracrine regulation. With the improvement in the under‑
standing of osteosarcopenia, both bone and muscle tissues 
have secretory function and can secrete numerous factors that 
regulate one another. These factors are called muscle‑derived 
and bone‑derived factors, respectively  (113,114). Cells in 
muscle tissues can secrete multiple muscle‑derived factors, 
including myostatin, osteoglycin, follistatin‑like protein 1 
and interleukins (IL) (IL‑6, ‑7, ‑8 and ‑15) (90). For example, 
myostatin, as a member of transforming growth factor β 
family, cannot only activate the Smad and MAPK signaling 
pathways to inhibit muscle growth but also directly regulates 
osteoclast differentiation and reduces bone growth (115,116).

Bone‑derived factors include osteocalcin (OCN), sclerostin 
(SOST) and fibroblast growth factor 23 (117). The competitive 
binding of SOST secreted by bone cells to LRP5 can inhibit 
osteoblast differentiation, thus reducing bone mass (118,119). 
Meanwhile, studies have demonstrated that SOST can promote 
myogenic differentiation of C2C12 in vitro, indicating that 
SOST may have a dual influence on the growth and metabolism 
of bones and muscles in the body (105,120). In addition, OCN 
can not only inhibit osteogenesis but also act as a hormone to 
regulate pancreatic glucose metabolism, testosterone synthesis 
and muscle mass (73).

Fatty infiltration. One of the most obvious changes caused by 
aging is the change in body composition and tissue distribu‑
tion. With the basal metabolic rate decreasing by 5‑25% and 
with reduced athletic ability, older individuals have increased 
body mass and body fat content, and their subcutaneous fat 
infiltrates bone and muscle tissues. A previous clinical study 
showed that the percentage of body fat is negatively correlated 
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with total body BMD and muscle content (121). Other studies 
confirm that fatty tissue can influence the metabolism of bones 
and muscles to an extent (8,122). For example, increased fatty 
tissue will promote the generation of inflammatory factors, 
and increased inflammatory factors can not only stimulate 
osteoclast proliferation and differentiation through RANKL 
and osteoprotegerin signaling pathways, thereby improving 
bone destruction, but also influence the mass and function of 
skeletal muscle (123,124). By contrast, adiponectin (ADPN) 
secreted by adipocytes can not only promote osteoblast 
differentiation and inhibit osteoclast function but also increase 
sugar absorption of skeletal muscle cells, thus increasing bone 
mass (125,126). In previous years, it has also been revealed 
that a high level of inflammatory factors can inhibit the expres‑
sion of ADPN and influence the promotion effect of ADPN 
on muscle and bone metabolism, thus increasing the risk of 
osteoporosis (127).

Disease association. A number of diseases can cause a reduc‑
tion in bone and muscle mass (128). Patients with neoplastic 
or inflammatory diseases, both of which are chronic diseases 
of wasting, can experience decreased muscle function in the 
middle or late course of the disease (129,130). This mecha‑
nism may be associated with the decomposition of muscle 
fibers induced by the ubiquitin proteasome pathway activated 
by TNF‑α and other inflammatory factors (131). A study has 
revealed that with the worsening of diabetic nephropathy and 
the decrease in the BMD of diabetic patients, the incidence 
of osteoporosis increases gradually; moreover, the severity of 
osteoporosis is positively correlated with the state of diabetic 
nephropathy (132). Additionally, in the late course of diabetes, 
the accumulation of advanced glycation end‑products can 
inhibit the expression of myogenic genes and osteocalcin in 
myoblasts, which increases muscle and bone loss (133).

Age and other factors. The PBM is reached at ~30 years 
of age, and after 30 years, BMD and muscle mass begin to 
decrease (134). For this reason, both the incidence of sarco‑
penia and osteoporosis will increase with age (135). In old age, 
the immune system is constantly activated at low level and 
chronic inflammation occurs, leading to pro‑inflammatory 
response (136). For example, increased IL‑6 level intensifies 
muscle decomposition by inhibiting osteogenesis, promoting 
osteoclastic resorption and inhibiting the proliferation and 
differentiation of muscle cells, thus increasing the incidence of 
osteoporosis and sarcopenia (137).

In addition, other factors can influence the metabolism of 
bones and muscles simultaneously. For example, in the aging 
process, malnutrition and insufficient protein intake as a result 
of the decrease in nutrient absorption efficiency will lead to 
the reduction of muscle and bone mass (138). Other studies 
have revealed that excessive drinking and smoking can affect 
not only osteoblast functions but also calcium and protein 
metabolism, thus reducing BMD (16,139). Furthermore, a 
study of 608 older aged men, aged 60‑85 (mean age, 68) years, 
in a community in France revealed that high alcohol consump‑
tion will reduce muscle mass (140). In addition, according to a 
meta‑analysis that evaluated the relationship between smoking 
and sarcopenia, smoking increases the risk of sarcopenia to 
some extent (141).

Overall, these systematic or local factors affect muscles 
and bones directly or indirectly, leading to reduction in bone 
and muscle mass and occurrence of osteosarcopenia.

6. Prevention and treatment of osteosarcopenia

Prevention. Exercise and nutrition can help prevent 
osteosarcopenia by improving the function of bones and 
muscles  (142). Since osteosarcopenia is proposed to be 
based on the common pathophysiology of both osteoporosis 
and sarcopenia, it is important to establish an early interven‑
tion system for skeletal and muscle aging for the prevention 
of OS.

Exercise to prevent and treat osteosarcopenia. Different 
forms of exercise have different effects on muscles and 
bones, but a number of the current exercises will be benefi‑
cial for osteosarcopenia. For example, resistance exercises 
have a sufficient effect on restoring muscle strength and 
mass (143). Aerobic exercise, including jogging, climbing 
stairs and stepping exercises are suitable for individuals 
with osteoporosis (144). For older individuals, whole‑body 
vibration training is considered to be the safest way to 
exercise because the subjects are generally in a still sitting 
or standing position, which is suitable for the majority of 
individuals with sarcopenia and osteoporosis, while at the 
same time you can freely adjust the intensity of exercise and 
the number of repetitions (145). It has been demonstrated 
that resistance training can increase myostatin synthesis and 
improve skeletal muscle mass by activating mTORC1 and 
its downstream signaling pathways, while also maintaining 
bone mineral density (146). Exercise therapy must require 
patients to adhere to the principle of individualized treat‑
ment for a long time to avoid causing trauma and more 
serious injuries.

Nutritional support therapy for the prevention of 
osteosarcopenia. The European Society for Clinical and 
Economic Aspects of Osteoporosis, Osteoarthritis and 
Musculoskeletal Diseases recommends taking 800  IU of 
vitamin D daily to maintain a level of 1,25(OH)2D3>50 nmol/l 
in postmenopausal women  (16). Similarly, the American 
Institute of Medicine issued a recommendation in 2011 that 
advised individuals aged >60 years to take at least 800 IU 
of vitamin D every day to prevent bone and muscle dysfunc‑
tion (147). Patients with osteosarcopenia should have at least 
1.2 g calcium intake per day, and the most efficient dose of 
calcium supplement alone is 500  mg  (148). Furthermore, 
the average protein intake of older individuals should reach 
1.0‑1.2 g/(kg•d)  (149). However, for older individuals who 
exercise, the daily protein intake is >1.2 g/kg (149). At the 
same time, the protein intake for older patients with acute or 
chronic diseases should reach 1.2‑1.5 g/(kg•d) (150).

As a fat‑soluble vitamin, vitamin D enters the body to 
upregulate the level of vitamin D receptors (VDR) in skeletal 
muscle and increase VDR activity, thereby enhancing muscle 
strength  (151). In addition, vitamin D promotes intestinal 
calcium absorption, and vitamin D stimulates bone forma‑
tion and bone mineralization by affecting the Wnt/βcatenin 
signaling pathway, making vitamin D supplementation impor‑
tant for maintaining muscle mass, muscle function and bone 
density (106).
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Treatment. After the diagnosis of osteosarcopenia, exercise 
and nutritional support methods will only improve the 
symptoms of osteosarcopenia, but they cannot completely 
cure osteosarcopenia (152). The various drugs currently avail‑
able are only targeted to their therapeutic targets and their 
upstream and downstream pathways  (153). Regarding the 
correlation between bones and muscles, a number of studies 
state that bones and muscles can be regarded as a whole and 
that a drug for accurate treatment of osteosarcopenia can be 
found based on their common pathogenic factors and regu‑
lation pathways (57,154). However, at present, there are few 
drugs for the common target of sarcopenia and osteoporosis, 
and the curative effect is uncertain (155).

Anti‑myostatin antibody. Myostatin can stimulate the 
activin receptor, cause a series of cell signal cascade responses, 
and then inhibit muscle growth and bone mineral produc‑
tion (70). Therefore, the anti‑myostatin antibody may be a new 
drug for the treatment of myoosteoporosis. Fagundes et al reports 
that the anti‑myostatin antibody can promote the improvement 
in body function, lean body weight and bone mass (156).

Anti‑RANKL monoclonal antibody. Both RANKL and 
the NF‑κB receptor activator of NF‑κB (RANK) are clearly 
expressed in the skeletons and skeletal muscles, thus forming 
a signal network upstream of the NF‑κB pathway  (157). 
Anti‑RANKL monoclonal antibodies affect bone and muscle 
growth and development by influencing the RANKL receptor 
ligand and the upstream NF‑κB pathway (158). In bone tissues, 
RANKL/RANK binds and regulates downstream signaling, 
which in turn induces osteoclastogenesis and osteoclastic 
resorption (159). Meanwhile, after overexpression of RANKL 
in the mouse body, there is decline in muscle functions, such 
as muscle atrophy, fatty infiltration and inflammation (160). 
Currently, denosumab (AMC‑162) has been approved for the 
treatment of osteoporosis and bone metastasis in adults, and 
under laboratory conditions, anti‑RANKL therapy has been 
shown to protect musculoskeletal functions while improving 
mechanical functions of the bones (161).

Recombinant human GH therapy. In the aging process, the 
levels of GH and IGF‑1 show a notable downward trend (162). 
Recombinant human GH therapy works by affecting systemic 
GH and IGF‑1 levels, which in turn improves physical function, 
muscle mass and bone density (163). However, a number of 
studies have also reported adverse reactions, including carpal 
tunnel syndrome, peripheral edema, joint pain and swelling, 
enhanced female breast development, impaired glucose toler‑
ance and increased cancer risk (164).

In clinical practice, a number of drugs have been used to 
treat sarcopenia and osteoporosis alone. The drugs used to treat 
osteoporosis, including diphosphonate, calcitonin, parathyroid 
hormone analogs and estrogen, can be broadly classified into 
two types: Those that inhibit osteoclastic resorption and those 
that promote osteogenesis, thus increasing bone mass and 
BMD and reducing fracture risk (165). At present, there is no 
clinically specific drug that can cure sarcopenia, but it has been 
shown that some drugs can delay muscle aging and improve 
muscle functions to some extent, such as active vitamin D, 
β adrenergic receptor stimulant and angiotensin converting 
enzyme inhibitor (166‑168). Testosterone replacement therapy 
and selective estrogen receptor modulators (SERMS) also 
have a positive effect on muscle mass, muscle strength and 

bone mass simply by affecting the amount of estrogen in the 
body (169,170). The safety and effectiveness of SERMS still 
need to be supported by high‑quality research (171). Therefore, 
it is a future direction to develop new drugs by regarding bones 
and muscles as a whole and identifying their common target 
according to the common pathogenesis of sarcopenia and 
osteoporosis.

7. Conclusions

The proposal of the concept of ‘osteosarcopenia’ facilitates 
more in‑depth and unified studies on sarcopenia and osteo‑
porosis, which are diseases related to aging. The majority 
of researchers agree that these two common diseases of the 
motor system have the same pathogenesis and regulatory 
pathway and that a common target can be found. Therefore, 
how to diagnose and treat osteosarcopenia rapidly and 
accurately should be the focus of future research efforts on 
osteosarcopenia.
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