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Abstract
Sarcopenia is a progressive and systemic skeletal muscle disorder associated with aging that usually occurs with age in the elderly.
Sarcopenia currently lacks effective pharmacological treatment modalities. Multiple pharmacological intervention modalities are
available for osteoporosis, a comprehensive disease characterized by decreased systemic bone mass, degradation of bone
microarchitecture, and increased bone fragility. Several recent studies have shown an extremely strong correlation between sar-
copenia and osteoporosis, leading to the concept of “osteosarcopenia”. Therefore, it is possible to alleviate sarcopenia simulta-
neously by improving osteoporosis.
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Introduction

Population aging has become a major trend in population
development[1].Medical health issues associated with aging are also
becoming increasingly prominent, including the significant loss of
skeletal muscle strength and/or function called sarcopenia.
Sarcopenia is widely distributed in the elderly population, and in a
study with 4866 participants included in the baseline prevalence
analysis (50.3% men, 49.7% women; mean age: 67.7±6.4 years).
A total of 2238 subjects were likely to have sarcopenia at baseline,
with an overall prevalence of 46.0% (95% CI: 44.6–47.4%)[2]

There was a strong correlation between falls, fractures, functional
decline, functional capacity, death, and multisystem disorders, and
therefore a significant medical and economic burden[3]. Patients
with comorbid osteoporosis are more likely to experience falls,
fractures, and death[4]. The biological mechanisms underlying the
interaction between sarcopenia and osteoporosis are not fully
understood. It is difficult to identify pathophysiological mechan-
isms and, thus, targets for the prevention and treatment of sarco-
penia. As sarcopenia is closely related to osteoporosis, it would be

beneficial to understand the aetiology of sarcopenia and explore
potential therapeutic approaches for its prevention and treatment.
This review aimed to explore anti-osteoporosis therapy as a pos-
sible opportunity for the prevention and treatment of sarcopenia.

Potential mechanisms for the development of
sarcopenia

Myosin plays an important role in muscle contraction and is
classified into type I, type IIA, and type IIB, according to the type
of myosin heavy chain. Changes in myofibers include changes in
cell size, number, and percentage of myosin heavy chain
subtypes[5]. Unlike myasthenic diseases secondary to other dis-
eases, sarcopenia is an age-related skeletal muscle disease that can
be considered as the aging of muscle at the cellular and organelle
levels (e.g. reduced mitochondrial function, reduced number of
myosin heavy chains[6], caused mainly by the loss of its intrinsic
functions, such as a decrease in the number of myoblasts, a
decrease in muscle protein synthesis,an increase in catabolism,
and an imbalance in hormone secretion[7]. There is an interactive
relationship between sarcopenia and osteoporosis, and the
mechanisms of action will be discussed below.

Sarcopenia and osteoporosis

In recent years, several studies have shown a strong correlation
between sarcopenia and osteoporosis[4], which led to the concept
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of “osteosarcopenia”. In a study involving 17 891 African
American, Caucasian, and Chinese subjects, sarcopenia was
reported to be associated with low bone mineral density and
osteoporosis[8]. It has also been reported that patients with
osteoporosis, in combination with sarcopenia, have an increased
risk of fracture. In addition, it wasmentioned that the cases in this
study were predominantly type II muscle fibre atrophy[9]. Thus,
sarcopenia and osteoporosis are closely related, and extensive
studies have been conducted in recent years regarding their
interrelationship. However, the mode of the interaction between
the two requires further clarification.

Current treatments for sarcopenia

Exercise

Exercise is an essential non-pharmacological treatment for sar-
copenia, and several recent guidelines and studies have empha-
sized its importance[10]. A meta-analysis of 17 studies (985
patients with sarcopenia, aged 67.6–86 years) showed that
exercise training significantly improved muscle strength[11]. Both
whole-body vibration training and resistance training improved
muscle strength and speed of movement, with no significant dif-
ference in the degree of improvement between the two exercise
training modalities[12]. Aerobic exercise training improves the
loss of skeletal muscle mitochondria and thus has the potential to
prevent sarcopenia[13]. Exercise programs including strength
training, home training, and combination training have shown
improvements in muscle strength. However, there was still no
significant difference in the extent to which various exercise
programs improvedmuscle strength[14]. However, we should also
note that there are limitations and that some older adults have
difficulty adhering to exercise prescriptions[15]. In patients with
trauma or other disorders.

Nutrition interventions

Nutritional interventions are important in the non-pharmacologi-
cal treatment and prevention of sarcopenia, and protein and amino
acid supplementation currently the main nutritional interventions
for sarcopenia[9]. Studies have reported that essential amino acid
supplements, including leucine and β-hydroxy β-methylbutyrate,
are effective in improving muscle strength. In contrast, protein
supplementation had no significant effect on themuscle strength[15].
Also, some studies have reported that increased protein intake can
maintain or increase the body weight[16]. Increased protein intake
has also been reported to improve the skeletal muscle mass in
patients with sarcopenia[17,18]. Therefore, the improvement in
muscle strength with increased protein supplementation require
further investigation.

Hormone replacement therapy

The more popular form of pharmacological treatment for
declining levels of multiple hormones in older adults is hormone
replacement therapy, which includes growth hormone, oestro-
gen, cortisol, dehydroepiandrosterone, and related analogues,
and hormone replacement therapy has been shown to improve
muscle mass. A Meta-analysis of 11 studies showed that testos-
terone supplementation increased muscle mass and strength in
older men[19]. The use of growth hormone therapy in older adults
has demonstrated positive effects on muscles, such as increased

muscle mass[20]. However, sarcopenia requires long-term treat-
ment, meaning that the medication needs to be applied over a
long period of time, and too many growth hormones will have
numerous side effects, including fluid retention, gynaecomastia,
and upright hypotension[21]. Low doses of androgens have no
practical effect on muscle mass[22]. Supraphysiological doses of
androgens can increase muscle size and strength[23]. However,
there is an increased risk of prostate enlargement and prostate
cancer[24]. In summary, hormone replacement therapy is asso-
ciated with significant side effects and its use in sarcopenia is
limited.

Vitamin D

Chronic vitamin D deficiency leads to muscle atrophy and
impaired muscle mass and strength. In patients with vitamin D
deficiency, vitamin D supplementation will maintain muscle
fibres at normal functional levels[25]. In healthy individuals with
normal vitamin D, supplementation will not result in improve-
ments in indices associated with sarcopenia[26]. Excessive vitamin
D supplementation can increase the risk of fall[27].

Angiotensin-converting enzyme inhibitors

In an observational study, patients with hypertension showed a
slower rate of muscle strength loss with ACEI than with other
hypertensive drugs[28]. However, a placebo-controlled, parallel-
group, double-blind, randomized two-by-two analysis of causes
showed no improvement in walking speed, muscle strength, or
muscle mass after 12 months of perindopril in patients greater
than or equal to 70 years of age with sarcopenia[29]. A rando-
mized controlled study and meta-analysis showed the same
results[30,31].

In summary, although dietary and exercise interventions are
effective for sarcopenia, new therapeutic measures must be
explored. It is important to note that the purpose of this review
was to highlight the possibility and importance of the impact of
osteoporosis treatment on sarcopenia.

Treatment of osteoporosis to improve the mechanism of
sarcopenia

The bone is one of the eight systems of the human body. It was
previously thought to be a structural organ that supports body
movement and protects internal organs, and the interaction
between bone and muscle is carried out by mechanical trans-
duction, however, in 2006, it was first proposed that bone is
an endocrine organ that[32] Bone consists of osteoblasts,
osteocytes, and osteoclasts, with osteoblasts accounting for
about 5% of all bone cells, osteocytes for about 90–95%, and
osteoclasts for about 1%. Growth factor-1 (IGF-1), pros-
taglandin E2 (PGE2), transforming growth factor β (TGF-β),
receptor activator of nuclear factor kappa-B ligand (RANKL),
fibroblast growth factor-23 (FGF-23), and other factors have
been found to affect muscle anabolism. fibroblast growth
factor-23 (FGF-23), sclerostin (SOST), and Dickkopf-1 (Dkk-
1). Recent evidence suggests that patients with osteoporotic
fractures have a higher prevalence of sarcopenia[4,8]. The bone-
muscle crosstalk provides a theoretical basis for the treatment
of osteoporosis to alleviate sarcopenia[33]. Possible mechan-
isms for this are as follows.
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Osteocalcin (OCN) is produced and released into the circula-
tory system by the osteoblasts and osteocytes[34]. It binds to G
protein coupled receptor C family 6 group A (GPRC6A) and
regulates muscle anabolism via the GPRC6A/AMPK/mTOR/S6
kinase pathway. Serum osteocalcin levels are elevated in the
exercise state compared to resting serum osteocalcin levels[35]. An
animal study found that osteocalcin maintain muscle mass[36].
And a population-based study also showed low serum osteo-
calcin levels in older adults[37].

Insulin-like growth factor-1 (IGF-1) circulating IGF-1 is
mainly produced by the liver, while bone tissue is mainly secreted
by osteoblasts and has little effect on circulating IGF-1 levels[38].
IGF-1 can act in muscles by paracrine secretion that[39] promotes
the proliferation and differentiation of satellite cells and acts on
muscle cell proliferation, repair, and hypertrophy[40].

PGE2 is mainly secreted by osteoblasts and is further enhanced
in the presence of load, acting in skeletal muscle in a paracrine
manner.PGE2 promotes myoblast proliferation through signal-
ling at the EP4 receptor, while blocking this receptor leads to an
increase in intracellular reactive oxygen species levels[41].

TGF-β is mainly produced by osteoblasts and acts on skeletal
muscle through paracrine secretion, negatively affecting skeletal
muscle protein homoeostasis, and leading to muscle atrophy. It
showed high expression with increasing age[42–44].

RANKL is mainly derived from osteoblasts[45]. In an animal
experiment, it was found that the corresponding receptor exists
on myocytes and that RANKL binds to the receptor via paracrine
secretion. It was also found that muscle-specific RANK deficiency
prevents denervated muscle weakness[46].

FGF-23 is secreted by osteoblasts and osteoclasts[32]. FGF-23
does not act directly on skeletal muscle, but enters the circulation to
regulate phosphate and vitamin D metabolism in distant organs
such as the kidney, leading to disorders of calcium and phosphorus
metabolism and low levels of 1,25-dihydroxyvitamin D, resulting
in reduced muscle strength and mass[47–49]. An animal study cor-
roborates the negative regulation of muscle by FGF-23[50].
However, the exact underlying mechanism requires further
investigated.

SOST and Dkk-1 are expressed by osteoblasts and are secreted
by osteoclasts, both of which are negative regulators of the Wnt/
β-catenin signalling pathway[51]. In contrast, several studies have
shown that the Wnt/β-catenin signalling pathway has a positive
regulatory effect on skeletal muscles[52,53] (Table 1).

Possible effects of anti-osteoporosis drugs on muscle

At present, drugs for osteoporosis treatment can be divided
into two main categories: inhibition of bone resorption
and promotion of bone synthesis, and drugs to inhibit
bone resorption, including bisphosphonates (Alendronate,
Risedronate, Ibandronate, Zoledronate), selective oestrogen
receptor modulators (Raloxifene (Raloxifene), mixed steroid
receptor agonist (Tibolone), anti-RANKL monoclonal anti-
body (denosumab), and osteosynthesis-promoting drugs
including parathyroid hormone analogues (teriparatide),
parathyroid hormone receptor analogues (Abaloparatide
Abaloparatide), and an anti-osteosclerotic protein monoclonal
antibody (Romosozumab)[54].

Drugs that inhibit bone resorption inhibit osteoblast and
osteoclast apoptosis and osteoclast production. Bisphosphonates
inhibit bone resorption by inhibiting osteoclast apoptosis

through the inhibition of FPPS, an essential enzyme in the
mevalonate pathway[55]. Selective oestrogen receptor modulator
raloxifene decreases serum IL-6 and TGF-β1 levels, and serum
levels of inflammatory markers such as IL-6 are associated with
decreased muscle mass and strength[56]. TGF-β1 skeletal muscle
protein homoeostasis has a negative effect, leading to muscle
atrophy, and[44] It also induces 25-OH vitamin D production.
Mixed steroid receptor agonist is an oestrogen receptor present in
skeletal muscle that binds to tibolone to produce a direct effect on
the skeletal muscle. A randomized double-blind controlled trial
showed that tibolone enhanced grip strength[57]. Monoclonal
antibody against RANKL (monoclonal antibody against
RANKL) The corresponding RANKL receptor is present on
myocytes and the antibody binds to RANKL and antagonizes the
negative regulatory effect of RANKL on myocytes. Increased
osteoblasts and osteocytes that constitute the skeleton, and high
expression of secreted bone factors such as OCN, IGF-1,
RANKL, FGF-23, SOST, and Dkk-1 have possible effects on
muscle and promote osteosynthesis drugs for osteoclastogenesis.
Parathyroid hormones affect blood calcium concentrations by
regulating bone metabolism. Low doses of parathyroid hormone
promote bone synthesis and lower blood calcium, while high
doses of parathyroid hormone promote bone breakdown and
elevate blood calcium[58] The presence of parathyroid hormones
receptor in myocytes and the direct action of parathyroid hor-
mone or its analogue, parathyroid hormone analogue, onmuscles
enhances muscle contraction and promotes muscle synthesis[59].
Parathyroid hormones also promote the synthesis of 1,25-
dihydroxyvitamin D, thereby improving muscle strength[60].
PTHR1 is mainly found in osteoblasts, the kidneys, and tumours.
The parathyroid receptor analogue PTHrP binds to PTHR1 and
promotes osteoblast and osteoclast synthesis[61]. Monoclonal
antibody against sclerostin are secreted by osteoblasts and
negatively regulate bone synthesis and muscle strength through
the Wnt/β-catenin signalling pathway[51,62]. Romosozumab
binds to osteosclerostin and reduces negative feedback to the
Wnt/β-catenin signalling pathway[63].

Current studies have shown conflicting results between anti-
osteoporosis treatment and improvement of sarcopenia, with
some drugs relying on a common pathway between the bone
and muscle to improve sarcopenia alongside anti-osteoporosis
treatment, such as denosumab and tibolone[64,65]. It is still
unknown whether altering the ratio of cells in the skeleton
without the common pathway can have an effect on muscle
output, while studies on the effect of denosumab on muscle
through the common pathway are very scarce, lacking control
groups and considering the effect of protein intake and exer-
cise interventions[66].

Table 1
Factors secreted by osteoblasts that can have an effect on muscle
mass/strength.

Muscle mass /
strength↑

Muscle mass /
strength↓

Factors secreted by osteoblasts, osteoclasts, and
osteoclasts that have been found to affect muscle

OCN, IGF-1,
PGE2,
Wnt3a

TGF-β, RANKL,
FGF-23,
SOST, Dkk-1

Dkk-1, Dickkopf-1; FGF-23, fibroblast growth factor-23; IGF-1, insulin-like growth factor-1; OCN,
osteocalcin; PGE2, prostaglandin E2; RANKL, receptor activator of nuclear factor kappa-B ligand;
SOST, sclerostin; TGF-β, transforming growth factor β.
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Conclusion

There are still no drugs for sarcopenia that can be effectively
treated, and as the aging society progresses, it is crucial to find a
treatment for sarcopenia. Multiple mechanisms could explain the
improvement in sarcopenia after anti-osteoporosis treatment.
Current evidence suggests that denosumab binds to RANKL and
antagonizes the negative regulatory effect of RANKL on myo-
cytes, Tibolone binds to oestrogen receptors in muscle and
directly increases muscle anabolism. Furthermore, in addition to
the common pathway, it does not mean that bone is negligible
through the light effect of the paracrine bone factor on skeletal
muscle; In conclusion, the current study suggests that anti-
osteoporotic therapy offers a lasting and easy to use program for
patients with sarcopenia in general.
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