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ABSTRACT

Background: Osteosarcopenia, the combination of osteoporosis and sarcopenia, is a geriatric syndrome linked to functional 

decline, falls, and fragility fractures. The interaction among bone, muscle, and their shared pathophysiology is driven by me-

chanical, metabolic, and hormonal factors. With global population aging and increasing healthcare demands, early detection of 

osteosarcopenia has become essential.

Methods: This narrative review summarizes current evidence on the epidemiology, pathophysiology, clinical findings, diag-

nosis, and treatment of osteosarcopenia, based on international consensus guidelines, large- scale population cohorts, interven-

tional studies, and translational research.

Results: The occurrence of osteosarcopenia reflects the combined impact of low bone mineral density (BMD), loss of muscle 

mass and strength, and age- related metabolic changes such as chronic inflammation, lipotoxicity, and disruptions in trypto-

phan (TRP) metabolism. Diagnostic evaluation requires combining bone assessment through Dual- energy X- ray Absorptiometry 

with functional and structural evaluations of sarcopenia, using criteria established by the European and global consensus on 

Sarcopenia. Management includes established pharmacological therapies for osteoporosis, while for sarcopenia, to date, it is 

mainly based on resistance exercise and adequate protein intake. Supplementation with protein, leucine, vitamin D, calcium, 

and creatine may further enhance outcomes. Promising emerging strategies include hormonal modulators, anti- inflammatory 

agents, metabolic pathway–oriented therapies, and cell- based interventions.

Conclusions: Osteosarcopenia significantly raises the risk of falls, fractures, disability, and death. Effective management re-

quires a comprehensive treatment approach that targets both bone and muscle decline. Further research is necessary to refine 

diagnostic criteria and assess the success of combined interventions through clinical trials.
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1   |   Introduction

Osteosarcopenia is a combination of osteoporosis and sarcope-

nia, and it is biologically plausible given the close mechanical, 

biochemical, and metabolic communication between bone and 

muscle [1]. Its pathophysiology is evolving, complex, and still 

under research. It involves the integrated interaction of bone, 

muscle, and adipose tissues, which collectively maintain mus-

culoskeletal homeostasis [2].

Epidemiological data confirm that fractures in older adults pose 

a significant global public health challenge; therefore, early di-

agnosis is crucial for identifying at- risk patients promptly. This 

geriatric syndrome is linked to falls and fragility fractures [3] 

and the presence of osteosarcopenia increases the likelihood of 

adverse outcomes [4, 5] hospitalizations [6] nursing home ad-

missions [7] and mortality, as well as higher healthcare costs 

[8] leading to a decrease in healthspan. Since individual risk of 

fragility fracture can be predicted and these fractures may be 

prevented through effective interventions, this review aims to 

summarize concepts, pathophysiology, diagnosis, and treatment 

approaches for osteosarcopenia, offering a concise and practical 

medical update.

2   |   Definition and Epidemiology

Osteoporosis is a complex disease that has gained increasing at-

tention over recent decades due to its clinical relevance and sig-

nificant consequences in a rapidly aging world [9]. In the 1990s, 

one of the first official definitions was established by a multidis-

ciplinary expert panel, which described it as a “systemic skeletal 

disease characterized by low bone mass and microarchitectural 

deterioration of bone tissue, with a consequent increase in bone 

fragility and susceptibility to fracture” [10]. The following year, 

the World Health Organization (WHO) Study Group, sponsored 

by the European Foundation for Osteoporosis and Bone Disease 

[11]. refined the definition and included the bone mineral den-

sity (BMD) as a diagnostic criterion, thereby allowing to start 

treating even before the occurrence of fractures [12].

Epidemiological data confirm that fractures in older adults rep-

resent a major global public health challenge. In 2019, according 

to the Global Burden of Disease (GBD) study, which provides a 

comprehensive assessment of the incidence, prevalence, mor-

tality, and disability for various diseases, injuries, and risk 

factors in 204 countries, there were 178 million new fractures 

worldwide and 455 million prevalent cases of acute or chronic 

fracture- related symptoms. The data covers age ranges from 0 

to 6 days to 95 years or more [13]. In comparison, 1990 data es-

timated 338,000 hip fractures in men and 917,000 in women, 

totaling 1.26 million, based on a projection of demographic data 

from the World Health Organization divided into age ranges 

from 5 years to 80 years, and above that categorized as 80 years 

or older [14]. In 2019, fractures accounted for 25.8 million years 

lived with disability (YLDs) a 65.3% increase in absolute YLDs 

since 1990 [13].

The etymology of sarcopenia means “loss of muscle,” but, of 

course, this literal meaning is not enough to describe a com-

plex condition. Although “sarcopenia” was recognized as the 

“decline in strength and function,” which increases the “risk 

of disability, falls, and mortality,” it was only in 2019 that the 

European Working Group on Sarcopenia in Older People 

(EWGSOP2) established “low muscle strength” as a primary 

criterion for diagnosing probable sarcopenia. Regarding mus-

cle mass, the EWGSOP2 proposed using Dual- energy X- ray 

Absorptiometry (DXA) to measure lean mass as a surrogate for 

muscle mass. It has the limitation that it measures technically 

fat- free mass, excluding bone, not solely muscle. While reaching 

consensus on the definition of sarcopenia has been difficult, the 

Global Leadership Initiative in Sarcopenia (GLIS) has provided 

clear guidance and a conceptual definition by harmonizing re-

gional definitions following a global Delphi consensus process, 

which proposed measuring muscle mass, strength and muscle- 

specific strength (strength/mass) as being highly predictive of 

adverse outcomes [6]. This strategy will make it easier to identify 

sarcopenia in clinical practice and will support the development 

of new treatments for this condition.

When osteoporosis/osteopenia and sarcopenia coexist, this con-

dition is often called osteosarcopenia [15]. This overlap makes 

biological sense given the close mechanical, biochemical, and 

metabolic interactions between bone and muscle [1] where a 

decline in one tissue induces deterioration in the other. Indeed, 

patients with sarcopenia are 18 times more likely to have os-

teopenia or osteoporosis compared to age- matched controls, 

as shown in multiethnic groups comprising 17,891 participants 

[16]. A Swedish population- based study, for instance, involving 

over 3000 older adults, found that individuals with probable or 

confirmed sarcopenia had lower BMD and compromised bone 

structure at various sites [17]. Additionally, age- specific fracture 

rates in 2019 were highest among the oldest- old, with those aged 

95 and above experiencing over 15% of new fractures [13]. Due to 

the increasing and aging global population, the prevalence of os-

teosarcopenia is expected to grow [18] which could lead to more 

falls, fractures, disability, and hospitalizations worldwide [8].

3   |   Pathophysiology

The pathophysiology of osteosarcopenia (Figure 1) is emerging, 

complex, and still under investigation. It involves integrated in-

teraction of bone, muscle, and adipose tissues, which together 

maintain musculoskeletal homeostasis [2]. Sarcopenia's aeti-

ology is multifactorial and includes age- related changes in the 

immune and endocrine systems (with hormonal imbalances, 

chronic low- grade inflammation—inflammaging—and in-

creased oxidative stress). Another significant key is the distur-

bance of protein turnover, when catabolism exceeds synthesis 

and increases adiposity, particularly intra-  and inter- muscular 

fat deposition [19].

Osteopenia and osteoporosis' physiopathology is character-

ized by an age- related decline in BMD and deterioration of 

its microarchitecture. These changes may be attributed to an 

imbalance between a reduced number of bone- forming cells 

(osteoblasts) and increased activity of bone- resorbing cells (os-

teoclasts), resulting in a net loss of bone mass. Reduced physical 

activity and poor nutritional status (insufficient intake of pro-

tein, vitamin D and calcium) further contribute to the aetiology 

and development of osteosarcopenia [19]. A general overview 

 1
3
6
5
2
3
6
2
, 2

0
2
6
, 5

, D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n
lin

elib
rary

.w
iley

.co
m

/d
o
i/1

0
.1

1
1
1
/eci.7

0
2
2
1
 b

y
 S

p
an

ish
 C

o
ch

ran
e N

atio
n
al P

ro
v
isio

n
 (M

in
isterio

 d
e S

an
id

ad
), W

iley
 O

n
lin

e L
ib

rary
 o

n
 [1

6
/0

5
/2

0
2

6
]. S

ee th
e T

erm
s an

d
 C

o
n

d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d

itio
n

s) o
n

 W
iley

 O
n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o

m
m

o
n

s L
icen

se



3 of 11European Journal of Clinical Investigation, 2026

should begin with a comprehensive understanding of the bone's 

function, cellular components and their interactions with other 

systems.

The bone's matrix (containing organic compounds) serves as the 

environment in which external factors such as hormones, pro-

teins, vitamins, and growth factors interact with specialized cells 

(osteoclasts, osteoblasts, and osteocytes) in a well- coordinated 

manner to regulate bone mass. Bone mass depends on contin-

uous remodelling, which is coordinated by factors secreted by 

osteocytes and osteoblasts that control osteoclastic activity and 

bone resorption. This process, which relies on the good cooper-

ation of these cells, results in peak bone mass between 25 and 

30 years of age. After that, changes in cellular distribution with 

FIGURE 1    |    Pathophysiology of osteosarcopenia. DKK1, dickkopf- related- protein- 1; OPG, osteoprotegerin; RANK- L, receptor activator of nuclear 

factor κ- B ligand.
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age cause a gradual decline in bone mass at a normal rate of 

0.5% per year. The main factors regulating these interactions 

are receptor activator of nuclear factor κ- B ligand (RANKL) and 

osteoprotegerin (OPG). The former promotes osteoclast differ-

entiation and activation, while OPG, produced mainly by osteo-

blasts, acts as a receptor for RANKL, inhibiting its action and, 

in turn, decreasing osteoclast activity. Osteocytes also influence 

bone formation by secreting sclerostin and dickkopf- related- 

protein- 1 (DKK1), both of which inhibit osteoblasts. Changes in 

these regulatory pathways contribute to osteoporosis.

Another key factor in osteosarcopenia syndrome is the popu-

lation of mesenchymal stem cells (MSCs), which reside in con-

nective tissues such as muscle, bone, and fat [8]. These cells can 

differentiate into adipocytes, myocytes, chondrocytes, and os-

teoblasts. When the bone marrow is young, MSCs mainly differ-

entiate into osteoblasts rather than adipocytes; however, as age 

increases, this balance gradually shifts. An accumulation of fat 

in intramuscular tissue and bone marrow, independent of body 

mass index [2] is linked with aging and is a well- recognized hall-

mark of this disease [8–21]. It is also associated with the release 

of adipokines, which induce apoptosis of myocytes and osteo-

cytes [21] lower osteoblast differentiation (reducing their func-

tion and survival), and stimulate osteoclastic activity [2].

Previous experimental studies have shown that marrow adi-

pocytes produce substantial amounts of palmitic acid, which 

is toxic to bone- forming osteoblasts in vitro [21]. The increased 

expression of this fatty acid in aged muscle and bone contributes 

to creating a lipotoxic environment in the surrounding tissue 

[8]. that ultimately contributes to the disrupted bone–muscle 

homeostasis. Additionally, recent studies have shown growing 

evidence that age- related alterations in the “kynurenine path-

way”, an essential route for tryptophan (TRP) catabolism, play 

a role in the pathogenesis of sarcopenia, osteoporosis, osteosar-

copenia, and frailty [22, 23]. TRP is a dietary essential and an 

important amino acid involved in energy metabolism and DNA 

synthesis [23]. It is metabolized in multiple organs (including 

the gut) [22] through a series of intermediate steps, ultimately 

being converted into kynurenine (KYN) and subsequently into 

several end metabolites, including picolinic acid (PIC) – an an-

abolic compound with beneficial effects on muscle and bone – 

and quinolinic acid (QUIN) [22, 23].

This pathway may become dysregulated in older adults owing 

to chronic inflammation (inflammaging) and/or changes in gut 

microbiota, which affect the ability to produce anabolic metabo-

lites such as PIC and QUIN. As a result, aging is associated with 

lower serum levels of these metabolites and a rise in potentially 

toxic metabolites that promote oxidative stress and cellular se-

nescence in bone marrow stroma cells, impairing their differ-

entiation into osteoblasts [22]. In summary, TRP- metabolites 

like 3- hydroxykynurenine (3- HK), kynurenic acid (KYNA), and 

anthranilic acid (AA) negatively affect bone health. Conversely, 

high serum levels of 3- hydroxyanthranilic acid (3- HAA), PIC, 

QUIN, and nicotinamide adenine dinucleotide (NAD+) are 

linked to increased BMD and a reduced risk of fractures [22].

Mechanical stimuli are also important factors involved in the 

pathophysiology of osteosarcopenia. For instance, BMD is main-

tained through gravitational loading, which, when stimulated, 

leads to muscle hypertrophy and osteogenesis. Conversely, phys-

ical inactivity decreases both and simultaneously causes muscle 

and bone atrophy [8]. Importantly, in the context of sarcopenia, 

KYN induces muscle atrophy and lipid peroxidation, which 

negatively affect muscle mass and function [22]. Furthermore, 

muscle- derived myokines, such as myostatin, also influence 

bone remodelling by promoting osteoclastogenesis and thereby 

increasing bone resorption. In addition, endocrine mechanisms 

also play a role in this disease: muscle and bone share similar 

metabolic processes that rely on vitamin D and amino acids. 

These nutrients influence protein turnover and collagen syn-

thesis, supporting the formation of the bone matrix [8]. They 

also enhance calcium absorption and regulate cellular proteins 

and growth factors through insulin- like growth factor 1 (IGF- 1), 

which inhibits parathyroid hormone secretion. The decline in 

age- related hormones—including lower levels of testosterone, 

estrogen, IGF- 1, and growth hormone—accelerates muscle 

wasting and bone loss [8].

There are two additional mechanisms that may help in under-

standing this pathophysiology. The first, related to genetics, 

indicates that some gene polymorphisms are associated with 

muscle atrophy and bone loss, such as glycine- N- acyltransferase 

(GLYAT), methyltransferase- like 21C (METTL21C), peroxi-

some proliferator- activated receptor gamma coactivator 1- 

alpha (PGC- 1α), and myocyte enhancer factor- 2 (MEF2C) [8]. 

Furthermore, mitochondrial dysfunction presents another 

potential mechanism that links various aspects of sarcopenia 

pathogenesis: high- resolution microscopy and molecular anal-

yses have revealed widespread alterations in mitochondrial bi-

ology, including reduced oxidative phosphorylation capacity, 

impaired dynamics, and compromised quality control systems. 

These changes decrease cellular energy production and influ-

ence muscle fibre type distribution and satellite cell function, 

promoting both oxidative stress and inflammatory responses. 

The interaction between mitochondrial dysfunction and other 

hallmarks of osteosarcopenia forms an interconnected system 

of cellular deterioration [24].

Finally, muscle–bone crosstalk constitutes an integral compo-

nent of this pathophysiological process. Throughout life, the 

structure and function of bone and muscle are closely inter-

connected in a physiological process, reflecting a bidirectional 

integration of mechanical and biological signalling from em-

bryonic development through aging. However, certain clinical 

conditions—such as aging, alterations in nutritional metabo-

lism, physiological rhythms, chronic inflammation, physical 

inactivity, and systemic diseases—can disrupt this homeosta-

sis, leading to modifications in muscle–bone communication 

and altering both the secretory profile of these tissues and their 

ability to respond to mechanical stimuli. As a result, anabolic 

signalling is impaired, and catabolic processes are favoured, 

contributing to the concomitant development of sarcopenia and 

osteoporosis, often manifested as osteosarcopenia [25]. Beyond 

generating mechanical stimuli for the skeletal structure, in 

the homeostasis of bidirectional integration, muscles also act 

as endocrine organs, secreting a variety of myokines that reg-

ulate bone, cartilage, and systemic metabolism. Key signalling 

pathways—including FGF, IGF1, IL- 6/7/15, irisin, myostatin, 

Tmem119, and osteoactive—coordinate osteogenesis, chondro-

genesis, muscle growth, and energy homeostasis. Reciprocally, 

 1
3
6
5
2
3
6
2
, 2

0
2
6
, 5

, D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n
lin

elib
rary

.w
iley

.co
m

/d
o
i/1

0
.1

1
1
1
/eci.7

0
2
2
1
 b

y
 S

p
an

ish
 C

o
ch

ran
e N

atio
n
al P

ro
v
isio

n
 (M

in
isterio

 d
e S

an
id

ad
), W

iley
 O

n
lin

e L
ib

rary
 o

n
 [1

6
/0

5
/2

0
2

6
]. S

ee th
e T

erm
s an

d
 C

o
n

d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d

itio
n

s) o
n

 W
iley

 O
n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o

m
m

o
n

s L
icen

se



5 of 11European Journal of Clinical Investigation, 2026

bone- derived factors such as PGE2, sclerostin, FGF23, osteocal-

cin, and IGF1 exert endocrine and paracrine effects on skeletal, 

smooth, and cardiac muscle, influencing myogenesis, metabo-

lism, and aging. Exosomes carrying non- coding RNAs also me-

diate bidirectional muscle–bone communication, regulating cell 

survival, differentiation, inflammation, and regeneration [25].

4   |   Clinical Findings

The clinical phenotype of osteosarcopenia is characterized by 

the coexistence of features from both bone and muscle impair-

ment, specifically osteoporosis and sarcopenia (Figure 2). This 

term (first proposed in 2009 [15] and officially adopted in 2022 

[20]) describes a syndrome marked by impaired physical per-

formance (such as slow gait speed, poor balance, and prolonged 

Timed Up and Go test [TUG] times), low BMD (T- score < −1.0 

for osteopenia and ≤ −2.5 for osteoporosis), decreased mus-

cle strength (like low handgrip strength), and reduced muscle 

or lean mass. The risk of functional disability is significantly 

increased in individuals with osteosarcopenia, particularly 

regarding Instrumental Activities of Daily Living (IADL) as 

measured by the Lawton Scale [26]. A previous study of 320 

adults found that the osteosarcopenia phenotype was associated 

with a higher risk of functional disability than in individuals 

without osteopenia or sarcopenia, as assessed by the previously 

mentioned scale [26].

As is well known, by the sixth decade of life, there is a progressive 

decline in BMD estimated at 1%–1.5% per year. Simultaneously, 

muscle mass decreases by about 1% annually, while muscle 

strength declines at an even faster rate of 2.5%–3% per year. 

Furthermore, this combined bone- muscle disorder affects bone 

microarchitecture and reduces bone strength [8]. Additionally, 

decreased muscle strength and reduced muscle mass are also 

characteristic features of this syndrome. These manifestations 

can include lower handgrip strength [27] decreased appendicu-

lar lean muscle mass, and impaired functional capacity, as evi-

denced by low scores on the Short Physical Performance Battery 

(SPPB Test).

Once demonstrated, arm- cranking power is a risk factor for 

mortality, independent of muscle strength, physical activity, and 

muscle mass [28]. Patients with osteosarcopenia typically ex-

hibit increased risk of falls and fractures [27–30] especially hip 

and major osteoporotic fractures, as well as a higher likelihood 

FIGURE 2    |    Osteosarcopenia: Clinical findings. BMD, bone mineral density; SPPB, short physical performance battery.
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of frailty and reduced life satisfaction [29]. As presented, among 

community- dwelling males, those with osteosarcopenia are 

at greater risk of falls and fractures than individuals with pre-

served bone density and without sarcopenia [29]. Notably, the 

presence of osteosarcopenia increases the likelihood of adverse 

outcomes [4, 5] including frailty, hospitalizations [6] admissions 

to nursing homes [7] and mortality, as well as leading to a rise in 

healthcare expenditure [8].

5   |   Diagnosis

Given that osteosarcopenia is a combined “bone and muscle” 

disease, its diagnosis (Figure  3) should aim to identify these 

patients as comprehensively and early as possible. As recog-

nized, this geriatric syndrome is associated with falls and fra-

gility fractures [3] which is why early diagnosis leads to better 

outcomes. For osteoporosis, as an isolated condition, BMD as-

sessment by dual- energy X- ray absorptiometry (DXA) allows 

easier determination of its presence compared to sarcopenia, 

since DXA provides an objective measurement. The results are 

expressed as standard deviations (SD) from the expected mean 

value in healthy young individuals, and osteoporosis is defined 

as a BMD value 2.5 SD or more below (T- score ≤ −2.5) [31]. A 

previous history of a minimal trauma fracture is also considered 

diagnostic of osteoporosis. Some groups have suggested that os-

teopenic subjects those with a BMD between −1 and −2.5 SD 

should be included in the criteria for osteosarcopenia, since 50% 

of minimal trauma fractures occur in this population, with their 

fracture risk most likely increased due to the presence of sarco-

penia [8].

Regarding sarcopenia, as previously noted, diagnosing can be 

challenging, partly due to the lack of consensus on terminol-

ogy. However, studies in various races and populations have 

shown that, regardless of the current definition used to diag-

nose sarcopenia, those with osteosarcopenia are at a higher 

risk for adverse outcomes [8]. The EWGSOP2 framework 

FIGURE 3    |    Osteosarcopenia: Diagnostic approach. DXA, dual- energy X- ray Absorptiometry; SARC- F: A five- item questionnaire evaluating the 

patient's perception of muscle strength, walking ability, rising from a chair, stair climbing, and history of falls.
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remains the most widely adopted worldwide for diagnosing 

sarcopenia [32]. The recommended approach begins with 

screening using the SARC- F, a five- item questionnaire that 

assesses the patient's perception of muscle strength, walk-

ing ability, rising from a chair, stair climbing, and falls his-

tory [33]. Next, muscle strength should be evaluated through 

handgrip dynamometry or the chair stand test. Physical per-

formance can then be assessed via gait speed, the SPPB, or the 

TUG. Lean mass quantification is usually performed using 

DXA, based on total body lean tissue or appendicular skele-

tal muscle mass, or, when available, muscle mass can be mea-

sured through Magnetic Resonance Imaging and computed 

tomography; both considered standards but less often used 

due to limited availability and higher costs. Alternative meth-

ods include bioelectrical impedance analysis (BIA) or calf cir-

cumference measurement, though the latter is not generally 

recommended [32].

In addition to opportunistic case- finding, there is a growing con-

sensus that systematic screening for osteosarcopenia should be 

considered in high- risk populations. These include older adults 

with prior fragility fractures, recurrent falls, frailty, functional 

impairment, or those residing in long- term care settings. In such 

populations, the coexistence of low bone mineral density and 

impaired muscle function is frequent and often underdiagnosed, 

contributing to preventable adverse outcomes. Integrating mus-

cle strength and physical performance assessments into routine 

osteoporosis and fracture risk evaluations may facilitate earlier 

identification and more comprehensive management of osteo-

sarcopenia [8–20]. When present, a comprehensive approach is 

necessary—including investigating secondary causes and fall 

risk, optimizing comorbidities, and employing combined phar-

macological and non- pharmacological strategies. Furthermore, 

beyond the initial diagnosis, ongoing follow- up is crucial for 

monitoring disease progression and adjusting the chosen ther-

apy [8]. Thus, incorporating simultaneous assessments of bone 

density, muscle strength, and physical performance into routine 

geriatric and fracture prevention care may improve risk strat-

ification and therapeutic decision- making. Such an integrated 

approach aligns with the multidimensional nature of osteo-

sarcopenia and supports personalized interventions aimed at 

preserving mobility, independence and healthspan in aging 

populations [34, 35]. In conclusion, clinicians should maintain 

a high suspicion for osteosarcopenia when evaluating patients 

with osteoporosis or sarcopenia.

Finally, it is important to note that the variety of consensus 

guidelines on the definition of sarcopenia and the tools used to 

diagnose the condition results in a heterogeneous prevalence, 

making it more challenging to identify individuals and pro-

vide appropriate treatment [36]. A cutoff point that underesti-

mates prevalence leads to underdiagnosis and undertreatment, 

whereas overestimation increases the risk of excessive therapeu-

tic intervention [37]. This emphasizes that the choice of mea-

surement tools and threshold points is crucial [38].

6   |   Treatment

There is a well- established availability of pharmacological 

therapies for osteoporosis (Figure  4), including anabolic and 

antiresorptive agents. According to the National Osteoporosis 

Foundation, the use of antiresorptive or anabolic drugs is in-

dicated when: adults have a minimal- trauma hip or verte-

bral fracture; a DXA- T score of ≤ −2.5 SD; or a FRAX 10- year 

fracture risk of ≥ 3% at the hip or ≥ 20% for any other osteopo-

rotic fracture. Before starting therapy, serum vitamin D levels 

should ideally be above 30 nmol/L [8]. In contrast, only non- 

pharmacological interventions have been approved by the Food 

and Drug Administration (FDA) for sarcopenia, likely due to 

the relatively recent recognition of this clinical condition [24]. 

Consequently, osteosarcopenia is not currently recognized as a 

distinct pharmacological indication, and no approved therapies 

specifically target both bone and muscle deterioration simul-

taneously. Pharmacological treatment in this context remains 

guided by established osteoporosis criteria, while sarcopenia 

management relies predominantly on non- pharmacological 

strategies. Ongoing research into agents targeting shared molec-

ular pathways of bone and muscle aging may eventually reshape 

this paradigm, but such approaches remain investigational 

[39, 40].

Although antiresorptive therapies such as denosumab have been 

hypothesized to exert indirect effects on muscle through bone–

muscle biochemical crosstalk, current clinical evidence remains 

insufficient to support consistent or clinically meaningful im-

provements in muscle mass, strength, or physical performance. 

Therefore, pharmacological treatment in osteosarcopenia 

should continue to be guided by established osteoporosis in-

dications, while sarcopenia management relies primarily on 

exercise and nutritional interventions [41]. The first- line recom-

mendation for sarcopenia is non- pharmacological approaches 

with multidomain lifestyle interventions. Both the Canadian 

Society for Exercise Physiology and the American College 

of Sports Medicine have similar exercise guidelines for older 

adults, recommending at least 150 min per week of moderate- 

to- vigorous aerobic activity combined with resistance training 

at least twice per week, including 8–10 exercises of 8–12 repeti-

tions. Resistance exercise plus aerobics and/or balance training 

has been shown to improve patients' physical functions; also, 

it is known that physical activity increases the secretion of ky-

nurenines (an anabolic component) [8–43].

Beyond physical exercise, it is important to maintain a bal-

anced diet rich in proteins [44] to support muscle and bone 

mass, muscle strength, balance, and functional capacity 

[45]. As people age, the musculoskeletal system becomes 

less efficient at using dietary protein and its amino acids [8]. 

Therefore, expert consensus recommends at least 1.2–1.5 g/

kg/day of protein for older adults, distributed throughout the 

day with 25–30 g per meal to further promote muscle protein 

synthesis [24]. Additionally, consuming 2.5–3 g of leucine per 

meal can stimulate muscle contractile protein building [46]. 

Supplementing with leucine (the precursor of TRP) or vita-

min D can further enhance muscle synthesis and functional 

capacity [24]. Additional nutritional measures include a daily 

calcium intake of 1000–1300 mg, which should be provided 

through supplementation if dietary intake is insufficient [47]. 

Recognized as a key factor for bone and muscle health, vitamin 

D facilitates calcium and phosphate absorption and regulates 

calcium- dependent processes in muscle, such as contractil-

ity, mitochondrial function, and insulin sensitivity [48]. To 
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achieve a good target, it may be necessary to supplement it 

with at least 1000 IU/day [8]. Regarding this topic, a previous 

study showed that supplementing older sarcopenic adults with 

mobility limitations with vitamin D plus leucine- enriched 

whey protein may reduce the progression of chronic low- 

grade inflammation [49]. Furthermore, supplementation with 

3 g/daily of calcium salt form of β- hydroxy- β- methylbutyrate 

(Ca- HMB) has demonstrated some benefits/efficacy in sarco-

penia management, principally when combined with resis-

tance exercise after a recent hospitalization [24–50].

Evidence supports the role of non- pharmacological interven-

tions in the management of osteosarcopenia. The FrOST study 

demonstrated that high- intensity resistance training combined 

FIGURE 4    |    Osteosarcopenia: Non- pharmacological and pharmacological treatment strategies.
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with protein supplementation for 18 months significantly im-

proved skeletal muscle index, handgrip strength, gait velocity, 

and areal bone mineral density at the lumbar spine and total 

hip in older men with osteosarcopenia [51]. Similarly, Banitalebi 

et al. reported that 12 weeks of elastic- band resistance training 

in women with osteosarcopenic obesity improved functional 

outcomes such as handgrip strength and the 30 s chair stand 

test, although no significant changes were observed in bone 

mineral density [52]. Consistent with these findings, a review of 

randomized controlled trials by Atlihan et al. found moderate- 

quality evidence that progressive resistance training improves 

muscle mass, strength, and muscle quality in older adults with 

osteosarcopenia and may help maintain or increase bone min-

eral density [53].

It is important to note that currently, testosterone treatment is 

also not approved for sarcopenia in the absence of clear hypogo-

nadism symptoms. For patients with these conditions, the use of 

testosterone has a beneficial impact on muscle mass and strength 

[44]. Other androgenic medications under investigation include 

Selective Androgen Receptor Modulators (SARMs) and myosta-

tin inhibitors, which have tissue- selective androgenic effects that 

can improve lean body mass by 3%–5% with minimal adverse ef-

fects. Additionally, research has highlighted some promising anti- 

catabolic drugs that could reduce systemic inflammation, while 

Growth Hormone (GH) is also considered a potential treatment for 

sarcopenia, capable of increasing muscle mass, although it may not 

necessarily enhance muscle strength or function. Furthermore, 

various stem cell populations show potential for muscle repair and 

regeneration. Emerging therapies have demonstrated regenerative 

capacity and improvements in muscle function through direct dif-

ferentiation and paracrine effects, including secretion of growth 

factors and anti- inflammatory molecules [24].

Unexpected benefits in muscle function in older adults include 

improved physical performance and a slower decline in muscle 

strength, such as walking speed and lower extremity strength. 

These effects have been linked to Angiotensin- Converting 

Enzyme Inhibitors, which seem to work by enhancing muscle 

blood flow and directly affecting muscle metabolism, and also 

to β2- adrenergic receptor agonists, which have shown potential 

to increase muscle protein synthesis and reduce protein deg-

radation [24]. Additionally, antidiabetic drugs (such as GLP- 1 

receptor agonists, SGLT- 2 inhibitors, and metformin) have 

demonstrated potential for improving muscle mass, function, 

and insulin sensitivity, particularly in patients with metabolic 

disorders [24]. Finally, creatine has also shown potential to im-

prove BMD in some studies, influence the activity of cells in-

volved in both bone formation and resorption, and decrease the 

risk of falls in older adults. Preliminary evidence suggests that 

creatine may have anti- inflammatory effects when elevated met-

abolic stress occurs, such as during intense aerobic exercise [42].

7   |   Conclusion

In summary, osteosarcopenia is a significant geriatric syndrome 

with considerable clinical and socioeconomic effects. Its patho-

physiology underscores the strong link between bone and mus-

cle through mechanical, metabolic, and endocrine pathways, 

resulting in worse outcomes than those seen with osteoporosis 

or sarcopenia alone. Despite increasing recognition of osteosar-

copenia as a clinically relevant geriatric syndrome, it remains a 

construct in consolidation rather than a fully operationalized dis-

ease entity.

While advances in metabolic, molecular, and regenerative ther-

apies are promising, robust evidence supporting their clinical 

application is still lacking. Standardized diagnostic criteria, 

longitudinal cohort studies, and well- designed randomized 

controlled trials with combined bone and muscle endpoints 

are essential to translate emerging pathophysiological insights 

into effective clinical interventions. Meanwhile, comprehensive 

management should focus on dual- action strategies, both phar-

macological and nonpharmacological, combining adequate in-

take of protein, calcium, and vitamin D with resistance training 

and bone- strengthening exercises. Incorporating muscle and 

bone assessments into routine fracture prevention and geriatric 

care can help reduce falls, fractures, morbidity, and healthcare 

costs, thereby improving outcomes in aging populations.
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