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ABSTRACT 
Sarcopenia is the progressive loss of muscle strength  
and mass that is commonly, though not exclusively, 
associated with increasing age. It has been well  
established to be associated with increased risk of 
adverse health outcomes and is a growing public health 
challenge. Reported prevalence varies widely by setting  
and diagnostic criteria, complicating surveillance and 
cross-study comparisons. The recent development of 
the conceptual definition of sarcopenia by the Global 
Leadership Initiative in Sarcopenia marks a critical step 
towards harmonisation. There have been significant  
advances in our understanding of the pathophysiological 
basis, biomarkers, assessment, diagnosis and interven- 
tions in sarcopenia. Novel biomarkers (including  
creatinine–cystatin C indices, myokines and composite  
multi-marker panels) and artificial intelligence-enabled 
radiomics from computed tomography, magnetic  
resonance imaging and ultrasound show promise for 
scalable, opportunistic case-finding, but currently remain 
research tools requiring large-scale validation and  
cost-effectiveness assessments. Management remains 
grounded in resistance exercise and nutrition, although 
there is ongoing debate on the optimal type of protein  
as well as the most effective timing of protein intake in  
relation to exercise and the amount required. Pharmaco-
logical and regenerative approaches are under active 
investigation but have yet to deliver proven, generali-
sable clinical benefits. Translation into practice hinges 
on standardised definitions, validated assessment tools 
and integrated care pathways that embed sarcopenia 
screening into chronic disease management and public 
health programmes. Singapore’s first national sarcopenia 
consortium aims to accelerate translation into clinical 
practice and community care by advancing mechanistic 
research, validating novel biomarkers and developing 
scalable interventions to enhance muscle health and 
promote healthy ageing.
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CLINICAL IMPACT

What is New
•	 Advances in biomarkers and artificial intelligence-

driven imaging improve detection but require 
validation.

•	 Exercise and protein remain the cornerstone of 
management; pharmacological and regenerative 
therapies are emerging.

Clinical Implications
•	 Sarcopenia is the age-related loss of muscle strength 

and mass. Integrating sarcopenia screening into 
chronic disease pathways and community case-
finding can enhance care delivery.

•	 Singapore’s first national sarcopenia consortium 
highlights how research, policy and community 
engagement can drive population muscle health.

INTRODUCTION
Sarcopenia is the progressive loss of muscle strength 
and mass,1,2 most commonly age-related but also 
occurring secondary to chronic disease, malnutrition 
and inactivity. It is significantly associated with 
physical disability, reduced quality of life, adverse 
metabolic outcomes and increased mortality.3 The term 
“sarcopenia” was first coined by Dr Irvin Rosenberg 
in 1988.4 Initially, sarcopenia was defined as the age-
related loss of muscle mass. However, the definition  
has since evolved to include not only reduced muscle 
mass, but also decreased muscle strength and poor 
physical performance.5 Sarcopenia was recognised 
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as an official medical disease in the International 
Classification of Diseases, Tenth Revision (ICD-
10:M62.84) in 2016.6 Although prevalence rises steadily 
with age,7 sarcopenia is not solely a disease of ageing. 
Primary sarcopenia is defined as sarcopenia that results 
from ageing alone, whereas secondary sarcopenia 
arises in the context of chronic illness, malnutrition or 
prolonged inactivity.
Sarcopenia is a significant driver of age-related 

loss of function.8 The total estimated annual cost  
of hospitalisation for individuals with sarcopenia is 
USD40.4 billion in the US.9 Household-level analyses  
from China found that sarcopenia increases hospitalisa-
tions and the odds of catastrophic health expenditure,10 
although data on the economic impact of sarcopenia 
in Asian populations are sparse. Beyond its impact on 
physical disability and frailty, sarcopenia is an important 
contributor to cardiometabolic diseases.11 Skeletal  
muscle is increasingly recognised as an endocrine  
organ,12 secreting myokines that regulate systemic 
metabolism, inflammation and vascular health.12 Loss  
of muscle mass and strength exacerbates insulin 
resistance, impairs glucose utilisation13 and alters lipid 
metabolism,11 thereby increasing the risk of type 2 
diabetes, obesity, metabolic syndrome, fatty liver and 
cardiovascular disease.11 Conversely, cardiometabolic 
disorders accelerate muscle catabolism through 
mechanisms such as chronic inflammation, mitochondrial 
dysfunction and hormonal dysregulation, establishing 
a bidirectional relationship between sarcopenia and 
metabolic health.11 This interconnection underscores  
the significance of sarcopenia not only as a geriatric 
syndrome but also as a systemic condition with 
implications for morbidity, healthcare costs and 
population health. 

Incorporating sarcopenia screening and manage- 
ment into cardiometabolic disease care pathways11 is 
essential to improve outcomes and promote healthy 
longevity. Unlike bone mineral density, muscle mass 
measurements have not been widely adopted by 
clinicians,14 and further work is needed for muscle  
health to become part of routine care. 

A global conceptual definition of sarcopenia
Multiple organisations, including the International 
Working Group on Sarcopenia,3 the Foundation for  
the National Institutes of Health,15 the Asian Working 
Group for Sarcopenia (AWGS),1 the Sarcopenia Defi-
nition and Outcomes Consortium16 and the European 
Working Group on Sarcopenia in Older People 
(EWGSOP)17 have proposed criteria and operational 
definitions of sarcopenia (Table 1). Previously, the 
definition of sarcopenia generally encompassed 3 
key criteria: (1) loss of skeletal muscle mass together 
with (2) loss of muscle strength and/or (3) reduced 

physical performance, with the presence of all 3 criteria 
being classified as severe sarcopenia. While there are  
multiple consensus statements and guidelines on 
sarcopenia, the formation of the Global Leadership 
Initiative in Sarcopenia (GLIS) has moved us closer 
towards global consensus.

Formed in 2019, GLIS developed a conceptual 
definition of sarcopenia, where a key conclusion was  
that muscle mass, strength and muscle-specific strength 
were all accepted as “components” of sarcopenia, 
whereas impaired physical performance was accepted  
as an “outcome” rather than a “component”.2 
Significantly, the AWGS 2025 Consensus Update1 has 
followed suit and adopted the latest GLIS conceptual 
definition. The severity staging of sarcopenia has  
been removed.1 These developments represent an 
important step towards unifying the various working 
group guidelines. GLIS has also developed a standar-
dised glossary of terms commonly used in sarcopenia 
research,18 which aims to help advance global research, 
achieve consensus and facilitate translation into 
practice.2,18 

Prevalence
The prevalence of sarcopenia varies widely, ranging  
from 9% to 86.5% depending on the context and 
diagnostic criteria used.19 A systematic review of 41 
studies including 34,955 participants found that the 
prevalence of sarcopenia was higher in institutionalised 
(51% in men and 31% in women) and hospitalised  
(23% in men and 24% in women) older adults compared 
to community-dwelling older adults (11% in men and 
9% in women).20 A recent meta-analysis of 140 studies 
involving 156,325 older adults across Asia found an  
overall prevalence of sarcopenia of 16.5% among 
community-dwelling adults ≥60 years.21 In Singapore, 
prevalence estimates range from 6.1% to 44.3% depend-
ing on the setting, assessment methods and diagno-
stic criteria used.22-24 The prevalence of sarcopenia in  
primary care was 27.4% and 44.3% in specialist 
outpatient clinics.22 The prevalence in community-
dwelling adults ranges from 27% to 32%.23,25,26

Assessment of sarcopenia
Guidelines1,17,23 recommend a case-finding approach  
by utilising screening questionnaires, such as the 
strength, assistance with walking, rising from a chair, 
climbing stairs and falls (SARC-F) questionnaire.27 
SARC-F is a simple questionnaire (Supplementary  
Table S1), but it has low-to-moderate sensitivity and  
high specificity for case detection in community 
settings.27,28 The addition of calf circumference 
measurement to SARC-F (termed SARC-CalF) has been 
found to increase the sensitivity in the diagnosis of 
sarcopenia.29,30
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Muscle strength, a key feature of sarcopenia, is  
primarily assessed by handgrip strength (HGS),31 with  
the Jamar or Smedley dynamometers being most 
recommended.31 Most published studies measured  
both hands or the dominant hand for muscle strength  
and used the best performance of either 2 or 3 trials.  
HGS cut-offs are gender-specific, and potential confoun-
ders such as hand osteoarthritis and neuromuscular 
disorders should be considered. The latest AWGS  
2025 Consensus Update has recommended a life- 
course approach towards muscle health, which should 
expand to include middle-aged adults and cut-offs  
for those aged 50 years and above.1

There is currently no consensus over the optimal 
modalities to assess muscle mass, as different 
measurement methods have different degrees of 
predictive value for adverse clinical outcomes1,17,23 and 
new tools emerge.32,33 Dual energy X-ray absorptiometry 
(DXA) is currently the most widely used method to 
estimate lean mass,34 although lean mass has been  
found to have limited predictive value for adverse 
outcomes and functional decline.16,34 Multifrequency 
bioelectrical-impedance analysis (BIA) is recognised as 
a practical tool for assessing muscle mass. However, its 
readings can be affected by factors such as hydration 
status, and it is contraindicated in those with pacemakers 
or cardiac devices. The Singapore Sarcopenia Clinical 
Guideline has expressed concern about the lack of 
robust local validation studies of BIA.23 It is important 
to note that cut-off points are population- and device-
specific, and BIA devices designed for home use are  
not recommended due to suboptimal diagnostic 
accuracy. D3-creatine dilution measures total body 
muscle mass34 and has been found to be more strongly 
associated with outcomes such as mobility limitation, 
injurious falls, physical performance and strength.35 
Both methods have unique logistical arrangements, 
laboratory, personnel and equipment requirements,  
which limit their widespread use in clinical practice. 
Computed tomography (CT) and magnetic resonance 
imaging (MRI) are the gold standard for assessing 
muscle mass and quality,32 particularly at the L3 level, 
which correlates well with total body skeletal muscle 
volume.17 These imaging techniques provide detailed 
insights into muscle mass and myosteatosis, which  
can be quantified using Hounsfield units on CT scans. 
There is emerging literature on the use of mid-thigh 
ultrasound in diagnosing sarcopenia.36

Pathophysiology and emerging biomarkers
The pathophysiology of sarcopenia is complex and 
multifactorial, driven by the dysregulation of protein 
metabolism, hormonal changes, chronic low-grade 
inflammation (inflammaging) and neuromuscular 
factors,11 which in turn are highly influenced by genetic 
and environmental factors. 

Muscle fibre size and quantity begin to progressively 
decrease from around the fourth to fifth decade, with 
accelerated loss after the age of 60. By 80 years old, 
approximately 50% of fibres may be lost compared  
with young adulthood. The overall decline in fibre 
number ultimately contributes to muscle atrophy and 
impaired muscle function, resulting in the development 
and progression of sarcopenia.37 The maintenance of 
skeletal muscle mass and function is a dynamic balance 
between muscle protein synthesis, breakdown and 
muscle cells in the body. Multiple molecular signalling 
pathways are involved in maintaining this balance. 
Insulin-like growth factor 1 (IGF-1) plays a central role 
in muscle growth, differentiation and regeneration.38 
IGF-1 promotes skeletal muscle growth by activating  
the phosphatidylinositol 3-kinase/protein kinase B/
mammalian target of rapamycin (PI3K/Akt/mTOR) 
pathway.39 With ageing and sarcopenia, IGF-1 levels  
decline, reducing AKT phosphorylation and mTOR 
activity. This diminishes protein synthesis and transla-
tion efficiency, while activating FoxO transcription 
factors, which stimulate autophagy and proteasomal 
degradation, accelerating muscle loss.

Hormonal changes with ageing also contribute to the 
pathogenesis of sarcopenia. Declines in anabolic and 
regulatory hormones, including insulin, glucocorticoids, 
myostatin and testosterone significantly contributes  
to the pathogenesis of sarcopenia.39 Insulin inhibits 
skeletal muscle protein breakdown and supports 
protein synthesis through the regulation of amino 
acid metabolism. A decline in testosterone levels with 
ageing is associated with reduced muscle mass and 
physical performance.40 Testosterone promotes protein  
synthesis, which increases muscle fibre size and has  
been found to stimulate the mitotic activity of satellite 
muscle cells. Testosterone also increases IGF-1 
expression, which further increases muscle growth.40  
The transforming growth factor β (TGF-β) signalling 
pathway negatively regulates skeletal muscle develop-
ment by inhibiting the expression of specific genes 
and modulating the proliferation of mesenchymal stem 
cells (MSCs).41 Myostatin, which is part of the TGF-β 
family, regulates the proliferation and differentiation 
of skeletal muscle fibroblasts. Some studies suggest  
that suppressing myostatin reduces reactive oxygen 
species production, enhancing antioxidant defences, 
which can effectively prevent sarcopenia.39 Myostatin 
also inhibits AKT phosphorylation, thereby blocking  
the activation of the IGF-1/PI3K/AKT pathway. In  
parallel, chronic low-grade inflammation associated  
with ageing or inflammaging further accelerates 
muscle loss. This state is characterised by elevated 
pro-inflammatory cytokines (IL-1β, IL-6, TNFα) along-
side reduced anti-inflammatory mediators, which 
together promote protein degradation and impair  
repair mechanisms.42 Additional contributors include 
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excess adiposity, cellular senescence and age-related 
immune dysfunction, all of which amplify this inflamma- 
tory cascade.42 Emerging research also suggests a 
biological link between gut microbiota and skeletal 
muscle.43 Gut microbiota regulate amino acid biosynthe-
sis, oxidative stress responses, endothelial cell function 
and IGF-1 synthesis, thereby maintaining the balance 
between muscle protein synthesis and degradation.44

These molecular pathways inform the identification  
of potential biomarkers of sarcopenia, encompassing 
both upstream pathophysiology and downstream  
muscle alterations. Biomarkers can be broadly  
classified into: (1) non-muscle-specific mechanisms  
such as inflammatory, hormonal and adipokine markers;  
(2) musculoskeletal-specific indicators including 
myokines, follistatin and neuromuscular junction- 
related proteins; (3) metabolic markers, including  
those derived from gut microbiota; (4) senescence- and 
ageing-related markers; (5) genetic and epigenetic 
factors; and (6) emerging composite or multi-marker 
indices. A non-exhaustive summary of potential 
biomarkers of sarcopenia is presented in Table 2.

However, studies investigating the association of 
biomarkers with sarcopenia, muscle mass, muscle 

strength and physical performance have largely  
reported negative correlations for inflammatory, 
hormonal, genetic and other biomarker classes.45 Only 
selected biomarkers, such as IGF-1, growth differentia- 
tion factor-15 (GDF-15), follistatin, testosterone, 
circulating CD34-positive cells and microRNA125b-
5p, have shown positive correlations.13,46 Although 
the correlations of most biomarkers are statistically  
significant, the majority exhibit weak or negligible 
associations, and the search for robust and reliable 
biomarkers of sarcopenia remains ongoing. There is  
also interest in examining sex-specific differences 
in biomarkers, with one study reporting normalised 
myostatin in men and IGF-1 in women being potential 
biomarkers for frail individuals with low appendicular 
lean muscle mass.47 At present, no blood or molecular 
biomarker is recommended for routine clinical diagnosis 
of sarcopenia; biomarkers remain primarily research  
tools and do not replace muscle assessment.1

Management of sarcopenia
The mainstay of the management of sarcopenia is non-
pharmacological involving exercise and nutrition.23,62,63 
Evidence from systematic reviews, meta-analyses and 

Table 2. Biomarker categories in sarcopenia. 

Category Examples

Inflammatory biomarkers CRP, TNF-α, TNF-R1, IL-1β (chronic low-grade inflammation) 
IL-6 and IL-10 (when considered as systemic circulating markers) 

Circulating cell-free mitochondrial DNA (ccf-mtDNA), DAMPs (e.g. HMGB1)

Hormonal and endocrine markers IGF-1, testosterone, oestradiol, cortisol, DHEA-S 
Myostatin (GDF-8), follistatin

Adipokines and metabolic regulators Leptin, adiponectin, visfatin (influence insulin sensitivity, metabolism) 
3-methylhistidine (muscle protein breakdown) 

Uric acid, lactate dehydrogenase (emerging markers)

Musculoskeletal-specific markers Myokines: myostatin, irisin, GDF-15, BDNF 
Neuromuscular junction proteins: agrin fragments, neurofilament light chain 

Extracellular vesicles/exosomes: microRNAs (e.g. miR-133, miR-206)

Senescence and ageing-related markers p16^INK4a, p21, p53 (cellular senescence markers) 
SASP cytokine profile (IL-6, IL-1β, TNF-α, IL-8 secreted by senescent cells) 

IL-6/IL-10 ratio as an indicator of inflammaging balance

Gut microbiota-derived markers Reduced lactobacillus, bifidobacterium; increased enterobacteriaceae, proteobacteria 
Metabolites: indoxyl sulfate, p-cresyl sulfate, SCFAs

Genetic and epigenetic regulators Variants in muscle growth genes (e.g. MSTN for myostatin) 
Circulating microRNAs involved in muscle differentiation/regeneration

Composite/multi-marker indices Creatinine/cystatin C ratio 
Combined inflammatory-hormonal panels: IL-6 + IGF-1 + SPARC + MIF

BDNF: brain-derived neurotrophic factor; ccf-mtDNA: circulating cell-free mitochondrial DNA; CRP: C-reactive protein; DAMPs: damage-associated 
molecular patterns; DHEA-S: dehydroepiandrosterone sulfate; DNA: deoxyribonucleic acid; GDF-15: growth differentiation factor-15;  
HMGB1: high mobility group box 1; IGF-1: insulin-like growth factor 1; IL: interleukin; MIF: MSTN: myostatin gene (GDF-8); SASP: senescence-
associated secretory phenotype; SCFAs: short-chain fatty acids; SPARC: secreted protein acidic and rich in cysteine; TNF-α: tumour necrosis  
factor-alpha; TNF-R1: tumour necrosis factor receptor 1

Note: This list is non-exhaustive.
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randomised controlled trials (RCTs) has shown the 
efficacy of different exercise training modes on muscle 
mass, muscle strength and physical performance in 
older people with sarcopenia.64,65 A network meta-
analysis of 42 RCTs, including 3728 participants with 
a median follow-up of 12 weeks, found high-to-
moderate certainty evidence that resistance exercise, 
with or without nutritional supplementation, and 
combined resistance, aerobic and balance training 
were the most effective strategies for improving 
quality of life. Exercise with nutritional interventions 
produced greater improvements in HGS compared 
with exercise alone.64,66 Progressive resistance-based 
training is advocated as the optimal exercise mode to 
prevent sarcopenia.7,23,62,63,67 A network meta-analysis 
found that strength improvement involved exercise 
with higher loads, while improvements in muscle 
hypertrophy involved multiple sets.68 Multicomponent 
exercises with power and balance/gait training in 
older adults have also been found to improve the 
outcomes of older adults with sarcopenia, although  
the evidence is inconsistent.7,62,69 The Singapore 
Physical Activity Guidelines for older adults specify 
a target of 150 to 300 minutes of moderate-intensity 
aerobic physical activity per week and recommend 
muscle strengthening activities (≥2 days/week) as  
well as multi-component physical activity (≥3 days/
week) for maintaining muscle strength.70

Evidence supporting the effectiveness of nutritional 
interventions is mixed.1,8,71 Protein supplementation 
has been shown to be effective in improving muscle 
strength and muscle mass when used as an adjunct to 
resistance exercise training.64,72 Guidelines advocate 
for increased protein intake in older adults to combat 
sarcopenia: 1.0–1.2 g/kg body weight (BW)/day for 
healthy older adults; 1.2–1.5 g/kg BW/day for those 
with acute or chronic disease; and 2.0 g/kg BW/day  
for those with frailty, severe illness or malnutrition.71,73,74 
The evidence for protein supplementation as a standa-
lone intervention for sarcopenia is less clear,73,75 and 
ongoing debate surrounds the optimal type of protein 
such as animal, dairy or plant-based sources, as well  
as the most effective timing of protein intake in relation 
to exercise and the amount required.75 
Specifically in chronic kidney disease (CKD), guide- 

lines taking both geriatric and nephrology concerns  
into account have been published. Piccoli et al.  
highlight that adequate energy intake is the first rule  
to increase protein utilisation whether in high-protein 
geriatric or low-protein nephrology approaches.76 In 
particular, it is recommended that energy intake should 
not be allowed to fall below the safety threshold of 
20–25 kcal per kg per day, and individual monitoring 
should support decision making and dietary adjust-
ments. In stage 4 and stage 5 CKD patients who are 
not on renal replacement therapy, a lower total protein  

intake of 0.4–0.8 g per kg per day may be beneficial,77 
especially in the context of rapidly declining renal 
function. In CKD patients on renal replacement  
therapy, the normal dietary protein intake for older  
adults of 1.2–1.5 g per kg per day is recommended.76

Evidence has shown that supplementation with 
branched-chain amino acids (BCAA), including 
leucine, increases muscle protein synthesis in different  
settings. Although the BCAA leucine has been proposed 
as a promising pharmaconutrient for the prevention  
and treatment of sarcopenia, results of nutritional 
intervention studies are not consistent regarding 
the clinical efficacy of leucine in healthy, active older 
adults.74,78 

Guidelines suggest that vitamin D supplementation 
(800–1000 IU/day) may be beneficial in older adults  
with vitamin D insufficiency, which may be useful in 
patients at risk of sarcopenia.23,71 However, evidence for 
vitamin D supplementation on sarcopenia and muscle 
health remains equivocal.1

Advances in the assessment and diagnostic  
approaches to sarcopenia
In tandem with the discovery of new biomarkers of 
sarcopenia, indices incorporating creatinine (Cr) and 
cystatin C (CysC) levels have emerged as potential 
tools for muscle mass estimation. The Cr-to-CysC  
ratio (CCR)48 and the sarcopenia index, defined as 
serum Cr multiplied by eGFR (CysC),49 show strong 
correlations with skeletal muscle mass and health 
outcomes such as mortality49 and postoperative 
complications.50 However, as these were observational 
studies, causal relationships and mechanisms cannot 
be established. These markers are relevant because Cr 
is primarily derived from skeletal muscle metabolism, 
while CysC reflects renal function but is independent 
of muscle mass.51 A systematic review of 16 studies 
involving 5566 participants found that the CCR was the 
most frequently utilised diagnostic biomarker and had 
moderate diagnostic accuracy.49 

To address limitations of current assessment 
modalities—such as high cost, limited accessibility and 
sensitivity to physiological confounders—population-
specific equations have been derived to estimate 
appendicular skeletal muscle mass, particularly in 
resource-limited or retrospective settings.52,53 The 
COCONUT study group developed a calf circum- 
ference-based equation, which was validated against 
DXA using data from the US NHANES 1999–2006  
cohort (n=15,293 adults)54; while Furushima et al. 
validated an equation based on HGS and anthropome-
tric data against DXA in Japanese men and women.55 
These equations require further validation across  
diverse populations and settings before they can be 
adopted into clinical practice. As described above, 
there is currently no consensus on the best modalities 
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to assess muscle mass, as each method has limitations 
related to logistics, equipment availability, personnel 
expertise, cost and feasibility in different clinical  
settings. Therefore, if simpler approaches to estimating 
muscle mass, such as Cr–CysC-based indices56 or 
anthropometric equations, can reliably predict adverse 
outcomes, this would represent an important advance 
and should be emphasised in the context of the  
ongoing debate between DXA and creatine dilution 
methods.

Another promising area of innovation is the applica-
tion of artificial intelligence (AI) and machine learning  
for radiomics-based evaluation of muscle quantity,  
quality and fat infiltration (myosteatosis). Myosteatosis, 
which is defined as excessive fat infiltration within  
skeletal muscle, is commonly used to describe poor 
muscle quality.57 It exhibits a negative correlation with 
muscle mass and strength and is a growing concern, 
especially with rising rates of obesity globally.58  
The identification of visceral fat and myosteatosis is 
important, as body mass index alone is not a reliable  
gauge of obesity and metabolic health.11,59 The 
concomitant presence of sarcopenia and obesity,  
termed “sarcopenic obesity”, has synergistic effects  
on adverse outcomes that exceed the additive impact 
of each condition alone.60 Radiomics involves the 
extraction of large numbers of quantitative features 
from medical images, enabling a high-dimensional 
assessment of muscle characteristics that go beyond 
traditional measures of size or density. By applying 
AI algorithms to modalities such as CT,32,33 MRI61 and 
ultrasound,36 muscle volume, architecture, tissue  
quality and fat infiltration can be characterised with  
greater precision and reproducibility. AI-enabled 
approaches to sarcopenia offer the potential for 
opportunistic, scalable and cost-efficient evaluation.

Pharmacological therapies and innovations on the 
horizon 
To date, no drugs have been approved specifically 
for the treatment of sarcopenia, and evidence for 
pharmacological therapies remains limited. There 
are ongoing trials for several classes of therapeutic 
agents such as myostatin inhibitors, selective androgen 
receptor modulators, senolytics and nicotinamide 
adenine dinucleotide (NAD⁺) precursors, although 
large-scale, well-powered phase 3 RCTs remain 
few. Ongoing trials evaluating drugs for sarcopenia 
and components of sarcopenia identified from 
ClinicalTrials.gov (as searched on 11 September 2025) 
are summarised in Supplementary Tables S2–S4. The 
current literature shows that the myostatin pathway 
inhibitors lead to increased muscle mass but without 
proportional functional improvement.79 Similarly, 

testosterone replacement in older men was found to 
increase muscle mass, with a transient, non-sustained 
improvement in muscle strength, but no improvement 
in physical performance. A dose-dependent increase  
in testosterone-related adverse events has been 
reported in older males,80 and testosterone is not 
licensed for use in sarcopenia at present.

Evidence for metformin’s effects on muscle health 
varies, with the MASTERS trial showing that metformin 
inhibited muscle mass gains from resistance exercise  
in older adults.81 Metformin’s appetite suppression and 
gastrointestinal side effects adversely affect nutritional 
intake, especially in older adults.82 The recent double-
blind RCT MET-PREVENT trial found that metformin 
did not lead to improvements in muscle mass, grip 
strength, physical performance or quality of life after  
a 4-month trial period. Metformin was poorly tolerated 
by the participants due to adverse effects and led to 
high discontinuation rates.83

The rise of geroscience, which seeks to reduce  
the onset and severity of age-related conditions by 
targeting the underlying biological mechanisms of 
ageing, broadens the horizon of therapeutics for 
ageing and sarcopenia.84 Gerotherapeutics focuses 
on pathways such as inflammation, mitochondrial 
dysfunction, epigenetic regulation, proteostasis and 
cellular senescence. This approach holds promise for 
novel approaches to prevent or treat sarcopenia as  
part of broader healthy ageing strategies. For  
example, the TAME (Targeting Aging with MEtformin)85 
trial aims to assess whether metformin can reduce the 
burden of age-associated diseases, with sarcopenia  
as one of its key outcomes.

Advances in regenerative medicine and gene  
editing technologies such as CRISPR/Cas9,86 have 
created new prospects for muscle restoration. CRISPR/
Cas9-mediated knockout of myostatin has been 
shown to increase muscle mass and strength in animal  
models.87 Stem cell therapy shows promise in muscle 
regeneration, with MSCs being able to differentiate 
into myogenic cells and release paracrine factors that 
support muscle repair.88 In addition, other stem cell 
populations beyond MSCs are also being investigated 
for their regenerative potential.

Despite these advances, translation to clinical practice 
remains limited,89 hindered by barriers such as high 
developmental and treatment costs, safety concerns 
including adverse metabolic and cardiovascular effects, 
ethical concerns and uncertainties about efficacy 
in heterogeneous older populations. Standardised 
definitions and assessment cut-offs, and validation  
in different populations are necessary before these 
therapies can be translated clinically and at scale.
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Interplay of sarcopenia, frailty and integration with 
World Health Organization (WHO) Integrated Care 
for Older People (ICOPE) framework
While recognised as distinct conditions, sarcopenia 
and frailty share many similarities in aetiology and 
symptoms.90 There is considerable overlap in criteria, 
clinical outcomes,91 interventions22,26 and underlying 
pathophysiology.90 Frailty is a multidimensional con-
struct reflecting a decline in physiological reserves 
and function across multiple systems, leading to 
increased vulnerability to stressors and adverse health 
outcomes such as falls, disability, hospitalisation and 
mortality.92  Sarcopenia  is closely related to physical 
frailty and may modulate transitions within the 
frailty status. In recognition of the strong association 
between sarcopenia, muscle health, frailty and age-
related declines in functional capacity, the AWGS  
2025 consensus recommends a shift in focus towards 
muscle health promotion integrated into the WHO 
ICOPE framework.1 This integration recognises the  
synergistic relationship between muscle health 
promotion, frailty and comprehensive geriatric assess-
ment and their convergence within a population health 
and health promotion framework. Embedding muscle 
health within com-prehensive geriatric assessments 
(CGA) and ICOPE frameworks93 supports early 
detection, targeted intervention and monitoring of 
frailty and functional decline over time.26

Sarcopenia and chronic diseases
Sarcopenia is highly prevalent among individuals  
with chronic diseases such as chronic obstructive 
pulmonary disease,94 congestive heart failure,11 chronic 
liver disease, diabetes mellitus,95 chronic kidney  
disease,96 malignancy, stroke and osteoporosis.   It is 
increasingly recognised as both a consequence of, and 
a risk factor for, the progression of these conditions. 
Reduced muscle mass and function worsen insulin 
resistance and cardiometabolic risk.11 Conversely,  
chronic diseases contribute to the development 
of sarcopenia—termed “secondary sarcopenia” or 
disease-related sarcopenia—through mechanisms such 
as inflammation, hormonal dysregulation, metabolic 
alterations, malnutrition and reduced physical  
activity.94,96 Muscle loss in secondary sarcopenia is 
progressive, follows a non-linear trajectory and occurs 
at a greater magnitude than that observed in primary 
or age-related sarcopenia.97 Management of secondary 
sarcopenia not only parallels that of primary sarco- 
penia, with exercise and nutrition as the cornerstones, 
but also requires targeted treatment of the underlying 
chronic disease. While universal screening for  
sarcopenia at the population level is not recommended 
and the impact on relevant outcomes is not certain,  
case-finding for sarcopenia in adults ≥60 years,  

especially in high-risk populations such as those with 
chronic diseases, is recommended.23

Accordingly, the integration of sarcopenia assessment 
and management into multidisciplinary chronic 
disease care is essential. Routine evaluation of muscle 
mass and function, alongside interventions such as 
resistance exercise, nutritional support and emerging 
pharmacological strategies, should be embedded in 
disease-specific care pathways. Collaborative models 
across specialties, involving the multidisciplinary team 
of dieticians, physiotherapists, health coaches and case 
managers, are needed to address both the bidirectional 
impact of sarcopenia on chronic diseases.11,24,26 

Sarcopenia in hospitalised patients
Sarcopenia is associated with worse outcomes in 
hospitalised adults, and hospitalisation can accelerate 
muscle loss leading to “acute sarcopenia”.98 A 
systematic review of 6 studies found that the incidence 
of sarcopenia that developed during hospitalisation 
in older adults was 12–38.7%.99 Factors associated 
with hospitalisation such as systemic inflammation, 
cytokine storm, bed rest, delirium, acute medical 
illness, side effects of drugs, surgery, poor oral intake 
and intensive care unit stays precipitate and accelerate 
acute muscle loss.100 Acute sarcopenia can lead to 
chronic sarcopenia, as recovery from acute muscle 
wasting is often incomplete, particularly in older 
adults.98,100,101 There is no standardised definition of 
acute sarcopenia and it is not mentioned in several 
working group consensus criteria.1,16,102 EWGSOP2 
recognised acute and chronic sarcopenia as temporal 
subtypes, using a 6-month duration as the temporal 
threshold. In general, acute sarcopenia is recognised 
to be related to acute illness, injury, trauma or surgery. 
The Australian and New Zealand Society for Sarco-
penia and Frailty Research Expert Working Group  
has published recommendations on screening, dia-
gnosis and management of sarcopenia in hospitalised 
older adults.103 These include the recommendation  
to assess probable sarcopenia and sarcopenia based 
on the assessment of muscle strength and muscle  
mass, the use of calf circumference as a surrogate 
estimate in the absence of equipment such as DXA 
and BIA, multidisciplinary interventions and raising 
awareness and knowledge. However, there remain 
challenges in applying the recommended assessments 
to diagnose sarcopenia in acute hospitalised patients. 
Hospitalised patients may not be able to cooperate 
with some assessments, such as HGS or physical 
performance measures.100,101 Acute illness can con-
found the accurate measurement of muscle mass 
and body composition due to hydration status. More 
studies are needed to assess the impact of sarco- 
penia interventions such as physical activity and 
nutrition in acutely ill patients.
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Promoting population muscle health and healthy 
longevity in Singapore
With a rapidly ageing population, sarcopenia has 
become a national priority for healthy ageing and 
population health in Singapore. The launch of the 
Singapore Clinical Practice Guidelines for Sarcopenia 
in 202223 marked a major milestone, supported by 
ongoing efforts to raise awareness,14 expand screening 
and implement community-based interventions.26 
These initiatives adopt a life-course approach to 
address upstream determinants, aiming to reduce 
disability, preserve independence and support healthy 
longevity in older adults.104 

National consortia that link mechanistic research, 
biomarker validation and implementation science can 
accelerate translation. By coordinating efforts across  
the translational pathway, they help ensure that  
scientific insights are rapidly tested, validated and  
scaled into clinical and community practice. Singapore 
has launched one of the world’s first national sarco- 
penia consortia. Entitled MAGNET (Mechanistic 
Investigation and Clinical Innovation for Sarcopenia 
Diagnosis and Therapy), the consortium brings  
together clinicians from various specialties, scientists, 
allied health professionals and community partners  
to advance mechanistic research, validate novel 

biomarkers and develop scalable interventions for 
sarcopenia, while accelerating translation into clinical  
and community settings. MAGNET brings together 
existing cohorts to form a national sarcopenia 
database, and further studies are planned that span 
biomarker discovery, digital health interventions and 
implementation science approaches to embed muscle 
health screening and interventions across hospitals  
and communities (Fig. 1). 

The work of MAGNET closely aligns with Singapore’s 
national ageing strategies, including HealthierSG 
and Age Well SG, which emphasise preventive 
health, centralised care in the community and 
precision medicine. Integration with community-based  
resources—such as active ageing centres, community 
gyms and exercise programmes for not only older 
adults but also younger adults who may have sub- 
clinical sarcopenia—ensures that research findings are 
rapidly translated into real-world practice. Singapore’s 
first national sarcopenia consortium illustrates how 
research, policy and community engagement can drive 
population muscle health. 

CONCLUSION
In summary, sarcopenia is a major and growing public 
health challenge, which significantly affects chronic 

Fig. 1. MAGNET (Mechanistic Investigation and Clinical Innovation for Sarcopenia Diagnosis and Therapy): A bench-to-bedside roadmap for 
sarcopenia.

AI: artificial intelligence; ICOPE: Integrated Care for Older People; MOA: mechanisms of action; POCs: proofs of concept
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disease outcomes, functional ability and healthy 
longevity. Advances in definitions, biomarkers, assess- 
ment tools and therapeutics are rapidly reshaping the 
field, but translation into practice requires standar-
disation, validation across populations and integration 
into health systems. Singapore is leveraging these 
efforts—through national clinical practice guidelines, 
a national sarcopenia consortium spanning research 
to clinical translation, and alignment with national 
strategies such as HealthierSG and Age Well SG—to 
lay the foundation for a robust ecosystem to manage 
and promote muscle health. Effective strategies to 
manage sarcopenia at the individual and population 
levels have the potential to reduce disability, extend 
independence and promote healthy ageing.
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Table S1. SARC-F screening questionnaire.
Table S2. Medications phase 1 clinical trials for 
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Table S3. Medications phase 2 clinical trials for 
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Table S4. Medications phases 3 and 4 clinical trials for 
sarcopenia identified from ClinicalTrials.gov.
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