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Abstract

Sarcopenia is the accelerated loss of skeletal muscle mass and function 
commonly, but not exclusively, associated with advancing age. It is 
observed across many species including humans in whom it can lead 
to decline in physical function and mobility as well as to increased 
risk of adverse outcomes including falls, fractures and premature 
mortality. Although prevalence estimates vary because sarcopenia has 
been defined in different ways, even using a conservative approach, 
the prevalence is between 5% and 10% in the general population. A life 
course framework has been proposed for understanding not only the 
occurrence of sarcopenia in later life but also influences operating at 
earlier life stages with potentially important implications for preventive 
strategies. Harnessing progress in understanding the hallmarks of 
ageing has been key to understanding sarcopenia pathophysiology. 
Considerable convergence in approaches to diagnosis of sarcopenia 
has occurred over the last 10 years, with a growing emphasis on the 
central importance of muscle strength. Resistance exercise is currently 
the mainstay of treatment; however, it is not suitable for all. Hence, 
adjunctive and alternative treatments to improve quality of life are 
needed. An internationally agreed approach to definition and diagnosis 
will enable a step change in the field and is likely to be available in the 
near future through the Global Leadership Initiative in Sarcopenia.
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Epidemiology
Prevalence and incidence
To appreciate the impact and magnitude of sarcopenia, understand-
ing its descriptive epidemiology, including the variation in its preva-
lence and incidence, by key population characteristics is important. 
However, the seemingly simple task of describing the distribution of 
sarcopenia within populations is currently complicated by the use  
of different operational definitions of sarcopenia that yield very differ-
ent prevalence estimates26–31. One factor contributing to differences 
in prevalence relates to the components of muscle considered, with 
estimates generally higher when sarcopenia is defined using low lean 
mass only than when low muscle strength and/or physical function are 
also incorporated. As a consequence not only of the use of different 
sarcopenia definitions but also of differences in the characteristics of 
the populations being studied, the estimated prevalence of sarcopenia 
varies markedly. For example, two reviews of population-based stud-
ies across the world, one including adults ≥18 years of age29 and one 
focused on community-dwelling adults ≥60 years of age28, reported 
pooled prevalence estimates of sarcopenia that ranged between 5% and 
22%28,29,31. These data confirm the variability in the prevalence of sar-
copenia reported in an earlier systematic review of studies (published 
up to 2016) involving community-dwelling older adults (≥55 years of 
age). In this review, prevalence estimates of sarcopenia from 58 unique 
study populations from 26 countries were pooled and found to range 
between 10% and 40% depending on the definition utilized27. Taken 
together, even the most conservative estimates suggest that between 
5% and 10% of the general population are living with sarcopenia.

Despite variation in estimates between studies, the proportion of 
older adults with sarcopenia is likely to be much higher as the preva-
lence of sarcopenia typically increases with age and is even higher 
among older institutionalized populations. Consistent with the obser-
vation that prevalence of sarcopenia increases with age are findings 
from longitudinal population-based studies that have estimated inci-
dence of sarcopenia and shown that a considerable proportion of 
older adults develop sarcopenia over relatively short periods (that is, 
4–8 years) of follow-up32–34. For example, analyses of the English Longi-
tudinal Study of Ageing showed that 15% of community-dwelling adults 
(mean age 63 years) developed sarcopenia over 8 years of follow-up32.

Sex differences in the prevalence of sarcopenia are inconsistent 
and may vary depending on the definition operationalized. This is 
exemplified by findings from a systematic review of 263 studies and 
meta-analyses of a subset of these studies that demonstrated a higher 
prevalence of sarcopenia in men than in women when using one set of 
European criteria, whereas the reverse was found when using American 
criteria, and there was no sex difference in prevalence when using 
Asian criteria29. Differences in the prevalence of sarcopenia between 
countries and world regions have also been reported. These regional 
differences cannot be easily summarized due in part to the limited 
availability of suitable data for estimating sarcopenia prevalence in 
some world regions (for example, Africa)29,30. However, evidence sug-
gests that differences in the prevalence of sarcopenia can be attributed 
not only to variations in the definitions of sarcopenia utilized but also 
to the observed global variations in key components of sarcopenia, 
including grip strength22 (Fig. 2).

Comorbidities
Many long-term health conditions share common pathological features 
with sarcopenia including systemic low-grade inflammation and oxida-
tive damage35. As a result, a higher prevalence of sarcopenia is found 

Introduction
Sarcopenia is “a progressive and generalized skeletal muscle disorder 
involving the accelerated loss of skeletal muscle mass and function“1. 
Sarcopenia is commonly, but not exclusively, associated with ageing 
and is observed across many species including humans1,2. The assign-
ment of an International Classification of Diseases-10 clinical modifi-
cation (ICD10-CM) code to sarcopenia in 2016 (ref. 3) reflects growing 
recognition of the clinical importance of this condition. A number of 
international groups of experts have played key roles in achieving this 
recognition aided by the increasingly robust evidence base that has 
emerged since the 1990s. This includes evidence demonstrating that 
sarcopenia can precipitate decline in physical function and mobility, det-
rimentally affect quality of life and result in increased risk of many other 
adverse outcomes including falls, fractures and premature mortality4–8.

Since the term sarcopenia was first coined in the late 1980s9,10, its 
definition has been evolving11–13. Over time many international groups 
have contributed to the development of conceptual and operational 
definitions of sarcopenia with a shift to incorporate empirical epide-
miological evidence that complements and informs consensus-based 
approaches2,14–21 (Fig. 1). This ongoing evolution of conceptual defini-
tions of sarcopenia has resulted in the operationalization of several 
different definitions of sarcopenia within the literature and clinical 
practice. Although this has presented some challenges, considerable 
overlap exists between these definitions and all current definitions 
incorporate one or more of the following three components: low mus-
cle mass (or low lean mass as an indicator of this), low muscle strength 
and low physical performance. Furthermore, a deeper analysis reveals 
striking similarities in diagnostic outcomes and in the specific cut-off 
points that are now endorsed. In addition, some differences in the cut-
off points recommended by groups from different world regions should 
be expected given global variations in key components of sarcopenia 
and underlying drivers, such as body size and composition22 (Fig. 2).

The establishment of the Global Leadership Initiative in Sarco-
penia (GLIS) signals a promising move towards global consensus23. 
By explicitly defining commonly used terms to ensure their stand-
ardization24 and creating the first global conceptual definition of sar-
copenia25, GLIS has undertaken the necessary groundwork for the 
development of a global operational definition suitable for application 
in both research and clinical settings worldwide.

The aetiology of sarcopenia is complex and many different under-
lying biological processes are implicated in its pathogenesis. In general, 
to distinguish sarcopenia from other muscle-wasting conditions, it 
has been suggested that the loss of muscle mass and strength could be 
referred to as primary sarcopenia when ageing is the only evident cause 
and as secondary sarcopenia when muscle loss is associated with a dis-
ease15. On this basis, primary sarcopenia is often detected by inferring 
age-related loss of muscle mass and strength if an individual’s measured 
levels of these components fall below specified cut-off points and no 
specific cause is identified. This same approach is utilized to diagnose 
many other important health conditions including osteoporosis and 
hypertension, which are also detected by applying cut-off points to 
continuous measures of body structure and function.

In this Primer, we mainly focus on age-associated accelerated loss 
of skeletal muscle mass and function, that is, primary sarcopenia. We 
describe its epidemiology, mechanisms, diagnosis, prevention, man-
agement and the impact of sarcopenia on quality of life. We conclude 
by outlining those areas where further advancements in our under-
standing of this condition are soon expected, many of which could be 
transformative.
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in specific patient groups compared with the general population36. In 
addition, marked differences are observed in the prevalence of sarco-
penia between patient groups. For example, a 2023 review of studies 
conducted in different settings estimated a sarcopenia prevalence 
of 18% in patients with diabetes and 66% in patients with unresect-
able oesophageal cancer31. A higher prevalence of sarcopenia was also 
observed in patients with kidney and liver disease and in patients with 
different site-specific cancers than in other patient groups and the 
general population. In a systematic review published in 2023 of stud-
ies comparing sarcopenia prevalence in patients with cardiovascular 
diseases and the general population, the prevalence of sarcopenia was 
significantly higher in patients with acute decompensated heart failure 
(61%; 95% CI 49–72%), chronic heart failure (32%; 95% CI 23–41%) and 
cardiac arrhythmia (30%; 95% CI 25–35%) than in the general popula-
tion37. Studies have also shown an increased prevalence of sarcopenia 
in patients with cancer38, with sarcopenia associated with decreased 
progression-free survival in patients with metastatic cancers39, which 
may in part be due to the potential overlap of sarcopenia with cachexia 
and malnutrition in people with cancer40. Sarcopenia has also been 
related to poor prognosis and complications in patients with liver cir-
rhosis41. A number of plausible mechanisms that may explain observed 
associations between sarcopenia and other health conditions have 
been proposed39,41 but all require further investigation.

There has also been considerable interest in the relationships of 
both obesity and osteoporosis with sarcopenia, with the terms sarco-
penic obesity and osteosarcopenia sometimes used to describe people 
living with these specific combinations of conditions, respectively.  

As these two conditions are often studied as outcomes in their own 
right, we refer readers to relevant reviews42,43. These highlight important 
evidence gaps and future research directions. Further research is also 
required to better understand respiratory sarcopenia44 and sarcopenic 
dysphagia45, and to elucidate the relationships between sarcopenia 
and other important age-associated conditions including dementia —  
relatively few studies have comprehensively examined sarcopenia 
among people living with dementia to date. A 2023 systematic review 
reported a significantly higher prevalence of sarcopenia in individuals 
with HIV infection compared with individuals without HIV46. Further 
investigation of this association is warranted, especially in low-income 
and middle-income countries where the combined impact of these 
conditions might lead to considerable disease and disability burden.

Risk factors
Many putative risk factors for sarcopenia have been described, some 
of which are acute and quickly lead to loss of muscle mass and func-
tion, whereas others accumulate over the life course and so take a 
longer time to impact sarcopenia. A systematic review and meta-
analysis published in 2021 found that sociodemographic factors 
(for example, older age, being unmarried and living alone), being 
underweight, experiencing difficulties undertaking activities of 
daily living, smoking, alcohol intake, inactivity, disordered sleep, 
and several disease-related factors (such as diabetes mellitus, cogni-
tive impairment, heart and respiratory disease, osteoporosis, osteo-
arthritis, depression, falls, anorexia, and anaemia) are associated 
with an increased likelihood of sarcopenia47. There was, however, 

• Term ‘sarcopenia’  
 first coined in the  
 late 1980s
• First definition 
 of sarcopenia  
 published in 1993

The International Working 
Group on Sarcopenia 
(IWGS) (in the USA) 
published a consensus 
definition that endorsed 
specific cut-o  points for low 
appendicular lean mass 
index and slow habitual gait 
speed

Pre-2010 2010 2011 2014 2019 20242020 2023

• A special interest group of the European  
 Society for Clinical Nutrition and   
 Metabolism (ESPEN) published a   
 consensus definition focused on loss 
 of muscle mass and strength
• The European Working Group on   
 Sarcopenia in Older People (EWGSOP)  
 developed and published a consensus  
 definition focused on low lean mass and  
 low muscle strength or physical   
 performance

• The Asian Working Group for Sarcopenia  
 (AWGS) published a consensus   
 definition including recommended  
 cut-o  points for low lean mass, low grip  
 strength and slow gait speed
• The Foundations for the National   
 Institutes of Health (FNIH) project on  
 sarcopenia produced a definition based  
 on findings from pooled analyses of  
 large epidemiological cohorts of older  
 women and men focused on low lean  
 mass and strength 

The European Working 
Group on Sarcopenia in 
Older People-2 (EWGSOP2) 
published a revised 
consensus definition that 
employed population-based 
cohort data to identify 
cut-o  points for low lean 
mass, muscle strength and 
physical performance

• AWGS published a revised consensus  
 definition with revisions to their   
 diagnostic algorithm, protocols and  
 some criteria
• The Sarcopenia Definitions and   
 Outcomes Consortium (SDOC)   
 published a definition including cut-o   
 points for low grip strength and   
 slowness established using   
 Classification and Regression Tree  
 (CART) analyses 

• The Global Leadership Initiative 
 in Sarcopenia (GLIS) published   

 of sarcopenia
• The Australian and New Zealand   
 Society for Sarcopenia and Frailty  
 Research (ANZSSFR) Sarcopenia   
 Diagnosis and Management Task   
 Force presented 17 recommendations
 and adopted the EWGSOP2   

findings from a Delphi Consensus
study on the conceptual definition

sarcopenia definition

Fig. 1 | Key milestones in the development of a sarcopenia definition. 
Summary of some of the most important milestones in the development of a 
definition of sarcopenia. This includes the term ‘sarcopenia’ first being coined9, 
and publication of the first definition of sarcopenia10; the European Society for 
Clinical Nutrition and Metabolism (ESPEN) consensus definition14; the European 
Working Group on Sarcopenia in Older People (EWGSOP) consensus definition15; 
the International Working Group on Sarcopenia (IWGS) consensus definition2; the  
Asian Working Group for Sarcopenia (AWGS) consensus definition16; the definition 

of the Foundations for the National Institutes of Health (FNIH) project on 
sarcopenia17; the European Working Group on Sarcopenia in Older People 2 
(EWGSOP2) revised consensus definition18; the definition of the Sarcopenia 
Definitions and Outcomes Consortium (SDOC)19; the AWGS revised consensus 
definition20; the Australian and New Zealand Society for Sarcopenia and Frailty 
Research (ANZSSFR) Sarcopenia Diagnosis and Management Task Force 
recommendations21; and the Global Leadership Initiative in Sarcopenia (GLIS) 
conceptual definition of sarcopenia25.
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considerable heterogeneity between studies and more consistent 
evidence of associations between some risk factors, such as inactivity 
and malnutrition, and sarcopenia than others. In addition, evidence 
regarding other factors, including sex and hypertension, and their 
association with sarcopenia was inconclusive47.

Genetic risk factors. Research to identify potential genetic determi-
nants of sarcopenia, has largely focused on specific components of 
sarcopenia definitions rather than sarcopenia per se. For example, 
several large genome-wide association studies (GWAS) have been 
undertaken to identify loci associated with lean body mass or grip 
strength. Although not all findings from individual GWAS have been 
replicated, single nucleotide variants in TRHR, FTO, HSD17B11, VCAN, 
ADAMTSL3 and IRS1 have been shown to be associated with lean mass, 
and variants in BDNF, CPNE1 and STC2 have been associated with grip 
strength48. In addition, data from the UK Biobank suggest that vari-
ants in HLA type are associated with sarcopenia, perhaps through 
inflammation48.

Mechanisms/pathophysiology
Our current understanding of ageing skeletal muscle biology and 
the networks of cellular and molecular mechanisms that result in 
sarcopenia in humans is based on a wealth of data, the majority of 
which were obtained from preclinical animal studies, many using 
rodents. These studies have enabled the identification and investi-
gation of various cellular components of skeletal muscle involved 
in normal maintenance of muscle mass and function. We summarize 
the cellular components involved in normal maintenance of muscle 
function to set the scene for the subsequent description of major 
age-related changes and processes that are thought to be implicated 
in the aetiology of sarcopenia.

Anatomy of skeletal muscle
Skeletal muscle structure and function (Fig. 3) is remarkably similar 
across species49. Skeletal muscle tissue represents ~40% of human body 
mass and there are ~600 different muscles that vary in size, architecture, 
and contractile and metabolic properties. These diverse muscles have 
vital roles in contraction to move different parts of the body, including 
breathing and eating, as well as regulation of metabolism and tem-
perature50. Skeletal muscles are composed of highly specialized large 
multinucleated muscle fibres (myofibres) filled with many contractile 
proteins (such as myosin and actin) organized into sarcomeres. This 
contractile machinery is activated by electrical stimulation from a nerve 
(motor neuron) that connects to the myofibre surface membrane (sar-
colemma) at the neuromuscular junction (NMJ). The sarcolemma is in 
close contact with a complexity of extracellular matrix (ECM) molecules 
via the adjacent specialized basal lamina on the myofibre surface rich in 
laminins, and a wealth of collagens and other molecules in the intersti-
tial connective tissue. The ECM transfers and integrates the contractile 
force from the myofibres to the tendons to move parts of the skeleton. 
The interconnectivity between myofibres, NMJs, nerves, the ECM and 
a rich blood vessel network is critical for the maintenance of normal 
skeletal muscle function.

Types of muscle fibres. Skeletal muscles contain a spectrum of myofi-
bres with very different properties, ranging from slow-twitch to fast-
twitch contraction speeds (type 1 and type 2, respectively) identified by 
specific myosin isoforms and other contractile proteins51,52. The myofi-
bre contraction uses ATP for energy, which is generated by different 
metabolic pathways and fuels. In general, type 1 fibres predominantly 
involve oxidation of lipids and type 2 fibres predominantly use glyco-
gen or glucose51,52. In addition to the wide range of intrinsic (contractile 
and metabolic) properties, additional characteristics of slow and fast 
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Fig. 2 | Grip strength by age, sex and UN world region. A total of 726 normative 
data items relating to 96,537 grip strength observations were extracted from  
60 papers included in a systematic review22. Grip strength mean values 
from 63 different population-based samples reported in these 60 papers are 

shown. Each point represents the mean value of grip strength for each item of 
normative data, plotted against the mid-point of the age range it relates to. Values 
from the same sample are connected. Reprinted from ref. 22, CC BY 4.0.
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myofibres that may be relevant to understanding mechanisms underly-
ing the development of sarcopenia include: differential responses to 
exercise-induced muscle damage; susceptibility to atrophy; numbers of 
muscle precursors (satellite cells, required for regeneration); extrinsic 
influences of slow-twitch and fast motor neurons and different patterns 
of vasculature; and differential impacts of comorbidities and sexual 
dimorphism52,53 (Fig. 4). Before extrapolating observations from a 
single muscle to different specialized muscles in the human body, the 
aforementioned variables in the context of ageing and the extent of 
manifestation of sarcopenia in different human muscles have to be 
taken into consideration53. In addition, differences between species 
when extrapolating preclinical data (for example, from rodents) to the 
human condition must be taken into account (Box 1).

Merits of preclinical studies
Diverse animal models provide fascinating insights into the mechanistic 
basis of ageing and longevity54. One powerful advantage of using labo-
ratory rodents to investigate sarcopenia is that all tissues and entire 
muscles can be sampled at multiple ages across the entire lifespan. For 
example, a comprehensive transcriptomics study that compared data 
for three lower limb muscles and diaphragm from mice (both sexes) 
and rats (males), across seven ages (from 6 to 27 months), showed 
complex patterns of gene expression changes during ageing that dif-
fered between muscles, with more pronounced changes in rats, which 
more closely resemble humans, than mice55. Major pathways affected 
in sarcopenia often relate to increased NMJ denervation, inflammation, 
altered myofibre metabolism and the ECM55. Integration of such gene 
expression data with the complexity of information obtained (across 
species) using other powerful multiomics techniques including genom-
ics, epigenomics, proteomics and metabolomics, along with the role of 
gut microbiota, provide new insights into the molecular mechanisms 

driving human sarcopenia48. Animal studies also allow easy genetic 
manipulation to determine the impact of specific molecules in ageing 
skeletal muscles, and to test interventions for potential clinical transla-
tion. To this end, dedicated mouse facilities now also model the genetic 
and biological complexity of human populations56,57.

The challenge is to reconcile these extensive preclinical data where 
the focus is often on muscle mass, rather than function, with sarco-
penia in humans where the reverse is true. As already emphasized, 
sarcopenia can be exacerbated by comorbidities (for example, cancer, 
obesity, diabetes, disuse and starvation) that can drive muscle atrophy 
preferentially in fast or slow myofibres involving very different mecha-
nisms52,58. A further consideration is that many physiological studies 
of sarcopenia involve men only, with scarce data in older women, yet 
sexual dimorphism impacts many aspects of muscle biology52,53.

Studies of muscle tissue in humans are limited, in part because 
muscle biopsies are invasive and can be hard to obtain, especially from 
older people. Biopsies are usually obtained from the vastus lateralis 
(or a few other limb muscles); the biopsy is very small and represents 
only a small portion of the entire muscle (and can vary in content 
depending on location and depth of sampling); thus extrapolation to all 
muscles can be problematic. However, human muscle biopsy analyses 
are very valuable to compare with the wealth of data obtained from 
animal studies. Fortunately, human blood samples can be relatively 
easily obtained to measure changes in many systemic molecules.

Pathobiology of sarcopenia
Myofibres are the central focus of sarcopenia; they are stable and 
long-lived with little evidence of intrinsic necrosis and regeneration 
in response to daily activities including exercise52,53. Maintenance of 
myofibre homeostasis requires a balance between protein synthesis 
and degradation (proteostasis), adequate nutrition and metabolism to 
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Fig. 3 | The overall structure of skeletal muscle tissue. The different layers of 
the extracellular matrix (ECM) in a whole muscle, and the complexity of ECM and 
cell interactions at the myofibre surface are illustrated. The image shows part of 
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blood vessels. Adapted from ref. 149, Springer.
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generate energy (by mitochondria), a vascular supply to provide vital 
oxygen and nutrients, and innervation to stimulate contraction, involv-
ing a huge array of signalling and cellular interactions. These aspects are 
all altered during sarcopenia, along with ongoing age-related changes 
in the local ECM and systemic changes in hormones and the immune 
and inflammatory systems.

These and other major age-related molecular and cellular changes 
associated with biological ageing were originally described as nine 
hallmarks59–61. A review published in 2023 critically evaluated these 
nine hallmarks specifically in the context of sarcopenia and its patho-
physiology, and highlighted five other hallmarks: altered inflammation, 
reduced vascular perfusion, neural dysfunction, ECM dysfunction 
and ionic dyshomeostasis53. The main age-related mechanisms and 
complex cellular interactions associated with sarcopenia are briefly 
summarized below. Detailed discussion and molecular aspects have 
been published elsewhere48,53.

Changes to myofibres. Within the myofibre, alterations to DNA 
include epigenetic modifications that change patterns of gene tran-
scription (involving signalling) accelerated by elevated oxidative stress. 
Age-related changes also occur in proteostasis (with reduced contrac-
tile proteins resulting in loss of muscle mass), influenced by altered 
mitochondria with increased oxidative stress and reduced (ATP) energy 
availability resulting in fatigue and impact on myofibre metabolism53. 
In intimate contact with the surface of myofibres are NMJs of the nerves 
that provide essential stimuli to initiate the complex events required 
for myofibre contraction; across the neuromuscular system there is 
extensive remodelling with age52,53.

Vascular system. The vascular system with a dense dynamic capillary 
network surrounding myofibres is essential for muscle contraction 
and can rapidly increase in response to exercise to deliver oxygen and 
nutrients whilst removing waste products and heat. With ageing, there 
is reduced vascular perfusion, with decreased numbers of capillaries 
and fewer myofibre capillary contacts, and this reduces the capacity 
for muscle strength53.

Neuronal system. Motor neurons and NMJ required for myofibre 
contraction, along with other aspects of the peripheral and central 
nervous system, change with ageing. Specifically, the vulnerability 
of fast motor neurons to oxidative damage results in denervation of 
fast myofibres and subsequent re-innervation by slow motor neurons 
converting fast to slow myofibres with reduced speed and reflexes52,53. 
In addition, there is also a loss of positional feedback from sensory 
neurons (in muscle spindles or proprioceptors) to motor neuron 
cell bodies in the spinal cord, with consequent decreased balance 
and gait53.

ECM. General age-related fibrosis exacerbated by increased oxidative 
stress and crosslinking of collagen leads to increasing stiffness, which, 
in combination with changes in complexity of ECM interactions, have 
consequences for biomechanics and signalling53.

Inflammation. Progressive age-related changes with a shift to a pro-
inflammatory milieu with increased oxidative stress have a wide sys-
temic impact, including responses to tissue damage and possible 
cellular senescence in skeletal muscle53.

The precise sequence of these complex events, the extent of loss 
of muscle mass and function associated with each pathway, the life 
stages when people are most likely to be affected by each mechanism 
and those which may initiate and drive human sarcopenia remain 
unclear48,53. Many changes may be irreversible, although others can 
be ameliorated by exercise (or potentially by other interventions). 
Additional human data that will elucidate our understanding of the 
role of these different mechanisms in the aetiology of sarcopenia are 
anticipated in this emerging field.

Diagnosis, screening and prevention
Clinical presentation
Many people have low awareness of sarcopenia as a disease entity and 
the associated functional decline is instead perceived as an inevitable 
consequence of ageing62. Compounding the limited public aware-
ness of sarcopenia is the finding that many clinical practitioners are 
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Fig. 4 | Differences between slow-twitch and fast-twitch myofibres. The 
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unaware of the diagnostic tools63. In addition, as the presentation 
of sarcopenia is often non-specific, it frequently goes undetected. 
However, sarcopenia should be suspected in people, who are, typi-
cally, older with impaired mobility (that is, slow or altered gait, 
difficulty rising from a chair or climbing stairs), perceived muscle 
weakness, progressive decline in physical function, unintentional 
weight loss or recurrent falls. Symptoms typically progress slowly 
over an extended period (from months to years), but sarcopenia can 
also develop quickly within days in acute clinical settings64,65. When 
left untreated, inability to walk and perform self-care activities of daily 
living (such as washing, dressing and feeding), falls and dependence 
may follow, with an increased risk of admission to a care home and 
premature death66.

Although the focus of this review is age-related sarcopenia, it 
is important to acknowledge that sarcopenia is also common and 
should be suspected in a range of different clinical settings owing 
to malnutrition, inactivity or triggered by other long-term health 
conditions, such as heart failure, chronic obstructive pulmonary 
disease or cancer1.

Case-finding. A wide variety of tools and instruments are available 
for case-finding sarcopenia, which reflects lack of agreement. Many of 
them, including the SARC-F questionnaire67, the most widely used, show 
good specificity but low sensitivity in detecting sarcopenia68,69. These 
questionnaires are, therefore, not sufficient for diagnosis but may be 
used to identify people who would benefit from further assessment. 
Current consensus documents do not recommend population screen-
ing, as evidence to suggest a beneficial effect on any outcome of sar-
copenia is lacking. Instead, a case-finding approach is suggested18,20,21, 
either using the SARC-F questionnaire or clinical suspicion based on 
the symptoms described above. A positive case-finding test, or the 
presence of relevant symptoms, should prompt a diagnostic process 
to confirm or rule out the presence of sarcopenia.

Diagnosis
Diagnostic criteria. GLIS is in the process of establishing a global 
conceptual definition for sarcopenia23,25. GLIS aims to build on previ-
ous work of different organizations and consensus groups and align 
their criteria for the diagnosis of sarcopenia. This includes the criteria 
proposed by the European Working Group on Sarcopenia in Older 
People 2 (EWGSOP2) and endorsed by the Australia/New Zealand 
consensus18,21, the 2019 version of the Asian Working Group for Sar-
copenia consensus (AWGS 2019 (ref. 20)) and those published by the 
Sarcopenia Definitions and Outcomes Consortium (SDOC)19. Albeit 
not identical, the different groups recommend the measurement of at 
least one of three parameters — lean mass, muscle strength and physi-
cal performance — but with different recommended cut-off points for 
each parameter1,23 (Table 1).

Muscle strength, a direct measure of muscle function, which is now 
a commonly accepted component of sarcopenia25, is part of all three 
consensus definitions whereby a person may be considered to have 
probable sarcopenia when low muscle strength is found18. Once a diag-
nosis of sarcopenia is established, both the EWGSOP2 and the AWGS 
provide recommendations for defining the level of severity; however, 
other consensus definitions do not acknowledge differing severity 
levels. Sarcopenia is considered severe when both muscle strength 
and physical performance are impaired. The EWGSOP2 also classifies 
sarcopenia based on the aetiology (primary, that is age-related, or 
secondary, that is poor nutrition, inactivity or disease-related) and 
on its time course (acute, when it develops in <6 months, or chronic 
otherwise).

Muscle strength measurement. Muscle strength is at the forefront 
of the diagnosis of sarcopenia. Indeed, impaired muscle function 
characterized by low muscle strength is recognized as the most reliable 
skeletal muscle predictor of poor health outcomes including prolonged 
length of hospital stay, functional limitations, poor quality of life and 

Box 1 | Important considerations when using animal models to investigate the mechanistic 
basis of sarcopenia in humans
 

Variability
Populations of humans are highly heterogeneous and considerable 
inter-individual variation exists in many factors across the life course, 
including lifestyle, genetics and long-term health conditions (for 
example, cancer and diabetes), which can exacerbate loss of muscle 
and complicate investigation of sarcopenia. By contrast, laboratory 
rodents are usually inbred and homogeneous, almost genetically 
identical and maintained under standard conditions across their 
lifespan, in strict specific pathogen-free conditions, to minimize 
variations and optimize scientific investigations. Humans and rodents 
also have markedly different lifespans. The healthy lifespan for normal 
laboratory rodents is ~2 years, and ageing occurs over ~9 months 
(from 15 to 24 months)55. This is a very short time frame compared with 
humans, where lifespan can extend to between 70 and 110 years, and 
ageing starts to manifest and progress over many decades before death.

Quantifying and defining sarcopenia
In rodents, sarcopenia is generally defined as normal age-related loss 
of mass (of dissected muscles) usually measured in hindlimb muscles. 

The transition to sarcopenia occurs from ~15 months of age (mature 
adult) and is pronounced by 24 months (this is usually not considered 
a pathology or disease). After 24 months, heterogeneity between 
individuals increases, with tumours and other comorbidities55, and 
many animals are not in good health by ~30 months of age. Lifespan 
can vary between different colonies of animals and with their housing 
conditions.

Muscle function also declines in ageing rodents after ~15 months; 
for example, distance and speed for voluntary wheel running150,151 
and hindlimb gait152. However, such measurements in whole 
animals are time-consuming and rarely used as a routine readout of 
sarcopenia. By contrast, human muscle function is readily measured 
by a range of relatively simple different tasks, such as grip strength. 
Interestingly, regional manifestation of sarcopenia is similar in 
humans and rats; as human muscle mass declines more quickly 
with age in lower than in upper limbs, and sarcopenia (linked to 
neuromuscular dysfunction) is initially pronounced in hindlimbs 
of rats152.
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death70–74. Muscle strength is usually measured by hand grip strength 
using a hand-held dynamometer (typically a Jamar hydraulic or elec-
tronic device), which is widely considered to be an adequate marker 
of overall limb strength75. It is important to standardize the way grip 
strength is measured using a validated protocol76,77. The person being 
assessed is asked to sit on a chair with the elbow flexed at 90° and the 
maximum grip strength of the dominant hand is measured. Different 
sex-specific cut-off points have been proposed in different regions, to 
account for differences in populations and settings22. Although other 
reasons for impaired muscle strength exist (for example, poor motiva-
tion or hand osteoarthritis), low muscle strength is often indicative of 
sarcopenia and is predictive of adverse functional outcomes, and its 
detection is a good reason to consider intervention18.

Muscle mass measurement. No reliable method of measuring full 
body muscle quantity, that can be feasibly applied cost-effectively 
at scale across multiple settings, is available. To date, CT imaging is 
one of the gold standard techniques for quantifying muscle mass in 
sarcopenia78. Indeed, CT imaging gives precise estimations of skeletal 
muscle mass with the most common metrics being skeletal muscle area 
(SMA), skeletal muscle index (SMI) and muscle radiation attenuation 
(MRA), which is a measure of fat infiltration in the muscle. Although 
it provides reliable data, the use of CT imaging in daily practice is lim-
ited owing to its cost and the risk of radiation-related adverse effects. 
Additionally, no normative population data to define cut-off points 
are available. MRI can also be used but its use is limited owing to its 
high cost, several contraindications, such as implants, and limited 
availability in various settings78,79.

Dual-energy X-ray absorptiometry (DXA) and bio-electrical imped-
ance analysis (BIA) are alternative methods of estimating muscle quan-
tity. DXA involves using a scanner to pass two low-dose X-rays through 
the body (either the whole body or specific regions). These X-rays are 
absorbed differently by bone and soft tissues and, therefore, data from 
the scans can be used to quantify bone mineral density, fat mass and 
lean mass. BIA involves using scales, which pass small electrical currents 
around the body. As these currents pass at different speeds through 
different body tissues owing to variation in their water content, with 
fat mass causing greater impedance due to its lower water content than 
lean mass, readings from BIA can be used to estimate whole-body fat 
and lean mass.

Recommended cut-off points for low lean mass provided in con-
sensus definitions usually refer to DXA and/or BIA (Table 1), as reference 
data for lean mass assessed using these methods are more widely avail-
able. However, their use is controversial because of concerns about the 
accuracy of the measures of lean mass they provide and how adequately 
these measures correlate with muscle mass. DXA provides an indirect 
estimate of the skeletal muscle mass that may be adjusted for body 
size18,20. In addition, DXA is not always available, has high equipment 
costs, and is not strongly linked to outcomes19. BIA has been widely used 
as it is a cheap, fast and easy-to-use method of estimating body com-
position without any radiation exposure. However, accuracy is limited 
because measurements depend on several physical assumptions and 
may be influenced by parameters such as oedema, skin temperature, 
sweat and bladder filling. In addition, no standard set of equations 
are available to estimate lean mass from physical electrical conduc-
tion parameters and equations that do exist are specific to particular 

Table 1 | Criteria recommended for defining sarcopenia by different international consensus groups

Low lean mass Low grip strength Low physical performance

Measure Gender Recommended cut-off point Gender Recommended cut-off pointa Measure Recommended cut-off 
point

EWGSOP2 (ref. 18)b

ALM Male <20 kg Male <27 kg Gait speed ≤0.8 m/s

Female <15 kg Female <16 kg SPPB score ≤8

ALMI Male <7.0 kg/m2 TUG ≥20 s

Female <5.5 kg/m2 400 m walk test Non-completion or ≥6 min

Five chair 
stands time

>15 s

AWGS20

ALMI Male <7.0 kg/m2 with DXA or BIA Male <28 kg Gait speed <1.0 m/s

Female <5.4 kg/m2 with DXA; <5.7 kg/m2 
with BIA

Female <18 kg SPPB score <9

Five chair 
stands time

≥12 s

SDOC19

Not used Male <35.5 kg Gait speed <1.0 m/s

Female <20 kg

The definitions of these three working groups are presented as they reflect the most up to date consensus for Europe, Asia and the USA at the time of publication, and it is the recommendations 
of these working groups that have been most commonly operationalized in studies synthesized in published systematic reviews of sarcopenia prevalence27–29. ALM, appendicular lean mass; 
ALMI, appendicular lean mass index (= ALM/height2, where height is in metres); AWGS, Asian Working Group for Sarcopenia; BIA, bio-electrical impedance analysis; DXA, dual-energy X-ray 
absorptiometry; EWGSOP2, European Working Group on Sarcopenia in Older People 2 (note that this definition has also been adopted by the Australian and New Zealand Society for Sarcopenia 
and Frailty Research Sarcopenia Diagnosis and Management Task Force21); SDOC, Sarcopenia Definitions and Outcomes Consortium; SPPB, short physical performance battery; TUG, timed 
up-and-go. aThese are the cut-off points for absolute grip strength. SDOC highlights that adjustments of strength for body mass index, body fat or arm lean mass are also acceptable. bEWGSOP2 
defines confirmed sarcopenia as the presence of low muscle strength and low muscle quantity (lean mass). Low physical performance is then used to define severity of sarcopenia.
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populations and types of BIA machine, which may not be generalizable 
to other populations and devices.

Another method of measuring muscle quantity is ultrasonogra-
phy, which is widely available and is used in daily practice to support 
muscle mass point-of-care assessment18,80. Indeed, ultrasonography 
has been shown to have good validity in estimating muscle mass of 
older adults, including those with comorbidities, when compared with 
DXA, MRI and CT80,81. Standardized anatomical landmarks and measur-
ing points have been proposed in consensus statements, although fur-
ther validation studies are needed especially as the technique requires 
practice to be accurate and reproducible82.

An alternative to imaging is the D3-creatine (D3-Cr) dilution 
method for estimating total-body skeletal muscle mass, and interest 
in its use is growing83. However, a number of methodological concerns 
and practical considerations still need to be addressed before it or any 
other biomarker can be widely adopted84.

Physical performance. Low physical performance is a component 
of some definitions of sarcopenia and a method of assigning severity 
in others18–20. Physical performance is a multidimensional concept, 
which provides an overview of muscle function, locomotion and bal-
ance. Many measures of physical performance are described in various 
settings, but four are widely used to assess the severity of sarcopenia: 
timed up-and-go, gait speed, chair stand performance, and the short 
physical performance battery4 (which is a composite score based on 
gait speed, chair stand performance and standing balance)18,77. Of these 
measures, gait speed is probably the most widely used in sarcopenia 
research and is recommended by SDOC because it is strongly linked to 
functional outcomes. Time to walk 400 m has also been used in some 
major sarcopenia studies, with the inability to complete it in <15 min 
being considered a walking disability. The usefulness of the chair stand 
test is debated. It can be used as an indicator of physical performance 
and the EWGSOP2 has proposed it as an alternative to grip strength for 
identifying low muscle strength. However, there is some evidence that 
these two parameters are not equivalent85,86.

Differential diagnosis
The main differential diagnosis includes other causes of low muscle 
mass because sarcopenia and low muscle mass, although overlapping, 
are different conditions36. Indeed, low muscle mass (also referred to 
as muscle wasting) can occur at any age, in the context of acute or 
chronic conditions including malnutrition80. Most current definitions 
of sarcopenia, malnutrition and cachexia all include low muscle mass as 
a criterion. As a consequence, when low muscle mass is found, all three 
conditions (that is, sarcopenia, malnutrition and cachexia) should be 
considered, as they may coexist. Guidance on how these conditions 
are distinguished is available elsewhere23,40.

Prevention
Evidence from longitudinal population-based studies suggests that a 
life course approach to the prevention of sarcopenia may be beneficial. 
For example, pooled data on grip strength measured in 12 different UK 
studies at different ages show that grip strength increases to a peak 
in early adult life followed by a maintenance phase, prior to decline 
with increasing age87. On this basis, interventions during different peri-
ods of life may influence the risk of developing sarcopenia in later life 
through effects on both peak strength achieved and subsequent rates of 
decline88. However, evidence for the long-term effectiveness of interven-
tions over the life course for prevention of sarcopenia is, as yet, limited.

Among various interventions that can be implemented, nutri-
tion and physical activity seem to be the most promising89. Growing 
evidence suggests that the nutritional approach is a key component 
of improving lean body mass in adulthood89,90. However, evidence 
on specific nutrients that are effective for preventing the develop-
ment of sarcopenia is more limited. Concerning physical activity, the 
implementation of early preventive strategies during adolescence is of 
particular interest. Indeed, exercise interventions implemented dur-
ing this period are likely to be beneficial as part of a long-term strategy 
to delay the onset of poor health outcomes91,92. Regarding adult life, 
there are cumulative benefits of physical activity across adulthood 
on physical performance in midlife93,94. Some groups advocate for 
person-centred approaches to physical and dietary interventions in 
those at high risk of sarcopenia21. Whether treatments for conditions, 
such as hypertension, diabetes mellitus or dyslipidaemia, can prevent 
sarcopenia is currently unclear.

Management
The goals of treatment for sarcopenia are to reverse or stabilize the 
loss of muscle strength (and ideally also muscle mass), and thereby 
preserve or enhance quality of life and the ability to undertake activi-
ties of daily living. Currently, few management options exist with good 
randomized controlled trial (RCT) evidence for the treatment of sarco-
penia. Nevertheless, this is an active area of research with promising 
emerging therapies and the management of sarcopenia is likely to see 
rapid changes in the next few years.

Resistance exercise
Resistance exercise is effective in improving muscle strength and 
muscle mass in people with or at risk of sarcopenia95,96 and current 
evidence from RCTs supports offering resistance exercise to all those 
diagnosed with sarcopenia. Established principles of exercise prescrip-
tion, namely specificity, overload and progression should be used to 
deliver an effective exercise dose95,97 (Box 2). The optimum duration, 
frequency and intensity of training are still debated, but studies have 
shown improvements with one or two training sessions per week and 
with intensities as low as 50% of one-repetition maximum (that is, the 
maximum muscle strength that an individual can exert for a single 
repetition of an exercise) in older people with sarcopenia95. However, 
higher intensities and frequencies (up to 70–85% of one-repetition 
maximum two or three times per week) may be required to produce 
optimal gains98. Mixed modality exercise programmes (including 
resistance exercise, but also aerobic and balance exercise) are also 
recommended to manage comorbidities and age-associated condi-
tions, such as cardiorespiratory disease and falls, which frequently 
accompany sarcopenia99. For example, large trials such as the SPRINTT 
project, involving individuals with physical frailty and sarcopenia, 
have demonstrated that such interventions can reduce the incidence 
of mobility disability100.

Nutritional interventions
Protein. Current evidence suggests that protein supplementation is 
effective in improving muscle strength and muscle mass when used 
as an adjunct to resistance exercise training101. The evidence for pro-
tein supplementation as a standalone intervention for sarcopenia is 
less clear102, and debate continues as to the most appropriate protein 
source (for example, animal or dairy versus plant)103, timing of ingestion 
(especially relative to exercise) and the amount required. Current guid-
ance on adequate protein intake varies significantly across different 
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guidelines, some of which focus on healthy older people and some 
of which focus on older people living with sarcopenia21,104–106. Many of  
these guidelines are based on observational data and further RCTs 
are needed to establish whether increased protein intake improves 
outcomes for people living with sarcopenia in the absence of resist-
ance exercise training90. Although current guidelines for patients with 
chronic kidney disease (CKD) suggest reducing protein intake107, any 
possible benefit of this reduction on renal function must be weighed 
against potential deleterious effects on skeletal muscle, particularly 
owing to an increased risk of sarcopenia in patients with CKD108.

Vitamin D. Current evidence for the effectiveness of vitamin D as an 
intervention for sarcopenia is limited. Systematic reviews have sug-
gested either a small beneficial effect on muscle strength and mass, no 
effect on, or even possible worsening of, muscle strength and physical 
performance109–111 and increased risk of falls, particularly at very high 
doses112. The relationship between the frequency or dose of vitamin D 
supplementation and outcomes is unclear, but individuals with low 
baseline 25-hydroxyvitamin D concentrations may be more likely to 
benefit113. On the basis of existing evidence, vitamin D supplementa-
tion seems unlikely to provide substantial improvements in muscle 

strength or function, although vitamin D supplementation may still 
be indicated for coexisting conditions (for instance, as an adjunct to 
antiresorptive therapy in osteoporosis)114.

Other interventions. A range of other nutritional interventions are 
currently under study. These interventions include leucine, hydroxy
methyl butyrate, and ω-3 fatty acids as well as nutraceuticals with 
effects on inflammation, mitochondrial function and cellular senes-
cence115. Current data on these interventions are mixed and many of 
them have not been tested specifically in populations with sarcopenia. 
Further studies focusing on populations with sarcopenia are required 
to establish their role in sarcopenia treatment.

There is some evidence that combined interventions (for instance, 
whey protein, amino acids and vitamin D) are effective in improving 
muscle mass and strength in people with sarcopenia116. The role of 
weight loss therapies (via diet or via pharmacological agents such as 
GLP1 agonists) in people with a combination of sarcopenia and obesity 
(sarcopenic obesity) requires further study. Although weight loss has 
the potential to improve physical function, it may also lead to further 
loss of lean mass in people with sarcopenia117, and adjunctive exercise 
may be essential to mitigate loss of muscle.

Exercise mimetics such as electrostimulation and whole-body 
vibration provide potentially attractive alternatives to exercise for 
people limited by joint pain or recent surgery. Initial findings sug-
gest that electrical stimulation can prevent the loss of muscle mass 
after major surgery and can improve muscle mass and strength when 
used for short courses118–120. Whether electrostimulation therapies can 
improve muscle strength and physical function over the longer term 
is unclear and further trials are required to define the place of these 
therapies in the overall treatment of sarcopenia.

Drugs
No drugs have yet been shown to have unequivocal benefits for the 
treatment of sarcopenia in humans. However, many different drug 
classes are currently being researched to establish proof-of-concept 
or efficacy for the treatment of sarcopenia; both novel agents and 
repurposed compounds are under investigation121. A number of drug 
classes have failed to demonstrate efficacy, including angiotensin-
converting enzyme inhibitors and angiotensin receptor blockers122, 
spironolactone and allopurinol. Some classes of medication may have 
beneficial effects but are limited by adverse effects; for example, testo
sterone and growth hormone121. Considerable effort has gone into 
the development of myostatin pathway inhibitors (either by target-
ing myostatin itself or the activin receptor complex). Myostatin is 
a naturally occurring myokine that binds to the activin II receptor, 
initiating a cascade of downstream signalling that inhibits satellite 
cell and myoblast proliferation and mature myofibre hypertrophy — 
effects that can be reversed by myostatin pathway inhibitors123. These 
agents are effective in improving lean mass in selected groups but 
accompanying improvements in muscle strength or physical function 
have been equivocal124.

Classes of therapeutics under active exploration include selec-
tive androgen receptor modulators125, NAD analogues (for example, 
trigonelline126), and senolytic and senostatic agents (including met-
formin)127. Agents targeting mitochondrial dysfunction (for example, 
urolithin A) have shown initial promise in small RCTs128. A range of other 
therapies including anti-inflammatories and Mas receptor agonists 
are also being investigated (Table 2). Additional classes of drugs, such 
as troponin activators and ryanodine receptor modulators, which 

Box 2 | Example prescription for resistance 
exercise training in people with sarcopenia
 

Training frequency
	• Two sessions per week

Exercise selection
	• Lower body

	- Squat or leg press
	- Knee extension
	- Leg curl
	- Calf raise

	• Upper body
	- Chest press
	- Seated row
	- Pull down

Exercise intensity
	• Repetition continuum-based prescription:

	- 40–60% 1RM progressing to 70–85% 1RM
	• RPE-based prescription:

	- RPE 3–5 on ten point scale progressing to RPE 6–8

Exercise volume
	• 1–3 sets of 6–12 repetitions

Rest periods
	• Within session

	- 60–120 s between sets; 3–5 min between exercises
	• Between sessions

	- At least 48 h

1RM, one-repetition maximum; RPE, rating of perceived exertion. Box 2 
reprinted with permission from ref. 95, Oxford University Press.
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are currently being studied for other myopathies, are also likely to be 
considered for study in sarcopenia in the future.

Holistic assessment
Sarcopenia rarely occurs as an isolated medical condition, and effec-
tive management requires a holistic approach to improve the health 
of the individual. In younger adults, this approach should comprise a 
comprehensive medical history, examination and investigations to 
rule out alternative diagnoses, particularly progressive neurological 
conditions. Older people with sarcopenia are likely to benefit from 
comprehensive geriatric assessment. This multidisciplinary, evidence-
based process of multidomain assessment and management serves 
to address other medical conditions, medication use, pain control 
and psychological state, optimizes functional abilities and ensures 
appropriate social support129. Comprehensive geriatric assessment has 
been shown to improve a range of outcomes including independence, 
return home from hospital and reduced short-term death rates130,131. 
All of these aspects are relevant and important in the management of 
older people living with sarcopenia.

The key step in management is to deliver resistance exercise train-
ing via supervised, tailored programmes with adequate intensity and 
progression, with protein supplementation as a potential adjunctive 
therapy (Fig. 5). Other therapies should be offered only as part of RCTs, 
pending more robust evidence of their efficacy, safety and feasibility. 
Older people (who constitute the majority of people with sarcopenia) 
are often under-served by research, and recruitment to sarcopenia tri-
als has been challenging historically. Efforts to develop the evidence 
base for sarcopenia treatments have been complicated by a focus on 
skeletal muscle function in healthy people, and offering trial participa-
tion to people with sarcopenia is necessary to build a relevant evidence 
base for future treatment of sarcopenia.

Quality of life
The growing body of evidence highlighting the adverse effects of sar-
copenia on individuals, their families and communities is one of the 

driving forces behind increasing efforts to raise awareness of sarcope-
nia, improve its diagnosis and identify effective management strategies 
for its prevention and treatment. This includes evidence of increased 
risk of many adverse outcomes including falls, fractures and prema-
ture mortality4–8, as well as increased health-care use132. However, the 
outcome that arguably best captures lived experience is quality of life.

In one of the first studies to examine a key component of sarco-
penia, muscle weakness, in relation to health-related quality of life  
(HRQOL)133, cross-sectional associations between lower grip strength 
and reduced HRQOL were reported in a sample of ~3,000 older 
community-dwelling men and women participating in the Hertfordshire 
Cohort Study. Consistent with this are subsequent findings from longitu-
dinal analyses in which weaker grip strength and slower chair rise, walk-
ing and timed up-and-go speeds at baseline were associated with lower 
positive mental wellbeing scores 4–10 years later in the Hertfordshire 
Cohort Study and four other British population-based studies134.

Since the publication of these early studies, a number of reviews of 
the associations between sarcopenia, its key components and HRQOL 
have been undertaken135–138. In systematic reviews published in 2016 
and 2017 (refs. 136,137), evidence of associations between sarcopenia 
(or lower levels of its components) and reduced HRQOL were found 
in included studies (n = 20 and n = 6, respectively). However, both 
sets of review authors called for additional high-quality studies with 
greater standardization of assessments of sarcopenia and HRQOL. 
Findings from a systematic review published in 2023 suggest that 
researchers have responded to this call138: this later review identified 
43 observational studies (most published between 2018 and 2023) 
that had examined the association between sarcopenia and quality 
of life in adults ≥60 years of age living in the community or assisted 
living facilities. These studies were conducted in 24 countries with a 
greater concentration in Europe than other continents but with some 
representation from all world regions. The meta-analysis of individual 
study results provided evidence of a statistically significant associa-
tion between sarcopenia and lower HRQOL. Caution is required in the 
interpretation of the overall scale of the association estimated owing 
to a high degree of heterogeneity between studies. Nonetheless, this 
review provided compelling evidence that in observational studies of 

Table 2 | Example medication classes under investigation 
for sarcopenia

Medication class Drugs

Myostatin pathway 
inhibitors

Bimagrumab

Senolytics and senostatics Dasatinib in combination with quercetin, fisetin

Anti-inflammatories JAK-2 inhibitors (e.g. tofacitinib), ibuprofen

mTOR modulation Metformin, rapamycin

NAD analogues Nicotinamide riboside, acipimox

Agents to improve 
mitochondrial function

Urolithin A, Renamezin

Antioxidant/redox pathway 
modulators

Allopurinol

Renin–angiotensin–
aldosterone system 
modulators

Angiotensin-converting enzyme inhibitors, 
angiotensin receptor blockers, spironolactone, 
Mas (angiotensin 1-7 receptor) agonists

Androgen receptor agonists Testosterone, selective androgen receptor 
modulators

Ghrelin analogues Anamorelin

JAK, Janus kinase; mTOR, mechanistic target of rapamycin.

Consider o�ering  enrolment 
in clinical trials

Consider protein 
supplementation

For older people
Undertake comprehensive geriatric 
assessment
• Management of comorbidities
• Medication review 
• Mood and memory 
• Appetite and food intake 
• Assessment of activities of daily living 
• Social care support
• Consider other nutrition and exercise   
 interventions as appropriate

RET
declined

O�er RET

Diagnosis of sarcopenia

RET
accepted

Fig. 5 | Algorithm for management of sarcopenia. This algorithm outlines the 
different management strategies that may currently be followed after sarcopenia 
is diagnosed dependent on whether or not resistance exercise training (RET) is 
offered and the age of the person diagnosed.
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older adults, most of whom were community-dwelling, those partici-
pants classified as living with sarcopenia typically have lower HRQOL 
than those without sarcopenia. Reports of similar associations in spe-
cific patient groups (for example, people with colorectal cancer139 or 
Parkinson disease140) serve to highlight that the impacts of sarcopenia 
on quality of life are likely to be wide-reaching, extending beyond the 
community to clinical settings, with potential to exacerbate the impacts 
of other diseases on HRQOL.

A noteworthy finding in the systematic review published in 
2023 (ref. 138) is that stronger associations between sarcopenia and 
lower HRQOL were observed when a condition-specific rather than 
generic HRQOL measure was used. The condition-specific instru-
ment used was the Sarcopenia Quality of Life questionnaire (SarQoL). 
Since its development in 2015 (ref. 141), SarQoL has been translated 
into 35 languages and multiple validation studies have demonstrated 
the ability of this 55-item instrument to detect differences in HRQOL 
between older people living with and without sarcopenia138. Although 
the team who developed SarQoL have identified further research 
required on the psychometric properties of this instrument, evidence 
for its utility as a patient-reported outcome measure in clinical trials 
is emerging142.

Associations between sarcopenia and lower HRQOL are likely to be 
at least partly explained by the detrimental impacts of sarcopenia on peo-
ple’s mobility, independence and ability to carry out the physical tasks of 
daily living (Box 3), all of which have been shown to be important facets 
of quality of life that are highly valued by people as they age143. Further 
work to understand these associations and elucidate novel opportuni-
ties to mitigate the adverse impacts of sarcopenia on quality of life will 
be facilitated by the assessment of HRQOL, using a condition-specific 
instrument, in people living with or at high risk of developing sarcopenia 
in different settings and by the incorporation of HRQOL assessments in 
studies of interventions designed to prevent or treat sarcopenia.

Outlook
Sarcopenia is a topic whose time has come and a number of factors 
have contributed to this23. First, although sarcopenia is a relatively 
newly recognized clinical condition, it is common, occurs globally, and 
is increasingly perceived as a major problem by patients and health-
care providers144. Second, an effective treatment exists in the form of 
resistance exercise training that can be implemented now. Third, the 
potential for advances in the field is immense with great progress being 
made in understanding the underlying skeletal muscle biology and an 
increasing focus on how these findings can be translated into improving 
the diagnosis, treatment and prevention of sarcopenia across the life 
course. A particularly exciting feature of the field is the opportunity for 
scientists and clinicians from a range of disciplines to contribute, and 
biomedical science has a particularly important role to play.

Epidemiology
Despite variation in estimates of prevalence resulting from the use of 
different approaches to definition, it is clear that sarcopenia is common. 
GLIS is likely to bring about international consensus in the conceptual 
definition of sarcopenia and in standard approaches to its operationali-
zation and diagnosis in different world regions, with recognition that 
different populations may still require different cut-off points. This in 
turn will improve the consistency of prevalence estimates not only 
in the general population (including older people) but also in patient 
groups with specific long-term health conditions.

Mechanisms and pathophysiology
Some of the most exciting developments in the sarcopenia field are 
currently happening in ageing skeletal muscle biology, and harness-
ing progress in understanding the hallmarks of ageing has been key. 
Hallmarks are biological mechanisms characterized by being associated 
with age and also with the potential to be experimentally manipulated 

Box 3 | Patient experience
 

In 2023, 11 older people (six men and five women) who had 
experienced age-related decline in muscle function were identified 
via Patient and Public Involvement and Engagement events led by 
the Ageing, Sarcopenia and Multimorbidity theme within the National 
Institute for Health and Care Research (NIHR) Newcastle Biomedical 
Research Centre, UK. These people were each asked a standard 
set of questions to help inform future research on sarcopenia. The 
participants were asked about changes in their strength and physical 
function over time, the impacts of these changes on their daily 
lives, and how this made them feel. With their consent, anonymized 
excerpts from their responses are quoted below.

Changes in muscle strength and ability to do physical 
everyday tasks

	• I’ve noticed I’ve become weaker for example walking up and down 
stairs. I’ve found getting up and out of a chair harder and noticed 
my upper body strength has got weaker.

	• I can’t walk as far as I used to, can now only manage to walk the 
length of a football pitch and back. Bending down and gardening 
is harder and I have to push up off the floor. I’ve noticed my grip 
isn’t as strong as it used to be and I find it harder to reach for things.

	• I’ve definitely noticed changes. It’s trickier to get out of a chair now 
and my feet wobble. I’m much slower at doing my job. Climbing 
the stairs is also harder. I’m a lot slower than I used to be and I have 
to grab the banister.

Impacts on daily life, and how these impacts made 
people feel

	• They [changes in strength and function] have had a big impact. 
I can’t walk the dog as far as I used to and I only go on shorter walks 
now. I get frustrated that I can’t do what I used to be able to do.

	• Was easy to carry two full coal buckets, now it’s down to one. 
Found holding my arm out to the side to pick up a full glass 
hard, had to hold my right arm to help with kettle holding. Feel 
despondent, annoyed and determined to get strength back.

	• I used to be in a walking group but now I can’t keep up with the 
pace. I feel sad that I had to stop going.

	• I’m now limited in what I can do. I’ve had to get a gardener to help 
with the garden. I’m also very independent so found it hard on my 
mental wellbeing to ask for help. It upsets me that I can’t do the 
things I used to and I sometimes get frustrated.
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to both accelerate and slow ageing. The number of ageing hallmarks 
has increased from nine to 12 in a review of this field in 2019 (ref. 61), 
and applying the original nine to the context of skeletal muscle has 
delineated those most likely to be relevant in sarcopenia53. In addition, 
five novel hallmarks have been proposed for ageing skeletal muscle 
(altered inflammation, reduced vascular function, neural dysfunction, 
ECM dysfunction and ionic dyshomeostasis), and these should be the 
focus of research, for example, to identify pathophysiological causes 
resulting in a common phenotype. Studies that include women as well 
as men will also be crucial.

Diagnosis, screening and prevention
In the past 10 years, there has been considerable convergence in 
approaches to sarcopenia diagnosis, with a growing emphasis on the 
central importance of muscle strength. GLIS will provide impetus for an 
internationally agreed definition in the near future23. Existing evidence 
demonstrates that adopting a standard definition of sarcopenia can 
support required organizational changes to clinical practice145, improve 
awareness and case-finding and lead to local service improvements that 
benefit people living with sarcopenia146, suggesting that GLIS will enable 
a step change in both research and clinical practice at a global level. 
Case-finding remains the approach of choice as there is no evidence to 
date that screening is effective. The evidence for preventive strategies 
is currently limited, although a life course approach to understanding 
sarcopenia is advocated. With deep phenotyping of skeletal muscle 
being embedded increasingly widely in longitudinal epidemiological 
studies of women and men147,148, important insights are likely to accrue.

Management
Resistance exercise training is currently the mainstay of treatment for 
sarcopenia, and recognizing the importance of guidance on how to 
prescribe appropriate exercise has been an important step forward95. 
However, exercise is not suitable for all people living with sarcopenia, 
so discovering both adjunctive and alternative treatments is impera-
tive. Nutritional supplementation seems to have a role, particularly 
if nutritional status is suboptimal. By contrast, drug development is 
proving challenging and there are no licensed drugs for sarcopenia 
to date. However, drug development is an area of considerable inter-
est and breakthroughs are likely to be enabled by close collaboration 
between those working in preclinical and human ageing skeletal muscle 
biology and those working in experimental medicine to translate the 
mechanistic understanding into first-in-human intervention studies.

Quality of life
One of the most important features of sarcopenia is its adverse effect on 
people’s quality of life. This has not always been captured consistently in 
human studies to date but is an increasing focus for both observational 
and intervention studies and trials going forward.

Global perspectives
Important advances have been made in sarcopenia research in the past 
25 years and the field is now ready for a step change, with an internation-
ally agreed approach to the definition and diagnosis likely to be avail-
able in the near future. GLIS is central to this but, despite ensuring for 
the first time in an international sarcopenia initiative the involvement 
of researchers from all world regions, considerable imbalance remains 
in researchers, funding and findings from continents such as Africa, 
and South America. This is hampering progress, and sustained sup-
port, for example, to encourage international research collaboration 

initiatives across continents, could enable sarcopenia to be recognized, 
understood and managed across all areas of the world and, therefore, 
be transformative.

Published online: xx xx xxxx
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