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Abstract
Introduction: Loss of skeletal muscle mass and function (sarcopenia) is common in individuals with obesity due to metabolic changes associated with a sedentary lifestyle, adipose
tissue derangements, comorbidities (acute and chronic diseases) and during the ageing process. Co-existence of excess
adiposity and low muscle mass/function is referred to as sarcopenic obesity (SO), a condition increasingly recognized for
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its clinical and functional features that negatively influence
important patient-centred outcomes. Effective prevention
and treatment strategies for SO are urgently needed, but efforts are hampered by the lack of a universally established
SO definition and diagnostic criteria. Resulting inconsistencies in the literature also negatively affect the ability to define prevalence as well as clinical relevance of SO for negative health outcomes. Aims and Methods: The European Society for Clinical Nutrition and Metabolism (ESPEN) and the
European Association for the Study of Obesity (EASO)
launched an initiative to reach expert consensus on a definition and diagnostic criteria for SO. The jointly appointed international expert panel proposes that SO is defined as the
co-existence of excess adiposity and low muscle mass/function. The diagnosis of SO should be considered in at-risk individuals who screen positive for a co-occurring elevated
body mass index or waist circumference, and markers of low
skeletal muscle mass and function (risk factors, clinical symptoms, or validated questionnaires). Diagnostic procedures
should initially include assessment of skeletal muscle function, followed by assessment of body composition where
presence of excess adiposity and low skeletal muscle mass
or related body compartments confirm the diagnosis of SO.
Individuals with SO should be further stratified into stage I in
the absence of clinical complications or stage II if cases are
associated with complications linked to altered body composition or skeletal muscle dysfunction. Conclusions: ESPEN
and EASO, as well as the expert international panel, advocate
that the proposed SO definition and diagnostic criteria be
implemented into routine clinical practice. The panel also
encourages prospective studies in addition to secondary
analysis of existing data sets, to study the predictive value,
treatment efficacy and clinical impact of this SO definition.
© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Sarcopenic obesity (SO) is a clinical and functional
condition characterized by the coexistence of obesity,
characterized by excess fat mass (FM), and sarcopenia [1,
2]. Sarcopenia, defined as low skeletal muscle mass and
function, has been identified and described as a geriatric
syndrome with a multifactorial aetiology whose prevalence increases with age [3–5].
Loss of skeletal muscle mass and function generally occurs with ageing and is commonly paralleled by relative
or absolute body fat gain; this process favours the potential development and onset of SO. However, sarcopenia
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may arise in individuals with obesity at any age. Obesity
can independently lead to loss of muscle mass and function, due to the negative impact of adipose tissue-dependent metabolic derangements, such as oxidative stress,
inflammation and insulin resistance, all of which negatively affect muscle mass [6]. Additionally, individuals
with obesity have a high prevalence of chronic non-communicable diseases that negatively impact muscle metabolism (both anabolism and catabolism). Sedentary lifestyle may also play a relevant role, being both a primary
cause and a consequence of both sarcopenia and obesity,
which may be exacerbated by comorbidities. Importantly, therapeutic weight loss targeting excess fat inevitably
leads to loss of variable amounts of skeletal muscle mass,
which may be more pronounced in individuals with predisposing catabolic conditions (chronic diseases, ageing),
following bariatric surgery (particularly in the absence of
nutritional supervision and follow-up) or in the presence
of long-lasting inappropriate or unbalanced dietary regimens (specifically low protein intake) and weight cycling
[7–11].
On the other hand, sarcopenia may directly facilitate
fat accumulation through reduced total energy expenditure, and obesity and sarcopenia may therefore synergistically enhance one another with vicious cycling of fat
gains and muscle loss through reduced mobility, dependency and disability. From a clinical standpoint, SO potentially leads to a cumulative risk derived from the two
individual clinical situations [12–15]. Moreover, the
cross-talk between adipose tissue, skeletal muscle and
bone supports the evidence of an increasingly complex
picture in which the pathophysiological and clinical alterations of bone structure and osteoporosis may also
play a role [16].
The negative clinical consequences of SO are of paramount importance. Sarcopenic obesity has been so far
identified through various definitions and diagnostic
constructs, but it has been consistently demonstrated to
be a strong and independent risk factor for frailty, comorbidities and mortality in various highly prevalent disease
conditions, as well as for mortality in the general and especially in the older population [17–19].
However, the lack of universally recognized diagnostic
criteria for SO clearly affects patient identification, reliable assessment of SO prevalence as well as the assessment of SO-related outcomes, its cost and, consequently,
public health policy. Most importantly, the lack of diagnostic criteria has a strong negative impact on the development of SO prevention and treatment strategies. Building a consensus on the definition and the diagnostic criDonini et al.

teria of SO is therefore an urgent, unmet clinical priority.
The European Society for Clinical Nutrition and Metabolism (ESPEN) and the European Association for the Study
of Obesity (EASO) have thus promoted and developed an
SO initiative involving an international expert panel. The
panel started its activity by performing a systematic review aimed at analysing the available scientific literature
on definitions and diagnostic criteria for SO which have
been applied in human studies [20]. Its results confirmed
a marked heterogeneity in definitions and diagnostic approaches, due to different definitions of obesity and sarcopenia, differences in methodologies to assess body
composition and function, as well as in the applied reference values for the variables that have been used (different cut-offs and divergent statistical stratification methods).
Based on these results, a procedure was promoted to
reach consensus on: (1) definition of SO; (2) diagnostic
procedures – including approach to screening, diagnostic
and staging criteria, at the level of both potential gold
standards and acceptable surrogates with wide clinical
applicability; (3) methodologies to be employed and related cut-off values.
Methods
The consensus initiative followed standard operating procedures for ESPEN guidelines and consensus papers [21]. A pool of
38 international researchers (all authors of the present study) from
different areas (experts in obesity or sarcopenia, nutritionists, dietitians, geriatricians, experts in body composition) based in 16
countries on four continents contributed to the consensus process.
Five members of the group (L.M.D., L.B., S.B., T.C. and R.B.) coordinated the study activities.
The consensus procedure used a four-phase Delphi process
consisting of sequential rounds of web-based questionnaires. The
first round took place in the first months of 2020 after finalization
of the research questions by the steering committee. All the following phases of the consensus procedure (2nd round: July 2020; 3rd
round: December 2020; 4th round: February 2021) were based on
the feedback from the previous online voting used to reduce the
number of items and to modify the previous research questions in
order to reach the highest degree of acceptance at the following
online voting.
During all the phases, participants were asked to rank each of
the statements individually on a 5-point Likert scale (strongly disagree; disagree; neither agree nor disagree; agree; strongly agree)
justifying their choice. Statements that met predetermined consensus thresholds (acceptance: >75% of respondents providing a
positive result – agree or strongly agree – on the Likert scale) were
brought forward to the next consensus step.
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Results

After four sequential rounds of web-based questionnaires, a very strong approval basis [agreement (agree +
strongly agree) = 93.6%] was reached for a global proposal encompassing SO definition, screening, diagnosis
and staging with a decision algorithm to guide the patient
identification and diagnostic procedure.
1 Definition of Sarcopenic Obesity
Sarcopenic obesity is defined as the co-existence of
obesity and sarcopenia.
2 Diagnostic Procedures
The evaluation of individuals with suspected SO will
be structured on two different levels: screening and diagnosis. The latter will allow a staging of the disease on two
levels (Fig. 1).
a. Screening
Screening for SO is based on the concomitant presence
of an elevated body mass index (BMI) or waist circumference with ethnicity-specific cut points [22–30] and surrogate indicators of sarcopenia (e.g., clinical symptoms,
risk factors; Table 1) or validated questionnaires (e.g.,
SARC-F in older subjects) [31, 32]. The panel suggests to
adopt the cut points given by the WHO for BMI [22, 23]
and the references given by the National Institutes of
Health [28] and Misra et al. [29] for waist circumference,
respectively, for Caucasian and Asian populations. In online supplementary Table S1 (for all online suppl. material, see www.karger.com/doi/10.1159/000521241) are
given other reference cut points to be considered in specific situations [22–30]. Future research should aim at defining the best cut points to be considered in research and
clinical practice concerning SO.
b. Diagnosis
Diagnosis to confirm or reject SO should always follow
a positive screening result. Both altered skeletal muscle
functional parameters and altered body composition are
needed to establish a firm diagnosis of SO. The diagnostic
evaluation will primarily be performed when techniques
and devices for body composition measurements are
available.
The diagnosis of SO will be performed in two steps by
sequentially assessing:
1. Skeletal muscle functional parameters: the group supports the assessment of skeletal muscle strength [e.g.,
hand-grip strength (HGS), knee extensor strength (adObes Facts 2022;15:321–335
DOI: 10.1159/000521241
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Fig. 1. Diagnostic procedure for the assessment of sarcopenic obesity. ALM/W, appendicular lean mass adjusted
to body weight; ASMM, absolute skeletal muscle mass; BIA, bioelectrical impedance analysis; BMI, body mass
index; DXA, dual X-ray absorptiometry; FM, fat mass; HGS, handgrip strength; SMM/W, total skeletal muscle
mass adjusted by weight; SO, sarcopenic obesity; WC, waist circumference; SARC-F, strength, assistance with
walking, rising from a chair, climbing stairs and falls.

justed for body mass in populations where data are
available) or chair-stand test (5-time sit-to-stand test;
30-s chair stand test)]. With regard to muscle functional parameters, cut-off points need to be validated
as reference values for sex, ethnicity and age stratum
[33–75]. Moreover, as discussed below, various studies
suggest the necessity to adjust HGS to body mass [76,
77]. If low skeletal muscle functional parameters are
detected, the diagnostic algorithm will continue with
the assessment of body composition.
2. Body composition: the group supports its assessment
by dual-energy X-ray absorptiometry (DXA), or bioelectrical impedance analysis (BIA) as an alternative
second choice. Computerized tomography (CT)
should be used when possible (e.g., in patients undergoing CT scans for additional diagnostic reasons as
commonly occurring in oncology).
The panel suggests to adopt the cut points given by
Dodds et al. [38] and Chen et al. [43] for HGS (for Cau324
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casian and Asian populations, respectively), the references given by Gallagher et al. [50] for FM, by Janssen et al.
[61] for skeletal muscle mass adjusted by weight (SMM/W)
and by Batsis et al. [65] for appendicular lean mass adjusted to body weight (ALM/W). In online supplementary Table S2 are given other reference cut points to be
considered in specific situations [38–75]. Future research
should aim at defining the best cut points to be considered in research and clinical practice concerning SO.
c. Staging
When the SO diagnosis is established, a two-level staging should be performed, which is based on the presence
of complications and which aims to stratify patients based
on the severity of SO. SO stages should be defined as follows:
Stage I: no complications attributable to altered body
composition and skeletal muscle functional parameters

Donini et al.

Table 1. Clinical symptoms or suspicion factors for the screening of sarcopenic obesity
Age >70 years
Chronic disease diagnosis (e.g., inflammatory diseases and organ failure or chronic disease) including but not limited to:
Chronic heart failure
Chronic kidney disease (particularly renal replacement therapy)
Chronic bowel failure or dysfunction
Chronic liver disease (particularly NASH and liver cirrhosis)
Chronic respiratory disease
Chronic neurologic and neurodegenerative diseases
Chronic cognitive impairment
Depression
Organ transplantation
Endocrine diseases (e.g., metabolic syndrome, diabetes mellitus, hypercortisolism, hypogonadism and corticoid treatment)
Osteoarthritis
Cancer (especially but not limited to chemotherapy of breast or prostate cancer)
Recent acute disease/nutritional events:
Recent hospitalization (particularly but not limited to COVID-19, ICU stay, surgery)
Recent major surgery or trauma with/without complications
Recent sustained immobilization or reduced mobility (e.g., trauma, fracture, orthopaedic disease)
Recent history of reduced food intake (e.g., <50% for >2 weeks)
Recent weight loss (including diet-induced voluntary weight loss and weight cycling syndrome)
Recent rapid increase in weight
Long-standing restrictive diets and bariatric surgery
History – complaint of:
Repeated falls
Weakness, exhaustion
Fatigability
Perceived progressive movement limitations

Stage II: Presence of at least one complication attributable to altered body composition and skeletal muscle
functional parameters (e.g., metabolic diseases, disabilities resulting from high FM and/or low muscle mass, cardiovascular and respiratory diseases)

1 Definition of Sarcopenic Obesity
Sarcopenic obesity is characterized by the combination of obesity, defined by high body fat percentage, AND
sarcopenia, defined as low skeletal muscle mass accompanied by low muscle function. SO needs to be considered as a unique clinical condition, different from obesity
or sarcopenia alone. This is due to the existence of: (1)
bidirectional, pathogenic interaction between body FM
accumulation and loss of skeletal muscle mass and func-

tion; (2) negative clinical interactions between obesity
and sarcopenia, leading to a synergistically higher risk for
metabolic disease and functional impairment compared
to those caused by the cumulative risk from each separate
condition [78, 79].
The group supports that sarcopenia and obesity be
identified as distinct phenotypic traits. Despite pathophysiological interactions that lead to vicious cycles
with potential mutual synergistic worsening of both
conditions, there are currently insufficient clinical data
to suggest and support an integrated index for SO definition that simultaneously takes into account body fat
and muscle mass. In a recent systematic review, we
found that unified parameters with both fat and muscle
measurements related in a single criterion were used for
SO definition in only 6 out of 75 selected studies. Moreover, the unified parameters differed in the respective
studies [20].
The group however supports that current definitions
of obesity and sarcopenia should not be automatically applied to define SO. In particular, sarcopenia has been defined as low skeletal muscle mass (appendicular lean mass
in age-related primary sarcopenia) and function, but
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Discussion

Our process provided a consensus definition of SO
and importantly, a structured, two-level algorithm
(screening and diagnosis), in evaluating patients who
may have SO. The latter will be followed by SO staging.
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muscle changes should be considered in the context of
obesity.
Skeletal muscle mass and relative muscle mass: in absolute terms, high body fat in obesity may result in a relative reduction of skeletal muscle mass (% skeletal muscle
mass/BW), also in the absence of absolute skeletal muscle
loss. A relative reduction in skeletal muscle mass could
therefore merely result from higher body fat. Individuals
with obesity may conversely have comparable or even
higher absolute skeletal muscle mass relative to nonobese counterparts, due to higher overall body mass and
potentially higher related muscle workload in daily physical activity [80, 81]. However, near-normal skeletal muscle mass according to reference ranges for the general
non-obese population may be accompanied by lower or
inadequate muscle strength and performance in individuals with obesity [82].
For the definition of sarcopenia in SO we therefore
support the concept of normalizing skeletal muscle mass
to body mass and the need to introduce the concept of
“relative or adequate muscle mass.”
Skeletal muscle mass assessment: ideally, total skeletal
muscle mass should be directly measured using gold standard techniques for the diagnosis of SO. This group, however, acknowledges that surrogates of skeletal muscle
mass often need to be considered, due to practical limitations in its assessment in clinical and research settings.
Even accurate methods commonly used in clinical research and practice provide assessment of lean mass (LM)
or fat-free mass (FFM) as a whole, which includes other
non-muscle organs such as gut, liver, kidney. Body fluids
are also included in FFM and may reduce precision. Specific muscle areas can also be considered as surrogates
and have been reported to predict clinical outcomes in
specific disease settings [83, 84].
Skeletal muscle quality: among other specific issues,
skeletal muscle quality may be profoundly altered in people with obesity, particularly in terms of ectopic fat deposition (e.g., myosteatosis) which may be highly prevalent
in the presence of excess body fat. Myosteatosis is indeed
recognized to negatively correlate with skeletal muscle
mass and strength, as well as with systemic metabolic derangements including insulin resistance and type 2 diabetes, and with mobility, thereby being of prognostic relevance [85–87].
Skeletal muscle function: The group supports that sarcopenia in SO must be defined as concomitant reduction
of skeletal muscle mass and function. Skeletal muscle
functional parameters (primarily based on muscle
strength) therefore need to be considered in the defini326
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tion of SO. Besides the relevance of muscle functional parameters for patient outcomes and prognosis, differential
changes in skeletal muscle mass and functional parameters reported in several available studies directly support
their independent measurement [88, 89].
Discrepancies in muscle mass and function may also
be due, at least in part, to current methodological limitations in accurate assessment of skeletal muscle mass
[86]. However, other relevant pathophysiological features including muscle quality and composition, muscle energy metabolism derangements and neuromuscular junction alterations may alter the relationship between skeletal muscle mass and function, thereby
supporting the need to directly assess the latter to define
and diagnose SO. Although skeletal muscle mass per se
may be relevant for metabolic outcomes, altered muscle
function is indeed associated with global individual
functional impairment, reduced quality of life and
shorter survival [90, 91].
Excess body fat may also notably lead per se to functional impairment and disability due to motor or cardiorespiratory complications. This also indicates the synergistic negative impact of both fat and skeletal muscle
components on SO clinical outcomes.
Sarcopenic obesity epidemiology: SO is more frequently present in older adults, in part, due to the changes observed in body composition which in general accompany the aging process [65].
However, SO is not uniquely a geriatric condition (or
limited to older adults). Several risk factors can accelerate
the onset of sarcopenia in individuals with obesity such
as clustered systemic and muscle oxidative stress, inflammation and insulin resistance which may occur in obesity
particularly in the presence of metabolic complications
and other comorbidities. Sarcopenic obesity can, therefore, also be observed in middle-aged and younger individuals with obesity often particularly due to acute and
chronic diseases, and to rapid increments or body weight
cycling also following weight loss treatment. In 28 of the
75 studies selected in our recent SO systematic review
[20], the mean age of the studied population was below
65 years. In a study conducted by Poggiogalle et al. [75]
in a sample of 727 participants with obesity (141 M, 586
F; mean age: 45.6 ± 13.5 and 45.8 ± 13.6 years; mean BMI:
37.6 ± 6 and 37.8 ± 5.8 kg/m2, respectively), the prevalence of SO (sarcopenia defined as ALM/W <2 SD than
the sex-specific mean reference value of a young population) was 34.8% in males and 50.1% in females. Similar
results were obtained by El Ghoch et al. [92] in a sample
of 147 individuals with obesity, where 63.3% met the criDonini et al.

teria for reduced lean mass that was negatively associated
with the 6-min walking test.
Sarcopenic obesity classification – primary and secondary sarcopenic obesity: SO, and in particular its sarcopenia component, has been proposed to be differentiated into a primary or secondary condition, with primary sarcopenia defined as age-related, or linked to
sedentary lifestyle or to the direct effect of adipose tissueassociated inflammation on muscle mass. On the other
hand, secondary sarcopenia is considered to result from
the presence of obesity itself as an accelerating factor, and
acute diseases which may provide the major pathophysiological background for the condition, with vicious cycling of muscle catabolic derangements, low physical activity, and fat gain. In the present consensus, no differentiation was proposed between primary and secondary
sarcopenia in terms of definition and diagnostic criteria
due to lack of evidence for differential defining features.
This classification may be however useful to better understand the aetiopathogenetic mechanisms leading to
SO, and the proposed staging phase following SO diagnosis may provide clues regarding the presence of a primary or secondary form of SO. Notably, future research
should also aim at differentiating the potential two SO
forms, particularly since differential treatment strategies
may be needed to address differential prevalent underlying mechanisms.
2 Sarcopenic Obesity Diagnostic Procedures
a. Screening
Screening tools should have maximum sensitivity. The
ability to screen needs to be practical, affordable and time
efficient for all at-risk individuals and potentially performed by different health care professionals (HCPs; e.g.,
nurses, general practitioners) who may or may not have
expertise in the field of obesity or sarcopenia). It should
therefore be carried out with tools that are easy to apply
in a variety of clinical settings (e.g., outpatient clinics,
hospitals, skilled nursing homes). It is important to note
that the choice of reference ranges for each race or ethnic
group has been challenging to identify given the lack of
this information in some studies and mixed ethnicities in
others. The utmost caution must therefore be applied in
the choice of references in clinical and research activities
since most of the studies are in Caucasian groups.
The group supports that screening aims at case finding
with maximized sensitivity, which should be accessible to
the highest possible number of individuals at risk and
should therefore be feasible to the highest number of
HCP also without specialized expertise in the field of obeDefinition and Diagnostic Criteria for
Sarcopenic Obesity

sity or sarcopenia. For this reason, the group supports the
use of accessible, affordable and easy to use tools. The use
of BMI is considered to be fully acceptable in the screening phase of the diagnostic process, both for its wide utilization in routine clinical practice in all settings and to
allow implementation of the screening procedure, while
recognizing the important limitations of BMI in the detection of fat distribution and body composition [24, 25,
93]. The group also supports the use of waist circumference [27, 28] as an accessible clinical tool that should be
widely used for the identification of excess abdominal visceral fat and related cardiometabolic risk. The use of waist
circumference will improve the risk assessment of sarcopenia due to a high potential catabolic impact of visceral
fat-related abnormalities.
The group supports the list of conditions that raise
clinical suspicion and risk factors including older age
(Table 1). It is therefore proposed that all people with
obesity and overweight above the age of 70 should be considered at risk of SO, due to the additional risk of developing age-related sarcopenia. In practice, it is proposed
that this population should be regularly screened guided
by muscle functional tests to rule out SO. Additional risk
factors include several chronic diseases well known to enhance the risk of loss of muscle mass and function, as well
as catabolic events or nutritional derangements potentially causing muscle loss [94, 95].
Major diseases that can affect body weight through
fluid retention (e.g., heart, liver and kidney failure, cancer) should also be carefully considered and assessed to
avoid screening errors. The group finally advocates for
the development of questionnaires that should be validated to establish the risk of sarcopenia in individuals
with obesity at all ages. For example, the SARC-F [31, 32]
includes five components: strength, assistance walking,
rise from a chair, climbing stairs and history of falls, and
can be used in the screening phase for older adults, since
it has not been currently validated in younger age categories. Studies have suggested that the sensitivity of SARCF may be improved by adding calf circumference [96].
Nonetheless, very limited data are however currently
available on the use of calf circumference in SO, mainly
reflecting the necessity to standardize the procedure [97]
and the general limitations to the use of anthropometry
in individuals with obesity, as only recently adjustment
factors have been made available [98]. Future research
will be needed to verify the potential usefulness of including calf circumference in the SO screening procedure
[43, 98–103].
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b. Diagnosis
Diagnosis of SO, following positive screening, requires
the presence of both altered skeletal muscle functional
parameters and altered body composition. Skeletal muscle mass, estimated using techniques available for clinical
practice such as BIA and DXA that do not directly assess
muscle, is not a good indicator of functional impairment
[104]. In fact, when using the D3-creatine dilution method, the association between muscle mass and disability is
significant [105].
Altered skeletal muscle functional parameters: As discussed above, the group agrees that muscle function is a
fundamental component of SO in both the definition and
diagnostic process. In particular, the group agrees that
functional consequences are of the utmost importance in
the definition of the clinical picture of SO since they can
affect quality of life of patients and treatment protocols of
SO. Not only in sarcopenia, but also in obesity, functional impairment is very frequent and may occur well before
old age [106–108]. SO diagnosis, therefore, needs to include direct assessment of altered skeletal muscle functional parameters along with altered body composition.
The decision to recommend the assessment of skeletal
muscle functional parameters as the first step in the diagnostic process also addresses the need for practicality.
The evaluation of body composition requires tools that,
although increasingly available, may be less routinely accessible than those employed for the assessment of skeletal muscle function, particularly regarding muscle
strength and physical performance.
In this context, a preliminary evaluation of functional
parameters may represent a feasible approach to assess
the risk of SO in at-risk subjects with a positive screening
but without functional impairment who therefore would
not meet the diagnostic criteria for SO. On the other
hand, impairment of skeletal muscle functional parameters mandates the continuation of the diagnostic process
with assessment of body composition [109].
The group indicates that muscle strength should be the
functional parameter of choice for SO diagnosis although
the available data do not show, at the moment, a clear superiority of a specific functional test; as such, this is an
important topic for future investigation. More generally,
as shown in online supplementary Table S2 also for the
chair stand test and knee extensor strength, reference values have been commonly generated based on studies
characterized by great heterogeneity of the considered
population (age, ethnicity, sex). While the definition or
refinement of reference values represents a topic for future research, researchers and clinicians should currently
328
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refer to cut-off points that are the closest to their studied
population or patients.
Although gait speed has clinical relevance as a measure
of physical performance and may identify disability and
functional impairment in various settings, the group does
not recommend its inclusion as a primary mandatory assessment tool in the SO diagnostic procedure because of
potential clinical confounding factors that may affect test
results, including osteoarthritis of the knee which is frequently observed in patients with obesity [110].
While supporting utilization of muscle strength tests
(hand grip strength and chair stand tests) that are not, or
are less impacted by pain, the group advocates further research that could lead to a larger panel of tests for muscle
function assessment in the SO diagnostic procedure. For
practical purposes, several skeletal muscle strength assessment methods have been proposed in the literature,
each with advantages and limitations including validation studies in specific age groups or in samples of patients with well-defined clinical pictures [111].
The group recognizes that available information does
not allow to select a single optimal measurement system;
different systems for evaluating skeletal muscle strength
are therefore presented in online supplementary Table
S2, and it is recommended to use validated cut-off points
for different sex and age classes. The concept of relative
muscle strength is potentially relevant, but the group
agrees that there is currently no sufficient evidence to recommend adjustment methods based on body weight or
BMI, also considering that no clear cut-offs for relative
HGS are available (with only the Foundation for the National Institutes of Health – FNIH – suggesting a cut-off
for HGS/BMI) and that advantages and disadvantages of
using normalized strength are still not clearly defined [33,
40, 112–115].
The group therefore supports the use of maximal
strength between the two limbs for the definition of HGS
and knee extensor strength. We encourage studies that
further define optimal potential adjustment criteria, particularly for people with obesity.
Body composition assessment methods: With regard
to body composition assessment, obesity should be defined as increased FM% of total body weight. An increase
in visceral FM should also be considered for the evaluation of overall clinical risk by measuring waist circumference [30]. Using normalizations for FM (e.g., fat mass index) may lead to different and partly contradictory results
[116]. The panel supports normalization for body weight
but is aware of the limits of this option (e.g., in case of
significant increase in body water) and therefore advoDonini et al.

cates that further studies are needed to potentially validate the use of different adjustments of FM (e.g., for body
height) in individuals with obesity in the process of SO
diagnosis.
Moreover, the diagnosis of sarcopenia requires a relative reduction of skeletal muscle mass adjusted to body
weight; the panel considers ALM/W as the most suitable
parameter when DXA is available; ALM/W or SMM/W
may represent a valid option for BIA. However, it should
be noted that skeletal muscle mass is derived from equations when using BIA (developed from DXA), which may
limit its reliability and requires caution in both clinical
practice and research. In fact, the use of specific equations
for BIA calculations should require validation methods
that, together with cut-off points, may significantly differ
from one study to another. Moreover, using BIA in individuals with BMI > 34 kg/m2 may lead to an underestimation of FM and an overestimation of FFM [117]. The proposal to identify sarcopenia in SO as a relative reduction
of muscle mass adjusted to body weight is based on the
observation that a relative reduction of muscle mass in
the presence of high total body mass and FM may have
relevant clinical and functional impact even in the absence of absolute muscle mass reduction [118].
In the systematic review that served as the background
to this consensus process, the same number of papers
used ALM/W or ALM/height2 as a parameter to define
sarcopenia in SO. The panel advocates further studies to
further verify the validity of each specific index, and particularly normalization for body height.
The group supports that body composition should be
assessed by DXA, or BIA as second choice. Both methods
have some acknowledged limitations. For DXA it includes cost issues, variability in tissue thickness, lean tissue hydration, lack of skeletal muscle quantification, the
overall skeletal muscle proportion of lean mass and the
inclusion of the non-muscle lean component that may
reduce accuracy in persons with obesity and lead to discrepancies between body composition and functional parameters [84, 119, 120]. In turn, BIA limitations also include lack of direct measurement of body composition.
Skeletal muscle mass is estimated based on BIA raw measurements based on population and device-specific equations, with reduced accuracy in the presence of altered
fluid balance. The presence of obesity specially impacts
the assumption of constant hydration potentially decreasing BIA accuracy [121, 122].
Also, age, ethnicity and specific disease conditions
may require specific equations and cut-offs [82] that may
not be available for different devices.

In addition, as also discussed above, lack of direct measurement of skeletal muscle mass might lead to inaccuracies which could account, at least in part, for reported
limited predictive value of DXA and BIA-estimated muscle mass with poor functional outcomes in older adults.
In terms of methodology, use of DXA with visceral fat
analyser does not appear to improve the definition of FM
distribution, and its clinical applicability may be limited.
The use of magnetic resonance imaging as well as D3creatine dilution is currently essentially limited to research settings; they may represent useful procedures to
validate predictive equations and cut-off points to be used
in clinical practice for the assessment of body composition and skeletal muscle mass.
Emerging research shows that the association of body
composition, and particularly skeletal muscle mass, with
functional parameters is stronger if tools directly measuring skeletal muscle mass such as D3-creatine dilution are
employed [123]. However, D3-creatine dilution still
awaits validation in various clinical settings and is not
widely available for clinical practice implementation.
While acknowledging that accurate direct measurement
of skeletal muscle mass might improve its predictive value for muscle function, the group agrees that DXA and
BIA represent an adequate compromise between precision and accuracy of measurements and availability of instruments for clinical implementation of SO diagnosis.
The group also emphasizes that CT has been increasingly employed in clinical research for measuring selected
skeletal muscle areas, which have been validated against
strong clinical outcomes in various disease settings. The
third lumbar vertebra muscle landmark is recommended
(from abdominal CT scans), based on its strong association with whole body muscle mass, although other muscles and muscle groups have been proposed, e.g. from
chest, thigh scans and other areas. Notably, the use of CT
scans specifically for routine diagnosis of sarcopenia is
arguably difficult to implement, due to costs and X-ray
exposure. Therefore, the use of this tool is largely limited
to availability from medical records (e.g., opportunistic
use) where CT scans are used in the evaluation of other
disorders (e.g., malignancy). In this context, there is a
strong rationale to incorporate body composition, which
includes muscle mass assessment in large groups of patients undergoing CT examinations due to various disease conditions. Routine implementation of muscle assessment requires awareness of the clinical relevance of
diagnosing low muscle mass and SO in the same patients.
Anthropometry, including calf circumference and
mid-arm muscle circumference, may theoretically play a
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major role in the assessment of body composition in clinical practice by allowing for a simple and rapid estimation of skeletal muscle mass (e.g., markers of low muscle
mass). Important limitations however apply for main anthropometric methods. Anthropometry is generally less
sensitive than body composition methods described earlier. In addition, similar to other techniques, it only includes selected skeletal muscle groups. Most importantly, anthropometric measurements to estimate skeletal
muscle mass are affected by excess subcutaneous fat or
fluid accumulation such as commonly observed in obesity [124]. Therefore, use of anthropometry cannot be
routinely recommended in people with obesity and
should be limited to calf circumference and only in the
absence of oedema. Recent data indicated that adjustment for BMI leads to a higher predictive validity of calf
circumference as a marker of skeletal muscle mass and
clinical outcomes in the Health and Nutrition Examination Survey (NHANES) general population cohort [98].
Further studies are urgently advocated to validate adjustment for BMI to detect low calf circumference, low skeletal muscle mass and potentially SO in persons with obesity [125].
Cut-offs: The group supports a general approach to
use available consensus-based cut-offs at this time. Online supplementary Tables S1 and S2 provide a summary
of main available examples of parameters considered in
the present document. Age, sex and ethnicity-specific
cut-offs are needed and may not be available for all devices and techniques in all clinical conditions.
With regard to skeletal muscle mass and to the “relative” muscle mass concept, the group advocates for the
adjustment of skeletal muscle mass, and particularly
ALM/W. Further research is needed to verify whether
this adjustment leads to potential overestimation of muscle mass in people with obesity, whereas adjustment to
height or BMI would better express the relative amount
of muscle mass.
Regarding body FM, the upper sex-specific cut-offs of
40% for females and 30% for males have been proposed
as best predictors of mortality in the NHANES sample
(American population) using DXA [59]. Woolcott et al.
[126] developed a calculated %FM parameter defined as
relative FM based not on body composition assessment,
but rather calculated using height and waist circumference. These values need to be validated in populations
with different ethnicities and using different methods for
%FM assessment. While the group advocates normalization of SMM/W, the issue of normalization of FM by
height is substantially less studied and may potentially
330
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lead to relevant differences in diagnosis and prevalence of
SO. The group supports the use of %FM while advocating
comparative studies to validate these approaches and in
particular normalization of %FM for body height [116]
against clinical outcomes and with one another.
c. Staging
The group supports SO staging after diagnosis has
been established, based on the presence of complications
attributable to altered body composition and skeletal
muscle functional parameters such as metabolic diseases,
functional impairments resulting from high FM and/or
low muscle mass, cardiovascular, bowel and respiratory
diseases. Although functional impairment mainly represents a consequence of SO with strong negative prognostic value, it may also be considered an aggravating or perpetuating factor as it may exert a negative independent
impact on maintenance or recovery of an adequate body
composition and function.
The possibility to consider global functional outcomes
(e.g., quality of life related to mobility, institutionalization, disability) as markers of severity of SO and their inclusion in the staging of SO was also considered but not
accepted since they may not be necessarily associated
with (or only with) SO, also being more relevant for SO
in older adults.
The proposed staging is aimed at stratifying patients
based on clinical severity and higher risk for poor outcomes, and therefore in need for more aggressive treatment and follow-up. The group is aware that the proposal has not been investigated yet and is therefore entirely
based on clinical expert opinion at this time. The group
advocates for research on this topic as a relevant clinical
priority and a future objective of SO-related studies.
Limitations and Strengths
The current statements and proposals are based on expert consensus from an international panel of researchers. A strength of the initiative is that the group is an international and multidisciplinary one, composed of representatives from four continents and different areas:
clinical nutrition, obesity and sarcopenia, geriatrics with
strong publication records in the field. The statements
therefore represent a summary of wide and different perspectives and may enhance acceptance of the proposed
algorithm. Notwithstanding, it is acknowledged as a potential limitation that the group was self-appointed, initiated by ESPEN and EASO representatives (L.M.D., L.B.,
S.B., T.C., R.B.) with subsequent selection of the expert
panel.
Donini et al.

Lack of consistency in operational criteria to define
SO and to select SO patients in previous clinical research
is a general limitation that may affect any consensus initiative in the field. The current statements are therefore
admittedly not necessarily evidence-based, but rather expert-based. Discussions were carried out at the highest
level of rigorousness with the goal to account for all potential problems and limitations. The group also aimed
at providing criteria that are suitable for wide implementation in clinical practice, with the goal to empower nonspecialist HCPs in the screening procedure, and to involve specialized professionals in the diagnostic and
staging phases. There is a need to balance practicality
(time, availability, cost) and an ideal scenario allowing
maximum of precision with highest specificity and sensitivity. We acknowledge that there will likely be a need
to differentiate assessments between clinical versus research settings. In the latter case, more sophisticated and
precise methods should be used while in the clinical scenario availability of instruments will drive assessments of
choice, which should anyway be based on the best applicable evidence. The current diagnostic algorithm is considered to be suitable for clinical practice at this stage,
and the group plans to revise the proposal within a reasonable time frame of 3–5 years. New available data may
then confirm the current framework or provide stronger
alternatives. In particular, the group strongly encourages
studies to address major areas of uncertainty, including
but not limited to:
Cut-off values: as discussed, no universally accepted
validated references are currently available for most of the
parameters cited in this document. The present document provides data available in different settings (online
suppl. Tables S1 and S2). In particular, there is an urgent
need to establish whether parameters should be analysed
using a T score (comparison with a young reference population) or referring to a coeval population (Z score). Finally, cut-offs should be validated as predictors of specific adverse outcomes (comorbidity, disability, mortality
or other clinical outcomes).
Relative muscle and fat mass: the group supports the
use of relative muscle mass, particularly appendicular
lean mass whenever available normalized for body weight.
In addition, the group recognizes the importance of the
concept of relative FM, although its use in available research makes its implementation more difficult. The
group highlights the need of rigorous comparative research to establish optimal utilization and normalization
of absolute muscle and FM as established by body composition assessment.
Definition and Diagnostic Criteria for
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Muscle functional parameters in secondary sarcopenic obesity: the role of skeletal muscle function and primary assessment of muscle functional parameters has
been discussed. The group acknowledges that including
altered muscle functional parameters as a necessary component to complete the diagnostic process may lead to
potential borderline conditions, particularly in younger
patients with relative low muscle mass for their age but
still relatively preserved muscle function. The group
therefore advocates for studies to specifically analyse the
predictive value of the proposed algorithm in detection
of SO in younger subjects. The group is also aware that
functional parameters have not been the primary outcome of interest in the vast majority of available studies
on secondary sarcopenia or secondary SO in patients
with cancer, other chronic conditions, or hospitalized
e.g., in intensive care unit, where younger age may be
more prevalent and body composition is likely to be
more feasible and relevant than functional assessment.
Future research is needed to establish the role of functional parameters on clinical outcomes in SO patients in
this context.
Conclusions

ESPEN and EASO represented by the expert panel
advocate that the proposed SO definition and diagnostic criteria be implemented in clinical practice and in
interventional randomized controlled trials aimed in
particular at exploring the impact of specific interventions on SO. In addition, they strongly encourage validation and prospective follow-up studies as well as secondary analysis of existing cohorts with the aim to increase the scientific evidence needed to identify and
treat SO patients.
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