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muscle quantity or quality with low physical performance 
determining the severity of sarcopenia.20 This definition 
highlights muscle strength over muscle mass as strength 
helps to predict adverse outcomes and is the most 
reliable measure of muscle function.20 

Body Composition Measurement Techniques   
and Sarcopenia

Computed tomography (CT) and magnetic resonance 
imaging (MRI) are considered the “gold standard” for 
assessing muscle quantity and quality and allow for the 
direct visualization of muscle cross-sectional area (CSA).20 
CT and MRI depict the regional distribution of fat tissue 
(subcutaneous, visceral, intramuscular) and fat-free 
tissue (bone, organs, specific muscle groups) allowing 
for differentiation within these two compartments.21 CT 
and MRI scans also allow for assessment of fat infiltration 
in skeletal muscle.20 If CT or MRI scans are not feasible 
due to radiation exposure (CT), cost (CT and MRI) or 
accessibility (CT and MRI), dual x-ray absorptiometry 
(DXA) is the preferred alternative. DXA differentiates 
between fat tissue and fat-free tissue (lean soft tissue 
and bone) but does not allow for differentiation within 
these compartments (e.g., organs, specific muscle groups, 
types of fat).21-24 

Sarcopenia in Cancer

Sarcopenia may occur in up to 44% of patients with 
cancer, with higher prevalence in those with advanced 
stage (stage IV) versus early stages (I-III)2,12,25 and in 
certain types of cancer, including lung, colorectal, 
gastrointestinal and pancreatic cancers.26 Sarcopenia is 
the most important phenotypic characteristic of cancer 
cachexia,27 a multifactorial syndrome characterized by 
weight loss and ongoing skeletal muscle mass loss, with 
or without the loss of fat mass.28 Cancer cachexia and 
sarcopenia are often used interchangeably, and there is 
overlap between the two conditions with both focusing 
on skeletal muscle loss; however, the conditions are 
distinct with different diagnostic criteria.26 All individuals 
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Sarcopenia Defined

The term sarcopenia was first used to describe age-related 
loss of muscle mass.1 It is estimated that 0.5%-1.0% 
skeletal muscle mass is lost per year after the age of 25 
years.2 Between the ages of 20 and 80 years, there is a 
30% loss of skeletal muscle mass and 20% reduction in 
muscle cross-sectional area (CSA)3 resulting from the loss 
of fiber number and size. Sarcopenia can result from one 
or more causes including lack of use; acute or chronic, 
inflammatory, malignant or endocrine disease; and 
inadequate intake or absorption of nutrients.4 Sarcopenia 
is problematic as it increases the risk for falls and 
fractures,5,6 as well as impairing activities of daily living or 
the skills needed to manage one’s basic physical needs.7 
It leads to mobility disorders such as decreased walking 
speed or inability to arise from a chair8 and contributes 
to decreased quality of life,9 loss of independence,10 and 
death.11 In cancer, sarcopenia is associated with poor 
functional status,12 reduced survival,12-15 chemotherapy 
toxicity,16-18 discontinuation of chemotherapy and dose 
reduction.19 Age-related sarcopenia is formally recognized 
as a muscle disease with an International Classification of 
Diseases diagnosis code that can be used for billing and 
reimbursement purposes.20

Sarcopenia has been defined by various organizations 
throughout the years (see Table 1). Most recently, the 
European Working Group on Sarcopenia in Older Adults 
defined sarcopenia as low muscle strength and low 
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with cancer cachexia also have sarcopenia, but not all 
individuals with sarcopenia have cancer cachexia.

CT scans are routinely conducted in cancer patients for 
the diagnosis, staging and progression of disease to 
image tumors and their response to treatment and can 
also be used to detect changes in body composition.20-22 
While CT scans do not account for muscle strength, they 
can be used to assess both muscle quantity and quality 
or fat infiltration into the muscle.20 Therefore, it is 
important to use the term “CT-assessed sarcopenia”29,30 
to describe muscle quantity or quality in studies using 
this imaging technique.  

Sarcopenia Research

There is an underlying problem in sarcopenia research.  
No consensus exists on how to define sarcopenia in the 
scientific literature. For example, in research studies of 
chronic obstructive pulmonary disease (COPD), several 
methodologies were used to assess sarcopenia: mid-
thigh CSA with or without reference cut-off values 
and fat-free mass index as measured by DXA with or 
without reference cut-off values as well as quadriceps 
strength or 25% reduction in quadriceps force.31 In 
looking at cancer studies, researchers have also used 
various methodologies to define sarcopenia prevalence 
specific to their studies and populations including cut-
off values,21,30 optimal stratification,12,32 and tertiles33 
or quartiles13 amongst other methodologies.  We 
performed  a systematic review on the expression 
of genes in the skeletal muscle of individuals with 
cachexia or sarcopenia across various disease states.31 
The studies differed in how they defined and assessed 
cachexia and sarcopenia. Though this is inevitable for 
studies performed before the establishment of initial 
consensus definitions,4,28,34 the problem persists in 
reports published several years after the establishment 
of standardized criteria. A variety of terms, including 
malnutrition, wasting or involuntary weight loss in the 
context of cachexia as well as muscle atrophy, weakness, 
frailty or wasting in the context of sarcopenia are 
often used interchangeably in the scientific literature 
generating confusion and difficulty in comparing and 
interpreting studies.4,34 These discrepancies in how 
cachexia and sarcopenia are defined and measured as 
well as the diverse, interchangeable terminology used in 
the various studies with the added confounding factor 
of overlapping characteristics between sarcopenia and 
cachexia, all contribute to the heterogeneity of the 

results and make it difficult to compare findings across 
studies and/or diseases. 

Disparities in Sarcopenia

Body composition differs by race/ethnicity,35-41 but 
standards do not currently exist for defining sarcopenia 
in diverse populations.  Reference values from the 
National Health and Nutrition Examination Survey 
(NHANES), a nationally representative sample, have been 
established in adults for fat mass/ height,2 lean mass/ 
height2 and appendicular lean mass/ height2 by sex in 
non-Hispanic Blacks (NHB), non-Hispanic Whites (NHW) 
and Mexican American populations using DXA, but such 
references have not been established for CT-assessed 
sarcopenia.2 Moreover, a value that is two standard 
deviations below the sex-specific mean for the reference 
population using DXA43 or CT44 is considered as the cut-
off point to define sarcopenia. However, these cut-off 
points have only been established for young, healthy, 
NHW populations, with CT-based cut-off points for 
sarcopenia lacking in diverse populations.   

NHB have denser muscle mass than NHW,32,40,41,45,46 but 
they may lose muscle mass at a faster rate in cancer.47 
Current cut-off values for defining sarcopenia in cancer 
research12,21,30  are based on presumably NHW and Asian 
populations as race/ethnicity is not disclosed in these 
specific studies. If NHB have higher muscle mass than 
NHW at baseline, do they experience sarcopenia at a 
different threshold than what has been published to 
date? Research in community-dwelling adults using DXA 
to measure muscle mass suggests this may be the case,48 

but further research is needed to determine if different 
thresholds for CT-assessed sarcopenia are indicated 
for diverse populations.4 Utilizing an already clinically 
available CT scan for body composition assessment is an 
active field of research trying to identify with certainty 
the distribution of optimal body composition and sub-
optimal body composition. 

What is our Call to Action? 

Sarcopenia increases treatment toxicities16-18 and 
decreases survival in cancer;12-15 therefore, it is 
imperative to identify those individuals who may be 
susceptible to sarcopenia early in the disease process. 
The American College of Sports Medicine and the 
American Cancer Society Physical Activity Guidelines 
emphasize the importance of preventing muscle wasting 
to minimize treatment side effects while improving 
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mobility, performance status and quality of life. As a 
research community, we must use standardized, evidence-
based definitions of sarcopenia so we can compare results 
across studies and across disease states. We must disclose 
the racial/ethnic composition of research participants and 

aim to determine sarcopenia standards specific 
to diverse populations. It is imperative to identify 
those individuals who may be at risk for sarcopenia 
to develop and implement early interventions to 
prevent the loss of and preserve muscle mass. 

Table 1 Definitions of Sarcopenia and Measurement Techniques by Various Organizations  

DXA= dual x-ray absorptiometry, BIA= bioelectrical impedance, ESPEN= European Society for Clinical Nutrition and 
Metabolism, SIG= Special Interest Groups, SD= standard deviation, m=meter, s=second, ALMI= appendicular lean 
mass index, kg= kilograms, L3= lumbar 3, CSA= cross sectional area, CT= computerized tomography, MRI- magnetic 
resonance imaging, ASMI- appendicular skeletal mass index

Organization Low muscle 
mass

Low muscle 
strength

Low muscle 
performance

Low muscle 
function 

Low muscle 
quantity 
or quality

Measurement Technique

European 
Working Group 
on Sarcopenia 
in Older 
People, 2010 4

X(1)   X(2)  (1) Muscle mass measured via DXA 
or BIA

(2)Function= strength or 
performance; Muscle strength 
measured via handgrip strength

ESPEN SIG, 
2010 49

X(1)  X(2)   (1)Muscle mass >/= 2 SD below 
the mean muscle mass for young 
adults of the same age and 
ethnicity

(2)Muscle performance measured 
via gait speed (i.e., walking speed 
<0.8 m/s in 4 m walking test).

International 
Working Group 
on Sarcopenia, 
2011 50

X(1)   X(2)  (1)Muscle mass via DXA (e.g., 
ALMI <7.23 kg/m2 in men and 
<5.67 kg/m2 in women) 

(2)Muscle function via gait speed 
of less than 1 m/s 

European 
Working Group 
on Sarcopenia 
in Older 
People, 2019 20

 X(1)  X (3)  X(2) (1) Strength= grip strength or 
chair to stand test; indicative of 
sarcopenia

(2) Quantity or quality= L3 CSA 
via CT or MRI; ASMI via DXA, mid-
thigh CSA via CT or MRI

(3) Physical performance= gait 
speed (speed ≤ 0.8 m/s) indicative 
of severe sarcopenia

Continued on page 9
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