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ABSTRACT

Reduction of lean mass is a primary body composition change associated with aging. Because many factors contribute to lean mass reduction,

the problem has been given various names depending on the proposed cause, such as “age-related sarcopenia,” “dynapenia,” “myopenia,”

“sarcopenic obesity,” or simply “sarcopenia.” There is currently no consensus on how to best diagnose the reduction of lean mass and its

consequences on health. We propose that simple body composition methods can be used to indirectly evaluate sarcopenia, provided that those

techniques are validated against the “quality of lean” criterion that associates muscle mass and metabolic function with the components of fat-

free mass. Promising field methods include the use of stable isotopes for the evaluation of water compartments and new approaches to

bioelectrical impedance analysis, which is also associated with the monitoring of water homeostasis. Adv. Nutr. 5: 260–267, 2014.

Introduction
Aging results in changes to a number of metabolic and phys-
iologic functions, with 1 consequence being a reduction in
lean mass—also known as fat-free mass (FFM)5—which in-
cludes body water, skeletal and smooth muscles, and bones.
(We will use the term fat-free mass as a synonym for lean
body mass, although there is a slight difference between
them.) Aside from its structural role, FFM is fundamental
to the mobilization of metabolic substrates, essential molec-
ular synthesis, and reaction to external stressors, among
others (1–4). In addition, skeletal muscle can be considered
the main component of the protein of the body and is capa-
ble of driving antibody production, wound healing, and
white blood cell production during acute or chronic dis-
eases. If muscle is depleted, there is less protein to fuel the
functionality of the body, thereby enhancing the risk of dis-
abilities and functional impairment while reducing muscle
power and/or physical function (3,5–10).

Loss of muscle is a complex process, and this complexity has
led to different naming conventions (Table 1). Some authors
simply suggest the term “age-related sarcopenia” (9,11–15).

Recently, the term “myopenia” was suggested to indicate the
presence of clinically relevant muscle wasting (16). Taking
into account the association between sarcopenia and disabil-
ities, the term “dynapenia” has been proposed (17). Addition-
ally, because reduction of muscle mass is accompanied by the
infiltration of fat and connective tissue into the muscle, some
have named the process “myosteatosis,” with the justification
that this term can give a dimension of muscle quality (18).
The term “sarcopenic obesity” is also used (19,20), corrobo-
rated in part by results from the longitudinal Health, Aging,
and Body Composition Study, which reported that, as the pop-
ulation ages, there are more obese sarcopenic individuals than
lean ones (21,22).

Considering the number of factors associated with mus-
cle losses that occur with aging, it seems certain that other
terms will be proposed. To determine consensus, a group
of experts has periodically discussed this issue. A recent doc-
ument published by this group reinforced their previous
definition of the term, simply calling it “sarcopenia” (23):
“Sarcopenia is the age-associated loss of skeletal muscle
mass and functions. Sarcopenia is a complex syndrome
that is associated with muscle mass loss alone or in conjunc-
tion with increased fat mass. The causes of sarcopenia are
multi-factorial and can include disuse, changing endocrine
function, chronic diseases, inflammation, insulin resistance
and nutritional deficiencies. While cachexia may be a com-
ponent of sarcopenia, the two conditions are not the same.”
(13) For didactic purposes, this is the term we have chosen
to adopt throughout this paper.
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Sarcopenia can culminate in extreme conditions, includ-
ing frailty syndrome. Frailty is defined as a state of increased
vulnerability caused by cumulative stressors, such as declin-
ing physiologic reserves and multisystem dysregulation
(1,5,24). Frailty is currently identified through a screening
process based on 5 criteria: 1) weight; 2) grip strength; 3)
subjective fatigue; 4) physical activity; and 5) walking speed
measurements (24). The result of this screening is a score
that sometimes has limitations, such as its ability to detect
subtle changes related to medications, diet, and physical ac-
tivity. We believe that early diagnosis of sarcopenic processes
is an important way to prevent or manage frailty.

Despite the clinical variations and consequences of muscle
loss and the lack of agreement on an exact definition of sar-
copenia, with this review, we will suggest that field methods
of body composition can play a very important role in the
identification and management of sarcopenia, no matter the
cause. Although we will not introduce a new definition, we
believe that the association of this condition with a specific
measurable change in body composition will increase its util-
ity and its contribution to preventive medicine.

Current Status of Knowledge
Metabolic and physiologic processes associated with
sarcopenia: a basis to identify the best screening
method
Because of the profound effects that sarcopenia exerts on
health, many authors have investigated the best methods
to diagnose sarcopenia in its initial stages (13). To discover
better detection techniques, we believe that it is helpful to
understand the effects of the physiologic and metabolic pro-
cesses associated with sarcopenia. Some of these processes
are described below.

Protein synthesis and degradation. The composition of
FFM results from the balance between protein synthesis
and degradation. Some authors tried to explain sarcopenia
as the inability of the body to synthesize proteins or control
protein breakdown. However, there is not a consensus regard-
ing these issues. In a cross-sectional study using stable isotope
techniques and comparing protein synthesis between young
and old men, reduced muscle was observed in the elderly,
but no differences were observed in the rate of protein synthe-
sis (25). Recent studies investigated whether protein metabo-
lism in older individuals responds differently to feeding when

compared with younger individuals, possibly as the result of a
reduced sensitivity to the inhibitory effect of insulin on pro-
tein breakdown (26,27). Wilkes et al. (26) compared protein
metabolism between young and old men and women, using
[D5]phenylalanine and [1,2–

13C2]leucine techniques. The au-
thors found that, at moderate availability, the effect of insulin
on leg protein breakdown was reduced in older individuals,
and this effect may have beenmediated by blunted Akt–protein
kinase B activation. However, Chevalier et al. (28) also com-
pared young and old women from a simulated fed-state
clamp and using whole-body [3H]glucose and protein
[13C]leucine kinetics and muscle protein fractional synthesis
rate [[2H5]phenylalanine]. They observed that suppression
of protein breakdown was lower in elderly women; however,
this difference disappears when adjusted for serum insulin.
In general, protein degradation is expected to exceed synthe-
sis in the elderly, possibly because of a higher protein break-
down. However, more studies are needed to investigate the
details of protein metabolism in aging.

Genetics. Sarcopenic progression is a result of the interaction
between genetic and environmental factors. Genetic aspects
possibly related to growth hormone (GH), its receptors, and
transporters or myostatin and cytokine expression, among
others, may account for individual differences in protein
turnover. In other words, genetic factors might explain why
some individuals or groups are more susceptible to develop-
ing sarcopenia than others (29).

Natural reduction of secretion and action of GH,
testosterone, and insulin-like growth factor-1. Some of
the theories that try to explain aging adopt the expression
“gradual imbalance,” which assumes an association between
senescence and homeostatic imbalances, justified by changes
in the endocrine, immune, and central nervous systems. In
this context, aging is associated with reduced activity of the
hormonal axis, including the somatotropic axis (GH/insu-
lin-like growth factor-1), which is closely associated with
protein metabolism and rates of muscle excitation and con-
traction (30,31).

Increase in oxygen-free radicals. Mitochondrial dysfunc-
tion is associated with aging and can contribute to oxidative
stress (OS) and the apoptosis of cells (32,33). These dysfunc-
tions can include the following: 1) reductions in redox active

TABLE 1 Definitions

Term Definition Reference(s)

Sarcopenia The age-related loss in skeletal muscle mass and function Rosenberg, 1997 (11) and Evans, 1995 (79)
Sarcopenic obesity A reduction in skeletal mass together with increased

body fat
Baumgartner et al., 2004 (19)

Dynapenia The age-related loss of strength in skeletal muscle Clark and Manini, 2008 (17)
Myosteatosis Age-associated changes in muscle quality evidenced by

increased fat infiltration
Taaffe et al., 2009 (18)

Myopenia A clinically relevant muscle and function loss and/or
increased risk of morbidity or mortality at any age

Fearon et al., 2011 (16)

Sarco-ostopenia and sarco-osteoporosis Reduction in lean mass combined with reduction of
bone density

Binkley and Buehring, 2009 (80)
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iron; 2) increases in membrane lipid peroxidation, cellular
hydrogen peroxide, and lipofuscin accumulation; and 3) alter-
ations in membrane lipids. Additionally, there is a decline in
endogenous antioxidant protection, such as changes in the ra-
tio of oxidized-to-total glutathione and reduced glutamine
synthetase. Some specific tissues/systems are particularly vul-
nerable to the increases in OS, including motoneurons (33).

Increase of cytokine concentrations. OS induces the ex-
pression of proinflammatory cytokines through activation
of OS-sensitive nuclear factors, which upregulate the inflam-
matory response. In turn, this can lead to additional increases
in reactive oxygen species, OS, and inflammation, a vulnera-
bility to additional stressors (32). Thus, the OS typical of ag-
ing is associated with inflammation, which implies a higher
systemic concentration of cytokines and acute-phase proteins
in elderly individuals as opposed to younger individuals (34).
This phenomenon of chronic low-grade inflammation with
aging has been named “inflammaging” by some authors
and is shown to have a complex integration with different
body tissues and systems, somato-senescence, and calcium
senescence (35). Epidemiologic studies demonstrated a sig-
nificant association between sarcopenia and inflammatory
factors (36–39).

Loss of motoneurons. As one ages, the body undergoes a
relatively balanced, continuous process of muscular dener-
vation and reinnervation. As aging progresses, this balance
is broken and directed to denervation (40). The mechanisms
behind these changes are not fully understood but are prob-
ably associated with specific proteins governing motoneuron
differentiation (41). In addition, there may be a reduction in
satellite cells, which act as myogenic precursors that differ-
entiate in myoblasts (42).

Anorexia and undernutrition. Appetite reduction, consid-
ered by some authors to be a normal consequence of aging, is
called “anorexia of aging” (4). Physiologic factors associated
with this phenomenon include modifications in taste and
smell, decrease in rates of gastric emptying, changes in gastric
muscle extension ability, and reduction of the synthesis and
action of gastric hormones (4,43). In many cases, we observe
a progressive loss of muscle and increase in percentage fat
(44). With aging, people become more sedentary, which
accelerates muscle loss. This reduction modifies the respon-
siveness to insulin, which marks the beginning of insulin re-
sistance. In turn, insulin resistance could be an open window
to increased body fat and metabolic syndrome. The body fat
is associated with higher serum and tissue adipokines (for in-
stance, tumor necrosis factor-a and interleukin-6), which be-
gin again the insulin resistance, constituting a vicious cycle
(45). Malnutrition and the possible risk of macronutrient
and micronutrient deficiencies are associated with gut micro-
biota modification, which can contribute to inflammation
caused by endotoxemia (46), which in turn contributes to a
reduction in both body mass and muscle activity, as well
as risk for immune dysfunction. The consequences of these

factors are decline in functionality, elevated risk of frailty,
and increase in hospitalization and mortality rates (43).

Physical activity. Because physical activity is modifiable, it
is important to highlight its role in sarcopenia. We currently
have no consensus regarding the definition of physical activ-
ity when considering sarcopenia. In 2 studies, an increase in
any type of physical activity (including everyday activities,
such as domestic work) significantly contributed to the pre-
vention of sarcopenia (10,47). In addition, the benefits of
systematic physical activity programs are well known, and
there are well-designed studies pointing to the positive ef-
fects of aerobic resistance exercises (48,49). Hypertrophy ex-
ercises may be more beneficial than aerobic exercises to
reduce muscle loss because of the neural adaptations to these
kinds of exercises (50). The recent publication from the In-
ternational Working Group on Sarcopenia pointed to the
importance of developing randomized studies investigating
the best physical activity protocols (13). The group stated
that there has been no consensus regarding the type, fre-
quency, and intensity of physical activity/physical exercise
required to control or prevent sarcopenia. In fact, this work-
ing group singled out a paucity of appropriate methods and
techniques as 1 of the reasons for this lack of consensus.

Body composition analysis for evaluating sarcopenia
A simple approach to monitoring sarcopenia is to observe
the loss of muscle mass with age. However, if metabolic
and physiologic processes related to protein synthesis and
degradation are considered, a more detailed description of
body composition that is closely related to the metabolic ca-
pability of the FFM is required. We suggest that the principle
of the “quality of lean mass,” described later, be used for this
purpose. Even if it is not always practical to directly measure
body composition, it can serve as the reference method
against which surrogate field techniques are compared for
validity.

Primary observations. In a cross-sectional study, Kehayias
et al. (44) studied total body potassium (TBK) of healthy
volunteers in Boston, Massachusetts, aged 20–89 y by count-
ing the natural radioactivity of the body as a result of the
isotope 40K. TBK is a measure of body cell mass, the metab-
olizing and oxygen-consuming portion of FFM that is
closely related to skeletal muscle mass and its function
(51). The findings support the hypothesis that there is a sys-
tematic and continuous decline of cell and muscle mass
throughout adult life. The observed decline in TBK content
was 7.20 6 1.00 and 9.16 6 0.96 mg of potassium per kilo-
gram of body weight per year for females and males, respec-
tively. However, when potassium content (TBK per weight)
for all participants was expressed as a percentage of the value
of the first age group (20–29 y), the loss by age for both sexes
was described with a single linear fit, indicating that both
men and women lose 5% of their original TBK per decade,
on average. This observation is a simple and natural demon-
stration of sarcopenia. In most cases, this loss of muscle
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mass is accompanied by the decline of other components of
FFM, such as protein and bone mineral. In addition, the
percentage of body fat increases with age. Using neutron in-
elastic scattering, the most direct method of in vivo fat as-
sessment (52), Kehayias et al. (44) observed a significant
increase in fat percentage with age for female volunteers
aged 20–50 y and a continuous increase for males.

Hydration status may also change in the elderly. The im-
portance of age-related dehydration has been recognized but
has only recently received great attention. Lean tissue hydra-
tion remains normal in free-living healthy elderly (53) but
requires monitoring and intervention in many frail elderly
(54,55). We will discuss this approach as a surrogate method
for evaluating sarcopenia and frailty later.

Significance. Both men and women lose 5% of their origi-
nal TBK per decade, on average. This observation is consis-
tent with previous longitudinal data reported by Flynn et al.
(56), who monitored TBK loss over 18 y. The significance of
cell mass decline was dramatically demonstrated by the work
of Kotler et al. (57), who showed that patients suffering from
severe, catabolic end-stage acquired immunodeficiency syn-
drome (58) cannot sustain a loss of >40% of their normal
body cell mass, as measured by TBK. This benchmark is
so sensitive that Kotler et al. were able to predict the day
on which immunocompromised patients would die based
on their rate of potassium loss. We can interpret this obser-
vation as the minimum amount of cell mass necessary to
maintain the basic metabolic mechanisms to sustain life. Us-
ing TBK data vs. age and extrapolating the TBKvs. age linear
function to the point of 60% (representing 40% loss), a life-
span limit is calculated at age 110 y (95% CI: 101, 122) based
on this simplified TBK content model (44). It is interesting
to note that this finding is consistent with other methodol-
ogies that have calculated maximal human lifespan, which
predict 110–120 y as the upper limit (59,60).

Methods and Models to Assess Body Mass
There are different approaches to modeling body composi-
tion depending on the nature of the compartments used
(61). According to the 4-compartment model for body com-
position, body mass is divided into water, fat, protein, and
solid bone. With the exception of extreme obesity (BMI > 45
kg/m2), water is the largest compartment of the body and
the main contributor to FFM. In this chemical division of
body mass, fat is defined as TGs (62,63) and differs from ad-
ipose tissue, which includes a small amount of water. Body
composition methods involve either the measurement of
these 4 compartments or a simplified 2-compartment model
separating the body into fat and FFM.

A direct (atomic) approach to body composition is ele-
mental partition analysis (EPA). One or more elements of
the body are measured by neutron activation analysis, and
specific compartments are derived. For example, measure-
ment of body calcium leads to bone mass, nitrogen to
body protein, and carbon (after corrections for the contri-
butions due to protein, bone, and glycogen) to body fat

(63). A particularly useful application of the EPA method
is the assessment of total and regional body fat from the
measurement of the carbon-to-oxygen (C/O) ratio in vivo
by neutron inelastic scattering (44,52). The method is based
on the mathematical observation that the C/O ratio relates
to tissue percentage fat (and lean) in a simple formula that
can be derived based only on the stoichiometry of the
body compartments. Perhaps the most important benefit
of the C/O ratio method is its ability to provide an indepen-
dent, unbiased measure of FFM. This has direct applications
to longitudinal studies in which the quality of lean tissue
must be determined and to intervention studies in which
the quality of lean tissue must be protected. Sarcopenia is
not a simple reduction of FFM but rather a decline in the
metabolic capacity of FFM.

The “quality of lean” principle
Historically, body weight has been used as the macroscopic
criterion of nutritional status of the catabolic patient. The
efficacy of anabolic treatment has been measured by its suc-
cess in minimizing or reversing weight loss. The availability
of body composition devices—such as DXA scanners—in
the clinical setting has made the use of FFM possible as a
measurable outcome of anabolic treatments. This approach
protects against unwanted, or even dangerous, dispropor-
tional increases in body fat resulting from aggressive
weight-gain treatments.

By increasing extracellular fluid, it is possible to increase
FFM without an increase in muscle, cell mass, or metabo-
lism. The “quality of lean”—defined as the cell-mass content
of FFM—represents the oxygen-consuming, metabolizing
fraction of FFM. It is an indirect measure of skeletal muscle
and the most sensitive body composition index of nutri-
tional status. In practice, the quality of lean factor can be
measured by TBK (assessed by whole-body gamma counting
of 40K) divided by FFM (assessed by the C/O ratio method).
A true measure of this quality factor was difficult to obtain
until the introduction of the EPA approach to measuring
FFM. This is because earlier models had to assume a con-
stant composition of lean mass and then use that “constant”
to derive FFM directly from TBK, an assumption that is no
longer accepted. The potassium content of FFM as a func-
tion of age is shown in Figure 1 (adapted from reference
44 with permission). Two characteristics are immediately
apparent from this graph: 1) a reduction in TBK/FFM with
age; and 2) a large variation of this ratio within each age
group. This variation indicates that TBK alone is a poor pre-
dictor of lean body mass unless age- and sex-dependent
equations are used. The important outcome of an anabolic
treatment is the maintenance or increase of the quality of
lean body mass. Similarly, the efficacy of treating obesity
can be assessed because weight is reduced without compro-
mising the quality of lean.

Review of other body composition methods
Perhaps the most common indirect method for measuring
body composition is anthropometry. BMI has been used
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to indirectly classify individuals according to adiposity
amount. This approach, although imprecise regarding changes
of lean body mass, is often used by clinicians; generally, these
measurements are interpreted together with additional clinical
information. In trying to improve the spectrum of anthropo-
metric possibilities, some researchers examined different mea-
sures or indices. Based on a representative sample of the
population of France, Rolland et al. (64) proposed calf circum-
ference as a good alternative to detect muscle changes due to
aging, although not necessarily sarcopenia. However, until
now, there has not been a good cutoff value to define sarcope-
nia when using calf circumference. In a literature review, it was
pointed out that a cutoff point of 31 cm presented low sensi-
tivity (44.3%) and specificity (91.4%) to predict sarcopenia
(65). The 31-cm value was initially proposed based on the pre-
viously noted work of Rolland et al. (64), in which the authors
specified the quadriceps as the muscle that could best repre-
sent FFM losses. However, this anthropometric measure still
lacks reference studies.

DXA was developed to provide precise measurements of
bone density for the screening and management of osteopo-
rosis. It works on the principle that, by measuring absorp-
tion of photons at 2 distinct energies, projected bone
density (bone mass per square centimeter) can be assessed
at high precision in the presence of overlaying tissue. As
the method developed, it became clear that the composition
of overlaying soft tissue should also be measured (rather
than assumed) to improve the quality of bone measure-
ments (66). Modern DXA instruments achieve this by ana-
lyzing soft tissue in image pixels that do not contain bone
and use those measurements to predict the composition of
overlaying soft tissue. This feature not only improved the ac-
curacy of bone density measurements but also gave rise to a

new body composition tool that can provide soft-tissue
composition analysis in vivo. The method works best in
the areas of the body that contain well-defined bone areas,
such as the arms and legs, and becomes less direct for areas
of the trunk (67). Because of the dominance of skeletal mus-
cle in arms and legs, investigators often use DXA measure-
ments of appendicular skeletal muscle (ASM), defined as
the sum of the lean soft-tissue masses for the arms and
legs (68). Some researchers proposed an index of relative
muscle mass, obtained by dividing ASM by body height
squared (ASM/ht2) (6,15) and used this index as a screening
tool for sarcopenia. The authors defined sex-specific cutoff
values for sarcopenia. An individual was considered sarco-
penic when ASM/ht2 was 2 SDs below the reference popula-
tion data. The calculated cutoff points were <7.26 kg/m2 for
men and <5.45 kg/m2 for women. Baumgartner et al. (6)
and Janssen et al. (15) used values from the NHANES III
study to develop a scale for severity of sarcopenia based on
muscle loss. They used bioelectrical impedance analysis
(BIA) to derive (indirectly) muscle mass and used as a crite-
rion the skeletal muscle mass index (SMI), defined as skele-
tal muscle/body mass expressed in percentage by weight.
Using their definition, class I sarcopenia was present in indi-
viduals whose SMI was 1–2 SDs deviations below the young
adult values, and a more severe class II sarcopenia was pre-
sent when SMI was 2 SDs below the young adult values.

Soft-tissue DXA measurements also provide a measure-
ment of adipose tissue, an important parameter for popula-
tions in which BMI or skinfold measurements alone cannot
predict adiposity. The presence of fat can reduce muscle
quality and/or impair muscle capacity; thus, some authors
consider it important to analyze fat mass together with
FFM. One author defined sarcopenic obesity as having 2
components: 1) an ASM/ht2 falling below 2 SDs; and 2) a
body fat percentage >27% for men and 38% for women
(69). Dufour et al. (70) modified these percentages in a study
with the Framingham, Massachusetts population, in which
obesity was defined as percentage fat mass >30% and 40%
for men and women, respectively. Others have proposed
the adoption of a residual method of analysis that incorpo-
rates fat mass and FFM into the definition and classification
of sarcopenia (7,8,10,21). It is not clear whether the inclu-
sion of fat mass makes the utility of the term sarcopenia
more useful or just more complicated. However, it serves
as a warning that BMI alone or empirical BIA equations
can be misleading when evaluating the elderly.

It is important to investigate total body water (TBW)
when trying to diagnose sarcopenia. Schoeller (53) observed
that both men and women lose body water with age. In
women, the decrease is small through middle age and be-
comes more rapid after the age of 60 y. In men, the decrease
begins in middle age and continues throughout the rest of
the lifespan. Considering that FFM comprises 73% water,
the analysis of TBW can be considered as a method for mon-
itoring FFM but not necessarily sarcopenia.

To use body water as a surrogate formuscle loss or sarcopenia,
one has to consider its distribution between compartments.

FIGURE 1 Results from a cross-sectional study with 188
healthy, free-living volunteers from the Boston area aged 20–
89 y. Mean values of potassium content of fat-free mass [total
body potassium (grams) to fat-free mass (kilograms)] plotted
against the age of each group. Fat-free mass was calculated by
subtracting body fat derived by neutron inelastic scattering from
body weight. Total body potassium was measured in vivo using
passive, non-invasive counting of gamma ray emissions from
naturally occurring 40K radioisotope. The error bars represent
1 SD for each age group. FFM, fat-free mass; TBK, total body
potassium. (Adapted from reference 44 with permission.)
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There is an important relation between extracellular water
(ECW) and intracellular water, inflammation, OS, and sarcope-
nia. During inflammation, the permeability of capillaries changes
as the result of alterations in colloid osmotic pressure and
pressure between plasma and interstitial fluids; all of these
changes are associated with tissue swelling. Interstitial fluid
is an important element of the tissue microenvironment,
and therefore extracellular factors contributing to an inflam-
matory reaction have important clinical implications (71).

Because intracellular water is more metabolically active
than ECW, a loss of intracellular water reflects loss in overall
metabolic activity. Therefore, it is important to investigate
where in the body these changes in water occur. Addition-
ally, it could be important to consider body water changes
together with inflammation because of the relation between
aging and inflammation.

Total body volumes of intracellular water and ECW, as
well as TBW, can be determined by in vivo tracer dilution.
The most common way to perform these analyses is to mea-
sure TBW with an isotopic tracer of water and ECW with a
tracer that does not enter the intracellular space. The differ-
ence between the 2 measurements reflects the intracellular
water (53). Typical techniques used to perform these types
of measurements are dilution of deuterium (TBW) and
the dilution and analysis of bromine in plasma (ECW)
(72). It follows that the ECW-to-TBW ratio can be an im-
portant consideration when seeking the early detection of
sarcopenia. This ratio is referred to as the frailty factor by
Kehayias et al. (73). The potential clinical value of the frailty
factor was validated by comparing data obtained from nurs-
ing home residents against healthy, free-living elderly indi-
viduals, as well as elderly individuals from a national U.S.
database.

When unable to work with stable isotope dilutions, an al-
ternative diagnostic technique might be the in vivo measure-
ment of the electrical properties of the body. BIA is
considered a practical, noninvasive and easy-to-perform
technique, because single-frequency resistance (R) and reac-
tance (Xc) have been successful in estimating TBW (74,75).
In addition, a simple BIA vector analysis approach has
gained attention as a valuable tool to assess hydration status
and cellular mass (76). In this technique, R and Xc are ob-
tained at 50 kHz, normalized for the individual’s height, and
then plotted as a bivariate vector. This type of analysis is no-
table for its independence from regression equations and
body weight, which often constitute problems when study-
ing elderly populations (77). In a vector representation of
impedance, phase angle analysis and changes in Xc have
been shown to be of prognostic value in many disease set-
tings. The approach by Piccoli et al. (76) uses R and Xc in
a height-calibrated manner, thus avoiding arbitrary assump-
tions or empirical equations. It has been suggested that the
use of BIA vector analysis in gerontology enables the evalu-
ation of typical changes in body compartments related to
aging (78).

In conclusion, despite the lack of consensus on an ex-
act definition, the term “sarcopenia” has already served its

primary purpose. It has created awareness for this condition,
its monitoring, and its management. We are proposing a
practical extension of its utility. There is a reason to associate
the definition of a clinical condition with what is practical to
measure and monitor. We have a good example from the
history of the diagnosis of osteoporosis. Before the availabil-
ity of bone density technology, the definition of osteoporosis
included the occurrence of at least 1 bone fracture, and it
was diagnosed that way. Today, its diagnosis is associated
with bone density values, and its management has become
preventive. We hope that age-related changes of soft tissue
will follow the same path so that muscle loss and frailty
can be delayed and managed, especially in the elderly. Sim-
ilarly, we suggest that the acceptance of a practical validated
measure to easily gauge the prevalence of sarcopenia in the
population should be our next step. This will help translate
our experiences with the physiologic mechanisms of sarco-
penia to a clinical approach for its management.

A successful management program will grant older adults
a safe extension to their independent living and will become
a central part of preventive medicine approaches. A univer-
sally accepted scale for levels of sarcopenia will help us define
cutoff points for assisted living and develop a feedback tool
for evaluating the efficacy of anabolic treatments and reha-
bilitation programs.

Loss of muscle with aging opens the window to a number
of complications, including frailty. Therefore, it is necessary
to investigate the best methods and techniques needed to de-
tect these losses in their initial stages, using inflammation
and its consequent effect on water homeostasis as an impor-
tant aspect for consideration.
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