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Abstract: It is estimated that in the next 20 years, the amount of people greater than 65 years of age will rise
from 40 to 70 million, and will account for 19% of the total population. Age-related decreases in muscle mass
and function, known as sarcopenia, have been shown to be related to functional limitation, frailty and an
increased risk of morbidity and mortality. Therefore, with an increasing elderly population, interventions that can
improve muscle mass content and/or function are essential. However, analytical techniques used for measurement
of muscle mass in young subjects may not be valid for use in the elderly. Therefore, the purpose of this review is
to examine the applied specificity and accuracy of methods that are commonly used for measurement of muscle
mass in aged subjects, and, to propose specific recommendations for the use of body composition measures in
phase II clinical trials of function-promoting anabolic therapies.
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Introduction
The age-related decline in skeletal muscle mass and function
are collectively referred to as sarcopenia (45). Sarcopenia is a
risk factor for functional limitation (7, 43) and frailty (8), and
added an excess cost to the US health care system of $18.5
billion, in the year 2000 (44). Elderly subjects within the age
range 70-80 in the lowest quartile of muscle density were found
to have a 51% higher risk of hospitalizations than those in the
highest quartile (16), and may explain the sarcopeniaassociated increased risk of morbidity and mortality (6). Low
levels of skeletal muscle cross-sectional area, density and mass
have been shown to be directly related to the strength deficits
(61) and mobility limitation (92) characteristic of sarcopenia.
Therefore, use of analytic methods with adequate validity,
precision and accuracy are necessary to identify high-risk
groups for age-related muscle mass loss, and, to monitor
potential intervention efficacy. However, the changes in body
composition that occur during the aging process have been
shown to not occur uniformly. For example, decreases in total
body water, bone and muscle mass (82), and an increase in
body adiposity (25) have each been found during aging.
At the atomic level, body composition consists of 11
elements: oxygen, hydrogen, carbon, nitrogen, calcium,
phosphorus, sulfur, sodium, chlorine, magnesium and
potassium, that in total account for greater than 99.8% of body
weight (81). Woodward et al. (1956) were among the first
investigators to suggest the existence of a direct relationship
between total body potassium, measured as 40K, and body cell
mass. Body cell mass consists of muscle, organs, intracellular
and extracellular water, and bone, and has been quantified via
by multiplying [40K] by 0.0083 (59). 40K content is used to
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calculate body cell mass because the intracellular potassium
concentration is a constant value, at 140-160 meq per liter of
cell water (15). Lean body mass (not including the fat and bone
compartments) can then be calculated as the sum of body cell
mass, extracellular fluid, and extracellular solids (22, 84), so
measurements of 40K would be expected to closely predict
muscle mass, assuming constant values for extracellular fluid
and extracellular solids. Indeed, levels of 40K have been shown
to be highly correlated (r = .98) with muscle mass content, with
MRI used as the reference standard (94).
40K content has been shown to decline with in subjects with
an age range of 19-80 years (66). Cohn et al. (1983) found
significant decreases in males (10%) and females (18%) for
both 40K and fat-free mass in an older group (age range, 50-79
years) when compared with a younger group (20-49 years),
data that suggests body cell mass declines at a similar rate as fat
free mass during aging. Fat-free mass was calculated as the sum
of total body water, total body protein and mineral, and was
estimated from 3H dilution volume, total body nitrogen, and
total body calcium, respectively. Based on these data, it can be
concluded that measurement of 40K content during aging can be
used to accurately monitor age-related changes in fat-free mass.
However, use of this technique is expensive, requires extensive
technical experience, does not provide for a rapid result, and is
impractical because of background radiation-shielding issues.
Other techniques capable of accurate, non-invasive, and rapid
measurement of fat-free mass in elderly subjects are necessary.
Pace et al. (1945) found that fat-free mass can be
approximated by measurement of total body water and use of
the ratio, total body water/fat-free mass = 0.73. Although the
total body water/fat-free mass ratio is regarded as a constant,
excess fluid may accumulate in conditions such as aging or
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disease. Excess fluid may be reflected by a rise in extracellular
water (extracellular fluid; Gutyon and Manning, 1980) or in
total body water.
Whether total body water content changes with age has
shown conflicting results. Virgili et al. (1992) found that
hydration steadily decreases with age in men within the age
range 70-100 years. However, multiple investigators have
found that fat-free mass hydration does not change during aging
(9, 20, 21, 32, 53, 74, 91). Mazariegos et al. (1994) compared
values of fat-free mass hydration in a young (average age 30)
and older (average age 74) group, and although absolute values
for total body water and fat-free mass were reduced in the older
group, the total body water/fat-free mass ratio was found to be
similar in the young and old groups. Conversely, fat-free mass
hydration has been shown to be higher in older subjects, when
compared with the values obtained in their younger
counterparts by both Hewitt et al. (1993) and Bergsma-Kadijk
et al. (1996). Unfortunately, because of the potential for agerelated fluctuations in total body water, analytical methods that
rely on this technique for the prediction of fat-free mass (i.e.
DXA and BIA) may be unreliable (17).
Hydrostatic weighing has been suggested (13) as the gold
standard for 2-compartment (fat-free and fat-mass) models of
body composition, primarily because the density of fat and fatfree mass (0.9 kg/L and 1.1 kg/L, respectively) are known,
constant values. In addition, the relative amounts of the three
major components of fat-free mass (aqueous, mineral, and
protein) are known and constant in all individuals (13).
However, changes in bone mineralization or fat-free mass
hydration, as evidenced during aging, may confound
hydrostatic weighing results (9, 57). Therefore, use of
hydrostatic weighing is insufficient in terms of measuring agerelated changes in bone mass, or, for measuring fat infiltration
into skeletal muscle. Furthermore, the technical constraints
inherent in performing the hydrostatic weighing measurement
in older individuals makes this technique impractical. Other
techniques are required for accurate measurement of these
parameters.
Four main techniques are commonly used to measure
skeletal muscle mass and/or quality: bioelectric impedance
(BIA), dual energy X-ray absorptiometry (DXA), computed
tomography (CT) and magnetic resonance imaging (MRI).
Dual energy X-ray absorptiometry (DXA)
The principle of using DXA for measurements of body
composition is based on the notion that when a beam of X-rays
is passed through a complex material, the beam is attenuated in
proportion to the composition and thickness of the material.
The DXA scanner emits two X-ray beams comprised of
photons at two differing energy levels (40 keV and 70 keV),
and as a result of the interaction within the human body, the
incident X-ray photon energy is exponentially attenuated. By
knowing how many photons are transmitted with respect to the
number detected, the amount of bone mineral and soft tissue
(fat and fat-free mass) can be determined. Skeletal muscle and
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adipose tissue contain primarily water and organic compounds
and each restrict the flux of X-rays less than bone (55). Notable
advantages of DXA include low cost, speed of measurement
(whole-body scans require less than 20 min), exposure to low
levels of radiation (<1 mrem), and the ability to perform fast
serial-section measurements (Table 1). DXA has been reported
to be the new gold standard for measurement of body
composition (77; for review see ref. 3).
Table 1
Summary of Methodologies Used for Assessment of Human
Body Composition
Method

Principle

DXA

Reproducibility

Based on X-Ray
attenuation of bone
mineral-free tissue
BIA
Impedance-Electric
current is maximally
impeded by adipose
rich tissue
CT
X-Ray exit
transmission intensity
MRI
Magnetic Field
emits radio frequency
in proportion to
different body
composition compartments

Time of
Measurement

Radiation
(mrem)

Cost

3%

10 – 20 min.

0.5

High

3% (62)

1 min.

0

Low

< 2%

10 sec.

200

High

3%

1-10 min.

0

Very High

Table 1 adapted from ref. 68.

DXA-calculated lean-soft tissue (including skeletal muscle,
skin, organs, and connective tissue) has been shown to closely
approximate limb skeletal muscle mass when total body
nitrogen (40) and CT (96) were used as the reference standards.
The primary basis for this measurement is the uniform fat-free
mass hydration value of 0.73, and, electrolyte constancy (67).
DXA-obtained skeletal muscle values have been validated
for use in elderly subjects (age range 51-84), when
measurements of total body 40K (35, 96) and nitrogen (35) were
used as the reference standard, and provides evidence that body
cell and skeletal muscle mass decline at the same rate during
aging.
However, as mentioned in the previous section, the
possibility exists that during aging the body cell mass fraction
disproportionately declines relative to total body water, thereby
limiting the accuracy of DXA-based estimations of fat-free
mass. If body cell mass, extracellular fluid or extracellular
solids each are equally reduced in proportion to fat-free mass,
then no changes in the fat-free mass normalized ratio would be
expected. However, if body cell mass decreases at a greater rate
than DXA-meausured fat-free mass, or, if extracellular fluid
increases while body cell mass decreases, then these changes
will have to be accounted for when making a prediction of fatfree mass content.
Several studies have demonstrated cross-sectional alterations
in body cell mass during aging. Wang et al. (2004) found that
body cell mass (measured as 40K) and lean-soft tissue mass (via
DXA) were each reduced with greater age but the relative

10 FIELDING/C_04 LORD_c 10/01/13 09:34 Page370

The Journal of Nutrition, Health & Aging©
Volume 15, Number 5, 2011

ASSESSMENT OF ANALYTICAL METHODS USED TO MEASURE CHANGES IN BODY COMPOSITION
reduction was greater for body cell mass. Thus, the amount of
body cell mass relative to total lean-soft tissue mass is smaller
in older adults, data that was verified by St-Onge et al. (2004).
Gallagher et al. (1996) found that with increasing age (20-94
years) there is a reduction in the total body 40K/fat-free mass
ratio (fat-free mass measured by DXA), data that suggests an
age-related DXA-based overestimation of fat-free mass.
Furthermore, the DXA measured fat-free mass change in > 75
year old subjects was found to be decreased by ~10% when
compared to the corresponding value in an 18-34 year old
group, as reported by Kyle et al. (2001). However, body cell
mass was found to decreased by 25% in the older group,
suggesting an altered composition of fat-free mass in older
subjects. These studies suggest that the lean-soft tissue mass
compartment has a smaller fraction of body cell mass and a
larger fraction of extracellular fluid in old subjects when
compared with their younger counterparts. Since DXA does not
differentiate between water and bone free-lean issue, DXAmeasured lean body mass may be overestimated in the elderly,
who have been shown to have extracellular fluid accumulation
(69).
The data are conflicting with respect to changes in
extracellular fluid or extracellular solids during aging.
Mazariegos et al. (1994) did not find an age-related (19-35 year
old group compared with > 65 years) change in extracellular
fluid content, but body cell mass, intracellular fluid and
extracellular solids were each found to be decreased. When
compared as ratios, an increase in both the extracellular
fluid/intracellular fluid and extracellular fluid /fat-free mass
ratio was found, but, body cell mass/fat-free mass was found to
be decreased (57). The age-related decrease in the body cell
mass/fat-free mass ratio suggests an altered fat-free mass
composition-i.e. relative increases in connective tissue or
structural protein. Conversely, Pierson et al. (1982) found an
increased extracellular fluid/total body water ratio in subjects
over age 80 years when compared with subjects younger than
30 years, suggesting an age-related expansion of the
extracellular fluid compartment. Because intracellular volume
is defined as total body water minus extracellular fluid, this
data is indicative of an age-related decrease in intracellular
fluid content (4).
Extracellular solids represents total bone mineral mass (93),
with ~85% of extracellular solids being accounted for by bone
wet weight (59). Cohn et al. (1983) did not find differences in
the extracellular solids/fat-free mass ratio in old (50-79 years)
when compared with younger subjects (20-49 years). However,
Mazariegos et al. (1994) found a significant decrease in the
extracellular solids/fat-free mass ratio in elderly women (> 65
years) when compared with their younger counterparts (19-35
years old).
It is important to note that the choice of either first
(DXApencil) or second (DXAfan) generation DXA models
may affect measurements of body composition. The principle
underlying use of DXApencil (Hologic model QDR 2000) is
that the X-ray photon beam is tightly collimated with the

photon-emitting source and the detector, which then move
together in a rectilinear manner to create an image. DXAfan
(Hologic model QDR 4500), the second generation X-ray
densitometer uses an X-ray source which fans out in the short
axis plane of the patient-an array of detectors then performs
measurements in the same plane. DXAfan has the advantage of
increased resolution and scan speed over DXApencil. DXAfan
has been shown to produce higher fat-free mass and lower fatmass estimates when compared with DXApencil in younger
subjects (26) and in the elderly (87).
Bioelectric Impedance (BIA)
The principle of using BIA for measurements of body
composition is based on the notion that tissues rich in water and
electrolytes are less resistant to the passage of an electrical
current than lipid-rich adipose tissue. In theory, an individual
with no adipose tissue would have minimum impedance, and
impedance would increase to a maximum when all lean tissue
was replaced by lipid-filled adipose tissue. The two main
determinants of impedance, resistance and reactance, respond
differently at any given frequency to intracellular and
extracellular fluids. The reciprocal of the impedance is
proportional to total body water for a current frequency ≥ 50
kHz or, to extracellular fluid, for frequencies below 5 kHz (54).
Impedance values are then converted into values specific for
total body water or extracellular fluid and then, into fat-free
mass by means of equations that are population specific. Once
fat-free mass is known, total body fat is calculated as the
difference between body weight and fat-free mass.
However, BIA results have been shown to be confounded by
fluid retention, as found in patients with COPD (75).
Hydrostatic disturbances, peripheral oedema and the use of
diuretic medication may affect the validity of BIA
measurements in older age groups (34). Changes in the level of
hydration have been attributed to the aging process, i.e., the
reduction of fat-free mass and total body water that occurs with
age (85). Unfortunately, BIA methods that have been validated
for the prediction of fat-free mass in young individuals have
been found to be inadequate when used in elderly populations
(34). Visser et al. (1995) found that existing prediction
equations for BIA described in the literature (23) that were
based on young and middle-aged subjects overestimated lean
mass and underestimated the percentage of body fat in an
elderly (aged 60-87 years) population.
In contrast, several studies suggest that BIA-related
measurement errors are not related to age, but to the specific
population under investigation. Roubenoff et al. (1997)
compared a published BIA equation designed to predict fat-free
mass that had been derived in a young population (mean age
27), with equations that were developed for the elderly by using
data from participants in the Framingham Heart Study (mean
age 78 years). When the young-population equation was
applied to subjects from the Framingham study it caused an
overestimation of fat-free mass in heavier subjects that was
eliminated by use of the age-specific equation. However, when
370
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the two equations were tested in the New Mexico Aging
Process Study (mean age 76 years), the published equation
gave estimates of fat-free mass that were closer to the DXAbased reference than use of the Framingham equations. It was
concluded from these data that the accuracy of a given BIA
equation was not age-dependent, but, body-composition
dependent. Roubenoff et al. (1997) suggested that use of BIA in
elderly populations requires uniform validation procedures in
the actual study population, rather than reliance on age-specific
equations. In support of the notion that BIA related fat-free
mass measurement errors are not age, but population-specific,
Rech et al. (2008) found agreement for the fat-free mass
measurement in elderly males (age range of 60-81) with use of
the BIA equations of Kyle et al. (age range, 20-94; ref. 52),
Dey et al. (75 year olds; ref. 25) and Sun et al. (age range 1294; ref. 85). Among women the equations of Kyle et al. (2001)
and Dey et al. (2003) were found to be valid when compared
with Rech et al. (2008). In contrast, Genton et al. (2001)
compared four equations specific for BIA analysis in elderly
subjects and found only the equations derived by Kyle et al.
(2001) to accurately predict fat-free mass in a group of subjects
with an age range of 65-94 years. The BIA formulas developed
by Deurenberg et al. (age range 60-83; ref. 24), Roubenoff et al.
(average age 78; ref. 73) and Dey et al. (average age 75; ref.
25) were not found to be valid by Genton et al. (2001). From
these data it can be concluded that BIA equations are subject to
errors that cannot be determined a priori unless they are
validated in the specific population in which they are to be
applied (25, 65, 73, 83). Furthermore, the BIA equations of
Segal et al. (1988) have been shown to be generalizable across
sex, ethnicity, age, and degrees of adiposity, but these fatnessspecific equations require an a priori determination of
percentage body fat by using a skinfold equation or
densitometry to categorize subjects into obese or nonobese
groups. Use of BIA for predicting LBM is enhanced by sex and
fatness-specific equations (76). Unfortunately, these procedures
negate the use of BIA as a fast and simple method.
The previous sections have investigated using a molecularbased approach to measure body composition. Body
composition can also be assessed at the tissue level with use of
computed tomography (CT) and magnetic resonance imaging
(MRI). Cadaver validation studies have shown excellent
accuracy for CT and MRI in measuring skeletal muscle mass
(both with r = 0.99) (58).
Computed Tomography (CT)
The principle of using CT for measurements of body
composition is based on the use of a scanning (as produced
from a rotating source) X-ray beam that passes through the
patient. The X-ray exit transmission intensity is monitored by a
series of detectors, which results in the visual production of
cross-sectional slices about 10 mm thick. The exit transmission
(at any angle) is then used to calculate the average attenuation
coefficient along the length of the X-ray beam. Attenuation
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coefficients are reported in terms of Hounsfield units (HU), in
which bone and other dense materials are equal to +1000, water
is equal to zero, and air is equal to -1000 (47). Normal-density
muscle is defined as having attenuation values in the 40–100
HU range (46). One of the major advantages of using CT over
other analytical techniques used to measure body composition
is the ability to measure fat infiltration into skeletal muscle.
Adipose tissue area within a traced region of skeletal muscle
can be estimated by selecting the pixels that range between 190 and -30 HU (80). Ross (2003) determined that normaldensity muscle can be differentiated from low-density muscle
by identification of attenuation values in the 0–30 HU range
(72). CT has been shown to be able to identify fat infiltration
into skeletal muscle in young obese women (78).
CT was first used to quantify arm skeletal muscle cross
sectional area (39) and abdominal fat content (11) in 1979 and
1982, respectively. CT has been shown to be highly reliable in
the evaluation of both adipose tissue (27) and fat-free mass
(79). One advantage of CT use is the ability to discriminate
total fat content into subcutaneous and visceral components
(79).
CT measurements on individuals within the age range of 1059 years (14) and 10-89 years (42) have shown increases in
muscle density up to ~40 years of age, with a progressive
decline following. CT has been shown to be capable of
measuring not only changes in muscle mass, but muscle
quality, during aging. An age-related decline in muscle quality
was shown by Borkan et al. (1983), who reported the presence
of fat infiltration within and between old muscle in subjects
with a mean age of 69 years, when compared with a younger
group (mean age, 46). CT was used by Rice et al. (1989) to
identify a decrease in muscle mass (28-36%) and an 81%
increase in non-muscle tissue in the plantar flexors of an elderly
group, when compared with the corresponding values in young
subjects. Furthermore, elderly arms were found to have a
greater amount of skin plus subcutaneous tissue than in the
young, but no significant difference was found in the legs (71).
It is important to note that a 38% increase in skin plus
subcutaneous fat was also found in elderly men, when
compared with a younger group by Overend et al. (1992). The
results of Rice et al. (1989) and Overend et al. (1992) further
demonstrate that DXA and BIA-related measurements of
muscle mass in the elderly may be overestimated, because of
the increased amounts of skin and subcutaneous tissue found in
elderly subjects. Use of CT has identified age-related decreases
in quadricep (26%) and hamstring (18%) muscle mass and
increases in non-muscle tissue located within both the
quadriceps (59%) and hamstrings (127%), when comparing the
values in an elderly group with younger counterparts (63).
Magnetic Resonance Imaging (MRI)
The principle underlying use of MRI involves a cylindrical
magnet with an internal diameter large enough to enclose the
human body, thereby allowing for the production of an external
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magnetic field. The presence of gradient coils creates a smaller
identification field, known as a gradient field. The presence of
the external gravitational field in combination with the gradient
field produces a net external magnetic field. The radio
frequency coil generated by these magnetic fields provides the
force necessary to rotate nuclear spin away from the direction
of the external magnetic field. As the nuclear spins precess
back toward the direction of the external magnetic field, they
emit radio frequency signals (T1 and T2), which are combined
to form an image. Variations in the radio frequency pulse
sequence are then used to make determinations about adipose
tissue or fat-free mass. For example, a short T1 and a long T2
proton relaxation time has been shown to be indicative of
adipose tissue (47). Furthermore, use of MRI has been shown
to identify the relative percentage of Type I skeletal muscle
fibers in human vastus lateralis (41, 50, 51).
The relative accuracy of the MRI measurement is obtained
by using multislice techniques. Typically, 10 or more slices are
acquired at a time, covering an area of the body of 40 cm or
more. Conventional indirect techniques such as underwater
weighing, body water dilution, impedance, and anthropometry
measure body fat content by using empirically determined
relationships on the basis of population averaging. A critical
difference between MRI and these techniques is that the MRI
volume measurement is capable of absolute calibration. Thus,
tissue distribution and tissue content are the only possible
sources of MRI-based measurement errors, with the result of
decreased individual variability, and, a higher statistical power
for a given sample size (86). Furthermore, unlike DXA (0.5
mrem) and CT (200 mrem), MRI does not expose the patient to
ionizing-radiation (68).
MRI was first used with the goal of discriminating fat from
muscle tissues by Foster et al. (1984). Subcutaneous adipose
tissue (37, 72), visceral fat (30) and total body fat (86) have
each been quantified by MRI. MRI has been shown to
accurately measure adipose tissue in vivo, showing good
agreement with values produced by dissection and chemical
analysis (1, 29). The error inherent in the MRI-based accuracy
and precision measurements of abdominal adipose tissue mass
was shown to be less than 3% when compared with data
obtained by direct weighing of adipose tissue after dissection
from human cadavers (2). Conversely, Thomas et al. (1998)
showed significant variation when whole body MRI was used
to determine the percentage of visceral, adipose and total
internal fat tissue in subjects with a range of adiposity.
Furthermore, the amount of total, subcutaneous, and visceral
adipose tissue was found to not be related to standard
anthropometric measurements such as skinfold measurements,
body mass index, and waist-to-hip ratio.
Unfortunately, few studies have used MRI to examine agerelated changes in skeletal muscle mass and/or quality. Gray et
al. (2010) found a 37% decrease in quadricep muscle mass in
an elderly group (age range, 76-82 years), when compared with
their younger counterparts (age range, 19-30 years). Unlike
BIA and DXA, MRI is capable of measuring the amount of

non-contractile tissue found within skeletal muscle. Kent Braun
et al. (2000) found a decrease in leg skeletal muscle cross
sectional area in both women (11%) and men (19%) when
comparing young (age range, 26-44 years) with an older group
(age range, 65-83). Despite the age-related decrease in muscle
cross sectional area, an increase of approximately 11% in noncontractile tissue within skeletal muscle was found for both
elderly men and women, when compared with the amount of
non-contractile tissue found within muscle in the younger
group. Macaluso et al. (2002) found muscle contractile volume
in both the quadriceps and hamstrings to be decreased by
approximately 20%, when comparing an older group (mean age
70) with their younger counterparts (mean age 23). In addition,
the amount of non-contractile tissue found within each of these
muscle groups was significantly increased by approximately
6%.
Combined methods
BIA and DXA
Several studies have used multiple analytical techniques in
conjunction with the goal of measuring age-related changes in
body composition. Augustemak de Lima et al. (2008) did not
find differences in the skeletal muscle values obtained from
both BIA and DXA in an elderly group (age range, 61-80
years). Conversely, when compared with DXA measurements,
BIA has been shown to underestimate total fat content in a
young obese group (60), leaving open the possibility that BIA
would underestimate (relative to DXA) age-related changes in
adiposity.
BIA and MRI
In subjects with a BMI range of 19 ≥ 40 kg/m2 and an age
range of 18-45 years, measurement of percent body fat by BIA
was shown to be significantly correlated with MRI-based
measurements (r = .93). The strongest association for MRI and
BIA-based measurements of percent body fat were found at a
BMI above 25 kg/m 2 (r = .84 or greater). Although the
association between BIA and MRI-based measurements for the
lean group (BMI, 19-24.9 kg/m2) was statistically significant,
the correlation was not as strong (r = .54) as for the higher BMI
groups (86). Chien et al. (2008) compared measurements of
skeletal muscle by both MRI and BIA across the age range of
22-90 years and found a significant correlation (R2 = .95)
between the two techniques. No significant difference was
found for the BIA prediction equation, when compared with the
MRI-based measurement of skeletal muscle mass, thereby
verifying the potential use of BIA in older populations for the
determination of skeletal muscle mass (19).
DXA and MRI
A high correlation (r = .97) between DXA-predicted
appendicular lean soft tissue mass and MRI-measured total
body skeletal muscle mass was reported for men and women,
within the age range 18-92 by Kim et al. (2002). Similarly,
372
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DXA-derived lean soft tissue mass was found to be
significantly correlated with MRI-measured skeletal muscle
mass for the whole body (r = 0.94) and leg region (r = 0.91) in
an elderly group with an average age of 71 (18). However,
DXA-derived fat mass has been shown to be lower than MRImeasured adipose tissue mass (18).
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