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a  b  s  t  r  a  c  t

Nutritional  status  is the  results  of nutrients  intake,  absorption  and  utilization,  able  to influence  physi-
ological  and  pathological  conditions.  Nutritional  status  can  be  measured  for  individuals  with  different
techniques,  such  as  CT Body  Composition,  quantitative  Magnetic  Resonance  Imaging,  Ultrasound,  Dual-
Energy  X-Ray  Absorptiometry  and  Bioimpendance.  Because  obesity  is becoming  a  worldwide  epidemic,
there  is an  increasing  interest  in the study  of  body  composition  to monitor  conditions  and  delay  in devel-
opment  of  obesity-related  diseases.  The  emergence  of these  evidence  demonstrates  the  need  of  standard
assessment  of  nutritional  status  based  on  body  weight  changes,  playing  an  important  role  in several  clin-
ical  setting,  such  as in  quantitative  measurement  of tissues  and  their  fluctuations  in  body  composition,
in  survival  rate,  in  pathologic  condition  and  illnesses.  Since  body  mass  index  has  been  shown  to  be  an
otal body water
ody cell mass

imprecise  measurement  of fat-free  and  fat  mass,  body  cell  mass  and  fluids,  providing  no  information
if  weight  changes,  consequently  there  is  the need  to  find  a better  way  to evaluate  body  composition,
in  order  to  assess  fat-free  and  fat mass  with  weight  gain and loss,  and  during  ageing.  Monitoring  body
composition  can  be  very  useful  for nutritional  and  medical  interventional.  This  review  is  focused  on the
use  of  Body  Composition  in  Clinical  Practice.

©  2016  Elsevier  Ireland  Ltd.  All  rights  reserved.
. Introduction

World Health Organization (WHO) defined the “nutritional sta-
us” as the condition of the body, resulting from the balance of
ntake, absorption, utilization of nutrient and the influence of par-
icular physiological and pathological status [1]. Nutritional status
an be measured for individuals, as required in clinical practice,
r for populations, as required in research field, in order either
o identify populations at nutrition impairment risk and to plan
nterventions. Because obesity is becoming a worldwide epidemic,
here is an increasing interest in the study of body composition
BC) – overall and regional – monitoring conditions and delay of
besity-related development diseases, such as cardiovascular dis-
ase, metabolism and endocrine disorders, malignancy and others

athology [2].

Epidemiological trend of obesity in an ageing population has
ead to the recognition of a new nutritional pattern, called “sar-

∗ Corresponding author.
E-mail address: angela.andreoli@uniroma2.it (A. Andreoli).

ttp://dx.doi.org/10.1016/j.ejrad.2016.02.005
720-048X/© 2016 Elsevier Ireland Ltd. All rights reserved.
copenic obesity” [3]. It is defined as a muscle mass index less than
two standard deviation below the sex-specific reference in a young,
healthy population. Sarcopenic obesity, in a simple approach, is
characterized by an increased Fat Mass (FM) and a reduced Fat Free
Mass (FFM) with a normal or high body weight. According to WHO
criteria, obesity is defined as Body Mass Index (BMI) ≥ 30 kg/m2

and central obesity with waist circumference more than 102 cm in
men and 88 cm in women. Whether these criteria are appropriate
for older people has been questioned [4]. Sarcopenia, defined as
age-related loss in skeletal muscle mass and function, recognizes
multi-factorial causes and includes endocrine function, chronic
diseases, inflammation, insulin resistance and nutritional deficien-
cies. Recently, the term “myopenia” was suggested to indicate
the presence of clinically relevant muscle wasting [5]. Taking into
account the association between sarcopenia and disabilities, the
term “dynapenia” has been introduced [6].

The emergence of these concepts demonstrate the limits of sen-

sitivity of standard clinical assessment of nutritional status based
on body weight changes for an early detection of FFM loss, such as
the reliability of BMI  to diagnose obesity and measure BF [7].

dx.doi.org/10.1016/j.ejrad.2016.02.005
http://www.sciencedirect.com/science/journal/0720048X
http://www.elsevier.com/locate/ejrad
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejrad.2016.02.005&domain=pdf
mailto:angela.andreoli@uniroma2.it
dx.doi.org/10.1016/j.ejrad.2016.02.005
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Malnutrition and weight loss are common and may be due to
everal mechanisms including cancer and host response to tumor
nd anticancer therapies. Besides this, deficit of energy, protein
nd/or other nutrients, in malnourished patients, may  cause seri-
us adverse effects on tissue/body form, composition, function and,
n the and, deeply influence clinical outcomes. Changes in body
omposition may  be detrimental to health [8,9].

This review is focused on the use of Body Composition in Clinical
ractice.

. Body composition models

According to chemical component of the body (water, protein,
nd mineral, and FM), three models of body composition were
eveloped.

.1. Two-component model

A more applicable reference approach, first introduced in 1942,
ad its roots in development of Albert R. Behnke. He conceived of
he human body as two components, fat and “lean body mass”, each
ith an assumed stable density of 0.900 g/cm3 and 1.095 g/cm3,

espectively [10–12].

.2. Three-component model

Body can be composed by four main components: water, pro-
eins, minerals, and glycogen. While these ones maintain, under
sual conditions, stable relations each other, many factors are
ecognized to vary their proportions. On this way, in 1956, Siri
eveloped his three-component model, assigning a density to a
ombined residual mass component (1.565 g/cm3), reflecting the
ensity of protein (1.34 g/cm3) and minerals (3.00 g/cm3).

.3. Multi-compartment models (four or more compartments)
odels

Siri and Behnke recognized the importance in separating out
esidual mass components with analysis of bone mineral contri-
utions, from standard X-ray films, and incorporated total body
one mineral mass with total body water. The results of this model,
as compared to those obtained in healthy adults, using Cohn and
ombrowski’s in vivo whole body counting neutron activation as
nalysis reference method. In 1992 Wang et al. suggested that body
omposition could be divided into five levels: atomic, molecular,
ellular, tissue-system and whole body. Since then, more than 30
ody components had been evaluated in these five levels [13–15].

Recent technological advances highlight the opportunities to
xpand model applications to new subject groups and measure
omponents such as total body protein [11].

. Nutritional status assessment

In the recent years, researchers of European Society Parenteral
nteral Nutrition (ESPEN) have initiated a program to promote
utritional screening in hospitals [16]. Nutritional status assess-
ent consists in measurement of food intake, anthropometric

ariables, chemical parameters, subjective global assessment and
ody composition measurements. This program is widely adver-
ised and first introduced in hospital settings. Many further efforts

ere made to apply this approach. Assessment of body composition
lays an important role in nutritional evaluation. The identification
f prognostic factors in many diseases is relevant for the clinical
anagement of the disease. Worldwide malnutrition is consid-
Fig. 1. Measurement of total fat area, visceral fat area and subcutaneous fat area,
with CTBC, at the level of L3. (elaborated with synapse 3D).

ered a more complex process than the result of over-nutrition or
under-nutrition and inflammation.

Furthermore, the impact of inflammatory activity explains
why in many “nutritional risk indexes”, proposed during the
last 30 years, anthropometric data and inflammatory parameters
are incorporated in predicting better: the risk of complications,
bad quality of life and others conditions in comparisons with
anthropometric data alone. In addition, nutritional risk screening
(NRS-2002) and the MUST screening method have the same under-
lying principle. They assess the risk of insufficient food uptake and
the size of the operative trauma/severity of disease. However, both
instruments measure only weight (kg) and height (m)  to calcu-
late BMI  expressed as kg/m2. Indeed, diminution of Body Cell Mass
(BCM) may  result from combinations of insufficient nutrition and
inflammatory activity.

Recently, Konturek et al. have been demonstrated that hos-
pitalized patients suffering from inadequate nutritional therapy
had a major risk for developing malnutrition during hospitaliza-
tion, demonstrating that early patients screening for malnutrition
would improve management of nutritional therapy and had a pos-
itive impact on clinical outcomes. In addition, he reported that the
prevalence of malnutrition was increased in patients with hepatic,
gastrointestinal disease, depression or dementia, always evidenc-
ing that the most important risk factors for malnutrition were bed
rest and immobility [17].

4. Methods to assess body composition

Depending on the information needed, several methods can be
used to measure BC, each with some advantages and limitations
[18,19]. Changes in BC occur as part of the normal ageing processes
and includes a relative increase in FM in relation to FFM [20]. Meth-
ods for analysis of BC aim to divide body mass into components on
the basis of differing physical properties. Muscle mass is a part of
FFM and can be quantified at five level model of body composition,
with a complexity increasing from atomic to anatomic level [21].

In selecting the method, it should take into account cost (equip-
ment and personnel), radiation exposure, time required to obtain
the information and accuracy of the information obtained (Table 1).
Numerous techniques for body composition analysis are currently
available as listed in Table 1.

4.1. Computed tomography (CT) and CT body composition (CTBC)

CTBC presents great practical significance due to CT routinary
use of CT for diagnosis and follow-up, and allows an accurate
quantification of whole body composition (Fig. 1). Axial CT, using
a cross-sectional images, taken around a single axis of rotation,
allows to measure body components at the tissue- level using pre-

established Hounsfield Units (HU).

The measurement, considered an excellent method, is made
at L3 level, provides total, visceral or subcutaneous adipose (fat)
area (TFA, VFA, SFA), total psoas area (TPA), visceral adipose vol-
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Table  1
Pros and Cons of body composition techniques (modified from Andreoli et al.).

Technique Pros Cons

Body mass index Free
Fast
Predictor of life expectancy

Does not give precise assessment of percentage of
body fat for athletes
Possible causes of error are posture (height),
hydration and bowel status (weight)

Skinfold thickness measurements Convenient
Fast
Portable
Useful for detecting changes in percentage of body
fat

Requires precise and consistent technique
Not accurate for very thin or very fat people
Measures only fat under the skin
Not accurate estimation of present percentage of
body fat
Possible causes of error are age and fat
compressibility

Waist–hip ratio Fast
Easy to obtain

Does not give information on body fat
Possible errors due to holding breath and tape
measure placement

Computed Tomography Body
Composition

High accuracy
Assessment of fat free mass by regional analysis
Assessment of subcutaneous fat and visceral fat

X-ray exposition
Can not be performed at bedside
Specific software required for fat free mass
assessment.
Expensive

Quantitative Magnetic Resonance Best spatial resolution and body
mass composition differentiation
No radiation exposure
High precision

Longer image acquisition time
Very expensive
Need of specific software

Ultrasound Low cost,
Noninvasive
Rapid procedure

Experience-related
Absence of standardized procedure and
measurement
Artifacts

Dual-energy X-ray absorptiometry Precise
Accurate
Fast
Gives information on total and regional percentage
of fat

Not portable
Radiation exposure (even low)

Bioelectrical impedance analysis Inexpensive
Portable
Fast

 body 

 and o

Poor accuracy in detecting changes in percentage
of  body fat
Many other variables needed
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Accurate for estimating total
populations if height, weight
are added

me  (VFV) and skeletal muscle index (SMI) [22]. Moreover CTCB
as been used to derive an predictive cardio-metabolic risk equa-
ion, after a large triethnic sample, according to ethnicity- and
ex-specific data [23]. This type of evidence endorsed other specific
esearch, analyzing pericardial fat, intrathoracic fat and epicardial
at, showing the potential contribution in CMR  stratification [24].
lso, CT images targeted on the III lumbar vertebra, could be the-
retically performed solely, since they result in similar chest. As
T has increased in clinical practice, it must be kept in mind the
adiation exposure. It is estimated that 1.5%–2.0% of all cancers in
he United States may  be attributable to radiation from CT stud-
es [25]. Mourtzakis et al. demonstrated that CTCB fat and free-fat
issue evaluation correlate with whole-BC [26].

.2. Magnetic resonance imaging (MRI)

BC can be also accomplished with MRI, using a free-ionizing
adiation technique. MRI, showing fat depots, can measure adipose
issue and, characterizing disease processes provide unique insight
nto associations between different patterns of adiposity [24]. The
se of quantitative magnetic resonance (QMR) for measurement
f body composition has long been established in animal studies.
here are, however, only a few human studies that examine the
alidity of this method. These studies have consistently shown a
igh precision of QMR  and only a small underestimation of fat mass

y QMR when compared with a 4-compartment model as a refer-
nce. An underestimation of fat mass by QMR  is also supported by
he comparison between measured energy balance (as a difference
etween energy intake and energy expenditure) and energy bal-
water in
ther variables

Possible sources of error are dehydration, bladder
status, temperature, fat asymmetry, arm position,
etc.

ance predicted from changes in fat mass and FFM. Fewer calories
were lost and gained as fat mass compared with the value expected
from measured energy balance.

Current evidence in healthy humans has shown that QMR  is a
valid and precise method for non-invasive measurement of body
composition. On the contrary, to standard reference methods, such
as densitometry and dual X-ray absorptiometry, QMR  results are
independent of FFM hydration. However, despite a high accuracy
and a low minimal detectable change, underestimation of fat mass
by QMR  is possible and limits the use of this method for quantifi-
cation of energy balance [27,28].

4.3. Ultrasound (US)

Another technique, used since decades, to assess BF is ultra-
sound. Still now BF-US is not well known as techniques. US,
based on echoes reflection, represents a two-dimensional grey-
scale image, between white (strong reflections) and black (no
echoes), showing borders of the skin-subcutaneous fat, fat-muscle
and muscle-bone interfaces [29]. Although the US procedures can
be considered relatively simple, the interpretation is more difficult
and subjective. US has many advantages such as low cost, capa-
ble of measurements, noninvasive, rapid procedure, but also some
limitations such as experience-related, absence of standardized
procedure and measurement, artifacts. However different opinions

were about US validity. Borkan et al. measured 15 sites with calipers
and US. Skinfold correlated better with fat weight than did ultra-
sound, and they concluded that skinfolds were a better measure of
subcutaneous fat than ultrasound [30]. However Fanelli and Kucz-
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arski suggested that US was equal to skinfolds for predicting body
at [31]. Armellini and colleagues introduced an intra-abdominal
hickness US measurement, correlating data with validating US and
emonstrating that US intra-abdominal thickness was the most
owerful predictor of visceral adipose tissue area [32,33].

.4. Dual-energy X-Ray absorptiometry (DXA)

Actually, a valid and precise method for measuring BC is DXA
Fig. 2), for both total and regional BC. DXA divides the body into
hree components: bone, lean mass and bone-free tissue, and fat.
XA, the method of choice for measuring bone mineral density, is

ncreasingly accepted as an accurate and convenient method for
easuring regional and total BC. The ability to monitor changes

n BC in a person, depends on the precision. DXA systems cur-
ently available for scanning whole-body tissue composition are
apable to analyze a wide range of weights including severe obese
ubjects (>150 kg) [34]. DXA scans can be subdivided into differ-
nt body regions, i.e., trunk, arms, and legs, thus identifying and
stimating both android and gynoid fat distribution. DXA is the
old standard technique for the evaluation of body composition in
linical research, although limited in clinical practice by the radi-
tion exposure, availability and cost. DXA is a quick, noninvasive,
nd safe method for body composition assessment, and the radia-
ion exposure is considered small and safe for repeated measures.

oreover, DXA measures 3 body composition compartments and
an provide regional estimates of these compartments. However,
he actual size of an individual presents a limitation for some DXA
cans, as large persons are not able to easily fit inside the scan area.
urthermore, hydration status may  affect DXA accuracy because
f the programmed assumption of a constant and uniform FFM
ydration.

.5. Bioimpedance: bioelectrical impedance analysis (BIA)

Non-invasive assessment of hydration status remains a critical
eed in healthy and ill patients. Fluid overload is detectable as pit-
ing edema whereas a sub-clinical increase in fluid volume without
dema or mild to moderate dehydration are difficult to identify.
raditional methods to assess hydrations status (e.g., isotope dilu-
ion) are not amenable for point-of-care use, and standard clinical
valuation methods are insensitive to discriminate normal from
ltered hydration status for an individual. BIA is a non-invasive
ethod that introduces a safe, radio-frequency alternating current

nd measures passive electrical characteristics of the body to clas-
ify the hydration status of individuals. Different BIA approaches
re available: single or multiple frequency. Historically BIA assess-
ents of hydration used regression models to predict total body
ater (TBW) or extracellular water (ECW) and to calculate intra-

ellular water (ICW). This approach relied on in vitro biophysical
odels and assumptions of the constancy of the chemical compo-

ition of the fat-free-body; it resulted in predicted fluid volumes
hat were too imprecise for clinical use. Contemporary BIA meth-
ds overcome these limitations to classify (under-,normal or over
ydration) and rank (more or less than before intervention) hydra-
ion status. The principal use of Bioelectrical Impedance Vector
nalysis (BIVA) is the assessment of hydration status of individ-
als, which is helpful in the prescription of treatment [35,36]. The
ractical advantages and clinical value of bio-impedance measure-
ents to identify alterations in surveillance and monitoring effects

f intervention.
Numerous study show that single or multifrequency-BIA is an
ccurate tool to estimate body composition (FM and FFM, TBW,
CW; ICW and BCM) in healthy euvolemic adults when com-
ared with the validity and precision of other two-compartment
eference methods. In bioelectrical impedance measurements the
Radiology 85 (2016) 1461–1468

conductance of a small alternating current through the body is mea-
sured. As the conductance is mainly determined by the amount of
water, which is only present in the fat-free mass, impedance mea-
surements allow assessment of the fat-free mass and, by difference
with body weight, of BF%. The classical (total body) bioelectrical
impedance method measures impedance from foot to hand.

BIA-algorithms are manufacture/device-specific whereas pop-
ulation or ethnic specificity are of minor importance. Anthropo-
metric parameters play a limited role in the prediction algorithms
generated for BIA. Avoidable sources of error that lead to an
overestimation of FM are: touching of the things and low skin tem-
perature. The underestimation, of FM in obese patient is low when
the study population used to generate the BIA algorithm include
obese people. In dehydrated, cachectic, sarcopenic, underweight
or morbidly obese patients as well as in patients with edema or
ascites, qualitative changes in FFM occur (e.g. increased hydration
and decreased cellularity) that violate the underlying assumptions
of every two-compartment method. BIA is the only non-invasive
and inexpensive bedside tool that allows monitoring if hydration
and body cell mass using impedance raw data (phaseangle, bio-
electrical impedance vector analysis). These parameters need to be
interpreted on the background of reference values that take into
account age, gender and BMI  of the patient. In conclusion, the great
potential and clinical value of BIA is based on non-invasive moni-
toring of electrical properties of the tissue that relate to qualitative
aspects of lean mass like cellularity and hydration. These param-
eters can also be used to identify cases in which the violation of
the assumptions for application of a BIA-algorithm does not allow
a valid prediction of FM and FFM.

Absolute measurements of impedance, reactance, resistance,
capacitance and phase angle (PA) have been highly correlated to
changes in the human body and have been shown to be good prog-
nostic indicators [37]. More detailed descriptions of the principles
can be found elsewhere [38,39].

4.5.1. Is BIA an accurate tool in clinical practice?
Is essential to have a precise evaluation of the role of BIA in

clinical practice. Indeed it was demonstrated that BIA and PA can
be used for nutritional and overall health status in cancer patients
as non-invasive technique [40]. PA also showed a significant pos-
itive correlation with albumin. Besides, ECW/TBW, which is an
index of edema, had a significant negative correlation with albu-
min  and hemoglobin level, but consistently increased association
with poorer nutritional status. Considering that acute inflammation
or hypoalbuminemia, caused by malnutrition, is known to cause
edema and that low PA indicates malnutrition [41]. PA has been
negatively correlated as a prognostic factor in many conditions such
as neoplastic disease, hemodialysis, chronic obstructive pulmonary
disease, human immunodeficiency virus, including decompensate
liver cirrhosis [42,43]. So that seems to be clear the possible impact
that BIA and PA could have in daily clinical activities.

5. Rationale body composition in clinical practice

Historically, body weight has been used as macroscopic criterion
for nutritional status of the catabolic patients. 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 [44].

There is general agreement that lifestyle changes, focused on
improvement dietary intake and increased daily physical activi-

ties, are the cornerstones in both preventing and treating obesity
and the metabolic syndrome. Studies have shown a positive effect
of exercise on BC, especially in reducing menopausal risk factors
in women  and enhancing treatment efficacy in older overweight
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Fig. 2. Total-body composition measured by DXA with Lunar iDXA (GE healthcare).

Table 2
BMI  and metabolic profile classification.

1 lean and healthy

 inside

lthy o

a
w
h
o

2 lean and unhealthy (also known as thin outside, fat
3  obese and unhealthy
4  obese and healthy (also coined as metabolically hea
dults with type 2 diabetes mellitus [45]. Data obtained with severe
eight loss and regain in lean people, weight cycling most likely
as no adverse effects on fat distribution and metabolic risk in
bese patients [46]. The coexistence of diminished muscle mass
 or metabolically obese but normal weight)

bese or insulin-sensitive obese)
and increased fat mass, called ‘sarcobesity’, is ultimately manifested
by impaired mobility and/or development of life-style related dis-
eases. Sarcopenic obesity was  first defined by Baumgartner as a
muscle mass index less than two standard deviation below the
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Fig. 3. Impact of body composition: a synoptic analysis [FM: Fat Mass].

Table 3
BIA Patterns (BIA assessment can provide a way  to assess efficacy of interventions for weight loss and malnutrition, and to monitor pathologic changes in BC in different
clinical setting) [TBW: total body water; ECW: extra cellular water; ICW: Intra cellular water; BCM: body cell mass].

ECW TBW ICW BMC  Observation

Expansion (↑) Expansion (↑) Edema, obvious adverse consequences from the medical
management

Constant (=) The distribution between fluid compartments may  be
pathologically altered

Bioelectrical
impedance
analysis

InexpensivePortableFastAccurate
for  estimating total
body water in
populations if
height, weight and
other variables are
added

Poor accuracy in detecting changes in percentage of body
fatMany other variables needed Possible sources of error
are dehydration, bladder status, temperature, fat
asymmetry, arm position, etc.
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Reduction (↓) 

Expansion (↑) 

ex-specific reference for young, healthy population [47,48]. FFM
oss is unequivocally associated with decreased survival, negative
linical outcome, i.e. increased rate of infections, complications,
ospitalizations, lengths of hospital stay, recovery and therapy tox-

city in cancer patients, which ultimately increase health care costs
49]. Therefore, the management of nutritionally at risk patients
hould integrate a nutritional strategy aiming at reducing the clin-
cal and functional consequences of the disease and/or the hospital
tay, in the setting of a cost-effective analysis [50]. The increased
revalence of obesity in ageing has lead to the recognition of a
ew nutritional entity, the “sarcopenic obesity”,characterized by
n increased FM and a reduced FFM with a normal or high body
eight [3,49,51]. The emergence of this concept demonstrates the

imits of sensitivity of standard clinical assessment of nutritional
tatus based on body weight changes for the early detection of FFM
oss.

Clinical observations show that disregarding the BMI, either
ormal-weight or obese individuals may  present a healthy or an

nhealthy metabolic profile (Table 2) [52].

Some of the main features that distinguish metabolically healthy
r unhealthy phenotypes include increased VAT, ectopic fat deposi-
duction (↓) Can be associated with wasting and cancer cachexia
duction (↓) Can cause body weight to remain constant, masking

malnutrition

tion and insulin resistance in the latter phenotype, which impose on
them a higher risk for metabolic and non-metabolic comorbidities
than their metabolically healthy counterparts [53]. Malnutrition
is a frequent manifestation of advanced cancer and it is one of
the major contributor to morbidity and mortality [54]. Malnutri-
tion is characterized by changes in cellular membrane integrity and
alterations in fluid balance.

In the clinical setting, anthropometric methods are not ideal
because they are time consuming and require well-trained staff. An
approach in assessing body composition is to measure BCM. BCM is
defined as the total mass of “oxygen-exchanging, potassium-rich,
glucose oxidizing, work-performing” cells of the body. Presently,
the “gold standard” for quantifying BCM is via measurement of
the naturally occurring isotope 40K; however, the assessment of
42K as well as the measurement of the difference between ECW
and TBW using multiple isotopes are also acceptable. Nonetheless,
these methods are expensive, time-consuming, and not practical
for use in the field.
BCM includes FFM portion of cells within muscle, viscera and
the immune system and may  be considered the functionally most
important compartment in determining energy expenditure, pro-
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ein needs, and the metabolic response to stress Volpato et al.
emonstrated that BCM is a powerful predictor of mortality in
lder people, suggesting that decline in BCM may  be involved in
he pathophysiology of frailty [55].

. Why  functional body composition?

Today, BC analysis is the integrative center of body responses
o internal and external factors at all biological levels in cellular
nd molecular physiology as well as biochemistry of intermediary
etabolism. BC-analysis subdivides the crude BMI  phenotype into
ore sharply divided phenotypes.
Functional body composition integrates body components into

egulatory systems, i.e. it relates to its corresponding in vivo func-
ion and metabolic processes. Suitable application of BC-analysis is
nterpretation of body functions (e.g. energy expenditure, insulin
ensitivity) and their disturbance in the context of body compo-
ents and vice versa, such as interpretation of the meaning of

ndividual body components in the context of their functional con-
equences e.g. changes in energy expenditure, insulin resistance.
ince different body function and metabolic processes are dif-
erently related to individual body components, functional body
omposition extends the traditional view, thus, crossing as well
s combining the different body composition levels. In the case of
nergy expenditure, FFM is its major determinant, but functional
ody components relate to low and high metabolic rate organs and
issues within and outside FFM. When compare with a two  compo-
ent model, white adipose tissue, extracellular mass and bone are
onsidered as low metabolic rate organs [56].

. Clinical implications of body composition assessment

Due to the lack of readily available and accurate methods to
ssess body composition in clinical setting, the measurement of
ody weight has been the most widely used method monitoring
nthropometric status. BMI  has been used to provide a rough esti-
ation of nutrition status by categorizing individuals ranging from

nderweight to extremely obese. Although unintentional weight
oss can be an indicator of malnutrition and, in some cases, disease
rogression, the use of body weight and BMI  as clinical assessment
f populations is problematic for several reasons (Table 3).

Indeed, a large proportion of obese patients with cancer are
ffected by sarcopenia. Like cancer, sarcopenia is known to be
ubstantially prevalent in the elderly and the ability of malignant
isease to induce muscle atrophy compounds this prevalence. Like-
ise, obesity is a well-known risk factor for some cancer types,

uch as colon cancer [57]. The simple observance of bodyweight is
nsufficient to detect this abnormality; in this sense, specific quan-
ification of skeletal muscle is needed. This measurement becomes
linically available and expedient through the secondary analysis
f diagnostic images. Importantly, an apparently large body weight
ight mask sarcopenia and men, patients aged over 65 years, and

hose affected by colorectal cancer seem to be especially suscepti-
le to sarcopenia. Obese patients with sarcopenia thus have a lean
ass comparable to very underweight patients or patients who

re very underweight or emaciated. The prevalence of sarcopenic
besity in patients with cancer might be increasing. Our findings
nderscore the importance of assessment of body composition and
he use of CT scans to provide powerful prognostic information and
o potentially improve drug dosing. CT analysis is a well-recognized

nd highly precise approach for the estimation of human body com-
osition and has a reported precision error of about 1.4% for tissue
reas; furthermore, CT images are almost ubiquitously available in
he health records of patients with cancer.

[

[
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The variations in relative muscle mass, FFM, and in the associa-
tion between these and body-surface area in obese patients could
be described as extreme. Body-surface area and FFM were very
poorly related even though both are related to height. This variation
could be explained by the highly variable proportions of fat and lean
tissue in our study population. The calculations based on our popu-
lation enable us to suggest that body composition variability might
introduce a variation of drug volume of distribution of up to three-
times and this would pertain to any drug distributing in the lean
compartment. Body-surface area is used as a conventional basis
for the administration of cytotoxic chemotherapy. Our theoretical
exercise of chemotherapy drug administration suggests that body
composition is an important determinant of chemotherapy toxic-
ity. As classically reported, women  are more likely to have a low
FFM in relation to their body-surface area and are, therefore, more
prone to toxicity. If variation in toxicity can be partially explained
by features of body composition, identification of clinical measures
of body composition for a more refined delivery of chemotherapy
dose is important [4].

8. Conclusions

Assessment of body composition, widely used during the last
years, plays an important role in nutritional evaluation in clinical
setting, for the quantitative measurement of tissues characteristic
over time, between fluctuations in body composition equivalences
in relation with survival rate, clinical conditions, illnesses, quality
of life and bioelectrical impedance analysis. Since BMI has been
shown to be an imprecise measurement of FFM and FM,  BCM and
fluids, provides no information in case of weight change occurs.
Non-invasive body composition methods can now be used to mon-
itor FFM and FM with weight gain and loss, and during ageing, such
as CTCB, QMR, US, DXA, BIA, BIVA and many others. As demon-
strated, several implications can be taken from BC analysis, with
relevant validation in Medicine. For example, FFM loss or a low
PA is related to mortality in patients with chronic diseases, can-
cer and elderly patients in long-stay facilities. A low FFM and an
increased FM are associated with an increased hospital stay in adult.
Consequently, monitoring body composition can be very useful for
nutritional and medical interventional (Fig. 3).
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