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ABSTRACT

Body composition assessment is an important factor in weight management, exercise science and clinical
health care. Bioelectrical impedance analysis (BIA) is widely used method for estimating body
composition. The purpose of this study was to evaluate segmental multi-frequency bioimpedance method
(SMFBIA) in body composition assessment with underwater weighing (UWW) and whole body dual
energy xray absorptiometry (DXA) in healthy obese middle-aged male subjects. The measurements were
carried out at the UKK Institute for Health Promotion Research in Tampere, Finland according to
standard procedures of BIA, UWW and DXA. Fifty-eight (n=58) male subjects, aged 36-53 years, body
mass index (BMI) 24.9-40.7, were studied. Of them forty (n=40) underwent also DXA measurement. Fat
mass (FM), fat-percentage (F%) and fat free mass (FFM) were the primary outcome variables. The mean
whole body FM #SD) from UWW was 31.5 kg (+7.3). By DXA it was 29.9 kg (¢8.1) and by SMFBIA it
was 25.5 kg &7.6), respectively. The Pearson correlation coefficients () were 0.91 between UWW and
SMFBIA, 0.94 between DXA and SMFBIA and 0.91 between UWW and DXA, respectively. The mean
segmental FFM #SD) from DXA was 7.7 kg &1.0) for ams, 41.7 kg @4.6) for trunk and 21.9 kg (£2.2)
for legs. By SMFBIA, it was 85 kg {0.9), 31.7 kg &¢2.5) and 20.3 kg €1.6), respectively. Pearson
correlation coefficients were 0.75 for arms, 0.72 for legs and 0.77 for trunk. This study demonstrates that
SMFBIA is usefull method to evaluate fat mass (FM), fat free mass (FFM) and fat percentage (F%) from
whole body. Moreover, SMFBIA is suitable method for assessing segmental distribution of fat free mass
(FFM) compared to whole body DXA. The results of this study indicate that the SMFBIA method may be
particularly advantageous in large epidemiological studies as being a simple, rapid and inexpensive
method for field use of whole body and segmental body composition assessment.

KEY WORDS: Body composition, hoimpedance, multi-frequency, obesity, electrical impedance, fat
mass, fat-free mass.

1. INTRODUCTION Only by accurately andysing body
composition, you will learn the amount of fat and
lean tissue that makes up your weight, enabling

sensible decisions regarding nutrition and exercise

Obesty is globd (WHO, 2000) and nationd
(Aromaa and Koskinen, 2002) epidemic worldwide.

Body composition reflects the balance of physica
activity and nutritiona habits. Body weight done
can be very mideading. The scale cannot tell the
difference between the amount of fat and muscle
(Heitmann and Garby, 2002). Ageing people tend to
gain fat and lose muscle without an obvious change
in their weight (Baumgartner, 2000; Wang et 4.,
2000). And, even though we need a certain amount
of fat in our bodies to insure good hedth, excess
body fat has been found to increase the risk of
diseases such as type Il diabetes (Smith and
Ravussin, 2002), cardiovascular disease (Rashid et
d., 2003) and cancer (Cdle et d., 2003). On the
other hand, too little body fat can also pose a number
of health risks, especially for women.

When ng the overweight or obesity the
sdf-reported measures can mislead the results as
well. The results from self-reported measures may
lead to around 30% misclassification of body
compostion (Wang e d., 2002). Therefore
objective body composition assessments are
essential for the whole healthcare field.

programs. Body composition assessment is an
advanced method to investigate the status of the
human body.

Biodectrical impedance analysis (BIA) is
widey used mehod for edimating body
compostion. Wide range of measuring apparata
exigts for field and clinical use. BIA and its accuracy
are dependent on apparatus and vaid choice of
prediction equation used (Hetmann, 1994; Ellis,
2001).

This thess describes body composition
assessment  principles  and  specific  methods.
Furthermore, the purpose of this thesis is to compare
the method of segmenta  multi-frequency
bioimpedance analysis (SMFBIA) to underwater
weighing (UWW) and dua energy x-ray
absorptiometry (DXA).

2.BODY COMPOSITION

Body compostion analyss can be classfied
according to severa modes, depending on the

J Sports Sci & Med (2003) Suppl.3
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purpose or analysis methods and devices available.
These include mainly atomic mode, molecular
model, cellular model and tissue-system model and
of course the whole body modd as well (Figure 1,
Table 1) (Pietrobdli et al., 2001). Most of these
models are based on the congtant relationship
between different components inside the moddl.
Body compogstion modes with most relevant
measurement methods are presented at the end of
this chapter (Table 2).

Basic Model
2Compartment
NECiM || Minerd (i
AT il | i
Privkein s
Cirbo ECS Biood
Fat Bione
Hydrzgea ECF
e C Aipose
3 Tisue
(FFM
. Wi (el
Orygen m .‘-!.fm Skaletal
Mascle
Montie  Molecular  Cellubar - Functional ~— Whebe Body

Multicompartment Models
Figure 1. Body composition modes (Adapted from
Ellis, 2000).

2.1. Atomic model

About 50 of the 106 elements found in nature are
aso found in the human body. The atomic leve
usudly includes 11 main eements oxygen (O),
carbon (C), hydrogen (H), nitrogen (N), calcium
(Ca), phosphorus (P), potassum (K), sulphur (S),
sodium (Na), chlorine (Cl), and magnesum (Mg)
(Table 1). Four of those dements; O, C, H, and N
account for over 95% of body mass. With additional
seven; Na, K, P, Cl, Ca, Mg, and S we are taking
about over 99% of total body mass (Wang et al.,
1992). All these main elements are measurable in
vivo by neutron activation anayss (NAA)
combined with whole body “K counting (see
chapter 3.2.6.) (Pierson et d., 1990). In thismodd it
is therefore possible to reconstruct the molecular
level model from human body (Pietrobeli et d.,
2001).

2.2. Molecular model
The molecular model (Figure 1) is the most studied

model in the field of body composition research.
Many biologica processes can be related to
molecular level components and hence there is a
large research interest in assessing these main
tissues. The classica two-component (2-C) mode
consiging of fat (FM) and fat-free mass (FFM)
(Figure 2) is a molecular level modd (Siri, 1956;
Brozek, 1966). Concern of the vaidity of the two-
component model in subjects who vary in age,
gender and race led to the development of molecular
multi-component models.

i }
Total | Non-essential | Fat
Lipids | |
Y Essential
Total | Extracellular
Body p---------.
Water
Intracellular Fat-Free
l Body Mass
Total Body
Protein
Glycogen — o
Soft Tissue Minerals Bone Minerals

Figure 2. Molecular level components (Adapted
from Heymdfield et d., 1997).

2.3. Cellular model

The human body cdlular model consists from three
main components including cels, extracdlular
fluids, and extracdlular solids (Table 1). Further
research has proposed that including body cell mass
(BCM) to the celuar mode makes it more
functional. Today the most accepted cellular model
is therefore BW = FM + extracdlular fluids +
extracellular solids + BCM. BCM is assessable by
totd body potassum measurement. Extracelular
fluids are measurable by dilution nethods or by a
combination of TBW and total body potassum.
Extracellular solids can be estimated from constant
relationship between BMC and extracelular solids
measured by DXA. Cellular mode have been found
to be important in physiologicd evauations since
cdls condtitute the functional biologica eement of
human body (Heymsfield et al., 1997; Pietrobdlli et
a., 2001).
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Table 1. Examples of body composition models (Modified from Heymsfield et al., 1997). All units are in
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kilograms.

Level/ Level M odel

Atomic/Atomic TBS=0.062 x TBN

Atomic/Atomic TBP =0.456 x TBCa+ 0.555 x TBK

Atomic/Molecular
Atomic/Molecular
Atomic/Molecular
Atomic/Molecular
Atomic/Molecular
Atomic/Molecular
Atomic/Whole body
Atomic/Molecular
Atomic/Molecular
Whole body/Atomic
Atomic/Molecular

TBCa=0.364 x MO

TBN =0.16 x protein

TBK = 0.00266 x fat-free body mass

Carbon = 0.774 x fat

TBS=0.010 x protein

TBK = 0.00469 x body cell mass

TBH =0.10 x BW

TBW = 0.732 x fat-free body mass

Glycogen = 0.044 x protein
BW=0+C+H+N+Ca+P+S+K +Na+Cl + Mg
BW = lipids + water + protein + MO + MS + glycogen

Atomic/Molecular

Whole body/Cellular
Whole body/Tissue-System
Whole body/ Whole body

BW = fat + fat-free body mass

BW = cell mass + extracellular fluids + extracellular solids

BW = adipose tissue + skeletal muscle + bone + viscera + blood + R
BW = head + neck + trunk + lower extremities + upper extremities

Abbreviations: TB = Tota body, MO = Bone mineral, BW = Body weight, MS = Soft tissue minerals, R = Residues.

2.4. Tissue-System model

The main tissue-system modd components are
adipose tissue, skeleta muscle, bone, viscera
organs, and brain (Table 1). Adipose tissue is
further divided into subcutaneous, viscera, yellow
marrow, and interstitial fat components (Wang et
d., 1992). Until recently, anthropometrica
methods have been main methods for assessing
body compostion according to tissue-system
model. After developing interpretation models,
aso computerized tomography (CT) and magnetic
resonance imaging (MRI) have shown ther
possihilitiess There ae extendve vdidation
studies for both CT and MRI, which include
phantoms and human and anima cadavers
(Heymsfidld et d., 1979a Heymsfidd et 4.,
1979b; Rossner et a., 1990; Ross et d., 1991,
Ross et al., 1992; Abate et al., 1994). Hence, CT
and MRI are potentia candidates for further
reference methods in body composition method
validation studies for field methods.

2.5. Multi-component models
Multi-component models are usualy a mixture of

different body composition models described
previoudy. The purpose of multi-component
methods is to improve the accuracy of the body
composition assessment and provide more religble
results, especidly in scientific research (Hllis,
2000).

The classica two-component (2-C) mode
assessing of fat and fat-free mass (compartments) by
measuring body densty (Siri, 1956; Brozek, 1966) is
probably the most studied and used reference method
for newer body composition assessment methods.

To reduce the limitations in 2C mode it was
logicd to expand to three-component (3-C)
configuration. Typica agpproach is to include tota
body water (TBW) to 2C modd, usualy with dilution
method (see chapter 3.2.). Unfortunately, this does not
improve the method too much. To the subjects with
ungtable protein and/or mineral condition the estimated
values for solids compartment will be incorrect. That
leads to inaccurate body fat estimation as well (Ellis,
2000).

Natura expand to four-component (4-C) model
is to add protein (NAA, see chapter 3.6.) or minera
measurement (DXA, see chapter 3.3.) to 3-C modd. In
4-C mode the body is divided into fat, protein, fluid,
and mineral (Figure 3.). These factors are important in
clinicd use and are hdpful in providing nutritiona
information (e.g. BCM, soft lean mass). The 4-C
model can provide more thorough information and
efficient classfication in hedth care field.

The six-component (6-C) modd is probably the
latest and most chdlenging model of dl. It conssts
from TBW, N, Ca K, Na, and Cl, where TBW is
measured by dilution method (see chapter 3.2.) and
remainder by NAA (see chapter 3.6.) (Wang €t d.,
1998; Wang et d., 2002).

J Sports Sci & Med (2003) Suppl.3



Figure 3. Schematic diagram from four-
component model with gender differences.
(Adapted from. Biospace Co. Ltd. web ste
http://www.biospace.co.kr). Weight = Fat Free
Mass + Fat; Fat Free Mass = Soft Lean Mass +
Mineral; Soft Lean Mass = Water + Protein;
Water = ECF (Extra Cdlular Fluid) + ICF (Intra
Cdlular Huid).

3. METHODS OF BODY COMPOSI TION
ASSESSMENT

3.1. Underwater weighing

The measurement of body density is often referred
to as a golden standard for body composition
assessment; despite it is only a 2C model. The
most commonly used method for assessing total
body densty is UWW, which requires the subject
to be submergedin water. Then the residual lung
volume is measured, the most commonly used
method is oxygen dilution with a closed-circuit
spirometer system. The volume of water displaced
or the weight of the subject underwater, compared
to the subject's norma weight, are used to
caculate the dendity of the whole body. The result
is then corrected by residua lung volume (Siri,
1956; Brozek, 1966).

The UWW methods were developed
mainly as a means to measure body volume to
assess body fatness (FM and/or F%). Even if the
body weight and volume could be measured
without error, there would ill be considerable
uncertainty regarding the individua's body fatness
estimate due to normal variations in body
hydration, protein, and minerad content. It has
been estimatedthat the total error for body fatness
is ~34% of body weght for individuds
(Heymsfield et d., 1989). Thus, it has been
recommended that without correction for variation

Sami

in the water and mineral content of FFM, densitometry
should not be used as a reference method for
heterogenic population.

3.2. Dilution method

Dilution method with labelled water is an accurate
method for total body water (TBW) measurement. It is
performed by introducing ordly or intravenoudy a
certain substance (a tracer) like deuterium oxide (D°0),
oxygen-18, or tritium (radioactive; not recommended)
into the human body, and then collecting two body
fluid samples (blood, urine, or sdiva),one before
introducing the tracer and second after an equilibration
time of ~2-4 hours. Then the substance (tracer) is
equilibrated with water in the subject's body, and the
density of the substance is analyzed. Dilution takes
many hours of measurement and cannot be measured
repeatedly. However, because it is rather accurate, it is
used to measure body water in research purposes
(Ellis, 2000).

3.3. Dual energy x-ray absorptiometry

Dual energy X-ray absorptiometry (DXA) is the most
used imaging method of body composition assessment.
It is mostly used for bone density assessment for
osteoporosis diagnostic purposes and clinicad bone
research, but aso whole body composition assessment
by DXA has become a popular method. Hence, DXA
is available in most of the bigger hospitals and research
centers.

When an Xray or photon source is placed on
one side of an object, the intensity of the beam on the
opposite side of the object is related to its thickness,
densty, and chemicd compostion. This attenuation
phenomenon is aso dependent on the energy of the
incident photons and is dominated by two principles at
low energies. the photoelectric effect and Compton
scattering. The attenuation response is nonlinear, such
that for a homogeneous material, it can be described by
the exponential equation. If the absorber is composed
of two or more materials, then the composite is the
weight sum of the individuad mass atenuation
coefficients, each weighted for its fractiona
contribution to the totalmass (Heymsfield et d., 1997).

The attenuation through bone, lean tissue, and
fa is different, reflecting their differences in densities
and chemicd compostion. With increasing photon
energy, the differences in the attenuation properties for
these tissues decrease. Thus, if the relative intensity of
the transmitted beam can be measured, and the mass
atenuation  coefficients are accurately  known,
estimates of the bone mass and overlaying soft tissue
mass can be calculated. This 2C model is also used
when the beam passes through body regions without
bone. In this case the appropriate attenuation

J Sports Sci & Med (2003) Suppl.3
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Table 2. Body composition models and some relevant measurement methods. (Modified from Heymsfield et

a., 1997).
Recently developed or
Level Improved methods Other methods
Atomic Neutron activation analysis Whoale-body *'K counting
Tracer dilution
Molecular Bioimpedance andysis Underwater weighing
Dual energy X-ray absorptiometry Infrared interactance
Multi-component models Tracer and gas dilution
Cdlular Tracer dilution
Tissue-System Computerized axial tomography Ultrasound
Magnetic resonance imaging 24-h urinary cregtinine and 3-
methyl higtidine excretion
Whole body Anthropometry

coefficients are those for fat and lean tissues,
respectively (Heymsfield et d., 1997).

It should be evident that DXA is composed of
two separate sets of equations, each used to describe
a 2-C modd. Dua-energy X-ray absorptiometry
does not provide three independent measurements,
even though three body compostion values [bone
minera content (BMC), lean tissue mass (LTM), and
faa mass (FM)] are reported (Figure 4.). To
accomplish this, the manufacturers must assume that
the composition of the soft tissue layer overlaying
bone has the same fat-to-lean ratio as that for non-
bone pixels in the same scan region. In the case of
the whole body scan, ~40-45% of the pixels are
classified as containing bone. The remaining pixels
are used to estimate the body's fat-to-lean ratio; this
value is applied to the soft tissue component in the
adjacent bone pixds. Thus, the relative leanto-fat
composition of the total soft tissue mass is based on
sampling only one-hdf of the whole body (Mazess et
d., 1990).

Some investigators have expressed their
concern about measurement bias related to the
impact of a ggnificant change in the hydration of the
lean tissues. The latter concern, however, has
recently been theoreticaly shown not to
dgnificantly dter the estimates for the bone, lean, or
fat mass (Pietrobelli et d., 1998b).

3.4. Computed tomography

Computed tomography (CT) technique uses X-rays
that are collimated to provide a fan-shaped beam
that is passed through the body, while an array of
detectors is on the opposite side of the subject to
detect the transmitted radiation. The Xray source
and detector assembly are rotated as a single unit
aound the subject covering a full 360°.
Alternatively, some devices have a full circle of
detectors, and only the Xray source is rotated. At

each degree of rotation, the transmitted intensity is
recorded for each detector, providing information
about the internal structures aong that beam circle
(Baumgartner et al., 1988).

A A
Fat
A
Water Sﬂf -TiSS!lE
Body
Weight Lean
Soft
Lean | Proteins | Tissue
Glycogen
Minerals *
Bone
y v Minerals

Figure 4. DXA molecular level modd. (Adapted
from Heymsfield et d., 1997).

Many reconstruction agorithms have been
demongtrated to produce a cross-sectional image of
the body region. This basic anatomica image
contains information of the tissue dendity a each
pixel. This information together with the anatomical
location of the pixd in the image can be used to
identify it as adipose, rnmuscle, skin, viscerd, or bone
tissue. Recongtruction of total body mass and
separate organ masses based on scans along the
length of the body a 10-cm intervals has been
shown to have excellent accuracy (<1% error) and
precision (<1%). These reconstructed CT images can
be assigned to level 4or tissue systems level of the
multi-component model. The CT images can aso be

J Sports Sci & Med (2003) Suppl.3
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used to separate the total adiposetissue mass into its
subcutaneous and visceral components, or the lean
tissues into skeleta muscle and visceral or organ
mass. Likewise, bone can be identified as cortical or
trabecular in nature on the basis of densty
(Baumgartner et al., 1988; Rossner et a., 1990; Ross
eta., 1991).

The mgor disadvantage with CT is the
radiation dose required per dice for scanning.
However, if the pixel resolution required for routine
CT scans can be reduced, then the dose can be
significantly reduced. Recent studies have shown
that a dose can be reduced to 1/25that of a routine
clinica CT scan dose (Baumgartner et al., 1988;
Rossner et al., 1990; Ross et d., 1991; Goodpaster et
da., 2000).

3.5. Magnetic resonance imaging

The strength of the earth's magnetic fields is very
wesk, despite that, atoms and molecules in the body
are in random orientations. However, when the body
is placed in a strong magnetic field, some nucle
tend to dign with or againgt the magnetic fidd.
Hydrogen protons (*H), in particular, have a high
afinity for aignment with the magnetic field. Some
other atoms (**C, *°F, **Na, *'P, and *K) also show
similar properties, but a a lower response than for
hydrogen atoms. Although only a small percentage
of nuclei will be adigned, the number is sufficient to
detect a change in ther orientation when the
magnetic field is removedor atered.

The frequency a which nuclei for each
dement will flip is cadled the Larmor frequency.
When radiofrequency (RF) energy, a the Larmor
frequency, is applied perpendicular to the direction
of the magnetic fied, the nuclei will absorb this
energy and change its aignment. When the RF field
is turned off, the nuclel will lose their dignment and
release the stored energy. The intensity of this signa
can be used to measure the number of hydrogen
nuclei of the tissue. This process can be repeated at
each pogtion aong the length of body until the
whole body is mapped and cross-sectional images at
each dlice can be generated. Magnetic resonance
imaging (MRI) is successful because hydrogen,
found mainly in water, is one of the most abundant
non-bound elements in the body. For other elements,
their concentrations in the body are lower and the
Larmor frequency changes, thus requiring an
increased magnetic field strength if imaging is to be
considered (Abate et al., 1994; Mitsopoulos et d.,
1998).

If the hydrogen densities of adipose and lean
tissues were markedly different, then it would be
possble to develop images based solely on ther

number of nuclei. To see the contrast between lean
and fat tissues, asecond feature of the nuclei, caled
relaxation time (T1), isused. This is the time it takes
for the nucle to release the RF-induced energy and
return to a random configuration. The T1for protons
in fat is much shorter than that for protons in water.
This contrast can be maximized by adjusting the
time interva of the RF pulse and the time to detect
the inducedsignal. The total process is often referred
to as a pulse sequence or spin-echo sequence (Ross
et a., 1991, Baumgartner et a., 1992; Ross et 4.,
1992; Abate et d., 1994; Mitsiopoulos et d., 1998;
Ross et d., 2000).

3.6. Neutron activation analysis

A subgtantial paradigm change in the study of body
composition occurred with the development of in
vivo neutron activation analysis (NAA) technique.
These procedures dlowed for the direct elemental
andysis of the living human body. Alternate body
compostion techniques such as CT, MRI, DXA,
BIA, and dilution method provide estimation related
to tissue dendty or volume, but not chemica
content. For this reason, the multi-component
models based on NAA have become the most
preferred reference for evaluation and/or calibration
of the dternate methods. Virtudly al the mgor
elements of the body can be assayed in vivo:
hydrogen, oxygen, carbon, nitrogen, cacium,
phosphorus, sodium, chlorine, and potassum (via
“°K counting). Accuracy of NAA is at least as good
as that obtained using classica "wet chemistry”
techniques. Although NAA facilities have been in
use for more than 30 years, a direct comparison of
results ketween two systems has been reported only
recently. A magor disadvantage of the NAA
technique is that most of the dose is delivered to the
body without the production of a useful sgnd.
Probably one of the magor concerns restraining a
more general use of NAA technique is the
association to radiation exposure. (Beddoe and Hill,
1985; Pierson et a., 1990; Wang et d., 1993
Morgan, 2000; Wang et a., 2002).

3.7. Bioelectric impedance analysis

The property of tissues, and the whole body, to
conduct an electric current has been known for more
than a hundred years. Electricity flows through
tissues that contain water in the human body. When
electric signas are sent to our body, electric currents
flows through the most conductive tissue
Depending on the amount of body water, the width
of the passage of electricity flows is determined. The
agueous tissues of the body, due to their dissolved
electrolytes, are the mgjor pathways of an electrical
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current, whereas body fat and bone have relatively
poor conductive properties. Bioelectric impedance
analysis (BIA) measures body water based on this
principle.

For the BIA measurement, a low aternating
current is conducted through the outer par of
electrodes, while the inner pair of eectrodes from
which the impedance is measured measure the drop
of voltage. To convert this information to a volume
estimate, two basic assumptions are used. Firstly, the
body can be modelled as a cylindrica conductor
with its length proportiond to the subject's height
(Ht). Secondly, the reactance component (X)
contributing to the body's impedance (2) is smal,
such that the resistance component (R) can be
consdered equivaent to body impedance. When
these two assumptions are combined, it can be
shown that the conducting volume is proportiond to
the term Ht*/R, called the impedance index. In the
classca BIA method, it was hypothesized that a
human body is a cylinder like the figure below
(Figure 5.), and BIA measures total body water
(TBW). The amount of water is equa to the volume
of the cylinder.

]
e
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Figure 5. Modd of human body or body segment as
cylinder with length, area and impedance describing
body water volume.

With BIA, the cdll membrane and fat tissue show
high impedance with eectric current. Electrolytes
dissolved in the water of lean body tissue provide
good conductivity.

Since BIA is estimating the water content of
the body compartments, the stable state of tissue
hydration is crucid for the rdiable BIA
measurement. Furthermore, BIA principle implies
that the meal and the weight of food in intestines

(Fogelholm et d., 1993; Sinde and Rossander-
Hulthen, 2001), clothing, skin temperature, and
blood flow (Caton et a., 1988; Liang and Norris,
1993; Gudivaka et d., 1996; Liang et d., 2000), and
so forth affects the accuracy of measurement.

From total body water, body fat mass can be
estimated. After age, height and weight are taken
into account the body water is estimated. Lean body
mass is in proportion to tota body water. The
estimation is based on a constant relationship of
72.3% water in LBM (Wang et a., 1999). When
LBM is subtracted from weight, body fat mass is
caculated, 2-C model. Body fat mass is typicaly
caculated with a regresson anadyss equation
directly from the impedance index.

The biodlectrical impedance method is easy
to use and can be readily repeated. At present, BIA
is probably the most frequently used method, due
mainly to the relatively inexpensive cost of the basic
instrumentation, its ease of operation, and its

portatility.

3.7.1. Single-frequency bioimpedance analysis
Traditionally the BIA measurements are performed
using four electrodes. usually two are attached at the
wrist and two a the ankle and measurement is
performed in supine podtion. Typicdly a single
frequency current of 50 kHz is used. At 50 kHz the
body's impedance has both resistive and reactive
components. The reactive component is assumed to
be related to the portion of the current that passes
through cells, which act like capacitors that shift the
voltage, and current out of phase.

3.7.2. M ulti-frequency bioimpedance analysis
Multi-frequency bioelectrical impedance analysis
(MFBIA) or sometimes biodectrical impedance
spectroscopy (BIS) has been mainly developed for
improving the accuracy of BIA and aso for
assessing the ratio of intracellular water (ICW) and
extracellular water (ECW). The technique is based
on the hypothesis that lower frequencies (<50 kHz)
flows within extracdlular compartment, whereas
higher frequencies (>200 kHz) could pass trough
cell membrane and hence measure the intracel lular
space (Figure 6). Moreover, when the frequency of
the eectrical signd is changed, the direction of the
electricity can be changed. Using this principle,
intracellular fluid and extracellular fluid can be
distinguished and measured separately. Normally,
MFBIA is used at frequencies from 1 kHz ~ 1 MHz
(Chaet d., 1995; Ellis et ., 1999b; Gudiveka et d.,
1999; Tagliadbue et d., 2001).
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Figure 6. Illustration on MFBIA model (Adapted
from Biospace Co. Ltd. Technology |esflet).

3.7.3. Segmental bioimpedance analysis
Segmental analysis of body composition can be
understood in two different bases. Firstly, by
measuring a certain body segment and thereafter
from the result assessing the total body composition.
Secondly, by measuring al different body segments
separately one could improve the accuracy of total
body composition assessment. (Figure 7.) Typica
model for segmental assessment by BIA, aso known
from DXA modédls, is to divide body as upper and
lower extremities and trunk. This is the segmental
model taken in consideration heresfter in this thesis
(Chumlea et d., 1988; Chumlea et d., 1990; Organ
etd., 1994).

3.7.4. Segmental multi-frequency bioimpedance
analysis

By combining segmentd and multi-frequency
bioimpedance methods there could be found some
benefits in accuracy and possibility of determining
body shape variation in individuas. Moreover, the
need for some background information such as age
or gender for the equation used for BIA, body
composition assessment may become less dominant
in multiple regresson analysis. Pietrobdli and
Tagliabue with groups have reported advances in
appendicular LBM assessment by SMFBIA
(Pietrobelli et d., 1998a; Tagliabue et a., 2001).
While Bedogni and Cha have described TBW
assessment advances by SMFBIA (Chaet al., 1995;

Bedogni et a., 2002). This method is further studied
in thisthesis.

3.8. Air displacement plethysmography

In recent years, the UWW technique has begun to be
replaced by air-displacement plethysmography,
where the subject is immersed not in water but in a
closed air-filled chamber.

The system consists of two chambers. one for
the subject and the other serving as a reference
volume (Figure 8.). With the subjectin one chamber,
the door is closed and sealed, the pressure increased
dightly, and a digphragm, separating the two
chambers, is oscillatedto dightly ater the volumes.
The classic relationship of pressure versus volume,
a a fixed temperature, is used to solve for the
volume of the subject chamber.

An advantage of this technique compared
with the UWW measurement is that the subject does
not have to be submerged in water; however, al of
the technica limitations related to the true volume
that were noted for the UWW methodremain. These
instruments presently are designed for adults and
will  require  dgnificant  modifications and
improvements if the technique is to become useful
for monitoring smaller subjects, including infants
(Dempster and Aitkens, 1995; McCrory et d., 1995;
McCrory et a., 1998; Levenhagen et a., 1999).

3.9. Skinfold thickness

When squeezing the triceps of an obese person, we
can perceive that it is thicker than that of a muscular
person. This is because the subcutaneous fat is
thicker. Considering the fact that over 50% of body
fat is under the skin, thickness of subcutaneous fat in
the triceps, thighs and abdomen can be measured
with  a round shaped ruler. The skinfold
measurement (subcutaneous fat thickness measuring
method) is used for calculating total body fat, by
measuring thickness of subcutaneous fat. Skinfold
measurement is done under the assumption that 50%
of subcutaneous fat is body fat. If the body fat
distribution varies within individuas, it affects the
accuracy and the measurement results. Therefore,
relidbility of this method is low (Wagner and
Heyward, 1999).

3.10. Near -infrared measurement

When an object is exposed to infrared light, the
object absorbs or reflects the light according to its
chemical structural properties. All organic materias
(i.e. fat or protein) absorb light in unique portions of
the spectrum. Futrex, Inc., MD, USA has developed
a device to analyze human body composition by this
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Figure 7.\_E;<amples of segmental BIA models (Adapted from Biospace Co. Ltd. Technology |esflet).
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Figure 8. Basic principa of the air displacement
plethysmography (Adapted from Life Measurement,
Inc. web site: http://www.bodpod.com/index.php).

technique. It edimates body compostion by
anadyzing the gpectrum of near infrared light
reflected from the skin and underlying tissue
(Conway et d., 1984; Elia et d., 1990; McLean and
Skinner, 1992).

The Futrex device emits near infrared light at
very precise frequencies (938 nm and 948 nm) into
body-frequencies at which a body fat absorbs the
light and the lean body mass reflect the light. In

essence, it is measuring how much light is emitted
from the light wand and how much light is reflected
back into the light wand. This measurement provides
an edtimation of the distribution between the body
fat and lean body mass (Conway et al., 1984; Elia et
al., 1990; McLean and Skinner, 1992).

Infrared measurements from the biceps have
been the primary site shown to correlate best with a
criterion method However, it overestimates the fat of
a thin person and underestimates the fat in an obese
person compared to underwater weighing, skinfold
measurement or BIA (Conway et al., 1984; Elia et
al., 1990; McLean and Skinner, 1992).

3.11. Circumferences and other measurement
methods

It is generally accepted that not only excess weight,
but dso the digtribution of body fat, is associated
with several diseases. In particular, abdomina
obesity, indicated by a high waist circumference,
waist-to-hip ratio (WHR), and abdomina sagittal
measurement have been shown to predict diseases
like hypertension, coronary heart disease (CHD),
non-insulin dependent diabetes mellitus (NIDDM)
and stroke, and these measurements have been
shown to correlate with other cardiovascular risk
factors and increase mortality independent of body
mass. It has been suggested that this excess risk with
centrd obesty is primaily due to metabolic
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alterations caused by intra-abdominal fat deposits
(Molarius and Seidell, 1998). Body mass index
(BMI) is aso an independent marker of body
composition and therefore available method for
assessing obesity and overweight related diseases
(Lahti-Koski, 2001).

Table 3. Classfication of WC by WHO. Source:

(WHO, 2000)

Classification of risks

by WC Female Male
Low risk <79 cm <93 cm
Increased risk 80-87cm 94101 cm
ﬁl;tjstantlally increased >88 ¢m >102 cm

3.11.1. Waist circumference

Waist circumference (WC) is avery strong predictor
for abdomina obesity related diseases. The
recommended procedure for the measurement of the
WC is following: Subject standing with light
garments and waist is measured at the level midway
between the lower rib margin and the iliac credt,
with the participant breathing out gently. The
measurement is usually rounded to the nearest 0.5
cm. The cut-off points of WC are classified and
recommended by WHO (WHO, 2000; Janssen et dl.,
2002). Recent evidence suggests that WC aone may
be a better indicator of abdomina viscera fat
(Rankinen et d., 1999) and a predictor of abdominal
obesity related diseases (Molarius and Seidell, 1998;
Molarius et d., 1999 Molarius et d., 1999b;
Nordhamn et a., 2000) and mortality (Visscher et
d., 2001) than WHR or BMI.

3.11.2. Waist-hip ratio

Waist-hip ratio (WHR) is probably the most used
method for assessing abdominal fat distribution so
far. The recommended procedure for the
measurement of the WHR is following: Subject
standing with light garments waist is measured at the
level midway between the lower rib margin and the
iliac crest, with the participant breathing out gently.
Hip is measured as the maximum circumference
over the buttocks. Both measurements are rounded
to the nearest 0.5 cm. The WHR is caculated by
dividing wast  circumference  with  hip
circumference. The suggested cut-off points of
WHR are varying between 0.80 and 0.90 for female
and 0.94 and 1.00 for male, respectively (Molarius
and Seidell, 1998; Lahti-Koski, 2001).

3.11.3. Sagittal abdominal diameter

Sagittal abdomina diameter (SAD) is a less used
assessment method among  anthropometrical
methods. Despite, it has been studied to be one of
the strongest predictors of overweight related
disecases. Besides, SAD has one of the highest
reliability among smilar measurements and it is
rather easy to perform with inexpensive ruler. SAD
is measured with the subject in a supine postion. It
can be done both with the legs stretched and bent but
legs bent have showed some better confidence to
predictability. The perpendicular distance between
the plane of support and the highest point of the
abdomen is measured and read to the nearest 1 mm.
(Nordhamn et a., 2000; Ohrval et al., 2000) The
magjor problem with SAD is that there is a lack of
cut-off values. For these reasons, further research
about SAD should be conducted very soon.

Table 4. Classfication of BMI by WHO (Adapted
from Seddl and Fegd, 1997). Source: (WHO,
2000).

e BMI Population
Classification (kg- m?)  description
Underweight <185 Thin

Normal, hedthy,
Normal range 18.5-24.9 acceptable weight
Overweight <25
Pre-obese 25-29.9 Overweight
Obese class | 30.0-34.9  Obesty
Obeseclass!il  35.0-39.9  Obesty
Obeseclass1ll  >40 Morbid obesity

3.11.4. Body mass index

Body mass index (BMI) is probably the most used
assessment index of obesity. BMI is calculated by
dividing weight (kg) with squared height (m). It is
important to understand that BMI is not a measure
(kg- m?) it is just an index. The biggest source of
error comes from subjects with high muscle massin
other words BMI fails to distinguish between lean
body mass and fat (Lahti-Koski, 2001). The
classfication of body compostion by BMI,
recommended by WHO, is presented in Table 4.

4. AIMSOF THE STUDY

The objective of this study was to evauate
segmental multi-frequency  bioimpedance method
(SMFBIA) in body compostion assessment. The
am was to cross-validate SMFBIA against under
water weighing (UWW) and whole body dua
energy x-ray absorptiometry (DXA).
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1. The primary outcome was to compare fat
mass (FM), fat free mass (FFM) and fat
percentage (F%) from all three methods.

2. The secondary objective was to compare
segmental dgtribution of FFM by SMFBIA
and whole body DXA.

5.METHODS

The measurements were carried out at the UKK
Ingtitute for Health Promotion Research in Tampere,
Finland between March 27" - June 15th, 2000
according to standard procedures of SMFBIA,
UWW and DXA.

In addition to the measurement of body
composition using bioimpedance anadyss, UWW
and whole body DXA the measurements performed
recording of age, weight, height and waist-hip ratio
(WHR) as well.

The study was approved by an independent
Research Ethica Committee of UKK Ingtitute.
Written informed consent was abtained from the
participants.

5.1. Subjects

The study subjects were recruited from a sub-
population of a weight loss maintenance study (Borg
e a., 2002). Fifty-eight (n=58) male subjects were
studied. Only forty (=40) of them underwent aso
DXA measurement because of size limitations of
DXA device. Therefore, only those forty subjects
were taken in account at the final analysis. Thefina
study subjects ranged 36-53 years in age and 24.9-
40.7 in BMI. Subject characteristics are presented in
Table 5.

5.2. Underwater weighing

Body weight was measured with a high-precison
scde (F150S-D2, Sartorius, Goettingen, Germany),
with the subjects wearing only their underwear.
Residua lung volume was measured two to four
times before underwater weighing using the helium-
dilution method (Pulmonet 111, Sensor Medics BV,
Bilthoven, the Netherlands) while the subject was in
adgitting pogtion.

The subject’s body density was assessed by
underwater  weighing, after full exhdation
(presumably at residua lung volume) in a Stting
position submerged to the chest. Eight to ten
submerge trials was performed. (Fogelholm et d.,
1996; Fogelholm et d., 1997).

Body composition was cdculated from the
body density by a two-component modd in which

the body was divided into fa and fat-free
compartments with assumed densitiesof 0.9 and 1.1
g- cm®, respectively (Siri, 1956).

5.3. Dual energy x-ray absorptiometry
Total body scan was carried out using whole body

dual-energy Xray absorptiometry (DXA) (Norland
XR-26; Norland, Fort Atkinson, WI, USA)
according to standard procedures. Total body bone
minera content (TBBMC), lean body mass (LBM)
and fat mass (FM) was calculated from the scan data
using the new total body composition scan software
(verson 2.5.2). The in vivo day-to-day imprecision
(coefficient of variation, CV%) are 1.5%, 1.4% and
1.2% for the TBBMC, LBM and FM measurements,
respectively (according to repeated measurements of
18 subjects, unpublished data). The scanner was
calibrated daily, and its performance was monitored
with our quality assurance protocol (Sievanen et al.,
1994).
In adition to whole body data, the andysis
provides data on regiona BMC, LBM, and FM from
head, trunk, abdomen, arms (both), and legs (both).
The segmentad FFM was calculated by a sum of
regional BMC and LBM.

5.4. Segmental multi-frequency bioimpedance
analysis

The body composition was assessed by segmenta
multi-frequency bioimpedance andysis (SMFBIA)
(InBody 3.0 Biospace Co. Ltd. Soul, South-K orea).
The InBody 3.0 uses 8point tactile eectrode, multi-
frequency and segmental measurement method. The
measurement is performed in upright pogtion in
contrast with classical methods (Picturel). For feet
InBody 3.0 is equipped with total four stainless steel
electrodes, two under each foot, one for heel and one
for rear sole. The hand electrodes are constructed
from metd foil coated electrodes, for pams and
thumbs, mounted in two plastic handles, totaly four
electrodes (Picture 2). These electrodes are
connected to the current and voltage supply of the
device. Impedance is then measured trough on-off
switches regulated by microprocessor of the InBody
3.0 device. By regulation of these switches in
appropriate order the impedance from different body
segments can be accordingly detected. The body
segments measured were left and right hand, trunk,
and left and right leg. The multi-frequency
measurement is conducted by using multiple
frequencies a 5 kHz, 50 kHz, 250 kHz, and 500
kHz. The microprocessor regulates also switching
for different frequencies (Cha et ., 1995).
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Table 6. Characteristics of subject group (n = 40).

15

n =40 M ean D Min. M ax. Range
Age (years) 45.3 5.0 36.0 53.0 17.0
Height (cm) 176.9 45 167.0 185.0 18.0
Weight (kg) 96.7 9.7 81.4 127.1 45.6
BMI 30.9 31 26.0 40.7 14.8
Waist (cm) 104.1 8.4 88.0 126.0 38.0
Hip (cm) 105.6 51 93.0 120.0 27.0
WHR .99 .056 .88 115 27
UWW body density 1.026 0101 1.000 1.040 .040
The measurement takes about two minutes 6. RESULTS

time, where after the device prints the result sheet
(Appendix 1) through a sandard persond
computer printer connected to the InBody 3.0
measurement device.

InBody 3.0 device report gives total body
FFM, FM, and F% vaues cdculated from
impedance values, equation reported earlier (Cha
et d., 1995). The segmental FFM was calculated
from segmentd fluid distribution with assumption
of congtant body water content of FFM equals
0.732 L per kg (Wang et d., 1999).

SMFBIA measurements were carried out
according to genera recommendations. The
measurements were performed after 12-hour
fasting and within 30 minutes of voiding the
urinary bladder. No physical exercise was alowed
before 4 hours d the measurement (NIH, 1996a;
1996h).

5.5. Statistical analysis
The data are expressed as means +SD, min, max,

and range. The Pearson correlation coefficient
between assessment methods was calculated for
F%, FM and FFM. Statistical significance  was
assessed using Paired-Samples t-test for correlated
samples P values of less than 0.05 were
consdered datisticaly significant. Bland-Altman
analysis was used to compare methods against
each other (Altman and Bland, 1983; Bland and
Altman, 1986). Bland-Altman andyss is a
dtatistical method where one compares a mean
difference against average vaues from two
different methods. The variation between methods
are then presented as a +2SD, which represents
95% limit of agreement. The data were analyzed
using the dtatistical package SPSS for Windows,
PC software, version 11.5.1 (SPSS Inc., Chicago,
IL, USA).

6.1. Total body composition

The mean whole body FM #SD%) from UWW
was 315 kg (£7.3). By DXA, it was 29.9 kg
(#8.1) and by SMFBIA, it was 25.5 kg €7.6),
respectively. The mean whole body FFM (+SD%)
was gmilarly from UWW 65.2 kg (£5.1). By
DXA it was 66.8 kg (x6.0) and by SMFBIA it was
719 kg (£5.5), respectively. Again, the mean
whole body F% (+SD%) from UWW was 32.3 %
(x4.8). By DXA it was 30.6 % ¢5.9) and by
SMFBIA it was 25.9 % (£5.6), respectively. The
mean vaues with SD; minima, maxima and
range values are presented in Table 7.

Table 7. FM, FFM and F% mean vaues from
UWW, DXA and, SMFBIA with SD, min, max
and, range values, respectively.

n =40 Mean SD Min Max Range
UWW FM

(kg) 315 73 231 536 306
DXA FM

(kg) 299 81 170 569 399
SMFBIA

FM (kg) 255 7.6 120 488 36.8
uww

FFM (kg) 652 51 524 782 259
DXA FFM

(kg) 66.8 6.0 57.2 798 226
SMFBIA

FFM (kg 719 55 620 80.7 187
UWWF% 323 48 254 466 213
DXAF» 306 59 186 494 308
SMFBIA

F% 259 56 130 421 29.1
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Picture 1. InBody 3.0 SMFBIA measurement device and upright measurement position.

Picture 2. Hand and feet electrodes of InBody 3.0 SMFBIA device.
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The Pearson correl ation coefficients between UWW,
DXA and SMFBIA from FM, FFM and F% are
presented in Table 8. All the correlations are

Table 9. Bland-Altman analysis, mean difference,
average values and, +2SD from FM, FFM and, F%

between different methods, respectively.

satigticaly significant (p <0.01). Furthermore, the n =40 Mean +2SD
correlation regressons are plotted from F% in
Figure9, FM in Figure 10 and FFM in Figure 11. B;/(\/A\\N él?/l\/lLE?,IA\AFIK/IM(IES?) 22 gg
Table 8. Pearson correlation coefficient matrix of UWW-DXA FM (kg) 16 6.8
measured variables (FM, FFM and F%) from UWW, ELJQ;VWJrSM FBIA)/2 mean FM 285  14.6
DXA and SMFBIA. : :
- OWW  DXA  SVEBIA~ (DXA+SMFBIA)/2 mean FM
=40 FM M EM (kg) 277 155
OWW EM 10 - - (UWW+DXA)/2 mean FM (kg) 30.7 15.0
X n =40 Mean +2SD
DXA FM 91 10 - UWW-SMFBIA FFM (Kg) —67 62
SMFBIAFM 91 94 1.0 DXA-SMFBIA FFM (kg) -50 57
n = 40 UWW  DXA  SMFBIA  yww-DXA FFM (kg) ~16 6.8
FFM FFM FFM (UWW+SMFBIA)/2 mean FFM
UWW FFM 1.0 - - (kg) 686 10.2
DXA FFM 82 1.0 - (DXA+SMFBIA)/2 mean FFM
SMFBIA 3 a8 10 (kg) 69.4 11.1
FFM ' ' ) (UWW+DXA)/2 mean FFM (kg) 66.0  10.6
n =40 Uww DXA SMFBIA n =40 Mean +2SD
F% F% F% UWW-SMFBIA F% 6.4 6.5
UWW F% 1.0 - - UWW-DXA F% 1.7 7.1
DXA F% 80 10 ] DXA-SMFBIA F% 47 57
SMEBIA F% 81 88 1.0 (UWW+SMFBIA)/2 mean F% 29.1 9.9
(UWW+DXA)/2 mean F% 314 101
Bland-Altman anaysis was caculated as a _(DXA+SMFBIA)/2 mean F% 282 111

mean difference against average values with +2SD
for F%, FM, and FFM, from UWW, DXA and,
SMFBIA, respectively. The values are presented in
Table 9 and plotted in Figures 9, 10 and, 11.

6.2. Segmental body composition

The mean segmental FFM (arms, trunk and legs)
values from DXA and SMFBIA with SD, minimal,
maximal and range values are presented in Table 10.

Pearson correlation coefficient between DXA
and SMFBIA of FFM in different body segments are
presented in Table 11. All the corrdations are
satigtically significant (p <0.01). Furthermore, the
correlation regressions from different body segments
are plotted in Figure 9.

Bland-Altman analysis was caculated as a
mean difference against average values with +2SD
for FFM between DXA and SMFBIA from each
segment, arms, legs and, trunk. The vaues are
presented in Table 12 and plotted in Figure 12.

Table 10. Segmentd mean FFM vaues from DXA
and SMFBIA with SD, min, max and range values

n =40 Mean SD Min. Max. Range

FFM arms
DXA (kg)
FFM trunk
DXA (kg)
FFM legs
DXA (kg)
FFM arms
SMFBIA

(kg)

FFM trunk
SMFBIA

(ka)

FFM legs
SMFBIA

(kg)

7.7

417

219

8.5

31.7

20.3

1.0

4.6

2.2

25

16

5.5

32.9

18.3

7.0

27.1

17.3

9.9

54.2

26.9

10.8

37.7

23.0

4.4
213

8.7

39

10.6

57
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7. DISCUSSION

This thesis describes body composition assessment
principles and methods. One important decision
when sdecting the method is to understand the
modd behind it. The whole body modd includes
total body weight, height and other anthropometric
measures. Probably the most used body composition
assessment modd in clinica and scientific use is the
molecular model. It is valuable in most cases when
assessing fat and fat free ratios against total body
weight. In research and clinical diagnostic purposes,
one can benefit about a data from atomic or cellular
models. In addition, in clinicd use the functiona
model can be beneficial. If high accuracy of body
composition estimates in individuas is essentid,
multi-component models are recommended to be
used (Fogelholm and van Marken Lichtenbelt,
1997).

Table 11. Pearson correlation coefficient between
DXA and SMFBIA from different body parts (arms,
trunk and legs).

performed for adults (Bracco et a., 1996) and
children (Fuller et d., 2002), before. In segmental
body composition assessment by SMFBIA, we faced
smilar fears as described earlier about problems
with segmental assessment. By accepting these facts,
we made our analysis with device manufacturer
based equations and software. Our fears became true
and we found a nice correlation and an acceptable
range of difference in Bland-Altman anaysis for leg
and arm sections of the body. The correlation for
trunk area was also high, but a big difference was
seen in Bland-Altman andysis. Moreover, the
Bland-Altman plot shows a remarkable bias in the
ends of the measurement range. In the other words,
subjects with low or high FFM are showing bigger
error in analyds. This is probably a reason for low
impedance at the trunk area from SMFBIA that
cannot recognise differences accurately at this body
segment.

Table 12. Bland-Altman anadyss, FFM mean
difference, average values and, +2SD from arms,
trunk and, legs between DXA and SMFBIA,
respectively.

FFM FFM FFM

n =40 arms trunk legs

SMFBIA SMFBIA SMFBIA
FFM arms -
DXA T
FFM trunk -7
DXA '
FFM legs -
DXA 72

In our study, we evaluated SMFBIA in 2C
mode and estimated FM, F% and FFM compared to
UWW and DXA. The study sample represented a
sample of 40 overweighed male subjects. The
correlations between methods were high in al cases.
The highest correlations were found between
SMFBIA and DXA. Smilar results have been
demonstrated earlier, for example by Bracco et al.
reported a comparison between BIA and DXA with
a same trend in the results (Bracco et al., 1996). The
known fact of overestimation FFM by BIA existed
aso in our results. That is the primary reason for,
despite the high correlation between the methods, a
relatively poor result from Bland-Altman analysis.
This is especidly seen in comparison between
SMFBIA and DXA.

The second objective in our study was to
compare segmental distribution of FFM  between
SMFBIA and DXA. Smilar studies have been

n =40 Mean +2SD
DXA - SMFBIA FFM arms (kg) -8 1.3
DXA - SMFBIA FFM trunk (kg) 100 124
DXA - SMFBIA FFM legs (kg) 1.6 3.0
(DXA+SMFBIA)/2 mean FFM 81 17
ams (kg) ' '
(DXA+SMFBIA)/2 mean FFM %67 67
trunk (kg) ' '
(DXA+SMFBIA)/2 mean FFM 211 36
legs (kg) ' '

However, the trend is good enough to take
advance of the benefit what a segmental analysis can
provide, especidly in upper and lower extremities,
e.g. for assessment of possible sde differences in
clinica conditions. In addition, the feasibility of the
measurement procedure may enhance the use of
SMFBIA in epidemiologica studies.

BIA is a widely used method for estimating
body compostion. Wide range of measuring
apparatus exists for field and clinica use. BIA and
its accuracy are dependent on apparatus and valid
choice of prediction equation used (Heitmann, 1994,
Hllis 2001). BIA have been used successfully in
large epidemiologica studies for example in United
States (Chumlea et al., 2002), Switzerland (Pichard
et a., 2000; Kyle e a. 2001) and Denmark
(Heitmann, 1991). Segmental and multi-frequency
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features for BIA have been developed for increasing
accuracy and more individua assessment of the
body composition. Multi-frequency capability of the
BIA measurement has definitely brought some
advance in accuracy of the assessment (Elliset d.,
1999a). Furthermore, differentiation of ICF and ECF
has been possble aong with multi-frequency
measurement (Gudivaka et a., 1999). Segmental
measurement feature on the other hand seems to be
interesting but challenging task according to the
accuracy. Of course, individua differences in body
shape and tissue distribution give a good reason for
developing segmental procedure. However, the
method is hard to vdidate against other methods
because of different body segment differentiation
between measuring devices. Besides, exact body
segment differentiation by SMFBIA is probably the
most difficult. In BIA, eectrical current pathway is
against lowest resistance available in human body.
Furthermore, by knowing, that SMFBIA gives
highest impedance values from extremities and
lowest from the trunk area while the volumes in
these body parts are opposite, which makes the valid
assessment difficult.

Whatever body composition mode or method
is used the knowledge about them is a must.
Furthermore, understanding the confounding factors,
sources of error and other possible biases inherent in
these methods is crucid for vaid body composition
estimate. Hydration state of the subject seems to
play an important role in most of the methods. MRI
is based on the postion of the hydrogen atoms.
DXA is dso sengtive of the hydration of FFM and
BIA is primarily measuring total body water content
or ratio of ICF and ECF, where hydration state of the
subject can midead the analyss remarkably
(Montagnani et a., 1998; Pietrobelli et a., 1998b).

Very lean or obese subjects can cause great
error in their body composition estimate. Most of the
equations used with these different methods are
based on population based studies with subjects
close to the average body composition vaues.
Therefore, the error in the body compostion
assessment seems to grow when lean or obese
subjects are in question. Here, aso, the different
hydration status within these margina groups may
explain some of the bigger error (Fogeholm et a.,
1996; Fogedholm and van Marken Lichtenbelt,
1997).

At ageing, people tend to gain fat and lose
muscle without an obvious change in their weight.
This is dso in part originated from the reason of
decreasing hydration in the muscle tissue in aging
(Baumgartner, 2000; Wang e d., 2000).

Furthermore, gender differences occur when
estimating body compostion. The differences in
hormonal  secretion have impacts in  body
compogtion as wel (Heitmann, 1991). Besides,
changes in hormona sate in femaes during the
menstrual cycle should be taken in the consideration
when anadysing body congtitution (Gleichauf and
Roe, 1989). Hence, one has to be aware about these
varying dStuaions when performing vaid body
composition assessment.

One of the major confounding factor in the
field of body composition estimation, despite what
method is in question, is the wide variety of
prediction equations. It is understandable because of
individual differences between genders, ages, races,
etc. Nevertheless, it makes comparison between
different studies and interventions, if not impossible,
a least difficult and unreliable. That could be the
general task for body composition research in the
future. Moreover, body composition assessment in
childhood is crucid task in the follow up for
breaking the trend of growing obesity (James et al.,
2001). Therefore, generaly accepted prediction
equations at least for children are needed for dl the
major body composition assessment methods.

Body composition assessment is an important
method needed in the field of fighting globd
epidemic of obesity. Body compostion reflects the
balance of physica activity (energy consumption)
and nutritional habits (energy supply). The scale can
be very mideading. Body weight aone cannot tell
the difference between the amount of fat and muscle
(Heitmann and Garby, 2002). And, even though we
need a certain amount of fat in our bodies to insure
good hedth, excess body fat has been found to
increase the risk of diseases such astype |l diabetes
(Smith and Ravussin, 2002), cardiovascular disease
(Rashid et d., 2003) and cancer (Calle et d., 2003).
Only by accurately andlysing body composition, you
will find the precise amount of fat and lean tissue
that makes up your weight, enabling right decisions
regarding nutrition and exercise programs. In
addition, when studying the overweight or obesty
from sdf-reported data it can midead the results
dramaticdly. The results from self-reported
measures may lead to around 30% misclassification
of body composition (Wang et a., 2002). Therefore
accurate and objective body composition assessment
is essential for the weight management.

At present population based reference values
ae not avalable for any body compostion
assessment method, only for some anthropometric
measures. As a feasble field method, SMFBIA isa
potential also for large population based studies. In
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this dtuation, there is a need for body composition
values and trends for different populations. These
should include percentiles of FM, FFM and F% in
different age groups and genders. Also, further
investigation is needed for finding out the predictive
vaue of segmental body compostion and its
distribution when assessing the risk of eg. chronic
obesity related disorders, metabolic syndrome, type
[l diabetes, high blood pressure, cardio vascular
diseases and, arthritis.

8. CONCLUSION

The purpose of this study was to evaluate segmental
multi-frequency bioimpedance method (SMFBIA) in
body composition assessment.

The present study confirms that SMFBIA is
usefull method to evaluate whole body fat mass
(FM), fat percentage (F%) and fat free mass (FFM).

Furthermore, this study shows some new
evidence that SMFBIA is suitable method for
assessing segmental distribution of FFM from upper
and lower extremities compared to whole body
DXA. Assessment from trunk area remained
uncertain in our study.

Further research is needed for creating
segmental population based reference values from
SMFBIA. These should include percentiles of FM,
FFM and F% in different age groups and genders.

Also further research is required for finding
out the predictive vaue of segmenta body
composition for diseases e.g. chronic obesity related
disorders. In addition, to evaluate strength of the
vaue of segmenta body composition assessment
alone and in association with genera anthropometric
measures when predicting the risk of these
pathologicd conditions.
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11. APPENDIX 1. InBody 3.0 result shest.
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