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Even with high levels of preci
sion in each of the primary measure
ments, it is unlikely that a precision of
greater than 0.5 kg fat mass would be

Further precision can be achieved
through the use of a four-compart
ment model. This model improves on
the three-compartment model described
above, by further dividing the anhy
drous FFM into mineral, and mineral
free compartments. Bone mineral con
tent is measured by dual energy X-ray
absortiometry (DEXA), and converted
to total body mineral mass by a con-

stantlO. This allows the body to be
measured in four compartments: fat,
water, mineral and the rest, which
consists primarily of protein with some
glycogen and nucleic acids. Since
the density of body mineral is known
with a greater certainty, this leaves
only the assumption of the density of
protein to be made. Table 1 on the
next page summarises these ap
proaches to body composition mea
surement.
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mixture (each of known density) can
be estimated if the density of the mix
ture is known6:

The densities of fat and FFM are
typically assumed to be 0.9 kg/I and
1.1 kg/I, respectively7. These assump
tions mayor may not be true, since
the density of the FFM varies with
age8 or composition. Although these
variations are small, they can result in
5-10 per cent errors in the measure
ment of body fat.

To achieve a greater precision
in the two-compartment model, the
FFM compartment is subdivided into
a water and water free compartment'.
Thus, an independent estimate of the
Total Body Water (TBW) can be used
in conjunction with hydro-densitom
etry to arrive at a three-compartment
model of the body consisting of wa
ter, fat and the anhydrous FFM. The
same equation of proportions and
densities is used to arrive at the pro
portion of body fat. TBW is measured
by deuterium dilution, and typically,
the total body water represents
about 60 per cent of the body weight9.
This'measurement removes the un
certainty of assuming the hydration of
the FFM, which influences the density
of the FFM. The only assumption now
made in this three-compartment model
is of the combined density of the min
erai and protein/nucleic acids/glyco
gen fraction.
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MEASUREMENT OF BODY FAT

Physiological approaches to body
composition have introduced in vivo
measurements of different compart
ments of the body, with the additional
possibility of assigning a functional
significance to these measurements.
The body composition determines the
risk for diseases associated with age
ing and other chronic diseases', as
well as for mortality2. It is also impor
tant in determining metabolic adapta
tions in acute3 and chronic4 alterations
in nutritional status. Body composi
tion in terms of fat mass is usually
inferred from simple anthropometric
measurements such as weight and
height. However, these simple mea
sures are often not sufficient to fully
explore relations between body fat
and alterations in human health. This

is also something that needs to be
recognised in growing children, given
the increase in the prevalence of child
hood obesity5. This increases the de
mand for accurate methods for deter
mining body fatness.



TABLE 1
Measurements that Need to be Made in Different Body Composition Models

2-Compartment Model

3-Compartment Model4-Compartment Model

1. Body Density by

1.Body Density 1.Body Density
hydro-densitometry or by air displacement

++
plethysmography (BOD

2. Total Body Water2.Total Body Water
POD) (TBW) by deuterium

dilution

+

* Controls for variability

3. Bone mineral mass

in body water.

by dual X-ray energy

absorptiometry (DEXA)
* Controls for variability
in body water and bonemineral mass.

Other prediction methods:
• Bioelectrical impedance

• Total Body Water Measurements

achieved. Errors in each of the pri
mary measurements will propagate
along the calculation, such that a four
compartment model would yield an
error of about 4 per cent in a 60 kg
man with 20 per cent fat. For a three
compartment model, the errors are
likely to be marginally higherll.'2.

MEASURING BODY FAT

The compartment models for
measuring body composition are dif
ficult to apply in the field, because of
the number, cost and difficulty of the
primary measurements. Therefore, fat
mass is usually measured by more
simple predictive measures, such as
skinfolds and bioimpedance (BIA) which
offer a two-compartment measure of
fat and FFM (Table 1).

The skinfold method relies on
the measurement of skinfolds at trun
cal and appendicular sites, and the
sum of these skinfolds is used in age
and gender specific equations to pre
dict body density. Body density is
then used in the equation to deter
mine body fat. The skinfolds that are
typically measured are the biceps,
triceps, supra-iliac and sub-scapular13,14.
This method requires special skinfold
callipers, and training to reduce inter
and intra-observer variability.

BIA is also a field method to
measure body composition. This
method theoretically estimates body
water, but is also used to predict the
FFM directly (reviewed in15). It is also
possible to use BIA to predict specific
body components, such as muscle
mass16. BIA is a deceptively simple
technique; for reliable results several

preconditions need to be met'?, and
further, the prediction equation needs
to be validated in the population be
ing studied.

Both the methods referred to
above need validation against a crite
rion method. Although the four-com
partment model is the best criterion
method, simpler two-compartment mod
els, such as deuterium dilution to
measure TBW are available. Values of

TBW can be converted to FFM by a
FFM hydration factor, which is usu
ally stable1B, with an inter-individual
variation of about 3 per cent11,12.How
ever, it does vary with ageB,19,nutri
tional status11, and clinical state20,21.
Recently, accurate values of 73.222
and 73.8 per centB have been reported
for adults. Children have a higher degree
of FFM hydration, at about 75 per
centB,19.

The DEXA, which is also used
for validation, was primarily designed
for bone mineral mass measurement,
and DEXA estimates of body fat vary
from instrument to instrument, by about
3 to 13 per cenF3. The DEXA extrapo
lates measurements of fat mass in
bone image containing pixels: this is
a significant problem considering that
some 40 per cent of the body area
may contain bone images. Overall,
the DEXA is not a field method; it is
quite expensive, there is some radia
tion exposure, and subjects need to
be brought into a central facility.

BMI - BODY FAT RELATIONSHIP

The inappropriate accumulation
of body fat is intrinsic to the patho
physiological framework for the de-

2

velopment of chronic disease. The
relationship between the amount of
body fat and the BMI is steeper in
Asians, particularly Indians24,25,when
compared to Caucasians. These data,
coupled with observations that the
risk of developing chronic disease
increases at a BMI of 23 kg/m2, have
suggested that the cut-off for a healthy
BMI in the South Asian or Indian popu
lation should be 23 kg/m2 (26).This
approach seems perfectly reasonable
to define the burden of risk of chronic
disease in a population, but may not
be ideal in terms of the long term
prevention of disease.

If the aetiological framework of
an increased slope of the BMI - body
fat is correct, then the critical preven
tive measure would be one that re
duced the slope ofthis line. This seems
preferable to reducing the BMI cut-off
with the attendant risks associated
with weight loss. Recent evidence
suggests that body fat is more closely
linked to physical activity than energy
intake2?, indicating that increasing
physical activity, with the restoration
of a physiologically favourable body
composition balance, should be the
focus of preventive measures in chronic
disease. In this case the BMI cut-off
becomes less relevant, but studies
are required to assess if this surmise
is correct.

SKELETAL MUSCLE
MEASUREMENT

Insulin resistance and obesity,
which are part of the metabolic syn
drome, are among the important an
tecedents to the development of chronic
diseases such as diabetes and coro
nary heart disease2B.Measures of overall
obesity and the location of body fat
are strongly associated with insulin
sensitivity in Indians2B,29.Importantly
however, Indian men with a normal
BMI have been observed to have lower

insulin sensitivity when compared to
Caucasian men, independent of their
body fat content or location30.

Body compositional factors other
than the total body fat, or its location,
may predispose to the lowering of
insulin sensitivity, particularly in popu
lations with low levels of obesity. In a
simple framework, a lower body muscle
mass, which has an independent ef
fect on insulin sensitivity and glucose
disposaI31,32,could also determine the
risk for developing insulin resistance.
In India, a nutritional and lifestyletran-



sition resulting in high fat intakes,
with a low physical activity, would not
only increase total body fat mass, but
result in a relatively lower body muscle
content, particularly if the muscle mass
was low to begin with. This could also
be termed sarcopenic obesity; how
ever, sarcopenia is a term which de
fines the muscle loss associated with
ageing, and is not entirely satisfac
tory for the low muscle mass in Indi
ans, which is compounded by chronic
undernutrition33. Accurate measure
ments of the total body skeletal mass
can be made by measuring 24-hour
urinary creatinine excretion, and more
accurate measures can be made by
MRI34.Prediction equations for muscle
mass based on mid arm circumfer
ence are also available, based on
Western populations35.

In conclusion, the physiological
distribution of body fat is an impor
tant determinant of health. More at
tention needs to be paid to methods
of reducing adiposity beyond simply
reducing the BMI, as well as to other
body components such as muscle.
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ANNOUNCEMENT
The Proceedings ofthe IXAsian

Congress of Nutrition are now un
der publication and will be released
shortly. The book will contain all the
articles (nearly 145 papers) presented
at the Plenary Sessions, Plenary
Lectures and Symposia and will be
valuable resource material. The book
is priced at Rs 650 within India and
US$50 outside India (inclusive of
registered postage charges). Since
only a limited number of copies will
be available, we request those de
sirous of obtaining copies to book
in advance. The Demand Draft of
the above mentioned amount may
made in favour of "Nutrition Foun
dation of India" and posted to
C-13, Qutab Institutional Area,
New Delhi 110016, India.


