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Abstract: The body composition of 10 adult Indian male and female
subjects was investigated by a three compartment model, llsing measurements
of Total Body Water (TBW) by deuterium dilution, and of body density by
hydrodensitometry. The three compartment model yielded significantly
different (P < 0.005) estimates of percent' body fat of 15.9.:t 3.8 and 19.7 ±
4.2% and of the Fat Free Mass (FFM) of 41 ± 3.3 kg and 33.9±44.1 kg in the
male and female subjects respectively.

The hydration of the FFM was 0.704 ± 0.032 in the males and 0.719 ±0.024
in the females; this difference was not significant between groups. The density
of the FFM, measured from estimates of percent body fat by the 3 compartment
approach and of body density by hydrodensitomelry, was 1.107 ± 0.014 in the
males and 1.101 ± 0.001 in the females with no significant differences between
the groups.

This stlldy demonstrates differences in body composition between BMI
matched healthy adult male and female subjects. Although there are significant
differences for % Fat and FFM between the sexes, there are no significant
differences in the hydration fraction and the density of the FFM.
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INTRODUCTION

Human body composition can be
determined by a number of methods which
divide the body into measurable compartments
such as fat, fat free mass, water and mineral
(I). However, the methods that are commonly
employed, use a two compartmental model of

the body where fat and fat free mass (FFM)
are measured.

Thus, body composition is classically
assessed by hydrodensitometry which
divides the body into a fat and fat free
compartment, the latter consisting of water,
protein and mineral. Measurements of body
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composition by hydrodensitometry are made
on the assumption that the density of fat is
0.9 kg/L (2) and that the Fat Free Mass
(FFM) is a homogenous compartment having
a uniform density of 1.1 kg/L (3). This
method is accurate but is limited by the
assumptions regarding the' density of the
fat and FFM components. Other predictive
methods of body density, such as Skinfold
(4) measurements have the advantage of
simplicity for characterising large groups of
populations. However, the application of this
method to individuals may be subject to
large errors, especially in the extremes of
body composition variation. Bioelectrical
Impedance (5) is theoretically an accurate
methorl, hut is dependent on the equations
used to convert measured variables of
Impedance and Resistance to values ofTBW,
and therefore body composition.

It is also possible to measure body
composition more accurately in terms of a
three compartment model (6). Since the
FFM consists of water and an anhydrous
component consisting of protein and
mineral, an independent estimate of the
Total Body Water (TBW) can be used in
conjunction with hydrodensitometry to
arrive at a three compartment model of the
body; the three compartments being water,
fat and the anhydrous portion of the FFM
(consisting of protein and mineral>.

The hydration of the FFM can then be
calculated by using the independently
measured values of TBW (by deuterium
dilution) and values of the FFM, obtained
by hydrodensitometry. Further, the density
of the FFM can be obtained, assuming a
constant proportion of mineral and protein
in the FFM. Therefore, with one
assumption, of the relative proportions of
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the mineral and protein in the FFM,
accurate estimations of the body composition
can be arrived at for any population.

The aims of the study were twofold.
First, the study aimed at determining the
differences in the composition of the body
by a three compartmental model between
healthy BMI matched adult men and
women. Secondly, The study aimed at
calculating the hydration fraction and
density of FFM in these groups.

METHODS

Subjects and Pl"otocol

Ten adult male and 10 adult female
subjects in the age group of 20-40 years
were recruited for the study. A medical
history was obtained and a complete medical
examination was carried out before
subjecting them to the experimental
protocol. Their body weights were measured
with a digital scale (Soehnle, West
Germany) upto the neares~ 0.1 kg, and their
height was measured to the nearest 0.1 em
using a vertically mobile scale (Holtain,
Crymch, UK). Ethical approval for the study
was obtained from the Ethical Committee
of St. John's Medical College, and all the
subjects gave informed consent.

The male subjects reported to the
laboratory at 2100 hours on the previous
night of the experiment and were housed in
a metabolic ward maintained at an ambient
temperature of 26.0 ± 2.0°C. Each subject
was given 200 ml of water to prevent thirst
through the night following which no
further water or food intake was allowed
for the duration of the experiment. The
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subjects were woken up at 0100 hours and
a basal sample of urine collected. After
complete evacuation of the bladder, each
subject orally consumed deuterium oxide
(02°' 99.9%, Europa Scientific, Crewe, UK)
in a dose of 40 mg/kg body weight, from
sterile plastic containers with the aid of a
straw followed by 50 ml of distilled water
using the same straw. The container was
tightly sealed and the post dose weight of
the container recorded, to calculate the
exact amount of isotope consumed. Urine
samples were collected hourly from the 4th
hour after dosing until the 8th hour, and
stored at -20°C. Since the female subjects
were unable to spend the night in the
laboratory, an identical protocol was carried
out for the female subjects at 0700 hours.

Mass Spectl"ometry

The urine samples were analysed for
deuterium using a dual inlet Mass
Spectrometer (Europa Scientific, Crewe,
UK). Samples were prepared using the Zinc
reduction technique as recommended by the
IOECG 1990 (7). The Mass Spectrometer
consisted of a magnetic sector instrument
in which the flight tube passed in a curve
near a permanent magnet. Since this was a
dual inlet system, pressures on both sides
of the inlet were controlled by a system of
bellows. The gas molecules were admitted
to the ion source and were propelled by a
positive potential into a magnetic field
where they were resolved by the magnet
into separate beams depending on their
masses and admitted into separate
collectors, by which their amplitudes were
determined. The dual inlet system allowed
for reference and sample gases to be
admitted alternatingly into the source. A
nearly simultaneous measurement of sample
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and reference (SMOW) hydrogen was
obtained thereby eliminating errors of
system drift. With this system, the coeficient
of variation of repeated sample analysis was
less than 0.1%.

Samples for each time point were
analysed in duplicate. The post dose values
for each time point were plotted to establish
the 'plateau' of enrichment and the mean of
these values (Es) was used for calculation.
The increase in enrichment was calculated
by taking the arthmetic difference between
post dose enrichment and the predose basal
enrichement (E p)'

The Deuterium Oxide (99.9% O2°) was
analysed to ascertain its enrichment using
the dilution method recommended by the
IOECG. The values thus obtained were
incorporated in the calculation of pool size
using the equation (8)

W*A Ea E l

N (Kg Water) = -a- (E
s

E
p

where W was the weight of water used for
diluting the dose to assess it's enrichment,
A was the amount weighed of dose
administered to each of the subjects, a was
the weight of dose diluted for analysis of
enrichment, Ea was enrichment of the dose,
E t was the enrichment of tap water, Es was
the enrichment of post dose sample and Ep
is enrichment of predose baseline. All
calcualtions of TBW assumed that the
Deuterium space was 1.04 times the Total
Body Water (7).

Hydrodensitometl"Y

Hydrodensitometry and lung volume
measurements were carried out at 0730
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hours. Briefly, the subjects were immersed
in a water tank while in the seated position
after maximal expiration and their weight
underwater was recorded. Their lung
volume (after maximal expiration) during
the measurement was carried out by the
reb rea thing technique (9), in which the
dilution of lung nitrogen in a bag of pure
oxygen was measured. The density of the
body was measured as the ratio of the
weight and volume of the body, and from
this the fractions of fat, and of the fat free
mass (FFM) were derived. Repeated
measurements were carried out until values
for 3 consecutive readings gave a coefficient
of variation of less than 0.015%.

Calculations

Independent estimates of TBW by
deuterium dilution, and of Body Fat and
hence FFM were made using a three
compartment model, which consisted of
water, fat and the dry fat free mass (protein
and mineral). The body fat was estimated
in the non aqueous (fat, protein, and
mineral) compartment, by using the density
of the body fat (0.9007 kg/L) and the density
of the combined' protein and mineral
component (1.5157 kglL) in the presently
accepted ratio of 0.7926:0.2074 (6). These
densities were then incorporated into the
following equation to obtain the fraction of
fat present in the non aqueous compartment
(6) f = (2.21989ID f+pm)-1.46462 where f is
the. fraction of body fat and Df+pm represents
the density of fat combined with protein
and mineral. Dr+pm can be obtained by
estimating the mass and the volume of the
non aqueous compartment, by using the
body weight, the measured TBW (from
deuterium dilution) and the body density
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(from hydrodensitometry). The fraction fat
(0 was used to obtain the fat mass in the
body, from whic~ the FFM was obtained.

The hydration of the FFM was
determined using two methods. In the first
method, independent estimates of TBW from
deuterium dilution, and of FFM obtained
from hydrodensitometry were used in the
ratio TBW/FFM to obtain the hydration of
FFM. In the second method, FFM values
obtained by the three compartment model
were used with the TBW (obtained by
deuterium dilution) to arrive at the
hydration factor for FFM.

The density of the FFM was also
recalculated, using the % Fat obtained by
the three compartment model, and the
density of the whole body obtained by
hydrodensitometry, assuming that fat has
a density of 0.9007 kg/L, in the equation (6)

I F 1- F
-=- +--
d dr dffm

where, d is the density of the body, dr is
the density of fat and d ffm is the density of
the FFM (protein + mineral) and F is the
fraction of body fat.

Stati.tical Analysis

All results were expressed as mean ::t SO.
The anthropometric and body composition
was analysed for differences between the
sexes by the Student's independent 't' test.
The null hypothesis was rejected if P<0.05.

RESULTS

The mean age of the male and female
subjects was 25.7 ::t 3.9 and 26.5 ± 5.3 years
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respectively. The male subjects had a mean
body weight of 49.9 kg and a mean height
of 165.7 ± 4.5 em, from which a Body Mass
Index (BMI, WeightlHeight2, kg.M-2) of
18.2 ± 2.0 kg.m-2 was obtained. The female
subjects had a mean weight of 42.3 kg and
a mean height of 152.7 ± 7.4 ems, which
gave a Body Mass Index (BMI, Weightl
Height2, kg.M-2) of 18.2 ± 2.0 kg.M-2 While
there were significant differences in the
weight and the height between the sexes
(P<0.05), the BMI and age were not
significantly different.

The TBW of the males measured by
deuterium dilution was 29.6 ± 3.7 kg, which
was 59.3 ± 4.7% of the body weight. The
three compartmental approach yielded
estimates of body fat of 5.9 ± 3.8% and
therefore, an FFM of 41.9 ± 3.3 kg.

The female subjects had a mean TBW of
24.5 ± 3.6 kg, which was 57.7% of their body
weight. The % Fat obtained in the females
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was 19.7 ± 4.2% and the FFM was 33.9 ±

4.1 kg. The TBW, as well as the % Fat and
the FFM obtained by the 3 compartment
method were significantly different between
the male and female subjects.

Hydration fraction and denaity of FFM (Table Il

The hydration fraction of the FFM was
obtained from the ratio of TBW : FFM, using
estimates of FFM from the three
compartmental model to and estimates of
TBW from deuterium dilution. The
hydration factor for the FFM in the male
and female subjects was 0.704 ± 0.032 and
0.719 ± 0.010 respectively, with no
significant differences between the sexes.

The calculated density of the FFM in
both the sexes is also presented in Table I.
The density of the FFM in the male subjects
was LI07 ± 0.014 kglL and in the female
subjects was 1.101 ± 0.010 kglL. There were
no significant differences between the sexes.

TABLE I: Total body water, fat free mass, % fat and hydration factor by the 3 compartment method.

Group Males Females

n' 10 n: 10

TBW (kg) 29.6 : 3.7 24.5 : 3.6-

TBW (% of weight) 59.3 :t 4.7 57.7:t 4.8 NS

% Fat 15.9 :t 3.8 19.7:t 4.2-

FFM (kg) 41.9 :t 3.3 33.9:t 4.1-

Hydration Factor 0.704 :t 0.032 0.719:t 0.024 NS

Density of FFM" 1.1068 :t 0.0138 1.1005:t 0.0102 NS

Mean :t S.D.

- : P< 0.05, differences between groups

a = Recalculated density of Fat Free MaSIl (See MethodllJ
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DISCUSSION

This study demonstrates the differences
In body composition, measured by a three
compartmental model between age and BMI
matched healthy adult Indian male and
female subjects. Significant differences of
body weight and height were found between
the sexes. In addition, the % Fat and the
FFM of the two groups were also
significantly different. The TBW measured
by deuterium dilution was significantly
different between the groups, but when
expressed as a percentage of body weight,
there were no differences between the
groups.

The hydration factor of the FFM in
different studies of human subjects have
been reported to vary between 0.71 to 0.74
(10). The choice of a hydration factor to
predict the composition of the body is
important especially when studying groups
who depart from normality, such as in
conditions of acute and chronic weight loss
or weight gain. In these populations, an
alteration may occur in the relative amounts
of mineral and protein, contributing to a
different hydration or density of the FFM.

For example, a change in the relative
quantity of mineral in the FFM has been
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observed in black populations (11) and it
has also been postulated that in the lower
socioeconomic group predisposed to
intensive physical labour, there may be
relatively denser bone tissue, which could
alter the composition and density of the
FFM (2). In addition, changes in the extra
cellular water compartment could not only
contribute to changes in the hydration of
tissues, but also influence the BMR
expressed per unit active tissue. There were
no differences between males and females
in our study group, although it must be
stated that the age range was relatively
small. Detailed studies are required to
delineate differences between various
groups regarding the density and the
hydration of the FFM.

In the present study the calculated
density of the FFM for the male subjects
was 1.1068 ± 0.0138 and for the female
subjects was 1.1005 ± 0.0102 kg/L. This
difference was not significant from the
commonly used value of 1.1 kglL for both
male and female subjects, but may assume
significance if used without having being
determined for specific populations such as
the Chronically Energy Deficient (CEO) (13)
subjects who could have an altered
protein: mineral ratio, leading to a different
density of the FFM.
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