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Abstract

Objective: Adiposity in adolescence is associated with chronic disease in adulthood, and assessment
of body fat mass is vital for screening at risk populations. Adiposity is measured in many ways including
bio impedence analysis. The objective of this study was to validate existing bio impedance analysis
(BIA) equations on 15-19 year old adolescent girls and to derive a population specific equation for the
prediction of percentage fat mass (%FM) for adolescent girls.

Methods: Body composition of 15 - 19 year old, adolescent girls was assessed by the deuterium dilution
method and BIA. Validity of existing equations for the prediction of %FM of Sri Lankan adolescent girls
were assessed prior to the derivation and validation of a new %FM equation. The new equation was
derived using linear regression analysis against the reference method, deuterium dilution.

Results: Existing BIA equations significantly (p< 0.001) overestimated %FM. The new equation derived
for the prediction of %FM of Sri Lankan adolescent girls significantly correlated with the reference method.
There was no significant difference in %FM obtained by the reference method (%FM: 24.67 + 9.2) and
the derived equation (%FM: 24.9 + 6.3).

Conclusions: The new equation; %FM = -74.065 + 0.671 (height?/resistance) + 0.049 (resistance) +
2.080 (BMI), is appropriate for the prediction of %FM in Sri Lankan post pubertal adolescent girls, and

may be validated for use on other South Asian populations.

Introduction

Adiposity in childhood and adolescence is one of
the main determinants of insulin resistance, representing
the metabolic basis for development of future chronic
disease (1). Identification of at risk individuals during their
adolescent years is essential in prevention, but many
difficulties are encountered in assessing adiposity in
adolescents due to variability in muscle mass, maturation
and growth rates. Body mass index (BMI) is often used to
assess adiposity, but does not differentiate between fat
and non-fat components of body mass, resulting in
inaccuracies in classification of individuals as overweight
or obese (2). Other techniques of body fat assessment,
such as densitometry and stable isotope methods are
accurate, but expensive and impractical for routine
screening. Bio impedance analysis (BIA) is based on
applying a low level current through the body and
measuring the impedance of tissues. These values are
applied to an equation which is already programmed into
the machine for the calculation of fat mass (3). The low
cost and simplicity of assessment has popularized this
method.
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However, most BIA prediction equations programmed
into bio impedance analysers are derived for Western
populations and have poor validity in other populations
(4,5), with %FM being overestimated in lean subjects and
underestimated in obese individuals (5, 6). There are no
published BIA equations for South Asian adolescents,
with the few available equations being derived for the
prediction of total body water (TBW), and through it, fat
mass (7-9). Ideally, the available %FM prediction equations
should be validated in the population being assessed prior
to use, or population specific prediction equations should
be derived against a reference method to improve accuracy
of BIA analysis (10).

While values of TBW, fat free mass (FFM), fat mass
(FM) and their percentages can be obtained directly from
the BIA instrument; FM can also be calculated using the
impedance, resistance and / or reactance values, which
may also be obtained from the instrument. Most BIA
equations for the prediction of percentage fat mass (%FM)
have been derived on Caucasian and African American
populations, employing height? / resistance and body
weight as the most significant predictors of %FM. There
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are no published population specific BIA equations for
post pubertal adolescent girls in Sri Lanka or in other areas
of similar ethnicity.

This study aims to validate existing BIA equations
on a population of 15-19 year old adolescent girls against
a reference method using stable isotopes (deuterium
dilution method) and to derive a population specific
equation for the prediction of %FM for post pubertal
adolescent girls.

Methods

Study participants

Healthy, post pubertal adolescent girls (n = 160) aged
15-19 years, were recruited for a study on body
composition assessment. The sample was selected using
a convenience sample representing both school going
and non-school going adolescent girls living in public
health midwife areas in urban and rural sectors of Colombo
and Kalutara Districts in Sri Lanka. Ethical approval for
this study was obtained from the Ethics Review Committee
of the Faculty of Medicine, University of Colombo and
written informed consent was obtained from all study
participants.

Assessment

All body composition measurements were performed
between 0830 and 1300 hours. The participants fasted for
two hours from food and drink, did not perform strenuous
exercise and emptied their bladders preceding the fat mass
assessment by the reference method. The reference
method for body composition assessments are
densitometry or stable isotope analysis of TBW using
deuterium oxide (D,0O) which can be measured using an
Isotope Ratio Mass Spectrometry (IRMS) or Fourier
Transformed Infrared Spectrometry (FTIR) (11). The
deuterium dilution technique was used as the criterion
method for the estimation of total body water. The reference
method used in this study was the two compartment model
of assessment of TBW using the stable isotopes of D,0O
(deuterium dilution method) and measurement using FTIR,
a spectroscopic technique that uses the absorption of
infrared light to determine the concentration D,O of a
sample (12). A single dose of D,O (Cambridge Isotope
Laboratories Inc., MA, USA) was ingested by all subjects
following the collection of a baseline saliva sample. Two
other samples of saliva at 3 and 4 hours were obtained for
analysis by FTIR after D,O administration. Enrichment
was measured with a FTIR (8400S; Shimadzu, Vienna,
Austria), with each sample being measured in duplicate.
Quality control was in accordance with International
Atomic Energy Authority guidelines (11).

FTIR analysis was carried out in the Department of
Biochemistry and Molecular Biology, Faculty of Medicine,

University of Colombo. Prior to saliva measurement, the
D,O standard was prepared by dilution of D,O with
deionized water and the enrichment of the standard was
confirmed by IRMS and further details of this assessment
and analysis have been published previously (13).

Bioelectrical impedance analysis (BIA)

Bioelectrical impedance analysis (BIA) was measured
using an SFB7 ImpediMed instrument (ImpediMed
Limited, Australia). Amultiple frequency current was used
with four surface electrodes. The girls were asked to lie
supine on a non-conductive surface with hands kept in a
prone and slightly abducted position away from the trunk.
In order to minimize interference, legs were abducted to a
minimum of 20 cm between the two medial malleoli and
thighs were parted to prevent touching each other. Surface
electrodes for the source current were placed on the dorsal
side of the third metacarpo-phalangeal joint of the left
hand and third metatarso-phalangeal joint of the left foot.
The sensing electrodes were kept at midway between the
styloid process of ulna and radius on the posterior surface
of the left wrist and midway between medial and lateral
malleoli on the anterior surface of the left ankle. Aminimum
distance of 5 cm was maintained between the source and
sensing electrodes to avoid any interference. If the natural
distance between the source and sensing electrodes was
less than 5 cm, the sensing electrode was moved proximally
till the desired distance was achieved (9). Conduction gel
coated disposable surface electrodes were used and
connected to the BIA machine via crocodile clips. The
instrument was routinely checked on each day of sample
collection using a test cell. Percentage fat mass values
were obtained directly by the BIA instrument; in addition
impedance, resistance and reactance values were obtained
from the instrument and transformed into a measure of
%FM using BIA equations for the prediction of %FM.

Statistical analysis

Statistical analysis was carried out using SPSS
version 15 for Windows. Percentage fat mass values were
obtained directly by the BIA instrument. Total body water
values obtained by the reference method, were divided
by the hydration factor (0.73 for adolescent girls), in order
to derive the FFM. FM was calculated by subtracting FFM
from body weight. Percentage fat mass was calculated as
a fraction of body weight. Percentage fat mass by the
reference method and BIA were compared using paired
samples t-test for over / underestimation.

Assessment of validity of selected BIA equations to
predict %FM of the study population by comparison with
%FM from the reference method was as follows:

Selected BIA equations derived on adolescents and
children, for the prediction of %FM are given in Table 1.
While the Kushner (14), Bray (15) and Houtkooper (16)
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Table 1. Existing BIA equations for the prediction of %FM

Equation

Author

Population for which
equation was derived

%FM = (weight - (0.59 x (height x height /
R) + 0.065 x weight + 0.04) / (0.754 x weight)

%FM = (1- (0.4 x (height x height / R) + 0.148 x
weight + 3.32) / (0.76 x weight)) x 100

%FM =-1.11 x (height x height /R) + 1.04 x
weight + 15.16 (height in cm)

FFM =0.56 x (height x height/Z) + 0.22 x weight +
1.6 xsex - 0.22 (heightin cm,
sex (:male =1; female = 0))

FFM =0.299 x (height x height/R) + (0.086 x height)
+(0.245 x weight) + 0.260 x age + 0.901 x sex - 0.415 x
ethnicity (height in cm; Thai ethnicity =1, others
=0;sex (male =1, female =0)

Kushner et al (1992)

Bray etal (2002)

Houtkooper et al. (1989)

Wickramasinghe et al. (2008)

Liuetal (2011)

0.02 - 66 years,
Caucasian and Peruvian

10.79 +0.05 years,
Caucasian; African-American

10 - 14 year old children

5-15yearold
Sri Lankan children

8 - 10 year old Asian children

R: resistance, Z: impedance

equations were directly applied to the population under
study to obtain %FM, the equations of Wickramasinghe
(7) and Liu (17) were used to calculate FFM of the
population and thereby FM (body weight - FM) and %FM
(fat mass x 100 / body weight), based on the assumption
that body weight = FM + FFM. Pearson’s rank correlation
coefficients were obtained to assess the association
between %FM obtained from the reference method
(deuterium dilution) and %FM obtained from the selected
equations. Mean %FM values by the reference method
was compared to values obtained by application of
impedance and anthropometric values to existing
equations using the paired samples t-test.

Derivation of a new BIA equation to predict %FM
was done as shown below:

The data of study participants were divided into cross
validation and validation groups by sorting the age of
girls in ascending order and including every third girl in
the cross validation group. The preliminary prediction
equation for %FM was derived for the validation group,
by linear regression analysis, using backward likelihood
ratio, with %FM (reference method) as the dependant
variable, and resistance, height?/resistance, body weight,
BMI and age as independent variables. Predictability of
the preliminary equation was evaluated using the cross-
validation group. The final prediction equation was derived
after combining both validation and cross-validation
groups, by linear regression analysis using the enter
method. The independent variables for the final equation
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were determined by the preliminary equation. Level of
agreement between the %FM values calculated from the
final derived prediction equation and the reference method
was assessed using Spearman's correlation (r) and Bland
Altman plots. Over/underestimation was assessed by
Student t-test. High overall percentages of the predictions
(> 70%) and significant y? values (p < 0.001) were taken as
indicative of goodness of fit of the models.

Results

Percentage fat mass by the reference method ranged
from 9.2 t0 49.1 with a mean %FM of 24.7 +9.2. Application
of fat mass cut-off values by Sun et al (5) for women,
classified 54% (n = 86) of the girls as lean (%FM < 25%),
while 22% (n = 35) had excess fat mass (% FM > 33%).
Percentage fat mass by BIA, when applied to the total
population, significantly overestimated (p < 0.001) mean
%FM obtained by the reference method (Figure 1). Direct
assessment by the BIA overestimated %FM in girls who
were classified as lean by deuterium dilution (%FM < 25),
and it underestimated %FM in girls who had excess fat by
deuterium dilution (%FM = 33) (Table2).

Applicability of selected BIA equations to predict %FM

All selected BIA equations significantly
overestimated body fat when compared to the reference
method (Table 3).
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Table 2. Percentage FM by deuterium dilution method and BIA

Deuterium dilution BIA
Total population (n = 160)
% FM 24.7(9.3) 29.5(6.2)
%FM (deuterium dilution) <25 (n = 86)
% FM 17.3(3.9) 29.2(4.8)
%FM (deuterium dilution) <33 (n = 35)
% FM 37.9(4.0) 29.9(8.1)y

ISignificant overestimation by BIA, p<0.001
ZSignificant underestimation by BIA, p<0.001

Table 3. Percentage FM by the reference method (deuterium dilution), compared with %FM calculated using
selected BIA equations

Method Mean + SD Correlation with deuterium
dilution method
(Spearman’s correlation coefficient)

%FM (Kusher et al, 1992) 46.7+8.2 0.67?
%FM (Bray etal, 2002) 33.4+5.6 0.63
% FM (Houtkooper et al,1989) 274+6.2 0.63
%FM (Wickramasinghe et al, 2008)® 38.7+4.6 0.564°
%FM (Liuetal, 2011)* 30.6+£5.9 0.658?
%FM (Deuterium dilution) 246%9.2

ISignificant overestimation from reference method, p<0.001
ZSignificant correlation, p<0.001
SFFM equations, which were used to calculate FM and %FM

Table 4. Comparison of anthropometric and impedance variables in validation and cross validation groups

Variables Validation group Cross validation
(mean = SD) (mean = SD)
n =107 group n =53
Age (years) 17.19+15 17.25+1.4
BMI (kg/m?) 19.9+35 195+36
Body weight (kg) 472+8.3 46.1+8.1
Height (m) 1.53+0.05 1.53+0.07
Resistance (€2) 724.3+79.8 737.4+89.3
height2/resistance (cm%Q) 33.0+338 325+4.4
%FM (BIA) 29.4+6.2 29.7+6.3
%FM (deuterium dilution) 251+94 23.8+9.0
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Table 5. Models of the preliminary and final prediction equation

Preliminary equation

Final equation

Equation %FM = -93.65 + 0.892 (height?/resistance) + %FM = -74.065 + 0.671 (height?/resistance) +
0.064 (resistance) + 2.161 (BMI) 0.049 (resistance) + 2.08 (BMI)
Spearman’s (r) 0.7 0.696
%FM (equation) 24764 249+6.3
Mean + SD
%FM (deuterium dilution)  23.8+£9.0 24.67+9.2
Mean + SD
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Figure 1. Scatter plots indicating %FM by BIA and the reference
method (deuterium dilution).
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Figure 3. Association between %FM (deuterium dilution) and %FM (final equation).

Derivation of a new BIA equation to predict %FM

Age, anthropometric measurements and impedance
variables of the validation and cross validation groups
were similar (Table 4). The preliminary prediction equation
derived for %FM using the validation group, was derived
using %FM by the reference method as the dependant
variable and age, BMI, body weight, resistance and height?/
resistance as independent variables. While age and body
weight were not significant predictors of %FM, BMI,
resistance and height?/ resistance, were the most reliable
independent variables (p < 0.001) for prediction of %FM.
The preliminary equation when applied to the cross
validation group (n = 53) significantly correlated (r = 0.700,
p <0.001) with %FM (deuterium dilution) (Figure 1a). There
was no significant difference between %FM by deuterium

dilution and %FM through the preliminary equation (Table
05). Bland Altman plots for plot difference shown in Figure
1(b) gave a mean bias of -0.93 + 6.9%.

The final equation was derived following the
combination of both the validation and cross validation
groups (n = 160), linear regression analysis using %FM
(deuterium dilution) as the dependant variable and BMI,
resistance and height?/ resistance (identified as the most
reliable variables from the preliminary equation) as the
independent variables. While there were no significant
differences between %FM obtained by the reference
method (deuterium dilution) and the final equation, %FM
(final equation) significantly correlated (r =0.696, p <0.001)
with %FM (deuterium dilution) (Figure 2a) (Table 05). Bland
Altman plots used to assess the level of agreement between
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the derived prediction equation and %FM (deuterium
dilution) for plot difference shown in Figure 2(b) gave a
mean bias of -0.29 £ 6.7%.

Discussion

To our knowledge, this is the first BIA equation for
the prediction of %FM in post pubertal girls of Sri Lankan
origin and would be of use in screening for excess body
fat among adolescent girls in Sri Lanka. The new equation
is simple and only includes height?/ resistance, which can
be obtained from the BIA machine and BMI, easily
obtained by height and weight measurements as variables.
The inclusion of BMI in the equation indicates that it is a
valuable component in body fat assessment, though on
its own it may be prone to error. Though previous BIA
equations too included height?/ resistance as a prediction
variable (14-16), body weight and age, which are common
variables in other prediction equations (10), body weight
may have been eliminated due to the inclusion of BMI
into our equation and age, due to the narrow age range of
our study population.

The results of this study indicate that direct use of
%FM from BIA is inappropriate, and would possibly result
in erroneous classification of a majority of adolescent girls
as having excess body fat. Direct assessment by the BIA
was shown to overestimate %FM in the population, with
underestimation of %FM of girls who were classified as
having excess fat mass by the reference method. Similar
to our results, Sun et al (5), reported that BIA tends to
overestimate fat mass when subjects are relatively lean
(fat mass <25%) and underestimate fat mass when subjects
are overweight or obese (%FM > 33%).

Due to the lack of BIA equations for the prediction of
%FM of South Asian adolescent girls, the other equations
that we used were those derived on Caucasian or African
American children who were younger but of similar weight
and height to our population (15, 16). The fact that our
study population was post pubertal, despite being the
same weight and height, may partly account for the poor
validity of such equations when applied to our population.
The Kushner equation was selected as its wide age range
(0.22 - 66 years) included our age range of 15 - 19 years
(14). However, this too was found to be unsuitable. The
equation by Wickramasinghe et al was selected as it
included children of Sri Lankan origin, and that by Liu et
al (17) was selected as it included children of Asian origin.
However, both equations were for the calculation of FFM
and was based on the assumption that FM may be
calculated by the subtraction of fat free mass from
bodyweight. Further, both equations were developed on
children < 15 years of age, while our population was post
pubertal adolescents, making these equations unsuitable
for our population.
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Therefore, we deduce that existing BIA equations
for the prediction of %FM were not suitable for post
pubertal adolescents, as they overestimated %FM,
compared to the reference method. This evidence further
supports the consensus that population specific equations
are essential in assessing fat mass by BIA.

The new BIA equation for the prediction of %FM of
15 - 19 year old Sri Lankan adolescent girls, significantly
correlated with the reference method of deuterium dilution.
The Bland Altman plot for comparison of two methods
further illustrates accuracy of the new prediction equation.
The mean difference between the actual and predicted
%FM (mean bias) was close to zero (mean bias: - 0.29%)
and had only one individual with residuals exceeding the
95% confidence limits of %FM. In conclusion, the new
BIA equation can be used for the estimation of %FM of
post pubertal adolescent girls in Sri Lanka and is possibly
suitable for other adolescent girls of South Asian origin.
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