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Abstract: Assessing body fat using anthropometric data would be useful in predicting chronic diseases. Accurate use of proper statistical models
in analysing body composition data is of prime importance. This study was undertaken to assess body composition of diseased and non-diseased
women using body composition analyser thereafter using data for development of statistical model. The objective was to find relationship of
various anthropometric parameters with Percent Body Fat (BF%) and to develop various prediction models for estimating BF on the basis of
anthropometric data. BF% was predicted using Linear Regression (LR), Multiple Linear Regression (MLR), Non-Linear Regression (NLR) and
Artificial Neural Network (ANN) models. The predictors used in the study were age (yrs.), height (cm), weight (kg), Body Mass Index (BMI)
(Kg/m?) and Waist Circumference (WC) (cm). Data utilized for the study was related to 860 adult females aged 18-60 years out of which 700
were non-diseased and 160 were diseased (diabetic and hypertensive). Out of various models developed using LR, MLR, NLR for Non-Diseased
group, three predictors viz. age, BMI and WC were found to be appropriate for estimating BF%. However, the best prediction of BF% was
achieved using ANN model taking age, height, weight and WC as predictors (R* = 0.787). ANN technique was found as the most suitable
technique for developing prediction models for estimation of BF% in non-diseased group. However, in diseased group ANN model could not
predict BF% more precisely, may be due to some other factors affecting the body composition of females of diseased group.
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. Introduction:

Anthropometry is an important aspect used for
understanding physical variation and assessing body
composition. Despite the modern techniques,
anthropometric measurements are important to study the
genetic structure and prediction of risk factors of many
complex diseases in human health. Anthropometric
parameters such as height, weight, body mass index, and
waist circumference evaluate underweight and obesity
conditions. Anthropometric measurements are easy to
conduct in field studies and have better acceptance in the
communities.

Overall obesity and visceral obesity in which a high
proportion of body fat is deposited on the trunk and in the
abdomen are associated with deleterious health outcome.
The prevalence of obesity is increasing rapidly worldwide.
The causes of obesity are not completely understood but
according to heredity and decreased physical activity are its
major causes ®. It is observed that reduction in lean body
mass and relative increase of percentage body fat mass is
due to the age related change in chemical composition of an
individual ). Age is associated with regional fat distribution
causes negative health consequences. Body fat gets
redistributed with age. Visceral obesity is predicted outcome
of increased waist circumference. Waist circumference rises
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with advancing age. It has been reported that among older
group larger waist circumference than that of younger one
€)

An increased risk of developing cardiovascular
disease, chronic disorders and disabilities was determined in
the case of females with a WC over 80 cm, and a strongly
increased risk in the case of females with a WC of over 88
cm was observed ). Mean value for fat (%) was observed as
19.0+4.4 and 29.2+5.6 cm at WC cut off points viz., <80 cm
and >80 cm respectively. It shows presence of higher body
fat in abdominally obese female adults ®. The use of
statistical models in medical diagnoses and biomedical
research may affect individual’s life by predicting whether
their health is protected or is in danger. Therefore, careful
and accurate use of proper statistical models in analysing
health related data is of prime importance.

BF% is the percent of total body weight of a
person. BF % can be predicted from BMI ©. The ideal
weight and BF% varies for males and females of different
age groups. Excess body fat contributes to an array of
medical diseases and can greatly increase the risk of
contracting conditions such as coronary heart disease,
diabetes, cancers, gallstones etc. Deurenberg et al developed
prediction equations based on anthropometric parameters for
both males and females using LR technique. It was also
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found that same models could not be used for both males
and females because BF% varies with gender . Jackson et
al developed equations for both males and females
separately considering only one variable as predictor i.e.
BMI ®. In studies carried out by scientists®'® it was
observed that BF% also depends on other anthropometric
parameters too rather than just BMI. Several studies were
also made by various scientists ™% for estimating BF%
using anthropometric data.

In the present study, an attempt has been made to
develop prediction models for estimating BF% using ANN
which is a new and advanced. The developed models were
also compared with the models developed by classical
statistical techniques like LR, MLR, NLR to measure the
precision in the model. Assessment of nutritional status is an
important is an essential component for development of
public health programme and policies. With increase in
obesity and degenerative diseases, body composition is
being considered for more sensitive methods for predicting
degenerative disease. This paper will help in assessing body
fat using anthropometric data which is accepted in
communities.

1. Subjects and Methods:

A cross-sectional study was conducted on 860 adult
females aged between 18-60 years recruited by personal
contact. Out of 860 adult females; 700 were physically fit
(non-diseased) and 160 were diabetic and hypertensive
(diseased). Selection of non-diseased female participants
was made from University premise using simple random
sampling without replacement technique. Self reported
diabetes is estimated to be over 2 per cent among women as
per national family health survey. Prevalence of
hypertension has been found as 10 per cent among rural
population as per Registrar General of India **. Therefore,
national prevalence estimates for hypertension and diabetes
were taken into account to determine the sample size for the
present investigation. The approximate diseased group
required to estimate prevalence at 95 per cent level of
confidence with a precision level of 5 per cent was 138.
Keeping in view increased prevalence with advancing years,
therefore, 160 women population constituted the sample
size. Diseased subjects were selected from University
hospital using purposive sampling. According to NFHS-3
(2005-2006) approximately 36 per cent of women are
undernourished signifying high nutritional deficiency.
Prevalence of under-nutrition and over-nutrition was taken
into consideration for calculation of sample size for non-
diseased population. Approximately 13 per cent of women
are overweight or obese. Adults in India are suffering from a
dual burden of malnutrition®®. Therefore, a table value of
637 was taken, considering that 99 per cent confidence
interval with a precision level of 5 per cent will give
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expected prevalence of 40 per cent (under-nutrition).Both
diseased and non-diseased populations were considered to
have sedentary life style. This study was conducted
according to the guidelines laid down in the Declaration of
Helsinki and all procedures involving human subjects were
approved by the committee.

Anthropometric measures such as height, weight
and WC were recorded using standard techniques. Body fat
was assessed through bioelectrical impedance analysis using
bioscan analyser (Maltron, 916). For body composition
assessment, study subjects were asked to lie down in a
supine position. ME4000 electrode pads were placed clipped
with MEC1104 electrode cable on a hand and foot and
consequently, a small alternating electrical current (50 kHz)
is passed through these electrodes. The impedance to the
current flow is measured. The electrical impedance of body
tissues is measured by BIA and used to have estimates on
fluid volumes, total body water, body cell mass and fat free
mass ™" Diseased subjects were diagnosed through
conducting biochemical test using standard methods and
procedures. Blood pressure values of 120/88 mm hg for
systolic and diastolic pressure was taken as normal value
while beyond that indicated as high blood pressure. Blood
pressure was measured by automatic blood pressure meter.
A blood glucose level of 120 milli grams per decilitre as less
after an 8 hour fast was considered as fasting blood glucose
whereas the higher values were considered as high blood
sugar level. Study subjects were clearly explained about
purpose of research investigation. All the subjects gave their
free and written informed consent to be part of the study. All
the procedures used were non-invasive in nature. Separate
statistical analysis was carried out for non-diseased and
diseased group.

1. Statistical Analysis:

Comparison of various anthropometric parameters
between non-diseased and diseased group was done using
two sample Z-test, descriptive statistical measures like
mean and standard error of mean (S.E,) were also
calculated. Karl Pearson’s correlation coefficient and partial
correlation  coefficient were wused for determining
relationships between various body composition and
anthropometric parameters. Significance of correlation
coefficient and partial correlation coefficient was tested
using t-test. LR, MLR, NLR and ANN techniques were used
to develop various prediction models based on age and other
anthropometric  parameters.  Coefficient of multiple
determination (R?) was used for the comparison of
developed models. F-test was used to test the significance of
Coefficient of Multiple Correlation (R).



V. Results:
a) Two sample Z-test and descriptive statistical
measures: The values of Zcal, mean and S.E,, of age,
height, weight, BMI and WC for non-diseased and diseased
group are presented in Table 1. It can be observed that
average height, weight, BMI and WC differ significantly
between non-diseased and diseased group and were found to
be higher on an average in diseased group as compared to
non-diseased group. This observation signifies that age and
diseased state affect anthropometric indices. Larger mean
values were obtained in persons with diabetes, hypertension
and in subjects above 30 years of age.
b) Karl Pearson’s correlation coefficient: Correlation
analysis results for non-diseased and diseased group are
shown in Table 2. Age and anthropometric measurements
including weight, BMI and WC were significantly positively
correlated with BF% for both the groups (non-diseased and
diseased). However, height was significantly negatively
correlated with BF% in case of Non-Diseased group.
There were high positive and significant correlations
between weight and BF% (r=0.732) & BMI and BF%
(r=0.782) in case of non-diseased group as compared to
diseased group. Height was not significantly correlated with
BF% in case of diseased group.
c) Partial correlation coefficient: In order to find the net
association between BF% and anthropometric parameters an
attempt was made to find partial correlations. Partial
correlation coefficients between BF% and BMI controlling
the effect of weight and age separately as well as together
for both non-diseased and diseased group are presented in
Table-3.
Positive and significant correlation exists between BF% and
BMI eliminating the effect of weight and age separately as
well as together. It indicates that there is a net association
between BF% and BMI irrespective of the effect of age,
weight or both the variables on BF% and BMI. However,
non-significant partial correlation was observed between
BF% and BMI (r=0.197) for diseased group when the effect
of weight and age together was controlled.
d) Prediction Models for the estimation of BF% using
LR, MLR and NLR: BF% was found to be significantly
correlated with age, weight, BMI and WC except height for
diseased group. Therefore an attempt has been made to
develop prediction equations for estimation of BF% on the
basis of explanatory variables (age, height, weight, BMI and
WC) using LR, MLR and NLR analysis and these models
are presented in Table 4.

Five prediction models were developed for non
diseased group using LR analysis for estimating BF% on the
basis of explanatory variables age, height, weight, BMI and
WC (taking one parameter at a time) but for diseased group
only four prediction models were developed on the basis of
explanatory variables age, weight, BMI and WC (taking one
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parameter at a time) as in this case it was observed that
height was insignificantly correlated with BF%. In LR
models the value of R? was found to be low ranging from
0.007 to 0.632. Best prediction of BF% could be achieved
taking BMI as explanatory variable for which maximum
value of R? is 0.632 and 0.154 in case of non-diseased and
diseased group respectively.
An attempt has been made to develop some models as NLR
taking some nonlinear relations like cubic, quadratic,
logarithmic, inverse, exponential, power, compound etc. in
order to increase the R? value. Out of the 10 NLR best fit
models developed for estimating BF%, 5 for each group
using age, height, weight, BMI and WC taking one variable
at a time the best prediction on the basis of R? can be
achieved by taking only BMI as explanatory variable with
cubic relationship between BF% and BMI for both the
groups shown in Table 4.
Further, an attempt has been made to predict BF% by using
different combinations of age, height, weight, BMI and WC
as explanatory variables using MLR models. On the basis of
R? values, the best MLR model developed for the non-
diseased group with maximum value of r’= 0.659 and the
best fit MLR model for diseased group was with maximum
value of R? = 0.184 (Table 4).
e) Prediction models for estimating BF% with ANN: A
new mathematical technique i.e. (ANN) was also applied to
develop prediction models for BF% on the basis of age and
anthropometric variables. The proposed neural network was
trained using different data sets to get the best set of data.
Several ANN models were developed for estimating BF%
taking different combinations of explanatory variables age,
height, weight, BMI and WC for both the groups(non-
diseased and diseased). For each model R® value was
calculated and its significance was tested.

The construction of the ANN model was divided
into following three subparts
i) Division of the data set: The data was divided into three
parts for each non-diseased and diseased group which is
shown in Table 5
ii) Block Structure: Block Structures used for developing
ANN models are shown in Figure 1 and Figure 2 for non-
diseased and diseased group respectively. During the
training phase, the system adjusts its connection/weights
strengths in favor of the input variables that are more
effective in determining a specific output. The use of
verification set in study is an important guard against
overtraining/over-fitting the network. Two hidden layers and
seven/six processing units in hidden layers for non-diseased/
diseased group were tested to find out the right combination
of processing units in order to solve the problem with
acceptable training times and with optimum precision.



iii) Scatter plot: Scatter plot for best developed ANN
models indicating predicted and observed values for non-
diseased and diseased group for estimating BF% are
presented in Figure 3 and Figure 4.

Hyperbolic tangential type ANN model was found to be
most suitable for estimation of BF% using four explanatory
variables namely age, height, weight, WC with the
maximum value of R* = 0.787 for non-diseased group
(Figure 1). However, in case of diseased group Hyperbolic
tangential type ANN model was found to be most suitable
for estimation of BF% using only three explanatory
variables namely age, BMI, WC with the maximum value of
R?= 0.114 (Figure 4).

V. Discussion:

Obijective of the present investigation was to find
the relationship of various anthropometric parameters with
BF% and to develop prediction models for predicting BF%
on the basis of anthropometric parameters age, height,
weight, BMI and WC separately for non-diseased and
diseased group of Indian adult females. BF% was positively
significantly ~ correlated  with  all  anthropometric
measurements for both the groups except height, with which
it was negatively significantly correlated for non-diseased
group and insignificantly correlated for diseased group.
Positive and significant partial correlation was observed
between BF% and BMI eliminating the effect of weight and
age separately as well as together for non-diseased group.
Non-significant partial correlation was observed between
BF% and BMI for diseased group when the effects of weight
and age together were controlled. Therefore, it can be
concluded that there is no association between BF% and
BMI for diseased group.

Positive and significant correlation was observed
between BF% and BMI for diseased group which may be
due to the effect of weight and age on both the variables or
due to the effect of some other variables.

LR models based results suggested that best
prediction of BF% could be achieved by taking BMI as
explanatory variable. Also, BMI was found to be better
predictor for estimating BF% for Non-diseased group as
compared to diseased group.
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Results of MLR models suggest that taking three
explanatory variables at a time better prediction of BF%
could be achieved. It was concluded that best prediction of
BF% could be achieved using age, BMI and WC as
explanatory variables for both non-diseased and diseased
group. Results of NLR models for prediction of BF%
suggests that the best prediction could be achieved by taking
only BMI as explanatory variable with cubic (polynomial of
third degree) relationship between BF% and BMI for
estimating BF%.

Results of ANN models suggests that out of the
various ANN models developed, two best fit ANN models
were obtained for estimation of BF% incorporating four and
three explanatory variables respectively for Non-diseased
and diseased group. Hyperbolic tangential type ANN model
was most suitable for estimation of BF% using age, height,
weight and WC for non-diseased group with maximum
value of R?=0.787. However, for diseased group hyperbolic
tangential type ANN Model was most suitable for estimation
of BF% using age, BMI and WC with maximum value of
R?= 0.114. Very Low value of R? indicates that there are
some other factors in the human body influencing the
anthropometry data in case of diseased group.

Finally on the basis R? values various developed
prediction models viz., LR, MLR, NLR and ANN for
estimation of BF% were compared and it was concluded that
the best prediction of BF% could be achieved by ANN
technique followed by MLR technique with three
explanatory variables. The best prediction could be achieved
by ANN model for non-diseased group as compared to
diseased group. Therefore, it is concluded that ANN is a
powerful technique for estimating BF% and can be
effectively used for further research in the analysis of body
composition data. Use of anthropometric data, statistical tool
and software may help in predicting normal health and
warning signal for onset of disease in the communities
without using sophisticated instruments.



Tables-1

Table-2

Table 3

Table 1. Subject characteristics

Non- Diseased Group
Diseased (n=160)
Group
Parameters
(n=700)
(X£ SE,) (X% SEp) Zcal
age (yrs) 24.15+7.60 49.2245.87 46.14**

height (cm) 156.36+6.24
weight (kg) 50.55+9.26
BMI(kg/m?)  20.69+3.67
WC (cm) 77.84+11.60
BodyFat(%)  22.85+7.78

159.39+7.22 6.47**

61.17+11.54  10.851**
26.56+4.29 15.57**
97.23+11.10  19.360**
39.84+11.95  22.228**

S.E,; Standard Error of Mean,** Significant at 0=0.01.

Table 2. Karl Pearson’s coefficients of correlation of

anthropometric parameters with BF%.

Correlation Coefficients with BF%o

Parameters Non-Diseased Diseased group
group (n=700) (n=160)

Age 0.365**
Height -0.082*
Weight 0.732%*
BMI 0.782%*
wC 0.670%*

0.178*
-0.015
0.216**
0.276**
0.170*

* Significant at a=0.05; ** Significant at a=0.01.

Table 3. Partial Correlation coefficients between BF

% and BMI

Controlled Partial correlation coefficients

variables Non-diseased  Diseased group
group (n=700) (n=160)

Age r=0443%  r=0219%*

Weight r=0768*  r=0.355%

weightand age  —g 490+« r=0.197

** Significant at =0.01
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Table-4

Table 4:Best Prediction Models for the estimation of BF% using LR, MLR and NLR Models

Prediction Models

Technique Table-5
Non-Diseased group (n=700) Diseased group (n=160)
Y=10.774+1.112**BMI
LR BF%-=-12.033**+1.686**BMI (R*=0.154**)

(R?=0.632**)
BF%=23.781+2.019BMI+0.029BMI* Y=168.940+17.903BMI+0.741BM >
NLR 0.001BMI? (R?=0.790**) 0.009BMI® (R?=0.177*%)

Y=109.834**-0.238*age-1.195**BMI-
0.079WC
(R?=0.184**)

MLR BF6=-18.273**-
0.050age+1.278**BMI+0.172**WC
(R?=0.659**)

Table 5. Division of the data set for ANN

(Percent)
Non Diseased
Model Details diseased group
group (700) (160)

Training 493 (70.8%) 116 (72.%)
Sample Testing 203 (29.2%) 44 (28%)

valid 696 160
Excluded 4 0
Total 700 160
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Figurel. Block Structure of ANN Model for non-diseased group
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Figure2. Block Structure of ANN Model for diseased group
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Figure 3. Predicted VS Observed plot for non-diseased group
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Figure 4. Predicted VS Observed plot for diseased group
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