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Abstract

Body composition is an important indicator for public health issues.
The two main components, body fat and body lean masses, enable
to assess nutritional and physio-pathological status of individuals.
Body fat, particularly abdominal fat mass, is associated with an
increase in cardio-metabolic morbidity and mortality. The decrease
in body lean masses during aging is linked with loss of autonomy.
The ability to predict body composition from simple anthropome-
tric covariates such as gender, age, height, weight and waist cir-
cumference, is an important issue. The aim is not to replace mea-
surement methods (DXA), but to propose a pre-diagnostic tool to
determine whether a DXA measurement is required or not.
A locally weighted multivariate regression was proposed to predict
simultaneously several compartments. The aim of the approach is
to build a good prediction from a reference dataset (NHANES).
Among all tried methods, after applying the models on differents
datasets, it turns out that the locally weighted approach gives the
more reliable prediction, also comparing to published methods.
Key-words : Multivariate model, body composition, prediction,
DXA.

Introduction

•What is body composition ?
Body composition refers to the contribution of different compo-
nents including tissues and organs in different body regions such
as appendages, trunk and head. Some components are single solid
organs such as brain, heart and liver. Others, such as body fat and
body lean, are dispersed throughout the body.

Body composition

•Overview of the body composition research
Body composition is an important indicator to public health, it
enables to
• assess nutritional status of individuals ;
• analyze malnutrition, growing and aging issues ;
• and interpret the energy metabolism, . . .

•Measurement methods for body composition
• Hydrodensitometry
• Neutron Activation Analysis
• Dilution Methods
• Bioelectrical Impedance Analysis (BIA)
• Dual energy X-ray absorptiometry (DXA), . . .

DXA machine

Conclusions

(I)Comparison with published methods
• simultaneous prediction for several segmental compartments
• providing more accuracy

(II)Comparison with measurement methods
• covariables easily acquired
• simple to manipulate
• reliable prediction
• not replacing a physical measurement

Statistical methodology

Locally weighted multivariate regression has been proposed to assess body composition prediction for different segments
(SVM and bayesian regression have also been tried, but not retained). This approach follows two steps :
1 For a given individual to predict, we build adapted weighted sample

• we define a distance d based on covariates to calculate dissimilarities for each individual of the reference dataset ;
• we use a function of membership ω = f (d) as follows : ω =

{
1 if d ≤ ε
exp(−π(d− ε)2) else to transform the distance into weights.

Figure: On the left : distance between given individual (red point) and individuals of reference dataset (other points) ; on the right :
passage from the distance value to weighting.

2 We apply the locally weighted multivariate regression to each individual
• this method is used to model target compartment Y :

Y ' f (AGE,HGT,WGT,WAI)
E(Y ) = α× AGE + β ×HGT + γ ×WGT + δ ×WAI

• With the weighting value, optimization problem becomes :

min
n∑
i=1

wi(yi − E(Yi))2

Results

•Criterion of prediction quality
To compare with other methods, several criterions are
defined :
• Standard Error of Prediction (SEP) :

SEP = 1
n

n∑
i=1
|obsi − predi|

• Relative Error of prediction (REP) :

REP = 1
n

n∑
i=1
|obsi − predi

obsi
|

Scheme of locally weighted approach
•Results

bF : quality of methods on m_nhv_4
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Figure: On the left : SEP value for 9 compartments from different statistical models ; on the right : for body fat mass (bF), accuracy of
prediction in differents age and BMI categories.

Perspectives

A bayesian network is under construction to : (1) study aging issue of several anthropometric covariates ; (2) predict
a distribution, not a single value ; (3) better assess the relationships between anthropometric covariates and body
composition, . . .
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