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ABSTRACT
This work analyzes the least square model desgrithia response variable (Percentage Body Fat)twith
independent variables, the Body Mass Index (BMY e Skin-fold. We show that with little disturlzznof the
model, generated six parameters were obtained velpiproximate the percentage body fat. The resttiodd
from MATLAB inbuilt function was compared with that MAPLE programming and the approximation of the
model was significantly equal. We also considehedgoodness of fit test, the test hypothesis atpgiercent
- ul
level of significance foz, zand z. It was discovered that it was a good fit for theee values of Z. The
- ul
significance of the test shows thagzand z where less than the critical points, hence falthiwthe

acceptance region of tf)@ib .

Key words: Body Mass index, Skin-fold, percentage body faseatial body fat, storage body fat, bioelectrica
impedance analysis,

11 INTRODUCTION

The percentage body fat percentage of a persomiorahis the total weight of fat divided by total
weight Body fat includes essential body fat andagie body fat. Essential body fat is necessarydimtain life
and reproductive functions. The percentage of ¢isgdrody fat for women is greater than that of meéune to
the demands of child bearing and other hormonaidtions. The percentage of essential fat is 2 —b%eén, and
10 - 13% in women. Storage body fat consists ofatamumulation in adipose tissue, part of which gutst
internal organs in the chest and abdomen. The mimimecommended total body fat percentage exceeds th
essential fat percentage value reported above. beu of methods are available for determining béaty
percentage, such as measurement with calipersaugh the use of bioelectrical impedance analydis. body
fat percentage is also a measure of fithess levg it is the only body measurement which diyecdliculates a
person’s relative body composition without regardieight or weight. The widely used body mass indMI)
provides a measure that allows the comparison gfoaily of individuals of different heights and \ghis.
While Body Mass Index (BMI) largely increases agpadity increases, due to differences in body cositjom.

It is not an accurate indicator of body fat. Foample; individuals with greater muscle mass wilédigher
Body Mass Index (BMI). The thresholds between “ralfnand “overweight” and between “overweight” and
“obese” are sometimes disputed for this reasothitnpaper, we will see the body composition asatmeunt of
fat you have, relative to lean tissue (musclesebpiody water, organs etc). This measurementcisaer
indicator of your fitness because regardless oftwbar weight’s, the higher percentage body fat faue, the
more likely you are to develop obesity — relateskdses, including heart disease, high blood pressut stroke
and type 2-diabetese.

According to Alban De Schutter et al (2011) carrmd an experiment to see how body mass index
correlate with body fatness in the Body CompositionCoronary Heart Disease despite its many known
shortcomings, body mass index (BMI) is the mosteljidused measure of obesity, because of its péatity
other more physiologic measurements of obesity H@en proposed, including percent body fat (BFw Fe
studies have compared BMI and BF, especially ireptt with coronary heart disease (CHDhey studied 581
patients with CHD following major CHD events. Thdivided patients into low<{25% in men and 35% in
women) as determined by the sum of the skin-foldho@ and compared these findings with standard BMI
determinations.

Debabrata et al (1984) obtained Regression eqafar the estimation of percent body fat from less
direct anthropometric measures. The selection ef libst repressors from 17 independent variables was
performed by the maximum ?Rmprovement method which is superior to convergiostepwise selection
techniques. Due to the non constant variance amamgom subgroups of the sample for percent bodyafat
weighted least squares analysis with iterations peaformed. There is considerable interest in thmeunt of
body fat because of its direct relationship to d@ge$he amount of body fat can be expressed areeptage of
total body weight (percent body fat; % BF) or as #ibsolute weight of body fat recorded in kg (tbiadly fat;
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TBF). Truly, direct measurements of body fat aresgilwle only by Cadavers analysis. Therefore, altire
procedures have been employed based on densitgrgatryna ray spectrometry, or hydrometrics. The otkth
used most commonly is densitometry which involvedarwater weighing, weighing in air and the measenm
of residual lung volume. The measurement of bodysitie (BD) that is obtained is used to estimate Fd
TBF using either the equation of Siri (1961) ortthfaBrozek et al (1963).

According to Dale Wagner et al (2000) the measurgné body composition in blacks and whites
obtained biological differences which exist in thedy composition in of blacks and whites. Theiriegwed
literature on the differences and similarities betw the two races relative to fat, Free body masde,
mineral, and protein), fat patterning and body disiens and proportion. It was discovered that taeks have
a greater bone mineral density and body proteitecdrthan whites, resulting in a greater fat freelyo Total
body water (TNW) makes up the largest portion ef tacial differences in the hydration of the FFBilddead
to a systematic error in the estimation of %BF. fpatterning refers to the relative distributionsobcutaneous
fat on the body as opposed to absolute amountatofhere are racial differences in body propogidBlacks
have a greater tendency toward metamorphic an@verage, have shorter trunks and longer extrentitias
whites. Their review shows that the FFB of blachkd whites differs significantly.

Sparling et al (2008); investigated the possipitif predicting body fat from height, weight andrsk
fold measurement for black women. Percentage batdgain be estimated by two methods: hydrostatighieg
which is also known as underwater weighing anddbémtric impedance analysis as earlier discusssdinA
standard practice, height and weight enter theigtied as the fixed combination of weight dividey beight
squared to form a factor called Body Mass Index.

This work is to use least square approximationdteitnine the response variable (BF) as against two
independent variables (BMI (x) and skin-fold (yfmphasis is on the work of Sparling et al. We wiltend the

dependent or response variable Y,
y=ax taxX,+..+ax 0
Note that we can recover the two variables castaking I =2 andY, =1. Assume there are n data points

(XX, .Y, )i = 1,...n as before letg denote the error between the experimental vajyeand the
predicted value,

g =Yy —(ax+tax,+..+ax) i=1..n 2
to minimize the squared errorg(a,, ...,a, )= Zn:qz ()

i=1

if[yi —(ax +..+ax)’

i=1

Using matrix notation, Mis the matrix of data values of the independeriatées.

X1, X12 Xn
X1 X22 Xn

MT =" (4)
X1 X2 Xin

Thei™ row of this matrix is the vector of data valuesxof Represent the data values
of the dependent variable Y as a column vectordambte the whole column.
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Y1
Y,
Y= (5)
Yn
the system of equations can be written in matorifas
M™Ma=MTY (6)
Where a is the column vector of regression paramete
a=M7Y (7
Where
19.36 19.24 20.76 21.43 18.72... 24.
Mt = 86.0 94.5 105.3  91.5 75.2 ... 148.
1 1 1 1 1 .1

And the response vector is

Y'=[19.3 22.2 243 17.1 19.6... 31.0]
The result obtained by [Sparling et al] using MAPpEbgramming for the least square
parameters was a = 0.0065, b = 0.1507 and ¢ = &0ih now yield

]

Percentage body faZ() = 0.0056x + 0.1507y +8.074. (8)
2.1 Model Design

Using the derivation of least squared approxinmabg Sparling et al, we also derive
another method where the dependent (response Mgrimba function of two or more
independent variables.

Z = f(x,y) is a bivariate function. 9)
We use the least squares multivariate approximaticolve this problem.

Given the set of n data poirfss, y,,z )

Where =1(1)n, consider the linear polynomial

Z=a+bx+cy (20)
The sum of the squares of the deviation is given by
L(ab,.c)=> (g) (11)
i=1

Differentiating L (a, b, c) partially with respetct (a, b, ¢) and dividing by 2 yields.
N N N
> z-Na-bd> x-c>y =0 (12)
i=1 i=1 i=1

a, b and c can be obtained by Gaussian eliminatietmod.
A linear fit to a set of bivariate data may notgmod enough or inadequate.
Consider the parabolic bivariate polynomial

Z =a+bx+cy+dx’ +ey’+ fxy (13)
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The sum of the squares of the deviation is given in

N
L(a,b,c.d.e f)=) [z~ (@+bx +cy, +dx*+ey’+ fxy)

i=1

The function is at minimum when dividing by 2 arahde written as the matrix equation

Ar=K
a

rT=AK =

O o O T

f
Where A lis the inverse of A

m > X

> X > X
i > XiYi
AT ex? Y x,°

4 52 N

2 XY
Y Yidi
)y Xlzzi
2 .
K Z yl ZI /

2 Yi

2 XY
Y v
> X12Yi

> Y12 XY X Y13
\le Yi > X1y, > Xi yi2

Yy
Y X Wi
Yyi®
YY1
Yyit
YXiy1

3.1 APPPLICATION AND ANALYSIS OF THE METHOD
The assumed relationship is taken as

Z =a+bx+cy+dx*+ey®+ fxy
For some constants a, b, c, d, e, and f, condigedata collected by Sparling et al.

Body Mass (Kg/rf) = x, Skin-fold =y ,% body fat =Z

www.iiste.org
JLINN|
ST
(14)
(15)
(16)

2 XY \

2 X12Y1
YXay1”
X%,

YX1y1

ZX12Y12 /

(17)

The method of least squares to linear models eherplized independent variableg X... X
and one general dependent variable y.
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Substitute the values into the equation

/ 12 255 1384 5476 173980 30226\
255 5476 30226 118832 38984 666785
A 1384 30226 173980 66678523608286 3898497
5476 118832 666785 3690284638 88283 14864681
173980 30226 23608286  88163928902384638 870982676
\30226 666785 3898497 14864681 0982676 88163923
/ 307\
K= 6643
37587
145494
4751820
\\836450J
Z =a+bx+cy+dx® +ey®+ fxy (18)

Applying MATLAB inbult function 7=A"K
>> A=[12 255...30226; 2555476 ... 666785; 1384 39223898497; 5376118832 ...14864681; 173!
30226 ...870982676; 30226 666785 ...88163923];
>> K =[307;6643;37587;145494;4751820; 83615
>>7=A/K
7=
13.5863
1.4389
-0.1981
-0.0797
0.0000
0.0161
taking
a= 135863, b= 14389, - 0.1981=d- 0.079% e O0Qm, f= 0.0161
substitute the values into the equation (18)

Z =13.5863 1.4389- 0.19§-0.079%+ 0.0009°+ 0.016%
Z1=21.3:4=22.3:4=23.4;4 = 21.3;4 = 20.44 = 22.2:4 =30.9,
Zg=19.8,4 =25.4+4,=34.3,4,=34.4,4,=30.1.
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4.1  TEST STATISTICS

. ? Z
=y &2z) (19)
_ i=12 Z,
Zo = Observed frequenc;?re = Expected frequency

From the table,
Let % body fat

z,=25
Substitute in the values into the equation

K 2
Xa=> (z ? ) _ 13.164

 xZ,=13.0000
The results gotten from the least square methad the above solutions are;
. The test statistics for the above least squardtsesre

(£) % body fat = 14.2703
(Z) % of body fat = 13.000

Ze=26

Taking-% from £, — 21

Z]_: 19.3,—Z2: 222,—23: 24 ,—Z4: 17.1,—25: 19.6,—262 23.9,—27: 29.5,—23: 24.1,—29: 26.2
Z10=33.7 541=36.2 4,=31.0

Substitute in the values into the evaluation

)
X2 = % = 14.2703

Kk
=1

From Sparling et al, we investigating the posdypiif predicting body from height, weight
and Skin-fold measurement for black women. UsingME& program we get the following
result.

a = 0.00656 b=0.1507 c¢=8.074

Thus, we find that

Percent-body-fat=0.0065 x body-mass-index + 0.1507 x skin-fold +78.0
And we can use the table | we have above.

O
Let percent-body-fat =z
O

% Z =0.0065 x body-mass-index + 0.1507 x skin-fold.078.

Substitute the values into the equation when bodgsiindex = x
Skin-fold =y.

O O O O O O O O
7,=21.2,Z, =22.4,7,=24.1,Z, =22.0,Z. = 19.5,Z,= 22.2,Z,=31.7, Zs =19.5

O O O O
Z, =26.3,2,, =33.7,Z,, =33.9,Z, =30.6
Adding the results of Sparling et al, we now hanether table as follows;
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m]
TEST STATISTICS FORZ

/Ycaj Z (Zo ? Ze)z

k
1=1 Ze

z=26
[} 0 [} [} [} [} [}
Where 2,=21.27, =22.47,=24.17, =22.0,Z, =19.57,=22.27,=31.7,

i

O O O O
Z, =1957, =26.3,2,,=33.7,Z, =33.9,Z, = 30.6
Substitute in the values into the equation

X2, =13.000

4 1.1 TEST HYPOTHESIS

“PL= P == Py
Hl. At least one of the equality does not hold.
Ho = Null Hypothesis, H= Alternative Hypothesis

o is the level of significance
K is the degree of freedom

Xlz—a',k—l = X§.95,11: 19.675]

Conditions
1. If Xc2a| >)(éb reject H. That is the % body fat is not Desirable

2. If X2, < XZ,we do notreject b This is the % body is Desirable for all measunenfer the estimated

body fat. Hence, it is a good fit.
Body fat is the amount (usually expressed as aepéage) of fat in a person’s body. Body fat playsraportant
role in human healthy and some is necessary fantaiaing many bodily process and functions.
5 SUMMARY AND CONCLUSION
The estimation of percentage body fat was calcdlatdy for black women. Using data from SparlingktWe
investigate body fat from body mass index and $kid- The parameter for the least square approximatas
three to predict the response variable (z) withaideof Maple programming language. We also analysesame
data using a modified least square approximatich gix parameters and the result obtained fromapalysis
was same as that of the estimated values of Spatial. We hereby conclude that the results froth bnalysis
(chi square and test statistics) was approximatgial signifying a good fit. The estimation of gamtage body

- ul

fat was calculated with the relationship betweerc@atage body faz, Zzand z and a test statistics was carried

out to know if the test for percentage body fatiésirable for all measurement for estimated bodafa the
goodness of fit test. From the result of chi-squaxe say that percentage body fat is desirableafbr
measurement for the estimated body fat, henceaitgeod fit. In the estimation of percentage baaty there is
no single ideal of percentage of body fat for ever; Levels of body fat dependent on sex, raceaged We
will recommend that the above levels of body shoalkb be considered and other methods for caloglati
percentage body fat should also be considered.
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APPENDIX

Table 1: Height, Weight, Skin-fold and PercentagelyBFat for Black Women

Height (m) Weight (Kg) Body Mass (Kgfn Skin-fold % Body Fat
63.0 109.3 19.36 86.0 19.3
65.0 115.6 19.24 94.5 22.2
61.7 112.4 20.76 105.3 24.3
65.2 119.6 21.43 915 17.1
66.2 116.7 18.72 75.2 19.6
65.2 114.0 18.85 93.2 23.9
70.0 152.2 21.84 156.0 29.5
63.9 115.6 19.90 75.1 24.1
63.2 121.3 21.35 119.8 26.2
68.7 167.7 24.98 169.3 33.7
68.0 160.9 24.46 170.0 36.2
66.0 149.9 24.19 148.2 31.0

Source: Sparling et al.

Table 2: Data values of the dependent variable & eslumn vector
SIN Z XY YZ X*Z Y*Z
1 19.3 374 1660 7238 142743
2 22.2 421 2098 8214 198246
3 24.3 504 2559 10473 26438
4 17.1 366 1565 7849 143161
5 19.6 367 1474 6860 110838
6 23.9 451 2227 8485 207594
7 29.5 644 4602 14072 717912
8 24.1 480 1810 9544 135924
9 26.2 559 3139 11947 376022
10 33.7 842 5705 21029 965909
11 36.2 885 6154 21648 1046180
12 31.0 750 4594 18135 680853
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Table 3: Data for Body Mass and Skin-Fold
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Tablke 4: Estimated value foZ

Body Mass (kg/rf) (x) Skin-fold (y) % body fat(Z) 2

19.36 86.0 19.3 21.3

19.24 94.5 22.2 22.3

20.76 105.3 24.3 23.4

21.43 91.5 17.1 21.3

18.72 75.2 19.6 20.4

18.85 93.2 23.9 22.2

21.84 156.0 29.5 30.9

19.90 75.1 24.1 19.8

21.35 119.8 26.2 25.4

24.98 169.3 33.7 34.3

24.46 170.0 36.2 34.4

24.19 148.2 31.0 30.1

- O
Table 5: Comparison of estimated percentage BotyoFé 2,2, Z).
Body Mass (Kg/M2(x)) Skin-fold (y) - 0
% body fat ) % body fat(z) % body fat )

19.36 86.0 19.3 21.3 21.2
19.24 94.5 22.2 22.3 22.4
20.76 105.3 24.3 23.4 24.1
21.43 91.5 17.1 21.3 22.0
18.72 75.2 19.6 20.4 19.5
18.85 93.2 24.9 22.2 22.2
21.84 156.0 29.5 30.9 31.7
19.90 75.1 24.1 19.8 19.5
21.35 119.8 26.2 25.4 26.3
24.98 169.3 33.7 34.3 33.7
24.46 170.0 36.2 34.4 33.9
24.19 148.2 31.0 30.1 30.6
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