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Your body mass index, BMI, is an effective and easily manageable indicator of
body fat. Today, such statistical guides are vital guidelines for a country’s
populace and health system due to the ever-increasing rates of obesity in the
more economically developed counftries. Here, highly caloric food is not only
abundant and overly accessible, but also inexpensive and, time-wise, favourably
convenient. Nonetheless, overly large intake of such food, combined with the
averagely low physical activity of our time, is often accompanied by various
health risks. As the indicated amount of excess body fat increases, so does the
possibility of various diseases and conditions, including type 2 diabetes (and all its
sub-problems), high blood pressure, cardiovascular disease, respiration difficulties,
osteoarthritis, strokes, some cancers and premature death.'These being far from

frivial, a healthy BMI is generally a vital asset2,

The following is a table that portrays the median BMI of US females between the

ages of two and twenty vears in the year 2000:

Age(yvrs)| BMI
2 16.40
3 15.70 In this investigation, | aim to examine how models may
4 15.30 be fitted to the data given and hence used to depict
2 i:i? and predict fluctuations and changes in the BMI of
- 15.40 females in the US.
3 15.80
9 16.30
10 16.80
11 17.50
12 18.18
13 18.70
14 19.36
15 19.88
16 20.40
17 20.85
18 21.22
19 21.60 . World Health Organization: 2009. Available aft:
20 21.65 vsicalactivitv/publications/facts/obesitv/en/ Cited: 07.11.2009

Iv be unrelated to the probability of the said conditions due to
= been known to exist.
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| shall use a TI-84 Plus GDC and the electronic mathematical programme: GRAPH,

created by Ivan Johansen and available at: hitp://www.padowan.dk/graph/ .
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When plotted on a graph, the ages of the females studied, being the independent
variables, are depicted on the x-axis. Their resulting median BMIs (measured as
kg/m32, as correspond to those particular ages, hereby being the dependant

variables, are then depicted on the y-axis.

The parameters of our graphs are to be as follows; as the data to be assessed
ranges only between the ages of two and twenty vears, our graph’s domain is fo
lie between 2 and 20; D: 25X2>2D .

Subsequently, the range of the data extends between the BMIs of 15.20 and 21.65;
REED<X2>22.6.

Due to the fluctuating behaviour of this graph, we may judge it to strongly
resemble, at least in part, the undulating appearance of the cubic curve of a
polvynomial to the third degree (an example of which is depicted in the image

below).
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/\ | / Such a graph is generally denoted by the function
7 fX)=a’+bk’*+a +d

Due to the visual similarities, we may judge the
dependence of the female BMI on age fo be such a cubic function of a
polynomial to the third degree and thereby set about finding the equation that fits

the graph.

To create a model that corresponds to the graph of a polynomial to the third
degree, we must solve for the given function a system of four unknowns using four

points from the graph and therefore four equations.
The four points chosen were:

P1 (2, 16.40) Ps (11, 17.5)
P, (5, 15.20) P, (16, 20.4)

When inserted into the formula f(x)=a« * + & > + o« + d, the following equations were

attained:

b.4=a*2"3+b*2"2+c*2+d
B.2=a*5"3+b*5"2+c*5+d
7.5=a*01"3+b*11 "2+c*1l +d
D.A4=a*6"3+b*6"2+c*6 +d

When simplified:

b.4=8a+4b+2c+d
2= a+5b+5c+d
7.5=8 a+Q b+llc+d
DA4=4% a+2 b+bc+d

There are many possible ways by which to solve for the function of the graph,

including the method of substitution:

Here, one variable is expressed in ferms of the others then the result is substituted

into the remaining equations. The resultant equations are then simplified until one
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variable is fully solved for. This is consequently substituted back into the remaining
three equations and we move onto solving the system of equations for the next
variable. This process is continued unftil the values of all the four variables have

been determined; a situation from which we may attain the function of the curve.

Yet this process, despite being simple, is one prone to many careless mistakes due
fo its length. As exact values are key in this highly specific model, it is far more

advisable to solve the system using a neater, shorter method:

When having two or more equations, we may solve them through the use of

matrices. The availability of a GDC simplifies the process even further;

With the four equations in four unknowns, we enter them in a 4 x 5 matrix (in our

case: [D]), placing the constant MATRI®IO] 4 =5 in the
. . 1 T ]
far-right column: E Ezs ;5 E 1 Lz 1
[ 1331 iz1 i1 1 i7.E 1
[ 4098 ey ie 1 iy 1

We then nquit« this area of the GDC, return to MATRIX, move over to the MATH
menu and take choice B: rrf( , press enter, then insert the matrix name ([D]) . Upon

pressing ENTER, the whole system will have been solved for you.

Yet the most appropriate way would probably be the GDC's cubic regression
option which calculates the best fitting function using the given points: from

having enfered those points info the STAT option under L;

E:
=
P

and Ly;

[

We return to the statistics menu (under STAT), go to the

m=dmnarLetrt
e e e e e e e
ML,
[ - 8 g gLY L LT RN I

CALC submenu, then select CubicReg. We then enter the

commands; Ly, LoYy and, upon pressing ENTER, attain the image below:

ubhicReg From the general equation of a cubic

g=gx Ff+hx o+ . 3 > .
S=- . BR4ETIFORE function f(x)=a > + & * + o +d, we have now derived

b=. 1535645941 .

Faba
==
=N
=JFJ
=
-2
ey
k-2
-\'\J

0=-0.0040727906, b=0.1535049941, c=-1.275202327
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and that d=18.27170795, giving us the function:

f(x)=—-0B0P Ok *+0S0H 4k C-LDEDR kK +RID S

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21

A xn (xrncsea)

Fl:L1.LE

As we can see, the cubic function fits among the median BMI levels of the
developmental vears of human female life perfectly-no variation is found. Yet,
though the function is a good fit for the data that we have; the first 20 vears of life,
given the complexities of the human body and nature, it is rather improbable that
the function should fit the whole life-span of BMI rates; especially as the function
later goes on into the realms of negative numbers which do not even exist for our
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variables. According to this function, a median-listed woman of age 30 would

have a BMI of Okg/m?2. The representation of the BMI by the function of this graph is

appropriate to this small age-range but the basic extended shape of the curve of

a polynomial degree would never change, regardless of the restrictions in

parameter we may use upon it, hence being inappropriate to the fluctuations of

the general, wider scope of the median BMI.

There are, of course, also other functions that model, well or badly, the data given.

Here are the set exa

—

e

™ e

mples for most of them:

Sinkeg
J=gt=intbxtc i+d
a=3. 150086849
b=. 21830920542
c=-2.ral7AL13ET

d=18. 43382079

FPurRe3

J=z+="h

a=12. 312568011
b=. 1659723381

BuartickEeg
J=axti+hxi+ . +e
=9, 733399 -5
b=-.0AE337 74262

1785515583

E315E9524

« SEDTOS93

C=.2
d=-1
=12

A1l s 21 8,741 056 o

By the comparison of these, we may see that manvy fitting tfrend lines are

possible vet our data records the changes of female BMIs in accordance with

age; from toddlers fo young women, where the body mass index changes quite

significantly, predominantly due to the many biological changes simultaneously

occurring in the body. If we look to the predictable data of the lifespan BMI of

an elderly lady, we can naturally predict that, when (if) she bore children, there

should be a natural rise in BMI during those periods and a slow rise throughout

the mature part of her lifespan (unless particular weight-reducing measures

were taken) due to the slowing down of the metabolic system and (upon

average) the reduction of physical activity. Taking this into account, most of the

above models are a plausible fit. We must also keep in mind that this data is
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merely the median-it does not tell us of any specific examples. A possible
(though highly improbable) reason to the fluctuation of the curve of the graph
could even be that the generations differ among themselves, having been
born/raised in somewhat different circumstances. Overall, the sample of data
given is far too limited to draw reliable conclusions. We are given neither any
information regarding disparities nor any raw data fo devise our own

conclusions from, presenting many limitations to our possible conclusions.

Since our data is restricted, we must assess the part of the graphs of the
functions with the same restrictions. According to this, the quartic trend line fits
perfectly, with the quadratic not being too far behind, given that our data has

been put to the median rather than any other form of such assessment.

The graph of the quartic function seems reasonable in

that the BMI does not drop to impossible depths, vet furns

so when it later reaches impossible heights. However, it is
H=1E Y=16.ME161% , . . .
the best fit according to the given data where there is no

significant variation from the median BMI.

The graph of the quadratic function is better fitting to the
issue on alarger scale, if such anissue can be assessed

adequately in such an investigation.

But personally, | feel that the general form of the above
power function depicts the overall, long-term situation most favourably. Though
the fluctuation in the BMI of your average 2-9vear old is not faken into account,
more moderate and believable BMIs in the later stages on life are presented. It is

the model | shall use to estimate the BMI of a 30-year-old woman in the US;



;.gv"ﬂ(__ FurRed
=gk

a=12.31228011
b=. 1829723321

S0 19148 uifsE ]l SEEYHEY 4

v=BMI
v=12.31250011*3010.1659723381
v=21.6524735
y~2 .6
= The median BMI, according to the model comprised of the data given
and the power function, of a 30 vear old female in the US is estimated at
21.65.
This is not an overly reliable result as the model takes preference to depicting
the longer term situation. Furthermore, it is based upon the data collected for
mainly not-vet-fully-developed females, few of whom will have already born
children and undergone other such activities that may have affected their BMIs.
The case of a thirty vear old woman would, however, be somewhat different.

Note that the resultant BMI is equal to the median BMI of a 20 vear old.

As the BMI is dependent on both a person’s weight and height, a study of the
median BMI of the females of Guatemala, for example, is likely to be quite
different due to the average height of a Guatemalan female being somewhat
less than that of an average female in the US. The culture and very different way
of life, typically involving larger quantities of festivities and hence food, may also
have an impact on the average weight of women hence giving to a higher
median BMI.

The data for females in 1995 was as follows3:

Age (vears| Median

3(the data missing is not of vital importance to the situation)
Data attained from: http://www.unu.edu/unupress/food2/uid02e/uid02e00.htm#Contents
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BMI(kg/m2)
2 16.0
3 15.9
4 15.8
5 15.5
6 15.2
7 15.2
11 16.5
12 17.2
13 18.8
14 19.9
15 20.2
16 21.6
17 21.8
18 218
25 218
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Serigs |
[ ] (] [ ] L] [ ] [
£(x)=-0.0041028008°x"3+0.16710016*x"2-1.4963323*x+18.914426; R2=0.9749

£(x)=-0.0049398749%x"3+0.175954786*x"2-1 439028379 x+18.61376551

X

: : 1 1 1 : ‘ ‘ : 1 : : : 1 1 : 1 1 : 1 1 1 1 1 —
2 3 4 5 3 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Bl 2 3 24 75 26

Age (years)

In Due to the previously mentioned lifestvle and physical factors, we may observe
that the median curve for Guatemala indicates, when compared with the US
median, a lower BMI at the younger ages, then a steeper rise in body fat leading
to a median of higher BMI in the later stages of the female development. Due to
this specificity of backgrounds, the model of the polvynomial to the third degree for
the USA is not applicable in this case, however, as we are indeed all of the same
species with generally very similar characteristics and not overly large amounts of
variation, such a cubic function is still applicable, it need only be adapted to the

data for Guatemala to attain the appropriate curve.
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