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INTRODUCTION

This research project uses differential equations based on an
epidemiology ("SIR") model to study how malnutrition is comparable to
an infectious disease, considering factors such as poverty and social and
economic culture around processed foods. My analysis considers an
“infected” population of malnourished people as a group of people who
choose processed junk foods out of convenience or preference, but are
not completely aware of their choice’s severe impacts. This is a scientific
investigation into how social conventions around food culture slowly
work their way into everyday food choices. | am analyzing how
education, different lifestyles, and conversations around food in the
home impact the spread of “"casual” and “"normalized malnutrition”
throughout the working middle class in the U.S. To scientifically model
this, | consider an optimal control analysis to specifically analyze
parental influence on food choices.
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Food and Healthy Diets, for All People All Year Round

e £ N
49.1 Million
1
[ E

people experience food insecurity *
DECENT WORK AND
EGONOMchROW‘IH

M|
"4 THE GLOBAL GOALS

For Sustainable Development

wouy} oiydeisoyul

2. 7%

Adults Meeting Daily
of Americans live 1

Vegetable Rec (from
"healthy li festyle CDC)

-being sufficiently active 17 ao, 70/0 ; k ;o
-eating a healthy diet o 0 hi gh
-being a non-smoker of the population liv 11 ao,o h seho

-having a healthy body fat %

of children ate fast food

16 PEACE AND JUSTICE 17 PARTNERSHIPS ! . on any given day from
ACTION STRONG INSTITUTIONS FOR THE GOALS S 2015-2018 *

O | e Y & = 90% | Obesity in US

How does human interaction affect =z | 700 40% &P

our food choices? Can we compare
malnutrition to a social, infectious ?®[l

disease? How can we address this?
We can address this through mathematical modeling, analysis,

and simulation!

/}18s8p-p0o0}-3Y3-40-3n0

}1-dunjew /ain-jea} /810 uorieldjuowayy//:sdyy

nhealthy diet is linked to

(more than half of American adults have diet-related chronic diseases)

ds
dt
dsSP
SD " dt
p , y('
B, a5~
dt
dE

dt

% nE(t) — (I(t)(o + a + )

SC B, 4D al(t)

dt
dR

dt

A — P(8)S()(x1 + x2) — B S()I(t) — uS(t)

x1P(8)S(t) — B2SP ()I(t) — uS” (2)

x2P(t)S(t) — BsSC (£)I(t) — uSC(t)

B1S(t)I(t) + B2SP (4)I(t) + B3SC (t)I(t) — nE(t) — pE(t)

ol(t) — uR(t)

NON-LINEAR DYNAMICS
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Parameters for Complex Model
Parameter | Meaning Value
B1 Transmission Rate for all N 0.08
B2 Transmission Rate for Disconnected Community 0.45

B3 Transmission Rate for Connected Community 0.3
X1 Effect 1 of Parental Parental 0.238
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Reproductive nhumber found by the

FORWARD-BACKWARD
SWEEP ALGORITHM

. Make an initial guess for P over the interval.

. Using the initial condition S(0) = Sy, SP(0) = S¥, S€(0) = S§, E(0) = Ey, I(0) = I,
D(0) = Dy, R(0) = Ry, and the stored values for P, solve the compartments forward in time
according to their differential equations in the optimality system.

3. Check the transversality condition \;(7") = 0 and the stored values for P, S, S”,S%, E,I, D, and
R, solve \; backward in time according to its differential equation in the optimality system.

. Update the control by entering the new S, S¢,SP, E, I, D, R, and \; values into the characteri-
zation of P.

. Check convergence. If values of the variables in this iteration and the last iteration are negli-
gibly small, output the current values as solutions. If not, go back to Step 2 and repeat until
convergence.

CONCLUSION/FUTURE WORK

From preliminary tests for values of P we
find that parental influence has an impact on
all compartments. Therefore, it can be
posited that malnutrition in the U.S. is
iIndeed societal, and parental influence has
the power to significantly impact an
individual’s food choices. More experiments
need to be conducted to clarify this effect.
This will be done through the forward-
backward sweep algorithm to minimize the
objective function, showing the influence of
the control on the non-linear dynamics, and
conducting more studies.
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