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Abstract People living with HIV as well as AIDS patients, who do not receive proper and timely medical treatment, are
open targets for all kinds of other infections owing mainly to their relatively weak immune systems. We emphasizes upon the
fact that, in most (if not all) such cases, poor nutrition intensifies the progression of the disease and that achieving basic
nutritional recommendations is important at all stages of the disease. This paper aims to develop a cost-effectiveness
computing model (mathematical model) in diet decisions for people living with HIV in consideration of age, weight, height,
and gender constraints. The consideration of these factors tends to avoid undertaking/overtaking of the nutrients which may
lead to more serious problems. This model combines multiple linear regression model and linear programming model. The
multiple linear regression model predicts the nutrient requirements in the human body of the factors age, weight, height, and
gender. The multiple linear regression model gives out the maximum allowable amount of nutrients (upper bound) and
minimum amount of nutrients required (lower bound). These results are used to restrict some constraints in the linear
programming model, while others are restricted to the maximum allowable amount of foods. From the linear programming
model adequate amount of foods that achieve the nutrients recommended are computed. The linear programming problem
formulated is solved by the two phase simplex method in MATLAB. Results show that multiple linear regression predicted
values are close enough to the actual recommended dietary/daily intake values. The optimal nutrients are reached at much
less cost when the multiple linear regression predicted values are used as nutrient recommendations to restrict the constraints
in linear programming model compared to when actual recommended dietary/daily intake values are used. Since our model
gives adequate amount of foods at much less cost than when the actual values are used then this justifies that our goal has been
successful reached. The mathematical model developed could potentially be extended to different groups of people who must
manage their diets and therefore promises to have a wider applicability.
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It is known that food and nutritional intake can affect
1. Introduction adherence to antiretroviral drugs (ARVs) as well as their
effectiveness [2-3].

Recommended Dietary Intake (RDI) is the average daily
dietary intake level that is sufficient to meet the nutrient
requirements of nearly all (97-98 per cent) healthy
individuals in a particular life stage and gender group [4].

HIV affects the immune system, making people infected
with the virus at a higher risk of being infected by several
other pathogens. It is important that those infected keep their
bodies as healthy as possible by making sure that they get all

the required nutrients. This will help to maintain and Normally the RDI values are arranged according to age,

improve the performance of the immune system and hence . oioht height and gender of individuals for normal persons
increase the ability to fight against pathogens [1]. Poor [4-7].

nutrition worsens the effects of HIV by further failing the People living with HIV (PLWHIV) have additional

immune system, causing rapid progression of HIV to AIDS. requirements of energy compared to non-infected persons.

_ An adult with early infection (asymptomatic stage) needs
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of the same age and sex. Children with early infection
(asymptomatic stage) require 10% extra energy, but 20% to
30% extra energy at symptomatic stage compared to a
non-infected child of the same age and sex. There is no
strong evidence to suggest that HIV infection increases
protein, vitamins and mineral requirements above the RDI of
the non-infected individuals [3, 8].

A linear programming model has been employed to model
the diet for Malaysian boarding school caters with the aim of
minimizing the budget provided by the Malaysian
government and to maximize the variety of food intake [9].
Their model also wanted to achieve the maximum nutritional
requirement based on the Malaysian Recommended Daily
Allowance (RDA) requirements. Also, a linear programming
optimization model has been used to model food
consumption to meet daily nutrients needed by the standard
woman and the standard man at the minimal cost respecting
the World Health Organization (WHO) standards. The cost
of foods to be minimized, is defined as the objective function
in the optimization model [10]. Linear programming
represents an influential tool for designing optimized diets, it
is a useful mathematical method that can be used to easily
translate accepted nutritional recommendations into sound
food-based guidelines basing on locally available foods and
local market prices. Besides, linear programming is much
more efficient than the empirical “trial and error” approach
currently used for formulating diets [11].

Elsewhere, linear programming model has been used to
determine the balanced and least costly diets for different age
groups who suffer from malnutrition due to deficiencies in
their food budget in the poorest community in Greater
Amman, Jordan [12].

Joseph C and colleagues [13] formulated a diet problem
with a linear programming model. This formulation included
the diet problem web page where the user is shown the steps
to convert the verbal formulation of the problem into a
mathematical problem. According to [14], a linear
programming model is used to find a one-day ration food for
a person to meet their nutritional requirements while
minimizing cost.

Multiple linear regression analysis is carried out to
prophesy the values of a dependent variable Y, given a set of

[15]. Multiple

regression analysis is a highly flexible system for observing
the relationship of a collection of independent variables (or
predictors) to a single dependent variable (or criterion). The
independent variables may be quantitative or categorical
[16].

Different researchers have described the importance of
achieving nutrient recommendation for people living with
HIV, but none (to our knowledge) has described how to
achieve it using a simple model. Furthermore, different
studies in diet modeling have not considered factors that
determine nutrient required in the body during the
optimization process. Without considering these factors over
taking/under taking of the nutrients may result due to the fact

N explanatory variables Xi,X,,...,Xy

that RDI values are determined by factors such as age,
weight, height and gender of individuals. This paper aims to
develop a mathematical model which combines multiple
linear regression model and linear programming model.
Multiple linear regression model will predict macro and
micro nutrient required in the human body by an individual’s
age, weight, height and gender, so as to avoid over or under
taking nutrients, and linear programming model will
compute adequate amount of foods that will determine
optimal nutrients. The developed mathematical model will
act as a tool to enable people living with HIV to achieve the
nutrients recommended.

2. Research Methodology

In this paper, a linear programming and multiple linear
regression models have been formulated and combined in
order to form a cost effectiveness computing model that will
be used to compute adequate amount of foods that will meet
the optimal nutrients needs for people living with HIV at a
minimized cost in consideration of age, weight, height and
gender of an individual at an asymptomatic stage. The
Recommended Dietary Intake (RDI) of nutrients used in this
study is borrowed from [5-7] for normal persons. Energy
requirements for PLWHIV have been obtained by adding
15% and 10% to a normal person’s requirement for adults
and children respectively. The food composition table is
suggested by [8].

3. Mathematical Model Formulation

The mathematical model is expected to predict the nutrient
requirements in the human body and determine adequate
amount of foods that will meet the optimal nutrients. The
nutrient requirement will be predicted by the multiple linear
regression model and the adequate amount of foods will be
computed by the linear programming model.

3.1. Multiple Linear Regression Model

The regression analysis has assumptions to be met for its
results to be considered valid, predictive and useful. In this
paper, four main assumptions have been considered before
starting the regression analysis. According to [17-19], it has
been stated that the four assumptions which needs to be met
include normality of errors (residuals), linearity of
parameters in the model, assumptions about the model error,
and assumption about measurement error (reliability).

3.1.1. Normality of Errors or Residuals

Errors are assumed to be normally distributed in any
combination of values of the predictor variables, the
properties of the errors are investigated by calculating the
residuals of a regression model in the sample data. It should
be noted that it is not necessary for predictors to be normally
distributed [17-20].
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3.1.2. Linearity of Parameters in the Model

The response variable is assumed to be a linear function of
the parameters such as B, By, B, B3, ..., B, but not

necessarily a linear function of the predictor variables
X0, X15 X0, X350 X [17-20].

3.1.3. Assumptions about the Model Error

According to [17, 19, 21-23], the assumptions about the
model error include: mean of errors should be =zero,
independence of errors, homoscedasticity that is constant
variation of errors and normal distribution of errors as has
been named and explained above.

3.1.4. Assumption about Measurement Error (reliability)

It is assumed that predictor variables are measured without
errors, and errors in the response variable are considered not
harmful to inferences relating to unstandardized regression
coefficients, provided this measurement error is not
correlated with the predictor variable values [17-19].

Apart from the four assumptions above, the regression
analysis put into consideration other factors such as a

measure of goodness of fit (Rz) , and the significance of the

model and coefficients. We have performed a regression
analysis of each nutrient as response variable on explanatory
variables age (A), weight (W), height (H), and gender (G).
Where A, W and H are continuous quantitative variables and
G is a categorical variable. The regression analysis resulted
in the following multiple linear regression model:

RDI =0.002A°-19.773A + 14.399W

Energy (1)
+18.36H + 178.263G - 753.860

RDIp, i = 3.028 x 10° A% +25.676In(W)

2
+10.193G - 58.621

RDIp, .= 2.247In(A) + 2.086 x 10° W>+2.309G
Fiber (3)
+ 12.641

RDIy; i = 53.706In(A)-9.815W - 15.252H

“4)
+0.093H2+ 912.549

RDIy;ming = 2.930x 10°A° +2.260 x 10°W?

®)
+0.444W + 0.001H? + 2.762

RDI =0.850W - 0.003W?>-0.001H” +32.492 (6)

Vitamin C

RDI =1.860 x 107 A* - 4.845x 107 W*

Thiamin (7)
+1.844 x 107H?- 0.035G + 0.38

RDIavin =0-110In(A) + 1.186 x 107 H* +0.286 8)

RDI;, ., =2.434 x 10°A*-0.001W?+ 0.001H?

©
-0.107H + 8.002

RDIy;, i =7.226 x 107 A%~ 1.334 x 10°W?

(10)
+0.023W +0.192
RDIy,,,=17.576W - 0.133W?- 5.220H a
+0.014H?+303.834
RDIy;,,inp10 =0.063W - 4.486 x 10°W? W)
-0.006H%+ 0.696
RDIp, othenic =1-680 x 10°A3+3.925 x 10°W?
-0.004W+1.698 x 10°H? (13)
+0.451G + 2.649
RDIpposonors = - 0-005W3+ 0.253H7 - 42.095H 14)
+2169.802
l{]:)IPo'tassium :2528521H(A) - 8841 IW + 0007\7\73 (15)
+283.435G +1474.871
RDIg, i, =14.035W - 0.108W?*+ 5.548H 16
-0.017H%-204.433
RDI,, =5.451x 10°A%+6.699 x 10°W? an
-0.579W+ 0.248H - 12.172
— -6 3
RDIgpper =0.136In(A)+4.568 x 10°W s

-0.051W+ 0.022H + 0.128G - 0.776

RDIypanese 2292 X 10°A” 29,007 x 10°W?+2.250(19)
RDI 0 vitamin p =12-965W - 0.042W7 - 6.522 x 10°H’ o)
-43.248
RDIypper Niacin~ =2-989In(A) +0.311W +3.512 (21)
RDIyper vitamin B6 =3.419In(A) + 1.383W o)
-6.155 x 10°W?- 0.389H+30.112
RDI o er Folate =41.284In(A) +40.128W .
-0.154W?2-0.043H%+132.850

RDI e sodium =129.946In(A) - 0.157W? o8
+0.074H% + 354.670

RDI e 7ine =1.461W-6.195 x 10°W> o5
-6.192 x 10°H>-7.164

RDI 0 or copper =0-805In(A) + 0.312W o)

-1.484 x 10° W3- 0.074H+3.286
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3.2. Linear Programming Model

The linear programming model involves food items as
cost of food 1 nutrient j

variable X;, as parameter C;,

contained in food 1is given as Aj; . Moreover, b, is the

maximum allowable amount of nutrient j, while b, is the

models for minimum recommended nutrient intake. Thus
b, include equations numbered 20 through 26, where b,
include equations numbered 1 to 19. Mathematically, a linear
programming model is written as:

minimze z CiX;
Xi

minimum amount of nutrient j required and F_,,; is the
maximum allowable amount of foodi, from the multiple subject to Aji <b, @
linear regression model we define b,= {RDImaxj} and Aji >b,
b,= {RDImin j} where RDI_ . i is the set of multiple X; < F i
linear regression model for maximum recommended nutrient X; >0
intake and RDI,;; ; is the set of multiple linear regression
Table 1. Comparison of model predicted values to the RDI value
B Il I R BT B B Bl vl P R e
value value
24.5 71.5 178 1 60.5 58 161 0
Energy 3188.26 3268.2 2391.195 2285.0
Protein 64 61.6 46 52.3
Fiber 30 29.8 25 259
Vitamin A 625 614.7 500 519.0
Vitamin E 10 11.0 7 8.0
Vitamin C 45 46.2 45 45.8
Thiamin 1.2 1.2 1.1 1.1
Riboflavin 1.3 1.3 1.1 1.2
Niacin 16 15.6 14 13.9
Vitamin B6 1.3 1.4 1.5 1.4
Folate 400 395.0 400 398.3
Vitamin B12 24 2.5 2.4 2.5
Pantothenic 6 6.6 4 43
Phosphorus 1000 865.3 1000 975.0
Potassium 3800 3873.8 2800 2897.5
Sodium 690 695.9 690 698.9
Zinc 14 15.1 8 8.5
Copper 1.7 1.7 1.2 1.3
Manganese 5.5 5.6 5 4.5
Upper vitamin E 300 301.2 300 295.3
Upper niacin 35 353 35 33.8
Upper vitamin B6 50 48.2 50 49.7
Upper folate 1000 984.4 1000 997.0
Upper sodium 2300 2312.3 2300 2277.8
Upper zinc 40 39.7 40 39.6
Upper copper 10 9.6 10 9.9
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4. Results

Results have been organized in two categories: the first is
the predictive power of our multiple linear regression model
and the second is the cost comparison incurred on buying
the computed adequate amount of foods when the model
predicted values are used and when RDI values are used as
the nutritional recommendations.

4.1. Multiple Linear Regression Model Predictive Power

In this part we want to see the predictive power of the
multiple linear regression model developed, we compare the
values predicted by the model to the RDI values. The
comparison is considering the model predicted values and
RDI values for a specific individual. The gender has been
arbitrary represented as 0 for women and 1 for men. We

have randomly considered a man aged 24.5 years, weighing
71.5 kg, of height 178 cm and a woman of 60.5 years old,
weighing 58 kg and of height 161 cm. The results were as
in the Table 1 above.

From Table 1 above, the model predicted values are close
enough to the RDI values, which shows that the model
developed has high predictive power. This convinced us that
the multiple linear regression model could be used to predict
the nutritional recommendation to the human body by factors
of age, weight, height and gender. The multiple linear
regression model predicted values are categorize into the
minimum amount of nutrients recommended and maximum
amount of nutrients allowed. These results were used to
limits/defines the constraints in the linear programming
model, so as to find out adequate amount of foods that would
meet the optimal nutrients required.

Table 2. Cost comparison incurred for computing adequate amount of foods to reach the optimal nutrients using our model predicted values and using RDI
values
Age (years) Gender RDI Developed model
Rice with coconut milk =0.1681 kg Rice with coconut milk=0.2500 kg
Banana with meat and coconut milk = 0.2258 kg Avocado =0.2500 kg
Papaya juice = 0.7644 kg Spinach = 0.0487 kg
11 1 Spinach = 0.05 kg African Doughnut = 0.2500 kg
African Doughnut = 0.250 kg Cassava porridge = 0.2500 kg
Dried fresh water fish = 0.1663 kg Dried fresh water fish =0.1334 kg
Green salad =0.0952 kg Green salad =0.1563 kg
Total cost (Tsh) 3541.7816 2311.75
Rice with coconut milk = 0.2500 kg Rice with coconut milk = 0.2500 kg
Banana with meat and coconut milk = 0.0824 kg Banana with meat and coconut milk = 0.1819 kg
Avocado = 0.1250 kg Avocado = 0.2500 kg
405 0 Spinach = 0.0405 kg Spinach = 0.1609 kg
' African Doughnut = 0.2500 kg African Doughnut = 0.2500 kg
Cassava porridge = 0.1000 kg Cassava porridge = 0.2500 kg
Dried fresh water fish = 0.2000 kg Dried fresh water fish = 0.0677 kg
Green salad = 0.2500 kg Green salad = 0.2500 kg
Total cost (Tsh) 2759.3391 2441.1
Rice with coconut milk = 0.2500 kg . . .
. . Rice with coconut milk = 0.2500 kg
Banana with meat and coconut milk = 0.2500 kg . .
Banana with meat and coconut milk = 0.2500 kg
Beef = 0.0555 kg
Avocado = 0.2500 kg
Avocado =0.1250 kg .
16 0 . African Doughnut = 0.2500 kg
African Doughnut = 0.2500 kg .
. Cassava porridge = 0.2500 kg
Cassava porridge = 0.1000 kg . .
. . Dried fresh water fish = 0.1359 kg
Dried fresh water fish = 0.2000 kg
Green salad = 0.2500 kg
Green salad = 0.2500 kg
Total cost (Tsh) 3483.1124 2975.52
Rice with coconut milk = 0.2500 kg
Banana with meat and coconut milk = 0.2500 kg
Avocado =0.2500 kg
. Spinach = 0.0102 kg
80.5 1 Not optimal .
African Doughnut = 0.2500 Kg
Cassava porridge = 0.2500 Kg
Dried fresh water fish =0.1936 Kg
Green salad = 0.2500 Kg
Total cost (Tsh) 3387.62
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4.2. Linear Programming Model Result

A person who is infected with HIV/AIDS and is not
showing signs of illness does not need a specific HIV-diet.
However, those infected with HIV should make every effort
to adopt healthy and balanced nutrition patterns in order to
meet their increased energy requirements and maintain their
nutritional status, so as to enable their immune systems fight
against opportunistic diseases [24]. Suppose there are ten
foods which are easily found in a certain area, these foods
are rice with coconut milk, banana with meat and coconut
milk, beef, avocado, papaya juice, spinach, African
doughnut, cassava porridge, dried fresh water fish and green
salad. From this list an individual can select what to eat. We
have compared the cost incurred when we use the values of
our multiple linear regression model and the actual RDI
values. The formulated problem was solved by a two phase
simplex method in MATLAB, we wrote the function
TwoPhaseSimplex which calls the fotbl and [jx functions in

order to solve this problem by the two phase simplex method.

The function totbl is used to display the tableau while the
function /jx is used to exchange the pivot row and pivot
column in the tableau [25-26]. The results from the problem
were as follows:

The cost comparisons from Table 2 above can be
presented graphically in Figure 1 below.

Cost Estimations between RDI and Our Model

3600 —
o -0 = = Rec. Daily Intake
~ Our Model
3400 —
£ _
] 3200
-
£ 3000
|2
@ 2800
(]
o
2600 —
2400 —
T T T T T T T
10 15 20 25 30 35 40
Age in Years
Figure 1. Cost comparison when RDI values and model predicted values

were used to compute adequate amount of foods to achieve recommended
nutrients

Table 2 and Figure 1 shows that when multiple linear
regression and linear programming models are combined
they provide optimal nutrients for a cost much less than the
RDI nutrient recommendations. For instance a young man
who is 11 years old has met the optimal nutrients by the cost
of TSH 3541.7816 when RDI values are used, but using our
model he meets the optimal nutrients at TSH 2311.75, this
cost has decreased by approximately 34.73%. A woman
whose age is 40.5 years old is meeting her nutritional
requirements at TSH 2759.3391 when RDI values are used,

but uses only TSH 2441.1 to meet her nutritional
recommendation using our model. The cost will decrease by
approximately 11.53%. Similarly a woman aged 16 years
old will use TSH 3483.1124 to meet the nutritional
recommendation when RDI values are used while she will
use TSH 2975.52 when the values of our model are used.
The man whose age is 80.5 years will not meet the optimal
nutrients from this food list if the RDI values are used,
however, he will meet optimal nutrients using our model at
a cost of TSH 3387.62. Thus, through this developed
mathematical model, people living with HIV will be in a
position to meet the amount of recommended nutrients at
less cost.

5. Discussion and Conclusions

The paper has developed a mathematical model that can
be used to manage the nutritional requirements for people
living with HIV at an asymptomatic stage at least cost. This
mathematical model combines multiple linear regression
and linear programming models. Multiple linear regression
models predict the nutritional requirements in the human
body by factors of weight, age, height and gender and its
results are the maximum allowable amount of nutrients and
minimum amount of nutrients required. These results are
used in the linear programming model to limit the
constraints set. The linear programming model computes
the adequate amount of foods that determine the optimal
nutrients.

We saw that the multiple linear regression models have
high predictive powers as their values were close enough to
the actual values of RDI. The optimality in the linear
programming is reached even when these two models are
combined and good enough the optimal solution is at least
cost-saving compared to RDI. This model has been
considered because individuals of the same age and sex
may not necessarily have the same weight and height,
which make the difference of nutrient required in the body.
By providing optimal estimates, our model avoids over or
undertakings of the nutrients for the patient thus ensuring a
balanced nutrient intake for them. The model predicts
optimal nutritional recommendation at a cost lower than that
predicted from RDI, which will enable more people to have a
balanced diet. In the absence of HIV/AIDS cure this will
help individuals to live healthier and continue having a
positive contribution at the household and national levels
both socially and economically. The model developed can be
extended to different groups of people who must manage
their diets and therefore promises to have a wider
applicability.

The study is limited to a few nutrients as we have
considered nineteenth nutrients, this was done for
demonstration purposes. The fact that our model has shown
to produce useful information makes us eager to extend it by
adding even more nutrients in the future. Another future plan
is development of a graphical user interface (GUI) in
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different programming languages, web page or mobile
application that will give opportunity to clients just to select
the foods they want to eat, submit their age, weight, height
and gender, but also the cost of foods they have chosen and
obtain the adequate amount of foods that will meet their
optimal nutrient requirements at a minimized cost.
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