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Executive Summary

Type two diabetes is a serious problem for a lot of people, even people

close to me. Type two diabetes is when your body stops using insulin

correctly, and you can’t process sugar as well. Type two diabetes is a big

problem in modern day that needs to be solved.

My project is about how to regulate the blood sugar of a diabetic, and how

things like carbohydrates and exercise affect it. If type two diabetes can be

understood, then we can learn how to fix most people’s diabetic problems.

Using the NetLogo Blood Sugar Regulation model I learned how the body

would react to different foods and different amounts of exercise. In my

blood sugar model I looked closer at how foods like donuts, high-carb, and

foods like broccoli, low-carb, affected a diabetics blood sugar.

My model shows that the best way to help modern day diabetics is to eat

low-carb meals and exercise regularly. This will prevent spikes and keep

the blood sugar as low as possible. I am glad I was able to make a model

that can act similar to how a real diabetic’s blood sugar works. Learning

about diabetes can help scientists defeat it once and for all.



Problem Definition

Type two diabetes is a serious problem for a lot of people, even people

close to me. My mom, grandma and great grandparents all have or had

diabetes. Chances are very high that I could get diabetes. That is why this

project is important to me.

Type two diabetes is when your body stops using insulin correctly, and you

can’t process sugar as well. Some effects of diabetes are heart disease,

stroke, and kidney disease (1). Then there are also eye problems, dental

disease, nerve damage, and foot problems (2). Type two diabetes is a big

problem in modern day that needs to be solved.

If type two diabetes can be understood, then we can learn how to fix most

peoples diabetic problems. Using the netlogo blood sugar simulation (3) I

can learn how the body will react to different foods and different amounts of

exercise. With the original model I will use it as a base for my model. In my

blood sugar model I will look closer at how foods like donuts and foods like

broccoli will affect a diabetics blood sugar. Learning about diabetes can

help scientists to defeat it once and for all.



Methodology

I started by learning and understanding the current Netlogo Blood Sugar

Regulation Model. For my experiment I wanted to change the original

model by making it easier for a controlled experiment. I wanted to focus

more on the level of carbs and sugar in the food the person eats and what

times they eat at. I wanted to focus on Exercise, Diet and meal choices and

compare between normal and diabetic people. The original model had

ways to model diabetic and non-diabetic people and exercise by using the

metabolic rate slider. Except I thought the original model made it difficult to

make a controlled experiment with the button for eating so I changed it to

three set meals using the ticks. In the model every tick equals 7 minutes. In

one day there are 1,440 minutes or 206 ticks per day. So if the model starts

at dinner time then breakfast is at 111 ticks later, lunch is at 154 ticks later,

and the next dinner is at 206 ticks later.  Using the mod function and the

ticks of the model and the meal times I made the 3 meals a day automatic.

Then I made a chooser control for meal choices (see Appendix A), I had

low-carb, normal, and high-carb meal options. Normal is the original meal

setting of the model.  Low-carb meal uses fewer calories for the meal

spread over a longer time period.  And high-carbs have more calories

released over a shorter period of time.  I also had the model end after two

weeks also using the ticks (see code changes in Appendix B).

I played with the new model and tested and chose the metabolic rate value

for exercise and non-exercise (see Table 1) and similarly chose the

sensitivity of glucose, glucagon and insulin to represent diabetic vs

non-diabetic (see Table 2). I also chose the meal size and length (see Table



3). Then I got help to design my experiment.  I ran 3 simulation runs of

each combination of diet, exercise and diabetes.  So I had 36 total

simulations (see Table 4). I exported the data as csv files (see Appendix C).

Table 1: Metabolic rate for Exercise and Non-Exercise

Variable Metabolic Rate

Exercise 140

Non-Exercise 40

Table 2: Glucose, Insulin and Glucagon Sensitivity for Diabetic and

Non-Diabetic

Variable Glucose, Insulin, Glucagon
Sensitivity

Diabetic 0.40

Non-Diabetic 0.90

Table 3: Meal size and length for low-carb, normal and high-carb choices

Variable Meal size (kcal) Meal length (ticks)

Low-Carb 6000 26 (~3 hours)

Normal 7000 17 (~2 hours)

High-Carb 8000 11 (~1 hour)



Table 4: Scenarios, each scenario was simulated 3 times

Scenario Simulation variables

1 Diabetic Exercise Low-Carb

2 Diabetic Exercise Normal

3 Diabetic Exercise High-Carb

4 Diabetic Non-Exercise Low-Carb

5 Diabetic Non-Exercise Normal

6 Diabetic Non-Exercise High-Carb

7 Non-Diabetic Exercise Low-Carb

8 Non-Diabetic Exercise Normal

9 Non-Diabetic Exercise High-Carb

10 Non-Diabetic Non-Exercise Low-Carb

11 Non-Diabetic Non-Exercise Normal

12 Non-Diabetic Non-Exercise High-Carb



Results

I explored the results by plotting the 3 runs of the first scenario.  It showed

that each simulation was different but very similar to each other and the

blood sugar stayed within the same range through the 2 weeks of ticks (see

Chart 1).

Chart 1: Diabetic, Exercise, Low-Carb comparing the 3 simulations



Next I explored the first simulation of the first 3 scenarios.  It showed the

effect of the 3 different meals, with higher spikes for high-carb and smallest

spikes for low-carb (see Chart 2).

Chart 2: Scenarios 1, 2, 3 Diabetic, Exercise, Diet only 1st simulation

In order to analyze all of the data collected, I put all the csv files into 1

Microsoft Excel file with tabs for each csv using Python code (see Appendix

D).  Then I recorded and modified an Excel macro (see Appendix E) to put

all of the data in the 36 tabs into 1 big table (see Appendix F).  Then I

learned how to do a pivot table in Excel.

Table 5: Pivot table summarizing all of the data collected, 36 simulations



In the pivot table (see Table 5) it shows how diabetics can’t be cured, but

exercise and healthy foods definitely make a difference. Exercise and

low-carb meals make a huge difference for diabetics but barely a difference

for non-diabetic people. My model suggests that exercise reduces blood

sugar better than food does.

Chart 3:  Diabetics and Non-Diabetics with and without Exercise

Chart 3 also supports my results of Exercise being better at lowering your

sugars. The graph also shows that the Non-Exercise line goes higher than

the Exercise line, and still makes no difference in the Non-Diabetic. For

diabetics it is very dangerous for their sugars to go too high.



Chart 4: Diabetic and Non-Diabetic with Diet Choices

In Chart 4 we can see that the low-carb meal is the best for not just

diabetics, but it is also the best option for non-diabetic people. Although

Exercise helped keep the average glucose a small number, it didn’t help to

keep the spikes from going high.



Conclusion

My model shows that the best way to help modern day diabetics is to eat

low-carb meals and exercise regularly. This will prevent spikes and keep

the blood sugar as low as possible, so these diabetics can stay healthy.

Using the simulations I was able to prove my belief that when a diabetic

eats sugar it will make their blood sugar levels rise and if they eat healthy

then it will keep their blood sugar lower. I also saw that when a type two

diabetic does exercise it decreases their blood sugar.

I am glad I was able to make a model that can act similar to how a real

diabetic’s blood sugar works. I see the similarities between my mother’s

glucose monitor graphs and the graphs from the NetLogo simulations.

Now I can always give the diabetics I know a way to control their sugars

and be healthy. With these simulations I can prepare myself if I ever get

diabetes and take better care of myself.
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Appendix

Appendix A: NetLogo Blood Sugar Regulation model interface changes



Appendix B: NetLogo Blood Sugar Regulation model code changes



Appendix C: Example of exported csv file from NetLogo



Appendix D: Python code to merge all csv files into 1 Excel file



Appendix E: Excel Macro VBA code to combine data into 1 table



Appendix F: Final table with all the data in Excel


