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Executive Summary 

 Heart disease is the number one killer in the USA as well as other countries around the 

world.  So isn't it important for people to know what their chance of having heart disease is so 

that they can take the appropriate action to stop it?  That's what team Elementz believes and 

what motivated them to develop a program to calculate a person's risk of contracting heart 

disease.   

 Heart disease has been ravaging households for many years, and many of them just 

needed to be told they needed to be careful.  The program developed by the Elementz can be 

used to give a person the idea that they might or might not be at risk for cardiovascular disease.  

The project asks each person a series of questions which will trigger a result in the addition or 

subtraction of the plaque in the model of the blood stream, which is to the right of the questions.  

After the questions are answered, the person sees an example of how their blood stream looks 

with the amount of plaque according to the answers given.  The blood stream "lives" for a 

certain amount of time, and the plaque continues to build.  After the plaque reaches a certain 

number and overloads the white and red blood cells, the program tells the person he/she is at 

high risk and after a few more years on the program running, the person is given a warning that 

he/she has died.   

 The Elementz used the program NetLogo to create both the program of the blood stream 

with the questions as well as a program that will play as the people answer the questions.  The 

team used algorithmic code to accomplish the overall effect that is now the program.  Many 

variations of the questions had to be included in the code, and mathematics had to be included to 

determine which factors were contributors to heart disease. 
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Introduction 

General Overview 

 There is a silent killer in the United States of America. Every year, this murderer takes 

over six hundred thousand lives, more than any serial killer on record; more than even cancer, 

one of the leading diseases that is fatal. It strikes at the moment of its choosing, and the results 

can be minor or they can claim lives. Yet, it always strikes at the heart of its victims. Heart 

attacks affect 1.25 million people per year.  

 Throughout the United Kingdom, the United States, and Europe, heart disease is the 

highest killer in all ethnic groups (American Heart Association). Heart disease is not inherited as 

with balding or eye color; it is contracted through life style choices and habits that then produce 

the disease, and eventually a heart attack.  

 A “heart attack” is best defined as when plaque completely blocks off an artery or vein. 

When this happens, blood can no longer get back to the lungs to be oxygenated, nor can it travel 

to other areas of the body. It is similar to having a clogged pipe; nothing can move until the 

blockage is dealt with. But also like build up in a pipe, it can be controlled. 

 The easiest way to avoid a heart attack is through proactive prevention, and by keeping 

track of the risk presented to the individual. Many factors influence a person’s risk; the better 

they are informed as to that risk, the more action they can take to remain off the mortality list 

from this disease. 

 Team 57, the Elementz, has put together a model that shows the person’s risk of a heart 
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attack through a NetLogo modeling program compiled by one of the members. This program 

uses true/false questions to add and subtract plaque from the simulated blood stream, and used 

regression algorithms to determine how results were directly influenced from each factor. 

Problem 

Heart disease kills 652,091 American’s every year, which is 27% of all deaths in the 

United States over one year.  However, many people do not realize the risk that they have of 

contracting this disease.  Thus, the purpose of the project was: to show a person's likelihood of 

getting the disease, to persuade the tested people to get advice from real doctors and surgeons on 

how to prevent them from getting this disease and to provide further statistics based on the 

results.  

The Problem Being Addressed 

The main problem that this project addressed is that many people do not realize when they are at 

high risk for coronary heart disease. Heart attacks, which develop from prolonged build up of 

plaque in the veins, is a direct result of coronary heart disease and takes billions of dollars of 

funding each year for corrective surgery. Heart disease is the top killer of Americans; rapidly it is 

becoming the top killer in the world, second only to cancer. Yet, prevention of death is possible 

when the condition is recognized early. 

Problem Solution 

The project’s goal was to help people identify the risk that was posed by their life style and 

genetics. Once the problem was identified, people would likely seek ways to lower their risk of 

contracting the disease or suffering fatal consequences. Computationally, the team would be 
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writing the program that will calculate the risk that was posed to the individual user. This coding 

was to be done in an interactive manner to captivate interest using a preexisting compiler. In 

doing so, it was hoped that more people were willing to use the questionnaire.  

Project Overview 

Heart disease is the number one killer in the United States of both men and women. It can 

easily be prevented with a better lifestyle.  

The project’s goal was to create a modeling program that predicted the probability of 

coronary heart disease for a specific individual based on the answers to a provided questionnaire. 

The program would then model the results according to the information input by the user:  

-Age 

-Gender 

-Ethnicity 

-Diet/Exercise 

-Family history of heart disease 

-Cholesterol levels 

-Alcohol 

-Tobacco 

-Blood Pressure 
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-Diabetes 

Though it would not be as accurate as a doctor’s diagnosis due to the limited factors, this 

program would give the general population the likelihood that they would be affected by one of 

the leading killers in the United States. This project would also be using information current 

health references. 

Background Research 

Heart Disease 

 Heart disease has not received the general coverage of other high killers in the United 

States such as Cancer. Yet, statistics show that it has a growing mortality rate. According to the 

World Health Organization 12.5 million of the estimated 32 million worldwide heart attacks are 

fatal. An estimated 40-75% of all victims die before reaching hospital after the attack. In the 

United States, 1,400 people die each day from a heart attack (W.H. Howard, M.D., M.S., 

F.A.C.C., F.A.C.P., How to protect your heart from your doctor). 

 The Elementz chose the factors from the American Heart Association’s list of risk 

factors. A risk factor calculation tool was found online that allowed for the calculation of how 

much plaque to add to the blood stream based upon each factor. 

Numbers were then adjusted to fit the model.  

 As research was found the team found that a heart attack is 

called Myocardial infarction (MI), and consists of the interruption of 

blood supply to part of the heart, which then causes cells to die. Heart 

http://en.wikipedia.org/wiki/File:AMI_pain_front.png�
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attacks are caused by blockage of a coronary artery when white blood cells and fatty acids build 

up. The result is a restriction in blood supply and oxygen shortage. If left untreated, this causes 

damage and possible death of the heart muscle tissue. 

 Research also showed that there were two common types: transmural, which involve a 

major coronary artery, and subendocardial, which only involves a small area. In most cases, the 

symptoms of the heart attack occurred over several minutes. (American Heart Association) 

 One half of those who experience heart attacks experience either chest pain, shortness of 

breath, nausea, vomiting, sweating, anxiety, weakness, or fatigue. One fourth suffers no 

symptoms, which is what has dubbed the “silent” heart attack. Pain was most common in the red 

areas along the chest, with light red areas as other possible places that it was experienced. (World 

Health Organization) 

 To help with prevention, most organizations and doctors recommend taking a low dose of 

aspirin, cession of smoking, regular exercise, a sensible diet for patients with heart disease, and 

limiting alcohol intake. When a heart attack has already occurred, medication is usually given as 

well. (American Heart Association) 

Conclusions Drawn 

After research, the Elementz expected to accomplish the following.  First, the team 

hoped to complete a working program that outputs questions about a person's lifestyle and that 

will input the answers.  Second, a working model or visualization that shows the results of the 

questionnaire would be compiled.  This visualization would show a pumping heart and an 

artery.  As the user input answers that denoted a less healthy lifestyle, the artery would get more 

and more clogged up with plaque.  Once no more blood was able to flow through the ‘artery’, 
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the heart would stop for a brief time.   

 

Procedure 

General Overview 

One bite at a time is the best way to work through a full course meal. Utilizing this 

method to approach the project, the team broke the tasks down using a Gantt chart, assigning 

work, and working according to what each member specialized in. In general, progressively 

working and improving on that which they had already done was the decided approach.  

Like with every project, the team had kept it simple by starting at the base line and 

gathering research. After extensive internet, in person, and physical research, the team chose the 

coding software. The baseline of the project was Net Logo. Beginning with a simple program 

that showed the blood stream, the team then began to add in the various elements, namely white 

and red blood cells, and plaque.  

The development of a heart model was likewise done in stages, beginning with the 

movement of the particles, turning the turtles from red to blue, and having them die after a 

specific amount of time such as would happen within a standard person's body were worked on. 

This bite sized process was considered best because it allowed for gradual increase to the 

complexity of the model, which then created a deeper understanding of the code. Likewise, 

learning the coding processor over a period of two weeks helped to break up the monotony of 

simply programming code and troubleshooting errors. By learning parts of the new compiler 

each week, the team was able to refresh their minds into new ideas and plan logical goals.  

Algorithmic work was also done gradually. From Nick Bennett, the team learned to use 
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the estimated line algorithm in Microsoft Word Excel to determine which factors affected the age 

at which a person suffered a heart attack. By using this method with a hundred samples, the team 

was able to verify the weights provided by the calculator, which was found online.  

Working on individual assignments, but for a common goal, was also a method employed. 

This allowed each member of the team to work on that which they were most comfortable, and 

insured that goals were completed in a timely manner. By utilizing a daily log, progress was able 

to be tracked throughout the weeks; plans then were able to be developed based on that which 

remained to be done and the time remaining. Efficiency was critical due to outside time 

constituents that limited the access to the computers. The daily log also allowed the team to keep 

track of deadlines. 

Statistical Methods 

 Using Microsoft Excel 2007 (copyright to Microsoft Inc.), the team input statistical data 

they had gathered from real life cases that had occurred. Columns were used to denote the 

various risk factors. If the case was affected by that risk, a one was added to that column. If not, 

then a zero was added. In the final column, the age of the first heart attack was then input. By 

created a line through the majority of the points, utilizing the risk factor for the x-axis value and 

the age of the heart attack as the y-axis value, the team was able to calculate the effect that it had 

to the age. By repeating the process for each factor, the team was able to determine which factors 

held the most relevance to the project, as well as verify the amount of plaque to be added to the 

heart model when a person had an unhealthy lifestyle. 

Coding Methods 

With only limited experience of previous coding, the team began in Bloodshed Dev C++ 
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to learn the basic syntax structure. Basic programs such as “Hello World” allowed for growth 

into more complex programming. The team then began their work in Net Logo, using the Model 

Library to gain ideas on how to model their code. A trial and error process, along with help from 

another team which had already utilized the program before, eventually led to the creation of a 

base line program. Unsatisfied with this result, two programs were then derived off of it. One 

was a blood stream model which would model the plaque in a person’s blood stream based on 

the lifestyle input. The other was to be a beating heart model. However, after several failures, it 

was revised to model how the blood stream reacts during a heart attack.  

The model of the blood stream was begun by creating the agents (the objects which move 

and follow the codes commands of movement and interaction) in the center of the plot area, and 

separating them into two groups of separate colors: ‘random-min’ and ‘random-max’. Movement 

functions then defined that the agents could not pass through walls and added a ricochet effect, 

while permitting them to move during the ticks. From there, a die command was added that 

killed random-min cells when they could no longer move forward one. A graph tracked the 

number on screen, displaying the rate at which they “died”. Later on, the team decided to add a 

display message to terminate the program and change the death to that of time instead of agent 

caused.  

The second model began with a study of population movement and control. From there, 

the populations, agents which move and are affected as a group rather than individuals, were 

turned into the separate cell groups in a blood stream. Custom shapes were utilized to allow for a 

better visual effect, and the background was then turned to red. Each population was then given a 

heading to allow it to simulate the bloods flow through the body as it moved. Questions then 
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were added on the main screen in the form of true and false questions to help personalize the 

model based on each individual’s lifestyle. In the coding, blocks of code began to be added for 

each possible combination of factors that could be true or false and the effects of them to the 

model. After a certain period of time for each varying condition the model would display a 

message to tell the person that they were at high risk for a heart attack. Five ticks, or loops of 

command, later a message of a heart attack would be displayed. From there, all agents would be 

cleared from the screen to denote death. One, two, and three factor combinations were added. As 

the code was discovered to be rather large, the programmer looked at a method to revise its 

factors. Eventually, it was decided that each factor would have a simple if-statement which 

would add plaque if it was negative in a person’s life style, which created a condensed code that 

provided the same functions as the previous. 

Determining Factors 

The original factors were chosen from a list provided by the American Heart Association. 

Each factor seemed to be connected to the others, and seemed acceptable. However, utilizing 

regression, a technique that determines the effect of a variable to the result, the team determined 

that each factor had a unique amount it affected the probability of a heart attack. By inputting 

data gathered from 100 people into a Microsoft Excel spread sheet, the team was able to use a 

diverse sample to gain a thorough method to utilize in verifying the chance calculations provided 

online and calculate how much plaque to add to the blood stream in their model.  

Conclusion 

In this project, the team learned how to successfully code in NetLogo to produce a 



13 

 

working agent-based model as well as how to implement algorithms into their coding methods. 

They learned how to implement the knowledge of regression to further upgrade their models to a 

realistic level. During this project, the skill of writing engineering reports was also achieved.  

The team managed to compile models that had both working and demonstrative purposes. 

The models in themselves allowed for a greater understanding of risks that affected the 

probability of a heart attack, as well as what happens when the plaque blocks off an artery or 

other blood vessel. They also managed to use a true-false system which added or removed plaque 

according to the responses, thereby creating a more accurate portrayal of the user's blood stream.  

Possible Extensions 

A continuation of the project would likely take the models to more advanced levels using 

other compilers. The continuation may also use more advanced algorithms in order to accurately 

portray a blood stream's condition and movement, using factors such as blood pressure and heart 

rate.  Finally, additional in-depth research could be used to create a more accurate model and the 

most accurate percentage of risk for the program by using more life cases. 

Most Significant Achievement 

The most significant achievement of the project was gaining the ability to work on this 

project without a mentor while achieving the desired results. Though it was difficult in the 

beginning, as progress was made, it gradually became second nature to do trouble shooting on a 

personal level. Fixing the mistakes that had been made without help allowed for a better 

understanding of the code and the ability to fully comprehend everything that had been done by 

each individual. This project also provided a deeper insight for the team. 
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Appendix A: Screen Captures 

Version 1 of Heart Model 
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Coding for Blood Stream Model 
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Blood Stream Model 
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Coding for Heart Model Version 2 
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Heart Model Version 2 
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Appendix B: Statistical Table 

Column1 Diabetes? High blood pressure?  60 yrs or older? Noncaucasian? Over 200lbs? Family History of Heart Disease? Exercises Consistantly? Eats Heathy? Smokes? High Cholesterol? Heavy Drinker? Age of Heart attack
Case 1 0 0 1 0 0 1 0 1 1 1 0 65
Case 2 1 0 1 0 0 0 1 1 0 1 0 67
Case 3 1 0 0 1 0 0 1 1 0 1 0 52
Case 4 1 1 0 1 0 0 1 0 0 0 0 58
Case 5 0 1 0 1 0 0 0 0 0 0 0 47
Case 6 1 1 0 1 0 1 1 0 1 1 0 49
Case 7 1 1 1 1 0 1 1 1 1 0 0 61
Case 8 1 1 1 1 0 1 1 0 0 1 0 84
Case 9 0 1 0 0 0 0 1 0 1 0 1 59
Case 10 1 1 0 0 1 1 1 1 1 0 0 56
Case 11 0 1 1 1 1 0 1 0 1 1 0 67
Case 12 1 1 1 1 0 0 1 1 1 1 1 85
Case 13 0 1 0 1 1 0 1 0 0 1 1 34
Case 14 1 0 0 0 0 0 1 1 0 1 0 23
Case 15 0 0 1 1 1 0 1 1 0 0 1 66
Case 16 0 1 1 0 1 0 0 0 0 0 0 68
Case 17 0 1 1 1 0 0 0 0 0 1 1 78
Case 18 1 1 1 1 1 0 1 1 1 0 0 79
Case 19 0 1 0 1 0 1 1 1 0 1 0 50
Line 2.066666667 7.9 24.44444444 5.974358974 1.820512821 0.602564103 -5.166666667 -0.044444444 8.125 -2.295454545 5.4

Estimated Line Algorithm Results
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