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Abstract 

The rise in childhood obesity rates over the last several decades is contributing to the 

earlier onset of cardiovascular disease and other life-threatening conditions such as type 2 

diabetes, stroke, and certain types of cancers. Childhood obesity is now being considered an 

epidemic with parents, schools, and society largely to blame for its alarming rise. Although not 

as much extensive research has been performed looking at the effects of obesity on the 

cardiovascular system in children compared to adults, evidence has emerged proving that 

cardiovascular-related problems can start as early as childhood. As part of my senior honors 

thesis, I created my own educational flyer that serves a dual purpose of not only teaching 

families about the consequences of obesity on the body, specifically the cardiovascular system, 

but also providing them with resources on some of the different obesity prevention programs 

here in Arizona. My paper also summarizes my experience of handing out my flyer at the Tucson 

Festival of Books in March of 2014, along with my thoughts on whether educational flyers are 

an effective tool for helping to raise childhood obesity awareness. 
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I. Introduction: The Childhood Obesity Epidemic 

 Childhood obesity rates have skyrocketed over the last several decades. Today, one in 

three children in America are overweight or obese, with rates as high as 40% for African 

American and Hispanic communities (“Learn the Facts”). Due to the widespread prevalence of 

childhood obesity rates and the fact that it can lead to serious conditions such as type 2 diabetes, 

cardiovascular disease, and certain types of cancers, childhood obesity is now being considered 

an epidemic. So who exactly is to blame for the rise in childhood obesity rates? Although not one 

group is entirely responsible, parents, schools, and friends all seem to be contributing to these 

increasing rates. Society is also largely to blame, because the growth in popularity of technology 

has made Americans less physically active. The norm for children in today‟s society is to 

entertain themselves by watching television or playing games on their iPads, instead of engaging 

in physical activity outside like children use to do decades ago.  

The state of Arizona is ranked number 25 for states with high childhood obesity rates, 

with 30.6% of children in the state considered overweight or obese (“Arizona State Fact Sheet”). 

Some of the reasons for why I think obesity rates are much higher in the state of Arizona 

compared to other states are due to the weather and the poorer socioeconomic status of certain 

groups living in this state. Weather could be contributing to high childhood obesity rates because 

for the majority of the year, Arizona experiences temperatures in the 90‟s and 100‟s. Living in a 

state with hot temperatures can make children less likely to want to go and play outside. Another 

reason for high obesity rates in Arizona is due to the fact that large numbers of Hispanics and 

Native Americans live in this state. As mentioned earlier, obesity prevalence is higher among 

these groups of people, which would help explain why Arizona is ranked as high as it is. 
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The biggest problem with the rise in childhood obesity is that it is contributing to the 

earlier onset of cardiovascular disease and other life-threatening conditions. As part of my senior 

honors thesis, I wanted to create my own original flyer to hand out to families in Arizona as a 

way to inform them about the physiological consequences of obesity on the body, specifically 

the cardiovascular system. The hypothesis for my thesis is that childhood obesity rates would 

decrease if families were more educated and aware of the physiological effects it has on the body 

through educational fliers or other assessment tools that targeted both parents and children.  My 

thesis provides a more in-depth look at childhood obesity by starting off with background 

information on the cardiovascular system, explaining the differences between adult and 

childhood obesity, and then transitioning into how obesity affects the cardiovascular system. The 

end of my thesis summarizes my experience of handing out my educational flyer at the Tucson 

Festival of Books and whether or not I think educational flyers are an effective way to try and 

raise childhood obesity awareness. 

 

II. The Cardiovascular System 

The cardiovascular system is a complex body system with its main function being to 

transport oxygen and nutrients to the tissues in exchange for carbon dioxide and wastes. The 

cardiovascular system is also responsible for fluid balance, pH homeostasis, and the dissipation 

of excess body heat (Simon). All these functions are extremely important in helping to maintain 

homeostasis and keep the body in its normal range. 

 The three major components that make up the cardiovascular system are the heart, blood, 

and blood vessels. The heart is a hollow muscular organ about the size of a fist that pumps blood 

throughout the body. It sits in the mediastinum, with the top of the heart (base) facing the right 
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shoulder and the bottom of the heart (apex) facing the left hip (Price). The heart is a dual pump, 

meaning that both sides of the heart simultaneously pump to two different body circulations. The 

right side of the heart pumps blood to the pulmonary circulation, which carries deoxygenated 

blood away from the heart and to the lungs so it can become oxygenated. The left side of the 

heart pumps blood into the systemic circulation, which takes oxygenated blood from the heart to 

the rest of the body (Cohen).  

Anatomy of the Heart 

As shown in Figure 1, the four different chambers 

that make up the heart are the right and left atrium and the 

right and left ventricle. A septum separates the right and left 

sides of the heart. The atria are a smaller muscle mass that 

are found in the upper portion of the heart, while the 

ventricles are a larger muscle mass that are found in the lower part of the heart.  

When looking at the heart, the left ventricle is noticeably bigger than the right 

ventricle, because it requires more force to pump blood into the systemic circulation than it does 

in the pulmonary circulation (Price). The heart is also made up of three distinct layers. The 

outermost layer is known as the pericardium, which is the fluid-filled cavity that the heart sits in. 

The pericardial cavity contains pericardial fluid and separates the visceral and parietal 

pericardium. The epicardium is the inner layer found within the pericardium. The next layer of 

the heart is the myocardium. It is the thickest part of the heart responsible for contraction. The 

endocardium is the thin, innermost layer. It lines the chambers of the heart and all the valves, as 

well as the entire cardiovascular system (Cohen). 

 

Figure 1  
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Importance of Valves within the Heart 

The valves within the heart serve as a control mechanism to allow for unidirectional flow 

within the heart, and they open due to changes in pressure. The AV valves are located between 

the atria and ventricles and include the tricuspid valve on the right side of the heart and the 

bicuspid or mitral valve on the left side. They control the flow of blood from the atria to the 

ventricles on each side of the heart. A distinguishing feature of AV valves is that they contain 

chordae tendinae that extend from the cusps of each valve to the papillary muscles on the 

ventricles. The chordae tendinae keep the valves in proper position, while papillary muscles keep 

the valves shut to prevent blood from flowing backwards. The semilunar valves are located 

between the ventricles and the major arteries, and they include the aortic and pulmonary valve. 

These valves are shaped like a half moon and all contain three cusps. Unlike AV valves, they do 

not contain any chordae tendinae (Cohen). 

Role of Blood Vessels in the Cardiovascular System                

 Blood vessels are the transit system that carry blood and nutrients throughout the body. 

The three major types of blood vessels are arteries, veins, and capillaries. With the exception of 

the pulmonary artery, all arteries carry oxygenated blood away from the heart. The pulmonary 

artery carries deoxygenated blood away from the heart towards the lungs to become oxygenated 

in the pulmonary circulation. Arteries have thick walls in order to withstand high pressure, which 

is why they are often referred to as “pressure reservoirs” (Simon). Arterioles branch out from the 

arteries and are the main resistance vessels. Unlike arteries, their walls contain very elastic 

connective tissue and smooth muscle tissue. This smooth muscle is innervated by the 

sympathetic nervous system. An increase in sympathetic activity will cause vasoconstriction or a 

decrease in the radius of the arterioles, which will cause an increase in resistance and a decrease 
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in blood flow. A decrease in sympathetic activity will cause vasodilation or an increase in the 

radius of the arterioles, which results in a decrease in resistance and an increase in blood flow 

(Cohen).  

The capillaries are the thin-walled vessels responsible for gas, nutrient, and waste 

exchange within the cardiovascular system. All veins carry deoxygenated blood back to the 

heart, with the exception of the pulmonary vein that carries oxygenated blood towards the heart 

to be pumped into the systemic circulation. Veins are lower pressure than arteries, so they have 

thinner walls. They are “volume reservoirs” since they are made to sustain large volumes of 

blood (Simon).  Sympathetic stimulation within the veins does not have the same response as it 

does in the arterioles, because an increase in sympathetic stimulation of the veins causes an 

increase in blood flow, while a decrease in sympathetic stimulation causes a decrease in blood 

flow.  

The pressure that blood exerts on the walls of the blood vessels when the heart contracts 

is known as blood pressure. It can be measured with a blood pressure cuff, and the normal value 

of blood pressure is 120/80 mmHg. The top number is the systolic pressure, which is the 

maximum pressure in the arteries during systole or when the heart contracts and ejects blood; the 

bottom number is the diastolic pressure or the minimum pressure in the arteries during diastole 

or when the heart relaxes and refills with blood. The pulse pressure is felt on the surface of the 

skin and is the difference between systolic and diastolic pressure (120-80=40 mmHg) (Cohen).  

Blood in the Cardiovascular System 

Blood within the cardiovascular system is responsible for delivering oxygen and nutrients 

to body tissues. The blood in the heart flows in series from veins to atria to ventricles and then to 

arteries. Blood flows in parallel everywhere else in the body, meaning that it flows to all organ 
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systems at once, with the exception of blood flowing in series from the intestines to the liver. 

There are about 5 liters of blood in women and 5.5 liters on blood in men (Cohen). All 5 liters 

pump through the heart per minute. The cellular components of blood are erythrocytes (red blood 

cells), leukocytes (white blood cells), and thrombocytes (platelets). Red blood cells are 

responsible for delivering oxygen to tissues and carbon dioxide to lungs. They are biconcave in 

shape and thin and flexible enough to fit through blood vessels. White blood cells are part of the 

immune system and are used to fight off microorganisms. Platelets are cell fragments that are a 

major part of the coagulation cascade to aid in clotting. Plasma forms the noncellular component 

of blood and helps to distribute heat to the surface of our body during metabolism (Cohen). 

Cardiac performance is affected by four different factors: preload, afterload, heart rate, 

and myocardial contractility. Preload is the pressure at the end of diastole, and afterload is the 

pressure associated with the resistance to blood being ejected from the left ventricle. Heart rate 

(HR) is the number of times the heart beats per minute, which on average is about 70 beats per 

minute (Cohen). A person who has a resting heart rate above 100 beats per minute is tachycardic 

and a person with a resting heart rate below 50 beats per minute is bradycardic. The 

cardiovascular system control center is located in the brain stem in the medulla, and the heart is 

primarily under control of the parasympathetic nervous system at rest.   

Myocardial contractility is the intrinsic ability of myocytes to contract. Exercise, stress, 

medications, and drugs are all ionotropic agents that can affect myocardial contractility. Stroke 

volume (SV) is the amount of blood that leaves the left ventricle per beat and is typically about 

70 mL/beat. Cardiac output (CO) is the amount of blood that exits the ventricles per minute and 

can be calculated by multiplying a person‟s heart rate and stroke volume together (CO= HR X 
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SV) (Cohen). If a person has a heart rate of 70 bpm and a stroke volume of 70 mL/beat, their 

cardiac output will be about 5 L/min.  

Contractility of the Heart 

     The actual contractile unit of the heart is the 

sarcomere. The major filaments that make up a sarcomere 

include actin, myosin, and titin and can be seen in Figure 2. 

Titin provides elasticity and strength to cardiac muscle, and 

keeps myosin centrally located. Myosin makes up the thick filament or “heavy 

chain.” Actin makes up the thin filament or “light chain” and is comprised of 

globular actin. Tropomyosin is another protein associated with actin, and each tropomyosin has a 

troponin complex made of three units: troponin C, troponin I, and troponin T (Cohen). 

Contraction is the result of the shortening of sarcomeres, which occurs when the thin and thick 

filaments slide past one another. It is the interaction between actin and myosin that forms a 

cross-bridge, which in turn determines the amount of contractile force (Rankin). The more cross-

bridges formed, the more force is generated. 

Contraction is initiated by an influx of calcium into cells, which causes depolarization or 

a more positive membrane potential. This generates a signal that is carried by the transverse 

tubules (t-tubules) deep into the tissue, which causes the release of more calcium from calcium 

stores found in the sarcoplasmic reticulum. This phenomenon is known as “calcium-induced 

calcium release” (Cohen). The release of calcium moves troponin and exposes the binding site 

on actin for myosin to bind. The powerstroke of the myosin head causes a conformational change 

with the sliding of thin filaments. Following the power stroke, ATP binds to the ATP-synthase 

site on the myosin head. The myosin head detaches and one ATP is hydrolyzed. The myosin 

Figure 2 
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head then returns to its firing angle and the calcium ions are transported back into the 

sarcoplasmic reticulum (Rankin). Calcium removal is important because it allows for contraction 

to cease so the heart muscle can relax during diastole. 

Cardiac Conduction System 

 The conduction system stimulates the heart in order to contract. The SA node, AV node, 

Bundle of His, and Purkinje fibers all make up the conduction system. The SA node is located in 

the right atrium and is the called the pacemaker of the heart because it establishes heart rate. The 

heart is autorhythmic, because it generates its own action potentials and beats on its own. Once 

an action potential is generated in the SA node it travels to the AV node, which is the only point 

of electrical contact between the atria and ventricles. After reaching the AV node the signal is 

slowed down before it travels to the Bundle of His and Purkinje fibers, a process referred to as 

AV nodal delay. During ventricular excitation, the signal picks up speed. Once the signal reaches 

the Purkinje fibers, the signal is spread through adjacent cells via gap junctions (Cohen). Gap 

junctions are located within intercalated disks, which are areas of close proximity between cells. 

The goal of the heart during contraction is to be a “functional syncytia” which means that the 

atria contract as one and the ventricles contract as one. This is made possible due to the role that 

gap junctions play in the heart. 

Unlike cells in skeletal muscle, all the cells in the heart contract at once but only at 40% 

maximal contraction. The heart is made up of two different type of cells, with autorhythmic or 

pacemaker cells making up 1% and contractile cells making up the other 99%. In order to initiate 

a contraction, each cell type generates an action potential in the SA node. However, the phases 

for generating an action potential differ for both. A key difference between pacemaker cells and 
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contractile cells are that pacemaker cells have an unstable resting potential around -85 mV, while 

this resting potential is considered stable for contractile cells (Cohen).  

Action Potential Generation in Pacemaker Cells 

Starting with pacemaker cells as shown in Figure 3, 

an upstroke occurs during phase 0 due to T-type calcium 

channels opening and calcium coming into the cell causing 

membrane depolarization. At maximum depolarization or threshold, the action 

potential is generated. Since pacemaker cells do not have a phase 1 or 2, 

repolarization occurs in phase 3 when calcium channels close and potassium channels open. 

Since the potassium concentration is greater inside cells than outside of cells, potassium flows 

out and the inside membrane potential becomes more negative. Spontaneous depolarization 

occurs in phase 4 when sodium channels open and sodium flows in to bring the potential back to 

its resting potential. The action potential is then carried from the SA node to the AV node and 

through the rest of the conduction system (Cohen). 

Action Potential Generation in Contractile Cells 

 Figure 4 is a representative action potential for contractile 

cells. Phase 0 is characterized by rapid depolarization due to the 

activation of sodium channels and sodium flowing into the cell. There 

is then a short, steep repolarization during phase 1 when sodium 

channels are inactivated and potassium channels are activated to 

allow potassium flow outward. A plateau occurs in phase 2, when there is a balance between 

potassium flow outward and calcium flow inward. Following action potential generation at 

threshold, there is a decrease in calcium conductance and potassium continues to flow outward 

Figure 3 

Figure 4 
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during major repolarization in phase 3. During phase 4 it returns to its stable resting potential, 

when sodium flow in and potassium flow out are balanced (Cohen). Refractory periods during 

phase 2 prevent the heart from staying in a contracted state. These periods occur when sodium 

channels are inactive and the channels cannot open again if another signal is sent down. 

Measuring Electrical Activity of the Heart: ECG 

The electrical activity of the heart can be measured using an 

electrocardiogram (ECG).  Although it is not a direct measurement, 

an ECG still shows the overall spread of electrical activity through 

the heart during different phases of depolarization and 

repolarization. The pattern of an ECG depends on the placement of 

electrodes on a person‟s body, and the electrodes measure the difference in voltage between any 

two body surfaces. Using Figure 5, the three main parts of an ECG are the P wave, QRS 

complex, and the T wave. Atrial depolarization occurs during the P wave, ventricular 

depolarization occurs during the QRS complex, and ventricular repolarization occurs during the 

T wave (Price). Depolarization takes place during contraction and repolarization happens during 

relaxation. An ECG can be used to show any abnormalities in a person‟s heartbeat or rhythm and 

is an important tool for diagnosing diseases.  

 

III. Obesity in Adults 

 Obesity has become a growing problem in the United States over the last several decades  

with statistics showing that more than one third of adults in the U.S. are obese (“Obesity and 

Socioeconomic Status in Adults: United States, 2005-2008”).  According to a report from “F as 

in Fat: How Obesity Threatens America‟s Future 2012,” obesity rates in 2011 for the state of 

Figure 5 
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Arizona were at 24.7% but are projected to be as high as 58.8% by 2030 (“F as in Fat: How 

Obesity Threatens America‟s Future 2012”). Specifically looking at Tucson, Arizona, statistics 

taken in Pima County show that approximately 26.6% of adults are obese, which is higher than 

the obesity rate for the entire state of Arizona. The two groups contributing primarily to this high 

obesity rate in Tucson are Hispanics, which make up a third of the Pima County population, and 

low-income groups, which account for 15% of the population (“Communities Putting Prevention 

to Work”).              

Pima Indians are another ethnic group in Southern Arizona with high obesity rates. When 

comparing Pima Indians living in Arizona to those living in Mexico, “Pima Indians of Mexico 

weigh on average 57 pounds less than their Arizona relatives” and 80% of Arizona Pima Indians 

are overweight or diabetic (McEvoy). Although these two populations are genetically similar, 

environment seems to play a huge role in the weight differences between these two groups. 

Arizona Pima Indians engage in a more sedentary lifestyle compared to the hunter and gatherer 

lifestyles of their relatives in Mexico. A study conducted in 1994 looked specifically at the role 

environment played in the prevalence of obesity and type 2 diabetes for Pima Indians living in 

the U.S. and Mexico. Adult Pima and non-Pima Indians living in Mexico who participated in the 

study underwent oral glucose tolerance tests and other assessments for obesity and physical 

activity and had their results compared to data already obtained from Arizona Pima Indians. The 

results from the study revealed that both Mexico Pima Indians and non-Pima Mexicans engaged 

in more physical activity than the Arizona Pima Indians, and the occurrence of obesity between 

the two groups living in Mexico was similar but significantly lower than results previously 

obtained for Arizona Pima Indians (Schulz, Bennett, et al.).  This study shows how environment 

and westernization have both lead to higher rate of obesity in Arizona Pima Indians, and these 
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same factors have also contributed to the rise in obesity rates across the entire United States over 

the last several decades. 

Defining Obesity: Body Mass Index 

Obesity occurs when a person has an excessive amount of fat tissue compared to lean 

body tissue (“F as in Fat: How Obesity Threatens America‟s Future 2012”). People tend to gain 

weight in two main areas, both of which are categorized by different body shapes. People with a 

“pear” body shape gain fat subcutaneously in their hips and buttocks area, while people with an 

“apple” body shape gain visceral fat in their abdominal region. Those with an “apple” body 

shape are at an increased risk for developing obesity-related diseases such as cardiovascular 

disease compared to those with a “pear” body shape, because it is more dangerous to store fat 

around vital organs (McEvoy). One method of determining if a person is obese or overweight is 

their body mass index (BMI). A person‟s BMI is calculated by using their weight in kilograms 

divided by height in meters
 
squared. Using Figure 6 as a guide, an adult who has a BMI between 

25 to 29.9 is considered overweight and an adult with a BMI of 30 or higher is considered obese 

(“Defining Overweight and Obesity”).  

 

 

 

 

  

 

 

 

Figure 6 
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Other assessment tools used in addition to body mass index include measuring a person‟s 

waist circumference and using a waist-to-hip ratio. Men with a waist circumference of more than 

102 cm (more than 40 inches) and women with a waist circumference of more than 88 cm (more 

than 35 inches) and a BMI between 25-34.9 kg/m
2
 are at an increased risk for obesity-related 

diseases. Waist circumference and BMI do not always go together to determine if a person is 

overweight or obese, but have to be used together when deciding if a person is at an increased 

risk for developing obesity-related diseases. Waist circumference is a less effective diagnostic 

tool for people with a BMI of 35 and over, because they exceed the waist circumference cutoffs 

(“According to Waist Circumference”). The waist-to-hip ratio is another diagnostic tool used to 

measure obesity. Males with a waist-to-hip ratio greater than 1 and females with a ratio greater 

than 0.85 are considered high risk for developing health problems associated with obesity 

(“Waist to Hip Ratio Chart”). Although there is not one specific tool to diagnose obesity, 

diagnosis is more accurate if more than one test is performed.  

The “gold standards” for measuring body weight composition include underwater 

weighing and DEXA. Hydrostatic underwater weighing uses Archimedes‟ Principle of Water 

Displacement to determine a person‟s body composition, which is their body fat compared to 

their lean mass. Hydrostatic underwater weighing relies on the assumption that bone and muscle 

are more dense than water and that fat is less dense than water. Therefore, a person with more 

bone and muscle will weigh more in water and have a lower percentage of body fat (Perry). 

During underwater testing, a person is first weighed on dry land and then has to sit on a scale that 

is lowered into a tank of water. Once that person is underwater, they have to expel all the air 

from their lungs and stay motionless underwater while they are being weighed. This is usually 

repeated three times in order to obtain an average weight measurement (Quinn). Calculations 
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using standard formulas are then performed to determine a person‟s percentage of body fat. 

However, the formulas to calculate body composition are limiting since they are “one-size-fits-

all” formulas, and do not take into account age or athleticism. The Dual-Energy X-ray 

Absorptiometry (DEXA) is perhaps the more accurate gold standard to measure body fat 

composition. It is a three-compartment model that divides the body into total body mineral, lean 

mass, and fat tissue mass (Perry). Although it was used primarily in the past to evaluate bone 

mineral density, it can also be used to display a person‟s fat distribution throughout different 

body regions. 

What Causes Obesity?  

People can gain weight from a variety of reasons including taking certain medications 

such as steroids or having thyroid diseases that cause weight gain, but most are the result of poor 

lifestyle choices. Obesity is caused by energy imbalance, which occurs when a person eats too 

many calories and does not engage in enough physical activity to burn those calories off (“What 

Causes Overweight and Obesity?”). Large portion sizes, increased consumption of sugar-

sweetened beverages, and a rise in fast food popularity are among the many factors that have 

contributed to higher caloric intake. Body weight is also the result of metabolism, which is our 

body‟s way of converting food into energy. Metabolism can be affected by a number of factors 

including a person‟s body size, gender, weight, how their body processes food, and amount of 

physical activity they engage in (“Metabolism and Weight Loss: How You Burn Calories”). 

Generally people who are larger have more muscle, so they burn calories faster than people who 

are smaller. Men tend to have less body fat and more muscle, so they burn calories more easily 

than women. As far as food processing, a person with a slower metabolism does not burn 

calories as quickly as a person with a faster metabolism. Even though these are all 
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generalizations, genetics does seem to play a big role in metabolism and its contribution to 

obesity. 

Although there is not a “fat gene” that a person can inherit that causes them to become 

obese, there is evidence that supports a higher prevalence of certain genes among the obese. This 

could explain why children born to obese parents are more likely to become obese, because they 

could be inheriting certain genes from their parents that are linked to obesity (“Obesity & 

Genetics”). Some of these higher obesity-associated genes include FTO and BDNF genes, both 

of which are expressed in the part of the brain that controls appetite. Variations in FTO genes are 

associated with changes in the number of meals and snacks consumed per day and variations in 

BDNF genes are associated with increased consumption of food from the dairy and meat, eggs, 

nuts, and beans food groups (“„Obesity Genes‟ May Influence Food Choices, Eating Patterns”).  

 Behavior and environment are two other contributors to weight gain and obesity. A 

person who comes from a community that has access to parks for walking or works in an 

environment where they are on their feet moving around will be less likely to become obese than 

a person who comes from a poor community or does not work (“What Causes Overweight and 

Obesity?”). The energy associated with walking or other nonsports-like exercise such as 

climbing stairs, cooking, or even fidgeting is managed through non-exercise activity 

thermogenesis (NEAT). Evidence shows that obese people tend to be seated for 2.5 hours more a 

day than those who are not obese, which again demonstrates that people who overeat and do not 

engage in enough physical activity will experience decreases in NEAT and weight gain as a 

result of energy imbalance (Levine, Vander, et al.). Access to health care also affects obesity 

rates because people who visit the doctor are less likely to be overweight than those who do not, 
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because people who visit the doctor might be more aware of the status of their health and can 

become more educated on healthy lifestyle choices.  

Consequences of Obesity         

 Short-term consequences of obesity include shortness of breath, increase in sweating, 

back and joint pain, inability to cope with sudden physical activity, and difficulty sleeping 

(“Symptoms of Obesity”). Sleep apnea is a huge problem associated with obesity because as 

people gain weight in their abdominal area, it compromises the respiratory function of the lungs 

and results in sleep-disordered breathing. A person with disordered breathing will experience 

shallow breaths that can disrupt their normal sleep patterns. It becomes problematic when a 

person cannot sleep for extended periods of time, because that in turn will affect their body‟s 

metabolism. Scientists from the University of Chicago conducted a sleep study in 1999, which 

restricted 11 healthy, young adults to having 4 hours of sleep for 6 days in a row. For most of the 

participants, their body‟s ability to process blood glucose declined significantly over those six 

days of sleep deprivation almost to the levels of people suffering from diabetes (“Obesity and 

Sleep”). This study shows how sleep is necessary to carry out metabolic processes and that an 

obese person suffering from sleep apnea will have an even more disrupted metabolism, which 

can lead to serious problems.  

There are certain psychological consequences associated with being obese such as having 

a low self-esteem or feeling isolated from society (“Symptoms of Obesity”). Obese people tend 

to have higher than normal blood pressure and cholesterol levels. A person has hypertension if 

their blood pressure is higher than 140/90 mmHg and has high blood cholesterol if their levels 

are over 240 mg/dL. Long-term consequences of obesity include serious health problems such as 

type 2 diabetes, heart disease, stroke, and certain types of cancer (“Obesity and Socioeconomic 
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Status in Adults: United States, 2005-2008”). If obesity numbers continue to increase, it “could 

contribute to more than 6 million new cases of type 2 diabetes, 5 million new cases of coronary 

heart disease and stroke, and more than 400,000 new cases of cancer in the next two decades” 

(“F as in Fat: How Obesity Threatens America‟s Future 2012”). Without proper treatment, most 

of these long-term consequences may be fatal. 

Treatment and Prevention         

 Dietary changes and engaging in more physical activity are among the most common 

treatment options for obesity. More serious measures include taking prescription drugs such as 

phentermine or Belvig that promote weight loss. These drugs are appetite suppressants that 

increase serotonin and catecholamine levels and trick the body into thinking that it is full. 

Orlistat is another drug that blocks 30% of dietary fat from being absorbed (“Prescription Weight 

Loss Drugs”). In order for people to achieve the full effects of these drugs, they must be taken 

with increased physical activity. If a person is extremely obese (BMI of 40 or more) they can 

qualify for gastric bypass surgery, which is another more extreme treatment option. During 

gastric bypass surgery, a person‟s stomach is divided into a large and small portion, and the 

small portion is sewn or stapled together to form a small pouch that can only hold a cup or so of 

food. Having a smaller stomach size restricts food intake, which will lead to weight loss. 

However, serious complications from the surgery include wound infections, ulcers, and bleeding 

(“What is Gastric Bypass Surgery?”). Obesity can be cured, but it requires strict discipline and a 

complete change in a person‟s lifestyle to do so.  

 

IV. Obesity in Children 

 Along with adult obesity, obesity in children has drastically increased over the last 
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several decades. According to a report from Centers from Disease Control and Prevention, 

“childhood obesity has more than doubled in children and quadrupled in adolescents in the past 

30 years” (“Childhood Obesity Facts”). Reports from 2013 show that obesity is ranked highest in 

children coming from low-income, low-education, and higher-unemployment households 

(“Overweight and Obesity-2013 Statistical Fact Sheet”). Arizona is ranked number 25 for states 

with high childhood obesity prevalence, with 30.6% of children in the state considered 

overweight or obese. From this data, only 60.1% of children between the ages of 6-17 years old 

participate in vigorous activity 4 days a week and 11.2% of children from that same group 

engage in 4 or more hours of screen time per weekday (“Arizona State Fact Sheet”). This shows 

that like adult obesity childhood obesity, to a large extent, is the result of energy imbalance, poor 

eating habits, and lack of physical activity.  

BMI for Children 

 A body mass index (BMI) for children is calculated the same way as for adults, taking a 

child‟s weight in kilograms and dividing it by their height in meters squared, but uses a “BMI-

for-age” and “BMI-for-sex” scale that is divided into percentiles. The BMI for children is 

different from an adult BMI because a child‟s body composition varies depending on their 

gender or age. Clinical growth charts such as the examples included in the Appendix, are used 

for both genders and include data for children for two years old up to twenty years old. A child is 

considered overweight if they have a BMI at or above the 85
th

 percentile and lower than the 95
th

 

percentile for children of the same sex or age. If a child has a BMI at or above the 95
th

 percentile 

for children of the same age and sex, then they are considered obese (“Basics about Childhood 

Obesity”). If a child does appear to fall into the overweight or obese categories, doctors should 

perform other assessments such as skinfold thickness measurements to determine percent of 
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body fat as well as evaluations of family history, physical activity, and diet before considering a 

child obese (“Weight Problems & Obesity in Children”). 

Causes of Obesity in Children- Who is to Blame? 

 Since children are under the care of their parents, the poor lifestyle choices of the parents 

can have profound effects on their child‟s weight. For example, parents that do less cooking and 

eat out are more likely to have overweight children compared to families that cook well-balanced 

meals and sit at the dinner table together (“Weight Problems & Obesity in Children”). Even 

when parents think they are making the right diet choices for their children, they can sometimes 

be doing more harm than good. According to Dr. Natalie Muth, author of ‘Eat Your Vegetables’ 

and Other Mistakes Parents Make, many parenting styles can cause their children to gain weight. 

For example, telling your children to “clean up their plate” before they can leave the dinner table 

prevents them from realizing for themselves when they are full and no longer hungry 

(“Childhood Obesity: Are Parents to Blame?”). This type of parenting sets children up for weight 

gain since they will continue to eat past the point of feeling full, because they know they cannot 

leave the dinner table until they have eaten all the food off their plate. If children are allowed to 

make the choice for themselves to decide when they are full, they are less likely to overeat. Dr. 

Muth also stresses another practice that parents should avoid is bribing their children with dessert 

if they eat all their vegetables, because it teaches children that they can be rewarded with 

unhealthy food to make themselves feel better (“Childhood Obesity: Are Parents to Blame?”). 

Some parents might even use food as an incentive to be good. This includes parents that bribe 

their children with fast food if they behave well or get good grades in school. Although these are 

just a few examples of parenting mistakes, it illustrates how parents may not be aware that they 

are actually setting their child up to gain weight. 



 24 

Along with poor diet choices, parents that engage in little physical exercise or sedentary 

lifestyles are more likely to have children that are less physically active as well. Studies have 

shown that children are more likely to be active if their parents are active, and the ways in which 

parents could encourage their children to engage in physical activity are through “arranging 

access to after-school or community sports and activity programs, watching children‟s activities, 

or simply playing with their children” (Lindsay, Sussner, et. al). If parents engage in television 

watching, their child is more likely too as well. Studies have shown that parents who watch more 

than two hours a day are twice as likely to have physically inactive children than parents who do 

not watch television (Lindsay, Sussner, et. al). One of the biggest problems with watching too 

much television is that it exposes children to unhealthy food commercials that promote fast food 

or soda consumption. The data in Figure 7 shows the wide-range of fast food advertisements 

children were exposed to in the United States in 2012. Exposure to these commercials has been 

demonstrated to effect children‟s food preferences, because children are more likely to want to 

eat something that they saw on television (Lindsay, Sussner, et. al).  This goes to show that 

parents that lead by example and make healthy diet and exercise choices can decrease the risk of 

their children becoming obese, because children are more likely to engage in the same activities 

as their parents. 

 

 

 

 

 

 

Figure 7 
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Parents are not the only people to be blamed for children gaining weight; research has 

shown that friends have just as much influence if not more. In a 32-year study, investigators 

compiled data on over 12,000 people looking at their social network of friends, neighbors, and 

siblings. The results from the study demonstrated that when a participant was friends with an 

obese person, it increased their chances of becoming obese by 57% (Kolata). The data from this 

study also showed that participants were unaffected by neighbors gaining and losing weight and 

that family members seemed to have less of an influence on a person gaining weight compared to 

friends. The reason being that friends have a stronger influence on a person‟s perception of what 

is considered fat (Kolata). In other words, people tend to base their acceptable body type image 

on their friends‟ opinions.  

Schools are also contributing to the rise in childhood obesity rates through their lunches 

and physical education programs. Lunch and breakfast programs for most schools are available 

through the USDA (U.S. Department of Agriculture) and have to meet federal nutritional 

standards, while competitive food and beverages sold in vending machines and snack bars do not 

have to meet those standards (Story, Kaphingst, & French). Competitive food is often times more 

appealing to children because of the snack choices, and most schools rely heavily on the money 

made from the purchase of these foods to support academic programs or after school activities. 

The problem with children preferring competitive food to school lunches is “the availability of 

high-fat, high sugar foods, and beverages in schools creates a food environment that invites 

excess energy intake and excess weight gain” (Story, Kaphingst, & French).  

  Another change in schools contributing to this rise in childhood obesity is the decrease in 

the number of physical education programs. It is recommended that children engage in at least 60 

minutes of some sort of physical activity everyday (Story, Kaphingst, & French). However since 
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the passing of the No Child Left Behind Act in 2001, schools have been held more accountable 

to reach certain test scores and have shifted the curriculum to accommodate more academic 

classes and many have eliminated physical education programs as a result (Story, Kaphingst, & 

French). Since children spend the majority of their time at school, the decline in the nutritional 

value of school lunches and the decrease in the number of physical education programs are 

contributing to this rise in childhood obesity. 

Consequences of Childhood Obesity 

 Some of the immediate consequences of childhood obesity include high cholesterol and  

high blood pressure as a result of poor diet choices. Obese children are more likely to develop 

prediabetes, which means that they have high blood glucose levels due to their body‟s inability to 

metabolize glucose correctly. They are considered prediabetic because they have not yet met all 

the requirements to be diagnosed with diabetes, but have set the stage to become diabetic unless 

lifestyle modifications are made. Obese children are also at a greater risk of developing bone and 

joint problems, having sleep apnea, and suffering from asthma or other breathing problems 

(“Childhood Obesity Facts”). Since childhood is a sensitive time for growth and development, 

childhood obesity can lead to serious self-esteem issues later in life. Obese children are more 

likely to be bullied by their peers for their weight and can suffer from depression issues as a 

result. Compared to normal weight children, obese children also tend to have higher anxiety and 

poorer social skills (“Childhood Obesity”). Consequently, obese children are more likely to be 

social outcasts and may engage in dangerous behavior like consuming alcohol or taking drugs. 

  One of the biggest problems associated with childhood obesity is that it sets the stage for 

future health problems in adulthood if lifestyle changes to lose weight are not made. Children 

who are obese are more likely to continue being obese into adulthood, which puts them at an 
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increased risk for developing cardiovascular disease, type 2 diabetes, and certain cancers. A 

population-based sample taken of 5 to 17 year olds showed that 70% of obese youth had at least 

one risk factor for cardiovascular disease (“Childhood Obesity Facts”). Studies have shown that 

childhood obesity beginning before the age of eight and continuing into adulthood accounts for 

25% of adult obesity, and these obese adults have mean-body mass index of 41 compared to 

those who became obese as adults and have a mean-body mass index of 35 (Dietz & Robinson). 

This again proves that people who are obese as children and continue to be obese into adulthood 

are more at risk for developing obesity-related diseases than those who develop obesity later in 

life.  

 

V. The Effects of Obesity on the Cardiovascular System 

 Obesity compromises the functions of several body systems, with the cardiovascular 

system being one of the most effected. Although not as much extensive research has been done 

on the effects of obesity on the cardiovascular system in children compared to the research done 

on adults, evidence has emerged confirming that cardiovascular-related problems can start as 

early as childhood. Obesity in children accelerates the problems leading to heart attack or stroke, 

because it puts them further into development of obesity-related diseases as adults compared to 

those who become obese later in life (Segal & Gadola). In order to raise awareness of childhood 

obesity, it is necessary to understand the specific effects it has on the cardiovascular system.  

Obesity and Anatomical Changes to the Heart 

A consequence of obesity is that it can lead to anatomical changes in the heart such as left 

ventricular hypertrophy. As people gain weight their blood volume increases, causing their blood 

pressure to rise. The heart is then forced to work against an elevated workload (afterload), which 
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leads to thickening of the left ventricle (Cohen). Left ventricular hypertrophy affects the ability 

of the heart to effectively pump blood to the rest of the body. Studies have shown that obese 

children undergo the same anatomical changes to their heart as obese adults. Children with 

cardiac enlargement were found to have higher resting stroke volume and cardiac output 

compared to lean children, as well as a decrease in systolic function (Rowland). This 

demonstrates that ventricular function diminishes as a result of obesity, with a greater loss of 

function occurring at higher levels of obesity. 

 Obesity affects not only the left side of the heart but the right side as well. The right side 

of the heart is responsible for delivering deoxygenated blood to the pulmonary circulation to 

become oxygenated. Obesity results in inflammation as well as an increase in the amount of 

adipose tissue surrounding the lungs, which can impair the ability of a person to take in a deep 

breath. As a result, too much carbon dioxide and not enough oxygen can accumulate in the blood 

and lead to Obesity Hypoventilation Syndrome (“Obesity Hypoventilation Syndrome (OHS)”). 

When the body does not get enough oxygen it can also lead to pulmonary hypertension, making 

it difficult for blood to flow from the heart to the lungs. Anatomical changes mentioned earlier to 

the left side of the heart can occur on the right side as well such as right ventricular hypertrophy, 

which can lead to dilation of the heart and eventual failure (“Obesity and Heart Disease”). It has 

also been found that obese children with a BMI at or above the 85
th

 percentile have an increased 

risk of developing asthma independent of sex, age, ethnicity, or exposure to tobacco (Daniels). 

Obesity affects not only the cardiovascular system but the respiratory system as well by putting a 

person at an increased risk for developing asthma and other associated breathing problems. 

Vascular Remodeling 

 Although the body has great early mediators to act against elevated blood pressure, these 
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mediators lead to vascular remodeling over time. One such mediator is the renin-angiotensin-

aldosterone system (RAAS), which helps to regulate blood pressure and maintain blood volume 

in a healthy individual. In this system, sympathetic activation causes the release of renin from the 

kidneys. Renin converts angiotensinogen to angiotensin I and then to angiotensin II by ACE. 

Systemic vasoconstriction occurs as a result of angiotensin II production, as well as water and 

salt reabsorption from the release of aldosterone (PSIO 485). In a diseased state, angiotensin II 

causes remodeling at the level of the heart by laying down collagen and fibrin to form scar tissue. 

The scar tissue interferes with the ability of the heart to contract. It can also disrupt gap junctions 

in the heart and lead to abnormal heart rhythm (dysrhythmia) (PSIO 485).  

Changes to the vasculature occur as a result of both chronic inflammation and elevated 

blood pressure. Chronic inflammation contributes to hypertension because blood vessels 

vasoconstrict in order to protect vital organs. Adipokines released from adipose tissue are 

responsible for the inflammation seen throughout the body of a person suffering from obesity 

(Stapleton, James, et. al.). Adipokines such as interleukin-6 (IL-6), tumor necrosis factor- 

(TNF-), and leptin are seen in elevated amounts in obese individuals. Leptin is involved in 

energy balance and metabolism. In a healthy individual, leptin binds to receptors in the 

hypothalamus in order to suppress a person‟s appetite and stop them from overeating (McEvoy). 

When a person gains weight, their body releases larger amounts of leptin. Even though obese 

individuals have elevated levels of leptin in their blood circulation, they become resistant and 

stop responding to it (“The Facts of Leptin: FAQ”).  With resistance to leptin, obese individuals 

are able to continuously overeat without feeling full. 

Another consequence of obesity is that endothelial dysfunction can occur. Nitric oxide or 

endothelial-derived relaxing factor is a vasodilator that plays a huge role in coronary blood flow 
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throughout the heart. An increase in blood flow (shear force) stimulates endothelial nitric oxide 

production, resulting in blood vessel vasodilation (Cohen). As a result of obesity and 

hypertension, an individual will release less nitric oxide. Instead they will release the 

vasoconstrictor, endothelin, which will impair blood flow throughout the cardiovascular system. 

If oxygenated blood is not properly distributed throughout the entire myocardium, the heart can 

become ischemic. An ischemic heart is put at an increased risk for injury and dysfunction 

(Stapleton, James, et. al.).  

 In the Avon Longitudinal Study of Parents and Children, children were evaluated from 

birth to the ages of 10 or 11. Overweight and obese children within this age group were found to 

have higher heart rates and systolic blood pressures compared to normal weight kids, as well as 

greater brachial artery diameter and lower arterial stiffness (Daniels). Although these results 

show that the cardiovascular system makes some compensatory efforts early on, all the changes 

associated with obesity such as inflammation and insulin resistance “suggest that these young 

subjects are really on a path toward increasing vascular stiffness, increasing blood pressure, and 

concentric left ventricular hypertrophy as they grow into adulthood” (Daniels). Despite any sort 

of early compensatory mechanisms, obese children will continue to experience these 

cardiovascular changes unless lifestyle modifications are made. 

Dyslipidemia & Atherosclerosis 

Obesity also leads to dyslipidemia or abnormal lipoprotein concentrations (cholesterol 

and fats) in the blood. The two main types of cholesterol are high-density lipoproteins and low-

density lipoproteins. High-density lipoproteins (HDL‟s) are the “good cholesterol” that we want 

high levels of because they transfer cholesterol from the tissue to the liver for metabolism. Low-

density lipoproteins (LDL‟s) are the “bad cholesterol” that we want low levels of because they 
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deliver cholesterol to the tissues (Cohen). Children have high cholesterol if their total cholesterol 

is 200 mg/dL or higher and their LDL‟s are 130 mg/dL or higher (“Cholesterol and your Child”). 

High levels of LDL‟s can lead to plaque build up, which is a layer of fat that forms within the 

inner lining of the arteries that decreases blood flow to the heart and other organs of the body. 

When it builds up in the arteries, it can lead to a condition known as atherosclerosis. If plaque 

ruptures and exposes collagen to the blood, clots can form and lead to complete blockage of an 

artery (Cohen).  

Although studies have been conducted looking at the effects of adult obesity on the 

development of atherosclerosis, not as much research has been done on childhood obesity due to 

the lack of noninvasive tools to study early atherosclerotic lesions. One of the few successful 

studies to do so was the Bogalusa Heart Study, which performed autopsies to remove 

atherosclerotic lesions from the aorta and coronary vessels of young adolescents who had died of 

accidental deaths. The data obtained from the lesions showed that an increase in the number of 

risk factors such as obesity, high blood pressure, and high cholesterol during childhood was 

associated with dramatically increased atherosclerosis (Daniels). The data from this study 

supports that the hardening of arteries can occur as early as childhood. 

Cardiovascular Disease 

The consequences of obesity such as hypertension, left ventricular hypertrophy, 

dyslipidemia, and atherosclerosis are all risk factors for heart failure and other cardiovascular-

related diseases. Diastolic dysfunction usually occurs with the combination of left ventricular 

hypertrophy and an increase in stroke volume and cardiac output. Once the heart hypertrophies, 

it can dilate and eventually fail. Heart failure refers to the inability of the heart to pump blood 

properly. Dilated cardiomyopathies along with cardiac arrhythmias are found to be the leading 
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cause of sudden death in obese individuals (Eckel). Unless lifestyle modifications are made, the 

ultimate outcome will be an increase in morbidity and mortality in most cases.  

 

VI. The Fight Towards Ending Childhood Obesity  

An important part of my thesis was to create my own original flyer to hand out at the 

Tucson Festival of Books as a way to reach out to families about childhood obesity. As 

mentioned earlier, the hypothesis for my thesis is that childhood obesity rates would decrease if 

families were more educated and aware of the physiological effects it has on the body, 

specifically the cardiovascular system, through educational fliers or other assessment tools that 

targeted both parents and children. I designed a flyer that serves a dual purpose of not only 

teaching families about childhood obesity, but also providing them with resources where they 

can seek more information or help. 

My flyer, which is included in the Appendix, could be described as both informative and 

“kid-friendly.” The inside is filled with information about the physiological consequences of 

obesity and contains interactive components for children such as a crossword puzzle that they 

could fill out and a picture of a human heart that they could color. I chose to include some 

childhood obesity statistics in order to capture the attention of parents and make them realize 

how much of a problem childhood obesity has become over the last several decades. On the 

back-side of my flyer I provided families with websites for obesity prevention programs in 

Arizona such as the Grow 2B Fit Foundation and 5210 AZ Way to Go!. The Grow 2B Fit 

Foundation is a nonprofit organization in Tucson that hosts monthly Kidz Kamps that families 

can attend to learn more about nutrition and exercise. The goal of this program is to involve the 

entire family in making healthy lifestyle choices by teaching parents fun ways of how they can 
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exercise with their children or providing them with a nutritional handbook of easy, healthy 

family recipes (“About the Grow 2B Fit Foundation”). The 5210 AZ Way to Go! is a program of 

the Arizona Chapter of the American Academy of Pediatrics that provides community resources 

where families can seek help and gives easy suggestions for how they can end the childhood 

obesity epidemic based on the 5-2-1-0 in their title: eating 5 fruits and vegetables per day, 

limiting television watching to 2 hours each day, engaging in 1 or more hours of physical activity 

per day, and reducing consumption of sugary drinks to close to 0 (“About Childhood Obesity”). 

Both of these programs are great resources for parents to learn more about how they can help 

prevent childhood obesity right here in Arizona.   

I handed out my flyers at the Tucson Festival of Books on March 15, 2014 with another 

senior honors student, Andrew Wojtanowski, who had made an educational flyer as well on 

cardiac disease. We chose this event because the Tucson Festival of Books brings in a wide-

range of families. The experience of passing out my flyers allowed me to see first-hand whether 

or not educational flyers are an effective tool for spreading information about childhood obesity. 

When we approached families, we made sure to introduce ourselves and ask if we could take a 

few minutes of their time to talk about the flyers we each made for our senior honors thesis. In 

general, it seemed like the majority of parents we approached were willing to listen to what we 

had to say and were concerned about the rise in childhood obesity rates. I made sure to show 

them some of the key parts of my flyer and point out the crossword puzzle that their children 

could fill out. I usually ended by asking parents some questions such as if they had ever heard of 

the Grow 2B Fit Foundation or if they encourage healthy exercise and eating habits with their 

children. We did experience some parents who were not interested in listening to us talk about 

our flyers, but overall it seemed like people were open to hearing what we had to say.  
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In order for the children to be old enough to participate in the interactive components of 

our flyers, Andrew and I tried to approach families with elementary-school aged children. We 

did talk to some families who had children under the age of two and found that these parents 

were still interested in learning more about childhood obesity while their children were young. 

Most parents had specific questions about each of our flyers; I was asked several times if the 

Grow 2B Fit Foundation was the same program that Michelle Obama endorsed or where Arizona 

ranked in comparison to other states with high childhood obesity rates. When I told them that 

Arizona was ranked number 25, most parents found that statistic pretty startling and thought 

childhood obesity rates were lower than they actually are in Arizona. Andrew and I noticed that 

we seemed to have the most success in approaching families who were standing over by the 

science booths at the Festival. Perhaps these families seemed to be more interested in hearing 

about our flyers because they had a genuine interest in science and wanted to learn more about 

health-related topics. Another observation I made while talking to parents was that most of the 

children seemed very distracted by everything else going on around them at the Festival, but 

became immediately interested in what I had to say as soon as I mentioned that I had a fun 

crossword puzzle in my flyer for them to fill out. This helps confirm that children are more likely 

to read through educational flyers if they contain fun interactive components that will engage 

their attention.  

Overall the experience was very valuable in seeing first-hand how educational flyers are 

a great tool for raising childhood obesity awareness. Even though having our own booth at the 

Tucson Festival of Books might have made for an easier time handing out flyers, approaching 

people ourselves may have allowed for us to reach out to a wider-range of families. Maybe 

reading through my flyer might have encouraged some parents to exercise with their children or 
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limit the amount of television they watch or fast food they consume every week. Maybe realizing 

how much childhood obesity rates have gone up in the last several decades might have motivated 

families to look into some of the obesity prevention programs that we have here in Arizona. I 

know that my flyer alone may not end childhood obesity, but the idea of spreading knowledge 

and awareness through the use of assessment tools such as educational flyers is a powerful and 

effective way of encouraging families to take a stand against childhood obesity. 
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