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Do the Circulation: Teaching Second Graders about Heart Health 

Abstract 

 Arizona ranks 25th in overall prevalence of overweight or obese children (30.6%). 

Obesity, especially in children, has been steadily on the rise and is contributing to earlier onset of 

cardiovascular diseases that can be life-threatening. Childhood obesity has become an epidemic 

due to lifestyle choices such as decreased activity, parental influences, and dietary choices. There 

is evidence that overweight and obese children, not just adults, are at risk of developing 

cardiovascular complications, such as hypertension and type 2 diabetes.  

In this thesis I have described the cardiovascular system, obesity of adults and children, 

cardiovascular diseases related to obesity and how this can be changed by lifestyle modification 

as well as medications and surgical interventions. I then presented basic cardiovascular and 

healthy diet information to second graders in the hope to educate young, impressionable children 

about the importance of taking care of their bodies, especially while they are young. I have 

summarized the observations of this experience, as well as thoughts to the effectiveness of a 

PowerPoint to relay cardiovascular health information to children.    
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Figure 1 

The Cardiovascular System 

 The cardiovascular system is one of the body’s complex systems that is made up of a 

“pump, tubes, and traveling ‘cars’” (Cohen).  The main function associated with the 

cardiovascular system is the transport of oxygen and nutrients to tissues and the removal of 

carbon dioxide and the cellular waste found in those tissues. Other functions of the 

cardiovascular system include pH regulation, homeostasis of bodily fluids, temperature control, 

as well as transporting protection, the immune cells, throughout the body (Tortora). A 

combination of such important functions, comprise a large portion of the body’s ability to 

maintain homeostasis for proper and efficient function.  

Heart 

 The main components of the cardiovascular system are the heart, blood vessels, and the 

blood. The heart pumps blood throughout the body; it is a hollow, muscular organ that is 

approximately the size of a fist and weighing at less than 1 pound (Cohen).  Located in the 

mediastinum, under the sternum, where it is protected, the top or base of the heart faces 

superiorly, while the bottom or apex points towards the left hip (Tortora). Between the base and 

the apex of the heart are four chambers that make up a 

dual pumping system. The right and left side of the heart 

each contain an atria and a ventricle. The right side of the 

heart pumps blood to the lungs (pulmonary circulation). 

The blood that goes to the lungs is originally 

deoxygenated and becomes oxygenated while in the 

lungs. The left side of the heart pumps oxygenated blood 

to the body and is called the systemic circulation (Cohen). 
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 The anatomy of the heart, as shown in Figure 1, contains four chambers. These are the 

right and left atria and the right and left ventricles. The sides of the heart are separated by a 

muscular wall called the septum.  The atria make up the two superior chambers of the heart. 

They are composed of smaller muscle masses when compared to the two ventricles located in the 

inferior portion of the heart. As noted in Figure 1, the left ventricle has significantly thicker 

musculature than the right ventricle. This feature is required because the left ventricle needs 

more force to pump blood through the systemic circulation than the right ventricle needs to pump 

blood through the lungs, which present little resistance to the incoming blood flow (Cohen).  

Valves 

 Separating the upper and lower chambers on each side as well as separate the ventricles 

and their major arteries are valves. The valves between the upper and lower chambers are 

categorized as atrioventricular (AV) valves, since they separate the atria and the ventricles. 

Between the right atrium and the right ventricle is the tricuspid valve, due to its three fibrous 

cusps, while separating the left atrium and left ventricle is the bicuspid, or mitral, valve, which 

only has two fibrous cusps. For blood to go between the ventricles and the major arteries, the 

blood must go through semilunar valves. As the blood goes from the right ventricle to the lungs 

it flows through the pulmonary valve. The left ventricle pumps blood to the aorta by going 

through the aortic valve. Both of these valves are comprised of three cusps (Tortora). 

Valves are important in the cardiovascular system to regulate the unidirectional flow of 

blood within the heart. For the valves to open, a pressure change has to occur. The AV valves, 

tricuspid and mitral, utilize chordae tendinae, tough fibrous cords, which are attached to papillary 

muscles in the ventricles, to stay closed and prevent inversion of the valve during contraction. 

This method prevents the backflow, or regurgitation, of blood from the ventricles to the atria. 
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The semilunar valves, pulmonary and aortic, between ventricles and the major arteries do not 

have chordae tendinae. They use their cusps as pockets that fill with blood to create sealed edges, 

thus preventing regurgitation from the major arteries back into the ventricles (Cohen). 

Blood Vessels 

 To transport blood throughout the body, blood vessels are used. There are four major 

classes of blood vessels, including arteries, arterioles, capillaries, and veins. Arteries always 

carry blood away from the heart and, except for in the pulmonary artery that carries 

deoxygenated blood to the lungs, they carry oxygenated blood. The vessels are thick walled, with 

elastin fibers, so that they can withstand the high pressure from the force of contraction 

generated by the heart and are thus commonly referred to as the “pressure reservoirs” (Tortora). 

From the arteries blood will flow into arterioles, which are comprised of elastic connective tissue 

as well as smooth muscle. They function to provide resistance to the blood flow. This resistance 

is controlled by the sympathetic nervous system working through the smooth muscle. An 

increased sympathetic response causes vasoconstriction, or a decreased radius of the arterioles, 

thus an increase in resistance and decrease in blood flow. Vasodilation, an increase in arteriole 

radii, will result from a decreased sympathetic input or from the exposure to several different 

chemical changes, thus causing decreased resistance and increased blood flow. Vasoconstriction, 

where the arteriole radii decrease, can occur through an increase in sympathetic input or other 

chemical interactions within the body. These vessel states can be influenced by activity level as 

well as someone’s emotional state (Cohen). 

 From the arterioles, the blood flows into the thin-walled capillaries, where the exchange 

of gases, nutrients, and waste occurs in the cardiovascular system. Blood is relatively slow 

moving in the capillaries to provide optimal exchange time. The exchange that occurs is based on 
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the partial pressure of oxygen and carbon dioxide in the blood versus the tissue. From the 

capillaries, the blood flows to the veins, which always carry blood towards the heart. Except for 

the pulmonary vein, which carries oxygenated blood to the heart, veins carry deoxygenated 

blood. The veins are exposed to lower pressures than the arteries, so they have thinner walls. In 

contrast to the arteries with high elastin levels, veins contain high levels of collagen. Veins are 

commonly known as “volume reservoirs” because of their ability to hold approximately 60% of 

the body’s blood volume (Cohen). For efficient venous blood return, skeletal muscle contraction 

causes a majority of the vasoconstriction that helps push blood back to the heart, thus increasing 

blood flow. Increased sympathetic nervous system stimulation, venous valves, and cardiac 

suction also assist veins in returning the blood to the heart.  

Coronary Vessels 

 While the heart provides blood to the rest of the body, it also has to provide blood for 

itself; it does not use the blood in its own chambers to nourish itself. Blood flows from the aorta 

to the coronary arteries during diastole. During systole, or contraction, there is a leaflet of the 

aortic valve that covers the entrance to the coronaries. The major coronary arteries are the right 

and left coronary arteries. The right coronary artery originates at the ostium, or opening, behind 

the aortic cusp and goes down behind the pulmonary artery so that it can wrap around to the 

posterior aspect of the heart. The right coronary artery has three major branches the conus, right 

marginal branch, and the posterior descending branch. The left coronary artery originates from 

an ostium behind the left aortic cusp of the aortic semilunar valve. It branches into the left 

anterior descending artery (LAD) and the circumflex artery. There are also collateral arteries that 

allow for bidirectional flow depending where they are needed. These special arteries are 
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normally closed and can only be noted when they are needed, usually if there is about a 90% 

blockage in the blood flow. This is a protective mechanism of the heart (Cohen).  

Blood 

 The traveling “cars” through our cardiovascular system are blood cells. They are 

responsible for exchanging oxygen and nutrients for metabolic waste at the site of the body’s 

tissues as well as protection and clotting. Women have about 5 liters of blood in their bodies, 

while men have about 5.5 liter. Thus, the entire blood volume gets pumped through the heart 

every minute; which is known as cardiac output (Cohen). The cellular component of blood is 

composed of erythrocytes, leukocytes, and thrombocytes. Erythrocytes (red blood cells) have a 

biconcave disc structure with hemoglobin to carry oxygen to the tissues and the carbon dioxide 

back to the lungs to be expelled from the body. Leukocytes (white blood cells) are part of the 

immune system and help protect the body from pathogens. Thrombocytes, or platelets, are 

cellular fragments that contribute to the coagulation cascade involved in clotting. To make the 

blood a medium for transport, there is plasma, the non-cellular component of blood. Plasma also 

helps distribute heat produced from the metabolic reactions in the body. Plasma contains several 

proteins with the most abundant being albumins followed by globulins and fibrinogen. Albumin 

contributes to binding many substances such as bilirubin and bile salts, as well as contributing 

mainly to colloid osmotic pressure, or pressure in the blood vessels from proteins. There are 3 

classes of globulins: alpha, beta and gamma. Alpha and beta contribute to coagulation while 

gamma consists of antibodies of the immune system. Fibrinogen is one of the main factors 

associated with clotting. If there is an increase in fibrinogen in the vessels there can be an 

increased risk of clotting within the vessels which could lead to cardiac disease (Cohen).  
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Blood flows through the superior/inferior vena cava, to the right atria, right ventricle, 

lungs, left atria, left ventricle, and to the arteries. Blood flow through the body otherwise flows in 

parallel, meaning that the blood will flow to all of the organs simultaneously, except in the case 

of the intestines to the liver, which flows in series, meaning from one organ to the next (Cohen).  

When the heart contracts there is pressure exerted on the walls of the blood vessels, 

which is known as blood pressure. Blood pressure is commonly measured using a 

sphygmomanometer, or blood pressure cuff. The average maximum pressure in the arteries 

during contraction, systole, is 120mmHg. The minimum on average during cardiac relaxation 

and filling, diastole, is 80 mmHg. 120/80 mmHg is considered a normal, healthy blood pressure. 

As the blood travels to the arterioles the blood pressure drops from approximately 93 mmHg to 

37 mmHg. When the blood flow reaches the veins the pressure is only about 17 mmHg, but since 

the atrial pressures is almost at 0 mmHg, there is a suction that drives blood flow back to the 

heart from the veins. 

Musculature 

The muscular portion of the heart consists of three distinct layers. The outer layer of the 

heart is the pericardium. The pericardium is a fluid-filled sac in which the heart is enclosed. It is 

made up of the visceral and parietal pericardium that is separated by the pericardial cavity, which 

contains pericardial fluid to reduce friction from the beating heart (Cohen). The visceral layer of 

the pericardium is also known as the epicardium. The epicardium also has a layer of fibro-elastic 

and adipose tissue, which contains vessels of the heart over the ventricular surfaces. The middle 

layer of muscle is the myocardium and is the thickest as it is responsible for contraction of the 

heart.  Myocardium makes up about 95% of the heart wall and is composed of striated cardiac 

muscle. The inner layer of the heart is the endocardium and is a thin layer of endothelium that 
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Figure 2 

provides a smooth lining over the heart, valves, as well as the entire cardiovascular system 

(Tortora). 

Contractility of the Muscle 

 Cardiac muscle tissue is comprised 

of contractile units, known as sarcomeres, 

which can be noted in Figure 2. Each 

sarcomere contains actin filaments, myosin 

filaments, as well as titin. Actin makes up 

the thin filaments, which contains globular 

actin that is attached to create filamentous actin. The myosin makes up the thick filaments, or 

heavy chains. Titin provides the cardiac muscle with its strength and as well its elasticity, and 

keeps the myosin in place. For the sarcomere to function it contracts, by having the actin and 

myosin slide past each other, forming a cross-bridges. In this process, the Z-lines, as noted in 

Figure 2, come closer together, thus leading to contraction (Cohen). Other associated molecules 

are the troponin complex and tropomyosin that lie over the myosin binding site on actin until 

chemically signaled to shift.  

 For contraction, or systole, to occur there is a chemical reaction. Initially an influx of 

calcium results from a depolarization that travels to the transverse tubules within the cardiac 

tissue. When the signal reaches the transverse tubules, calcium enters and then more calcium is 

released from the calcium stores within the sarcoplasmic reticulum, a process known as calcium-

induced calcium release. Calcium binds to troponin causing a shift in the troponin-tropomyosin 

complex allowing myosin to bind to actin.  The power stroke occurs as the myosin head attaches 

to the actin and leads to a conformational change. For myosin to detach from the actin, and 
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return to its original position, ATP (adenosine triphosphate) binds to an ATP synthase site on a 

myosin head and is hydrolyzed to ADP and a phosphate by ATPase (Tortora). As the myosin and 

actin return to their relaxed position, it also allows for diastole, the relaxation phase in the heart.   

 There are four factors that contribute to cardiac performance; they are preload, afterload, 

heart rate, and myocardial contractility. Preload is the pressure in the left ventricle at the end of 

diastole. As the ventricle fills, preload increases. Afterload is the resistance of the blood being 

ejected from the left ventricle. Heart rate (HR) indicates the number of times the heart beats per 

minute (bmp) (Cohen). The average adult heart rate is 70 bpm, while the average child 7-9 years 

old is about 70-110 bpm, and a newborn’s average heart rate is 70-190 bpm.  If a heart rate is 

greater than 100 bpm, it is considered tachycardic in adults, while if a heart rate is below 50 

bpm, it is considered bradycardic in adults.  A newborn can be considered tachycardic if their 

heart rate is above 160 bpm (Pulse). Heart rate is affected by stress, exercise, medication, drugs, 

and fitness.  

Myocardial contractility is the intrinsic ability for the cells of the heart to contract. It can 

be affected by oxygen and carbon dioxide levels in the blood. Stroke volume (SV) is the amount 

of blood that gets pumped from the left ventricle in each beat. On average, the stroke volume is 

about 70 mL/beat.  The blood volume that leaves the ventricle each minute is the cardiac output 

(CO). Cardiac output is calculated by multiplying the stroke volume by the heart rate. As preload 

increases, stroke volume will increase, thus increasing the cardiac output.  

When the ventricle contracts, it does not eject all of the blood in it. The percentage that is 

ejected is the ejection fraction. To calculate the ejection fraction, the stroke volume is divided by 

the end-diastolic volume, or the volume of blood in the ventricle at the end of the filling phase.  

Cardiac Electrical System 
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Figure 3 

For the heart to functionally and efficiently contract, there has to be a specifically ordered 

electrical signal, or action potential. The 

heart is an auto-rhythmic organ, in that it is 

able to generate its own action potentials, 

meaning that it can beat, or pump, on its own 

without a different stimulus. There are two 

types of myocardial cells; they are the 

contractile cells, which make up 

approximately 99% of the heart, and auto-

rhythmic cells that make up the other 1% of cardiac cells. These auto-rhythmic cells comprise 

the conducting cells for the electrical stimulation of the heart, thus making up the pacemakers of 

the heart as well. The electrical signal begins in the sinoatrial (SA) node, found in the upper right 

atrium near the opening of the superior vena cava, to the atrioventricular (AV) node located in 

the lower portion of the right atria, which can be seen in Figure 3. In a normal, healthy heart, the 

SA node is the pacemaker, creating 70-80 action potentials per minute. The AV node is the only 

electrical connection between the atria and ventricles. The signal is about 40-60 action potentials 

per minute in the AV node before continuing down the Bundle of His (AV bundle) in the 

ventricular septum to the Purkinje fibers in the ventricle walls. The electrical signal from the 

Purkinje fibers with spread to the surrounding cardiac cells via gap junctions. These gap 

junctions are located within intercalated discs located between the myocytes. Intercalated discs 

also contain “molecular Velcro” known as desmosomes. These features allow the heart to 

contract as a “functional syncytia” meaning that the cells all contract as one.  The atria and 

ventricles each form a separate functional syncytium so that they can contract separately. Since 
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Figure 4 

cardiac muscle acts as a “functional syncytia,” it will either contract all together or not at all 

(Cohen).  

 To initiate the contraction, the pacemaker cells and the contractile cells generate action 

potentials starting in the SA node. The phases that each cell type uses to generate an action 

potential are different. The most notable difference is that the pacemaker cells have an unstable 

resting potential around -65 mV, while contractile cells contain a stable resting potential, where 

the heart muscle has equal inflow of sodium, outflow of potassium and the cells are waiting for a 

signal from the auto-rhythmic cells to be able to contract again. This occurs at approximately -85 

mV (Cohen).  

 Cardiac pacemaker cells start at Phase 0, which is known as the upstroke. The phase is 

initiated by an increase in calcium flow 

into the cell via the transient type, T-type, 

calcium channel opening, thus causing 

depolarization. An action potential 

becomes generated when the maximum 

depolarization, threshold, is reached at 

approximately 0 mV. Phase 1 and 2 are absent in pacemaker cells; Phase 3 represents the 

repolarization stage. During Phase 3, the calcium channels close and the potassium channels will 

open to allow an outward push of potassium. This push leads to a net positive charge leaving the 

cell and the cell becoming repolarized. Phase 4 is the spontaneous depolarization when sodium 

channels open and slowly allows sodium to flow into the cell and bring the cell back to the 

unstable resting potential for the action potential to be generated again, which can be noted in 
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Figure 5 

Figure 4. The generated action potential is started in the SA node goes to both atria and then to 

the AV node where it spreads to the rest of the conduction system (Cohen).  

 Contractile cells have a different pattern in their generation of an action potential, which 

can be noted in Figure 5. Starting at Phase 0, there is an upstroke with rapid depolarization 

caused by the opening of sodium channels, which allows positively charged sodium to flow into 

the cell and cause depolarization. Phase 1 and 2 are 

present in the contractile cells. In Phase 1, there is a 

small repolarization when the sodium channels 

become inactivated, while potassium channels open 

to allow an outflow of potassium. Phase 2 is known 

as the plateau phase. The plateau is 150-200 msec, 

where there is balance between the inflow and 

outflow of calcium and potassium, respectively. During this time, the threshold is reached and an 

action potential is produced. During this time is also a refractory period, so that the heart does 

not stay contracted. The sodium channels at this time are closed and cannot open until another 

signal is generated. Following the plateau and action potential generation is Phase 3, 

repolarization. This occurs by a decrease in calcium conductance while the potassium continues 

to flow out of the cell. Thus, the cell loses positive charges and repolarizes. Phase 4 is when the 

contractile cells return to their stable resting potential, where the inflow of sodium and outflow 

of potassium is balanced (Cohen).  



Belliveau 16 

 As each of these action potentials travel through the heart, a distinct pattern is made and 

can be indirectly recorded using an electrocardiogram (EKG/ECG). The most common EKG 

used is the 12 lead EKG that uses 10 electrodes. The EKG shows a comparison between the 

electrodes at different positions on a body, thus it is not recording the actual action potentials. If 

the electrical signal is going to towards a positive electrode, an upward deflection or waveform is 

recorded. Thus, if the signal is going away from the electrode, a downward waveform is 

recorded. The recordings are from the portion of the heart’s electrical signal that goes to the 

surface through body fluids. A normal EKG will have three distinct waveforms: the P wave, 

QRS complex, and the T wave. There is also a PR interval, ST segment, and the QT interval that 

are important. Intervals are a representation of electrical systole, contraction, of the heart. 

Segments are a representation of the isoelectric, complete diastole, of the cardiac muscle. The P 

wave represents the atrial 

depolarization. The PR interval 

stretches from the P wave to the R spike 

in the QRS complex and represents the 

signal depolarizing the atria and the 

start of the ventricular depolarization. A 

QRS complex is the ventricular 

depolarization and shadows the atrial 

repolarization. An ST segment is the 

portion of the EKG from the S of the  

Figure 6 
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QRS complex to the end of the T wave and represents the repolarization of the atria and the 

ventricular repolarization. The T wave represents the ventricular repolarization. There is also the 

QT interval to include ventricular depolarization through ventricular repolarization (Cohen). This 

pattern can be noted in Figure 6. After the heart depolarizes, it contracts. When repolarization 

occurs, the heart will relax (Tortora). Electrocardiograms are commonly used as a diagnostic tool 

for showing dysrhythmias that can occur in cardiovascular diseases.   

Obesity 

 In the past 34 years, worldwide obesity has nearly doubled. As of 2008, 1.4 billion adults 

were considered overweight; this equates to 35 percent of the population. Eleven percent of those 

were also considered obese. In 2012, over 40 million children under the age of five were 

overweight or obese. Approximately 3.4 million adults die each year as a result of being 

overweight or obese; 23 percent of these deaths are from ischemic heart disease. Overweight and 

obesity development is spreading from the high-income countries to the low and middle-income 

countries, especially in urban settings, as the developing countries develop more stable 

economies. Countries with a stable economic status have childhood overweight and obesity rates 

that are 30 percent higher than in developing countries without a stable economic status (Obesity 

and Overweight). In 2009, greater than two out of three U.S. adults over the age of 20 years were 

considered overweight or obese. One third of adults are considered obese. One in 20 adults is 

considered to be extremely obese, with a BMI over 40. Thirty-one point eight percent of children 

2 to 19 years old are considered to be overweight or obese, with 16.9 percent being obese. In the 

age range 6 – 19 years old, the percentage of overweight goes to 33.2 percent overweight and 

18.2 are obese. Thus, as children get older they are continuing to gain weight or become 

overweight/obese (Overweight and Obese Statistics). It has been projected that 42 percent (or 32 
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million more) Americans will be considered obese by 2030. Predictions show that severe 

obesity, more than 100 pounds overweight, will increase to 11 percent, nearly double, by 2030 

(Gann). 

 Sixty-four point eight percent of Arizonan adults, 18 years and older in 2010, were 

considered overweight and 24.3 percent were obese based on their BMI values. In 2009, 

adolescents 9 – 12 years old were at a 14.6 percent risk for being overweight and 13.1 percentage 

for being obese as diagnosed with percentiles for BMI by age and gender. In 2010, 15.7 percent 

of children in Arizona 2 -5 years old were considered to be overweight and 14.2 were obese 

based on percentile BMI (Arizona’s Response to Obesity). Looking specifically at Tucson, 

Arizona, there are approximately 26.6 percent obese adults in Pima County. This is higher than 

the overall obesity rate in the state of Arizona. Thirty-one point one percent of Hispanics in 

Arizona are obese and make up about one third of Pima County’s population (Community 

Profile: Pima County, Arizona). One in three children in Tucson are overweight or obese 

according to the Office of the Surgeon General in 2011 (Knight). Overweight and obesity rates 

are on the rise across the city, state, nation, as well as worldwide in places we have never seen it 

previously.  

Definition and Measurement 

The term “overweight” means excess body weight a person has based on their height. 

Obesity occurs when a body has an excessive amount of adipose, or fat, tissue. Adipose tissue 

commonly collects in two areas, either the hip/buttocks or abdominal region, which leads to a 

“pear” or “apple” body shape, respectively. Pear shaped people tend to develop subcutaneous fat, 

while apple shapes develop visceral fat (Miesfeld). Subcutaneous fat is the fat that is stored just 

under the skin; the fat that we may feel in our arms and legs. It can also gather under the skin of 
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the abdomen. Visceral fat is a gathering of adipose within the abdominal cavity. It surrounds the 

major abdominal organs, such as the pancreas, liver and intestines. It can also be called “active 

fat” because of the changes it causes in hormone function, such as increasing insulin resistance. 

Those with the visceral fat are at increased risk for developing obesity related diseases; a major 

one is cardiovascular disease, when compared to those with subcutaneous fat (Visceral Fat 

(Active Fat)). 

One of the most common ways to diagnose obesity is with the Body Mass Index (BMI). 

The BMI is a calculation using the 

ratio of a person’s weight, in 

kilograms, to a person’s height, in 

meters. The formula used to calculate 

BMI is BMI =  kg/m
2
 (Miesfeld).  

Figure 7 is a graphical representation 

of the adult ratios for BMI, and based 

on this figure it can be noted that a BMI from 25 – 30 is considered overweight and a BMI 

greater than 30.0 is considered obese.  For children, BMI ratios are different, because they take 

into account age and gender while the adult BMI does not take either of those factors into 

account. The BMI for children considers these factors because the amount of body fat will 

change as the child ages and males and females have different amounts of body fat. This amount 

of body fat will change for children throughout development, as opposed to adults were it does 

not change as drastically. During growth, the healthy amount of fat on a body changes with 

development, height, and gender, thus child BMI results are looked at in percentiles rather than 

Figure 7 
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just a number. If a child is in the 85
th

 to 95
th

 percentile they are considered overweight for their 

age. If they are in the 95
th

 or greater percentile, the child is considered obese for their age. 

(About BMI). In Figure 8 you can see the difference in BMI considerations between males (a) 

and females (b) from 2 – 20 years old.  

 

 

A weakness of BMI is that there is no way to differentiate between adipose and muscle. Thus 

many strength athletes have a dangerously high seeming BMI, but are not at obesity related 

disease risk, because their weight is from mainly muscle (Henrikson).        

Other obesity/overweight predictors used, with consideration of the BMI, include waist 

circumference and waist to hip ratio (WHR). Males with a waist circumference that is greater 

than 40 inches (101.6 cm) and women with a waist circumference greater than 35 inches (88.9 

cm), who also have a BMI greater than 25 kg/m
2
 are considered to be at risk for obesity related 

diseases. People can be classified as overweight or obese, either alone or with both a BMI 

calculation and the waist circumference, but the combination of two methods better predicts 

associated disease states, such as cardiovascular disease. Waist circumference is limited because 

after 40 or 35 inches for males and females, respectively, there is no degree of obesity to be 

                 Figure 8a – Boys 2-20 y/o                                               Figure 8b – Girls 2-20 y/o 
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associated with how severe disease risks are. A person will just be classified as obese. Thus, the 

BMI method is more efficient for determining obesity after a certain waist circumference is 

reached (Henrikson). Waist to hip ratio is another method for measuring obesity. Males with a 

WHR of 1.0 or greater and women with a WHR of 0.85 or greater are considered to be at high 

risk for health problems. Less than 0.95 and below and 0.80 and below are considered low risk 

and healthy for males and females respectively (BMI Calculator). It has been suggested that the 

WHR may be a better predictor of cardiovascular disease than BMI (Miesfeld). 

Other methods of measuring fat distribution include underwater weighting 

(densitometry), air-displacement plethysomography, or dual energy X-ray absorptiometry 

(DEXA). Densitometry is where individuals are weighed in air and then they are fully 

submerged in water. Water displacement is measured to estimate body volume, body density, 

and body fat percentage. Since adipose tissue is less dense than water, a person with higher body 

fat will have a lower body density. This can be a very 

time consuming procedure and is not good for 

children, elders, or patients with a BMI greater than 

or equal to 40 because of safety risks. For air-

displacement plethysomography, a person stands in a 

chamber that has a machine which estimates the 

person’s body volume based on the differences in air 

pressure between the occupied and empty chamber. This is a fast, accurate, and safe method. 

This test can cost as low at $69 per test. This test, with the Bod Pod (as noted in Figure 9), only 

takes about 10 minutes and has a 3% error range (Bod Pod Body Fat Testing). Lastly, there is 

DEXA. In this method an X-ray beam passes through different body tissues over a range of 

Figure 9 
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different rates. DEXA uses two low level X-ray beams, so as to reduce radiation exposure, to 

develop an estimate for fat within the body. A problem with DEXA is that it cannot distinguish 

between fat locations, such as subcutaneous and visceral (Measuring Obesity). There are many 

options available to determine obesity and being overweight depending what is the main concern 

can help decide the best method to use. Such that, if you are concerned with the side effects of 

obesity and mainly concerned with disease risk, you are more likely to look at the WHR or BMI, 

since tests such as underwater weighing and plethysomography can just measure overall fat 

distribution. MRI, which can be seen in Figure 10, can also be used to measure the amount of 

visceral adipose and thus giving a visual representation of the adipose versus muscle 

(Henrikson).  

Figure 10 

Causes of Obesity  

 There are several reasons that a person can gain weight, including medications, such as 

temporary prescriptions of additional steroids or hormones, or having a metabolic disorder, 

including hypothyroidism. However, the most common reason people gain weight is from poor 

lifestyle choices or habits. These are often associated with a metabolic energy imbalance where 

the person consumes more calories that they burn, due to little or no physical activity (which puts 
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them at health risks independently), consuming large portion sizes with increased sugars, such as 

high fructose corn syrup, and/or just having a high caloric intake (Miesfeld).  

 All of the food we consume gets converted into energy, whether for immediate use or for 

storage, via metabolism. Metabolism is the biochemical processes that allow for the buildup (or 

synthesis) and the breakdown (or catabolism) of substances in a living organism (Metabolism). 

There are several factors that can affect metabolism, such as age, weight, gender, body 

size/composition, genetics, physical activity level, and lack of sleep (Obesity). Everyone has a 

basal metabolic rate, meaning that there is a certain energy expenditure they use to keep their 

body functioning, including “breathing, circulating blood, adjusting hormone levels and growing 

and repairing cells.” This basal metabolic rate accounts for approximately 70% of the calories a 

person uses daily. People with more muscle mass burn more calories than those whom are 

thinner because of the energy the muscles use to contract. Men tend to have less body fat and 

more muscle than women, thus on average men will burn more calories basally. As a person ages 

their amount of muscle mass tends to decrease and fat begins to account for a greater proportion 

of weight and thus metabolism will slow down. Those with a decreased metabolism are likely to 

burn calories more slowly than a person with a faster metabolism. Genetic make-up also plays a 

role in how a person’s metabolism functions and contributes to the likelihood of them developing 

obesity (Weight Loss).  

 There are genes that predispose or increase the risk of developing obesity, but there is not 

a specific gene that says: “you will be obese.” Genes that have been linked to obesity are FTO 

(fat mass and obesity-associated gene) and BDNF (brain-derived neurotrophic factor gene) with 

certain variations. These genes are suspected to play a role in eating habits, such as how much 

someone will eat or what food they are more drawn to. They have been linked to overeating in 
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children as well. In the Look AHEAD (Action in Health and Diabetes) trial, over 2000 

participants answered questionnaires about their eating habits and were genotyped. In the study 

they looked at whether genetic markers influenced a patient’s diet content and/or pattern. They 

found that FTO variations are specifically associated with increased number of meals and snacks 

per day, increased percentage of energy from fat and increased servings of fat, oil, and sweets; 

all of which are associated with weight gain. BDNF variations were associated with increased 

servings of dairy, meat, eggs, nuts, and beans as well as consuming around 100 excess calories 

per day. These genes can be influenced by eating patterns, healthy lifestyle choices, and regular 

physical activity ('Obesity Genes' May Influence Food Choices, Eating Patterns). 

 Along with genetics, recent research has uncovered another predictor for whether a 

person will be obese or in a normal weight range – intestinal bacteria. The bacteria appear to play 

an active role in how a body stores fat, balances glucose levels in the blood, and how a person 

responds to hormones, such as leptin, that contribute to a person feeling full or hungry. Infants 

begin to gather their microbes as they are born when they are exposed to the mother’s bacteria 

and then the rest of the world’s bacteria. Babies that are formula-fed and that are delivered by 

cesarean section have a higher risk of developing obesity and diabetes than babies that were 

breast-fed or vaginally delivered. It was suggested that babies that go through the birth canal 

were exposed to bacteria that later assisted in digesting milk, whereas the babies that were not 

born vaginally did not get this exposure. Also, babies that are formula-fed do not get the same 

substances in breast milk that supports beneficial bacteria while limiting the harmful bacteria 

(Wallis).  

A study was done with twins, where one twin was obese and the other was lean, and 

investigators looked at the different bacterial communities in the gut. It was noted that there was 
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much more diversity in bacteria in the lean participants than the obese ones. To follow up on this 

study, genetically identical mice were used. First, a set of two mice were raised in a sterile 

environment so that there gut would not have any bacteria, then they populated the gut with 

intestinal microbes from obese women or their lean twin sisters. The mice were given the same 

diet and the mice that received bacteria from the obese women gained weight and more body fat 

than the mice that got bacteria from the lean twins. The fat mice also had less diverse bacteria in 

their intestinal tracks. The obese mice were noted to have elevated blood and muscle levels of 

branched-chain amino acids and acylcarnitines, which are chemicals that are typically elevated in 

people diagnosed with Type 2 Diabetes and obesity (Wallis). 

 A person’s diet is an important factor of determining the intestinal track’s inhabitants. It 

has been noted that diets with highly processed foods have a decreased diversity of gut bacteria. 

A study was done where mice were fed “unhealthy chow that was high in fat and low in fruits, 

vegetables, and fiber (as opposed to the usual high-fiber, low-fat mouse kibble)” and this 

unhealthy chow diet prevented helpful bacteria from growing in the gut (Wallis).   

General Consequences of Obesity 

 As a person gains weight and is on their way to being considered obese there are 

symptoms they may start to notice. They may start to have increased difficulty with daily 

activities, where they become short of breath more quickly and they feel more tired, or fatigued. 

In children they may notice puberty starting sooner, because of the change in hormones 

associated with weight gain. There are also social and psychological consequences of obesity. 

People with extra weight often suffer from prejudice and are discriminated against, thus they 

have fewer friends, lower education, and lower employment opportunities. Such factors can lead 

to depression, anxiety, low self-esteem, and body dissatisfaction. Thus, a person who is 
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overweight or obese is more likely to have a lower quality of life. Physical consequences include 

cardiovascular disease, cancers, Type 2 diabetes, stroke, high blood pressure, and high blood 

sugar. Their life expectancy can be reduced by more than 9 years as well (Consequences of 

Obesity).  

Childhood Obesity 

 Over the past several years there has been a steady increase in childhood obesity rates. 

These children are at greater risk for diseases such as early cardiovascular disease and Type 2 

diabetes, which used to be known as “adult onset diabetes” because it was almost only noted in 

adults (Childhood Obesity-Facts and Figures). Overweight and obese children have been found 

to have an increased risk of adult obesity, premature death, and disability. Children residing in 

low or middle class environments are at greater risk for high sugar, high salt, high fat, and low 

nutrient diets because of the lower cost of such foods (Obesity and Overweight).  A meta-review 

of 27 studies from 10 countries it was noted that fresh meats and other proteins were on average, 

$0.29 more per serving than processed meat. A comprehensive study was completed where 

unhealthy food was found to be approximately $1.50 cheaper per day or $550 per year, than 

healthy food (Polis).  

 It is important to understand why children become overweight or obese, before trying to 

correct it.  The most common explanation is that many obese children eat too much and do not 

exercise enough to burn the calories they ingested. Parents have an enormous influence on a 

child’s lifestyle. When one parent is obese there is a 50 percent chance that the child will also be 

obese. This risk increases to 80 percent if both parents are obese (Obesity in Children And 

Teens). If parents are continually eating out or getting fast food as opposed to cooking at home, 

the child is more likely to continue this pattern as an adult as well as be at increased risk for 
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obesity. If children see their parents eating well, being physically active, and limiting their 

television time, they are more likely to pick up these habits and incorporate them into their own 

lives (Weight Problems and Obesity in Children). Thus, they will be decreasing their risk for 

developing obesity. Parents also influence the portions that children eat, such as when the child 

is required to finish their plate before they may leave the table and when the parents continue to 

fill the children’s plates with food as they fill their own. Children learn from their parents, 

especially mothers, for food behaviors, so if a mother puts a large portion on their dish the child 

also thinks that is acceptable. This contributes to poor eating habits that many children will 

maintain as they grow up. Many children are also bribed with dessert to finish their meal, which 

promotes overeating as well as helping to children form a connection with unhealthy food as a 

reward (Mistakes Parents Make When Feeding Their Kids).  

 Another important contribution to childhood obesity is having a sedentary lifestyle, or a 

lifestyle with too little physical activity. The National Association for Sport and Physical 

Education recommends that children get at least one hour of exercise or physical activity daily. 

Exercise is defined at activities with the goal of gaining health benefits. Physical activity is 

defined as activities without the goal being to gain health benefits. It is also recommended that 

children do not stay sedentary for more than one hour at a time. In schools there was a decrease 

of physical education classes and general activities by 14 percent between 1991 and 2003. Also, 

instead of being physically active after school or on the weekends, many children choose to 

interact with various forms of media, such as video games, smart phones, internet and television. 

According to The Nielsen Company, children aged 2-5 spend about 32 hours a week watching 

television and children 6-11 spend about 2 hours and 23 minutes playing video games per day 

(McDonough). Surveys have shown that many children are exposed to television, internet, or 



Belliveau 28 

Figure 11 

 

video games for approximately 7.5 hours per day. When children watch television, they are more 

likely to eat unhealthy snack foods as well as being exposed to several advertisements for fast 

food and junk food (Obesity in U.S. Children From Lack of Exercise).  Another factor is that 

many people too frequently chose to have fast food, instead of a home cooked meal with 

appropriate portions of the different food groups (Miesfeld). It has been shown that the average 

teen sees about 15 fast food advertisements per day. Many of these promoted ads are for 

supersized meals, thus oversized portions of food that are high fat, high sodium, high sugar, and 

low nutrients. Fast food companies also use celebrities to endorse their product such as the 

country music singer Blake Shelton for Papa John’s pizza or Serena Williams promoting 

McDonald’s. This makes the food seem more appealing to children because they idolize the 

celebrity, thus they want to eat more of that particular food. If parents have a busy lifestyle, they 

are more likely to get the fast food as well (Taylor). A majority of fast food advertisements are 

shown mainly on television stations that cater to children, which can be noted in Figure 11. With 

only four channels, 79% of the fast food advertisements are represented. Another example of 

marketing strategies directed towards 

children is the organization of cereal in the 

supermarket. When you walk down the aisle 

the sugary, high calorie cereal is on the 

bottom shelf with bright colors and fun 

characters (such as Tony the Tiger for 

Frosted Flakes and the Lucky Charms 
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Leprechaun) to grab children’s attention, while the healthy cereal has a less exciting design and 

is on the top shelf. This encourages children, as well as adults, to grab for the easy to reach, fun 

cereal instead of the healthy choice on the top shelf.  

Obesity and the Cardiovascular System 

The structure and function of the body is highly compromised by obesity, including the 

cardiovascular system. Obesity can lead to numerous cardiac issues including coronary heart 

disease, heart failure, and sudden death in adults. There is cardiomyopathy of obesity, Adipositas 

Cordis, where adipose can gradually accumulate between the muscle fibers. This leads to 

myocyte degeneration, which then leads to cardiac dysfunction. Obesity influences the 

development of heart failure. This can be from increased total blood volume, increased cardiac 

output, left ventricular hypertrophy, left ventricular diastolic dysfunction, and adipositas cordis 

(Poirier). As a person gains weight and increases their body fat, they have an increase in their 

blood volume, thus such people will develop hypertension, or high blood pressure. As the 

pressure increases the heart has to work harder to keep up with the needs of the body, this leads 

to an elevated workload, or afterload. This can contribute to left ventricular hypertrophy, or the 

thickening of the left ventricular wall. Hypertrophy will affect how efficiently the heart is able to 

pump the blood (Cohen). 

The right side of the heart can also be affected by obesity. The right side of the heart 

provides deoxygenated blood to the pulmonary circulation so that the blood can become 

oxygenated. Because of increased adipose tissue around the lungs during obesity a person may 

not be able to take comfortable, full deep breaths, causing a decreased intake of oxygen as well 

as a buildup of carbon dioxide in the blood. This can lead to Obesity Hypoventilation Syndrome, 

where chronic hypoxia, or low blood oxygen levels, can occur (Obesity Hypoventilation 
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Syndrome (OHS)). As the body reacts to not having enough oxygen, a person can develop 

pulmonary hypertension, or increased pressure in pulmonary arteries, where it is difficult for the 

heart to pump blood to the lungs. This can lead to right ventricular dilation and eventually heart 

failure (Kauppert).   

 The body has mechanisms to help regulate blood pressure. These regulatory 

methods can lead to vascular remodeling over time. The renin-angiotensin-aldosterone system 

(RAAS), is one such regulator. It helps regulate blood pressure and maintain blood volume. 

RAAS functions by sympathetic activation causing the release of renin from the kidneys; which 

will convert angiotensinogen to angiotensin I. Angiotensin I is then converted to angiotensin II 

by ACE (angiotensin converting enzyme). Angiotensin II causes systemic vasoconstriction as 

well as water and salt reabsorption to increase blood volume. When the body is in a diseased 

state, angiotensin II can lead to remodeling at the heart by lying down collagen and fibrin, which 

form scar tissue. Scar tissue in the heart interferes with how efficiently the heart is able to 

contract and can lead to dysrhythmias, or abnormal heart rhythms, because the gap junctions are 

disrupted (Cohen). Such dilated cardiomyopathies, as well as the cardiac dysrhythmias, are a 

leading cause of sudden death in individuals who are severely obese (Eckel).  

 Obesity can also lead to endothelial dysfunction, where there is damage to the inner 

lining of blood vessels. There is a decrease in vasodilators, like nitric oxide, as well as an 

increase in vasoconstrictors, like endothelin. As the blood volume increases, there is an increase 

in vasoconstriction. This leads to nitric oxide production, which in a healthy person would lead 

to vasodilation, but in an individual with hypertension (such as someone whom is obese) nitric 

oxide is less effective so there is a reduction in vasodilation. Thus, with more vasoconstriction 

occurring, there is increased resistance, which leads to increased blood pressure in an attempt to 
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oxygenate the body. If the oxygenated blood is not properly circulated, at the level of the heart, 

the heart can develop ischemia which puts it at risk for injury and dysfunction, such as a 

myocardial infarction, or heart attack.  Insulin is another component for vascular protection. 

With normal insulin levels there can be increased endothelial cell production of nitric oxide, but 

in an individual with diabetes (insulin resistance), the sympathetic nervous system will activate 

RAAS more and lead to increased vascular remodeling and hypertension. If the problem 

continues glucose and eventually protein can be detected in the urine, which suggests kidney 

dysfunction (Cohen).  

There have been studies demonstrating a strong association between childhood obesity 

and the early-onset, or abnormal at that age, development of hypertension, dyslipidemia 

(abnormal lipid levels in the blood), and insulin resistance. A study done by Pinhas-Hamiel et al. 

showed a 10-fold increase in Type 2 diabetes in adolescents from 1982 to 1994. The average 

BMI of children in this study was 37.  Leupker et al. found a concordant increase BMI and 

systolic blood pressure in children from 10-14 years old, from 1986 to 1996. Sorof et al. 

completed a study revealing that in a school-based screening for hypertension and obesity, the 

prevalence of isolated systolic hypertension where the adolescents were above the 95
th

 percentile 

for BMI was 94% (Sorof). Normal triglyceride levels in children 10 years old and younger is 

<100mg/dL and <130 mg/dL in children 10-18 years old. The levels noted in obese children are 

between 100-400 mg/dL. High triglyceride levels get processed into small, dense LDL (bad 

cholesterol) and small, less stable HDL (good cholesterol). This leads to an increase in overall 

LDL and an overall decrease in HDL. Childhood obesity also instills vascular changes that 

contribute to premature and accelerated progression of atherosclerosis or the stiffening of 

vessels. With high levels of LDL there is more retention of the LDL-containing lipoproteins; and 
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with less HDL to reverse the cholesterol transport, there is increased risk for atherosclerosis 

(Cook).  

In The American Journal of Clinical Nutrition, Raghuveer et al. demonstrated a link 

between cardiovascular risk and obesity with low vitamin D levels since vitamin D helps 

regulate the blood pressure in the kidney and the blood sugar levels in the pancreas (Vitamin D 

and the Heart). Many of these changes, hypertension, dyslipidemia, etcetera, will continue to 

follow a child into their adult life. A study, that including a 55 year follow up, was called the 

Harvard Growth Study (1922-1935) that showed overweight adolescents had more than a 2-fold 

higher risk of coronary artery disease mortality, independent of their adult weight (Raghuveer).   

Treatment and Prevention 

 As obesity increases in the world, a treatment and prevention becomes more and more 

necessary. The best way to treat and prevent obesity currently is to eat a healthy, reduced calorie 

diet and exercise regularly. It is recommended to join a local weight loss group for social support 

and/or discuss dieting with a weight loss management health professional, like a dietitian. 

Weight loss programs should focus on eating and exercise behaviors to help with long-term 

weight loss and weight maintenance. Individuals that are overweight or obese should reduce their 

calorie intake by 500-1,000 kcal/day, which is about a 30% calorie reduction. Dietitians can help 

in determining healthy levels of calorie restrictions for weight loss and weight maintenance. It is 

recommended that overweight and obese individuals gradually increase to a minimum of 150 

minutes of moderate physical activity/exercise, such as fast walking, jogging, or swimming, per 

week. For long term weight loss it is recommended that the program includes 200-300 minutes 

of moderate physical activity/exercise per week (Corbin). 
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 There are also surgical options for treatment, such as bariatric surgery. There are  several 

criteria for an individual to be a candidate for surgery. According to the National Institutes of 

Health Consensus Conference in 1991, there can be no endocrine causes of obesity, no drug or 

alcohol problem, no uncontrolled psychological conditions, failed attempts at medical weight 

loss (such as diet), a BMI greater than 40, severe obesity where the person is more than 100 

pounds over idea body weight, or a BMI 35-40 if there are significant obesity related conditions 

(such as type 2 diabetes, hypertension, sleep apnea, or high cholesterol). The benefits of surgery 

are that within 2-3 years there is usually a 40-80 percent loss of excess weight and the patient 

may eventually no longer require medications. Risks include that the patient may have 

unsatisfactory weight loss or may regain a majority of the weight, mostly noted to be from 

frequent high calorie snacking and lack of exercise. There can also be complications with the 

surgery itself, but the extent of the risks depends on the type of surgery that an individual 

undergoes (Bariatric Surgery).  

There are open or laparoscopic procedures. Open involves a single incision to open the 

abdomen for the surgeon to have access to the abdominal cavity and can be anywhere from 3 - 

>6 inches. Laparoscopic is where a small video camera is inserted into the abdomen for the 

surgeon to complete the procedure while watching a video monitor. Small incisions are used for 

the camera and instruments used, so the number of incisions depend on the procedure. There are 

also surgeries that are malabsorptive or restrictive. With malabsorptive procedures, digestion is 

altered, by usually rerouting the intestines so that the nutrients in food are poorly digested and 

incompletely absorbed. Restrictive involves decreasing food intake by creating a small upper 

stomach pouch that will limit food intake. There are mechanical and metabolic surgeries as well. 

The previously listed surgeries are considered mechanic, while metabolic is to alter hormones. 
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Three altered hormones are ghrelin, glucagon-like peptide 1 (GLP-1), and peptide YY (PYY). 

Ghrelin is to stimulate appetite, GLP-1 is for increasing satiety and reduce stomach emptying (so 

a person would feel full longer), and PYY will reduce appetite and increase the efficiency of 

digestion and absorption (Bariatric Surgery).  

The most common bariatric surgeries are the Adjustable Gastric Banding, Sleeve 

Gastrectomy, Roux en-Y Gastric Bypass, and Biliopancreatic Diversion with Duodenal Switch. 

The Adjustable Gastric Banding is a restrictive procedure with a band placed on the upper part of 

the stomach to create a small stomach pouch, separate from the rest of the stomach. This method 

for weight loss is usually very gradual where the patient loses about 1-2 pounds per week for the 

first year and increases over time. There is minimal stress to the body during surgery because the 

procedure is done laparoscopically. The band is adjustable for individual patient needs as well. 

About 10% of the patients will have to have a second surgery because of a problem with the 

band, such as slippage, gastric prolapse, or the band causing erosion through the stomach. It can 

be removed if necessary, but is not considered a short term correction. Sleeve Gastrectomy is a 

restrictive, laparoscopic procedure where about 75 percent of the stomach is removed (leaving a 

narrow gastric tube/sleeve).  Patients will feel full after eating very small amounts. There is also 

a decrease in ghrelin, with an increase in GLP-1 and PYY. There can be leakage from the sleeve 

that can lead to an infection or abscess, deep venous thrombosis (blood clot) or a pulmonary 

embolism, narrowing of the sleeve (called a stricture) where an endoscopic dilation is required, 

and there is risk for bleeding. A second surgery is needed in less than 5 percent of the patients. 

Patients with a higher BMI lose about 40-50 percent of their excess weight in the first 2 years 

post-operatively, while patients with lower BMIs lose about 60-80 percent within 3 years post-

operatively. Roux-en-Y Gastric Bypass can be open or laparoscopic and is where a small 
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stomach pouch is made as well as a bypass of a small amount of intestine. Thus, there is a 

restrictive aspect as well as malabsorptive since there is a small stomach pouch for food intake, 

and with a section of intestine missing, there is less absorption occurring. After this surgery 

patients have to restrict their intake of sugary and starchy foods or they will be at risk for 

Dumping Syndrome where the patient will have dizziness, low blood pressure, vomiting, 

diarrhea, and may faint. Patients can have significant and sustained weight loss through this 

procedure if they eat appropriately. Risks include bleeding, leakage, infections, bowel blockages, 

blood clots, strictures, ulcers, hernias, weight regain, vitamin and mineral deficiencies, and 

malnutrition. Biliopancreatic Diversion with Duodenal Switch is an open or laparoscopic 

procedure with a restrictive and malabsoptive portion. A smaller stomach is made and the 

intestines are rearranged so that there is a short area for the food to mix with the digestive juices. 

Because this procedure allows for such increased malabsorption there is a greater increase of 

weight loss. Patient are recommended to attempt to add protein to their diet first, then vegetables, 

and lastly (if at all) breads, pastas and rice in very limited amounts. The recovery period is 

usually about 6-8 weeks. There is risk for infection, hernia, nutritional deficiencies. About 1/100 

die within 30 days of this procedure (Bariatric Surgery).  

Medications are also available for weight loss. Orlistat, also known as Xenical and Alli, 

restricts about 1/3 of the fat from food being digested by blocking the enzyme lipase. After 1-2 

years, a patient many lose about 5-7 pounds. Some of the side effects are abdominal pain, gas, 

diarrhea, leakage of oily stool, and poor vitamin absorption. Lorcaserin, or Belviq, is another 

medication that works by affecting brain chemistry to decrease appetite and make a person feel 

full sooner. 47 percent of patients lost at least 5 percent of their initial body weight in one year of 

taking Belviq. Side effects include headaches, dizziness, nausea, dry mouth, cough, and 
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constipation. Phentermine-topiramate, or Qsymia, is a weight loss medication to suppress 

appetite. Topiramate is a medication that is approved for seizure control and may be used to 

prevent headaches as well. After one year, 62 percent lost at least 5 percent of their initial body 

weight. Adverse effects for Qsymia include tingling in hands and feet, dizziness, taste 

alterations, trouble sleeping, constipation, and rarely allergic reaction, thoughts of suicide, 

memory problems, and vision changes. There are other appetite suppressants available as well, 

that increase one or more brain chemicals affecting appetite. These drugs are have only been 

approved by the FDA for up to 12 weeks of use. They include phentermine (sold as Adipex-P, 

Oby-Cap, Suprenza, T-Diet, and Zantryl), benzphetamine (sold as Didrex), diethylpropion (sold 

as Tenuate, Tenuate Dospan), and Phendimetrazine (sold as Adipost, Bontril PDM, Bontril Slow 

release, Melfiat). Common side effects are dry mouth, difficulty sleeping, headaches, anxiety, 

dizziness, nausea, diarrhea or constipation. More severe side effects include chest pain, fainting, 

tachycardia, shortness of breath, confusion, and swelling in hands and feet. It has been 

recommended that people with heart disease or high blood pressure, which many obese people 

have, should not use this medication. These medications are also considered a controlled 

substance because of potential abuse (Prescription Medications for the Treatment of Obesity). 

Unfortunately, many of these medications are not approved for children or have not undergone 

testing for pediatric patients. 

  It has been shown that zero percent of patients have weight loss after 5 years when they 

are just on a medication because they do not maintain the weight loss once the medication is 

stopped. There is a 2-5 percent success rate after 5 years with diet and exercise, and success is 

measured by the person loosing 10 percent of their initial body weight. There is a 50-70 percent 
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success rate, as measured by loss of 50 percent of excess body weight (or 20-25 percent of their 

initial body weight), for bariatric surgery (Our FAQ). 

Teaching Science 

 All of this information is helpful, but it has to be taught to people as well. Since a large 

concern is children developing obesity, teaching at this level is a perfect place to start. Before 

being able to effectively teach them, we have to know how, say elementary, children learn 

science. According to The National Science Teachers Association, inquiry science should be in a 

daily curriculum at every grade level. With early exposure to science, children develop problem 

solving skills that they will be able to use the rest of their lives. It has been noted that elementary 

school students learn science the best with hands on explanations and investigations, as well as 

when their inquiry or process skills are supported. It also helps when the instruction builds 

directly on the concepts they already have. Using broad conceptual themes that are common 

across all science disciplines and infuse other subject matter into the science, and communication 

skills are an integral part of science teaching. An environment of positive attitudes, with a variety 

of presentation modes (for different learning styles), and time to interact with peers is also 

helpful for students to learn the information. When students compare answers with their peers it 

gives them the opportunity to question their preconceived thoughts and think about the situation 

in possibly a different way. When positive attitudes are noted in the teacher, a child is more 

likely to value the science and thus learn it more efficiently. Teachers have to be well prepared 

and have professional development so that they can be hands on to promote skill development, as 

well as promote positive attitudes. It is also useful when there are appropriate materials, 

equipment, and space for activities so that all students can be involved and safe. Teacher need to 

be able to teach to the elementary school science curriculum as well (NSTA).  
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 For children in kindergarten through 3
rd

 grade, full inquiry involves simple questioning, 

that is not necessarily evidence based. When children are in 4
th

 through 6
th

 grade the evidence for 

inquiry becomes more prominent and plays a larger role in explanations. K-4 should be able to 

ask basic questions, they should also be able to follow up with a simple investigation, with 

simple tools to gather the information, and finally they should be able to communicate the 

investigation (Allen).  

 There are many associations available for promoting a healthy lifestyle. In Arizona there 

is the Grow 2B Fit Foundation, which is a nonprofit organization located in Tucson that does 

Kidz Kamps for families to learn about good nutrition and exercise. This organization helps 

bring the whole family together for making healthy lifestyle choices and does provide a 

nutritional handbook for easy, healthy recipes (About Grow 2B Fit Foundation). There is also the 

national Jump Rope for Heart, supported by the American Heart Association that raises money 

for research for building healthier lives, free of cardiovascular disease and stroke. This event, 

which I have personally participated in for years, teaches different exercises and promotes 

healthy lifestyles that are easy and fun, especially for kids (Jump Rope for Heart Event). 

Appendix   

Lesson Plans for Teaching 2
nd

 Graders 

 I am going to go to Mesquite Elementary School and teach a Physical Education class for 

2
nd

 graders for about 40 minutes. My focus is on the cardiovascular system so that when the kids 

participate in activities such as, Jump Rope for Heart, they have a better understanding of why it 

is so important to keep your heart healthy.  
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Introduction: “Hi everyone! I’m Alison and this is Dr. Zoe and we are here from the University 

of Arizona.  Today we are here to talk about one of our favorite topics, the heart and why 

it is so important to keep it healthy.”  

Discussion: “First, I need to make sure we are all on the same page for all of the words we are 

going to use today.” For each vocabulary word ask “who can tell me what … means?” 

 Vocabulary list with definitions (based on School House Rock video) (8 minutes) 

 Circulation: movement of blood through the body 

 Arteries: vessel going away from the heart 

 Veins: vessel going to  the heart 

 Blood: carries oxygen and nutrition, has cells (red and white), gets rid of carbon 

dioxide 

 Heart has 4 chambers with valves that make a ‘lub dup’ sound when they contract 

 Atria: top chambers 

 Ventricles: bottom chambers 

 The right side of the heart pumps blood to the lungs, left pumps to the rest of the 

body 

“Now that we all know the words, I am going to play a video to connect all the words.”  

Play School House Rock: Do the Circulation (3:01) 

 To start off I will open with the Schoolhouse Rock: Do the Circulation video (3:01). 

Here, I have taken notes on the video for discussion points and clarifications that may 

need to be made. At 0:53 the video mentions “if your feet fall asleep, then you aren’t 

circulating right” and this would be a spot to discuss that when your feet “fall asleep” it is 

because there is not enough oxygen going to the muscles in the feet or your vessels may 

need some help getting the blood there. The same can be said for cold hands, which is at 

1:29 (Schoolhouse Rock). When I go over the video, I’m going to ask the kids questions 

for what they think to keep them interested. (7 minutes) 

Teach kids how to take their radial pulse. (7 minutes) 
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“Okay, so now you guys have been sitting too long, so we are going to do the heart dance. 

Everybody stand up. Dr. Zoe and I are going to start and you guys follow along, words 

and all.”  

“So this is how a normal working heart pumps. Show me what you guys think a heart looks like 

when it isn’t working normally.” Let the kids move around for about 20-30 seconds and 

then have them count their pulse. (5 minutes) 

“Now that we have all got our blood circulating, what are 5 other ways to move around or 

exercise that you like to do?” Ask each kid to give me one idea.  

“So, why do you guys think it is so important to exercise?”  

“Does it matter what you eat too?” “What do you think your heart would like more, an apple or a 

piece of pizza?”  

 Question for review - Evaluation and to see if they got anything out of the video (8 minutes) 

Observations/Impression and Reflection 

 On 30 March 2015, I went with Dr. Zoe Cohen to Mesquite Elementary School to Mr. 

Shingler’s physical education class, and used the PowerPoint in Appendix I to teach the students 

about the heart. I believe that if children begin to learn how to take care of their bodies while 

they are young, then they are more likely to continue healthy habits as they age. Upon arrival the 

students appeared excited. During the terminology portion of the PowerPoint, many of the 

children seemed rather uninterested. I feel that because they are second graders; that adding a 

short activity to get them moving between the two terminology slides would have kept them 

more engaged in the lesson. During the “School House Rock” video, I noticed that many of them 

enjoyed it, laughed and were wiggling to the music. This appeared to be one of the best tools to 
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get the children interested in the topic. They definitely enjoyed the video more than just 

discussing the terms.  

 After the video, we moved on to teaching them how to take their pulse. The students were 

already aware of taking their carotid pulse, but did not know about their radial pulse. I was 

hoping to discuss the pulse in the form of an experiment, but since many could not find their 

pulse a lot of time was dedicated to helping the students find it. If given more time I would have 

discussed that since this is science we are going to do an experiment. I would have them take 

their radial pulse and then ask them what they think would happen after running around. When 

they say it goes faster, I would ask them why it would go faster. From teaching them how to take 

a resting pulse we would move onto the heart dance. They children seemed to have fun, but also 

appeared shy, so many were not willing to jump around as much when I asked was an abnormal 

heart would look like. There was a few that moved, jumped, and danced all around their space. If 

time were allotted, this is where I would have had them take their pulse again after doing the 

heart dance to show that it does increase with exertion. Mr. Shingler had a great idea of creating 

a competition between the girls and boys in the class for who could do the heart dance the fastest 

and loudest to really get the children involved. We did three rounds of this competition and the 

girls ended up winning. Instead, since we were able to gain a little time at the end of the slide 

show, Mr. Shingler had the kids play tag and count their pulse after that exercise. 

 It was great that when I asked questions the kids did participate. Dr. Cohen brought two 

heart models and many of the kids liked being able to see inside the heart and feel the structures. 

Many also thought that it looked gross but were still interested in looking at it when we took the 

top part off to see inside the heart. This tells me that they are interested in the subject and that 

using the bright pictures and animations was a really helpful way to get more complicated 



Belliveau 42 

concepts across to younger children without completely boring them. There were some that were 

distracted or uninterested and I think if I would have added more activity in the beginning it may 

have kept those children more attentive towards the whole lesson. If I were to do this again, I feel 

that it would have been useful to go over the quiet signals that the teacher normally uses ahead of 

time, so that when the children did get distracted I would be able to get their attention easier. 

After this experience I would suggest that these kids are definitely old enough to start 

understanding the heart and how important it is to be healthy. I feel like, it would have been 

easier to do the terminology in a classroom setting than during a physical education class, since 

they are young and want to run around, not just sit and listen to someone talk to them. Luckily, I 

was also able to work with 5
th

 graders that had a field trip to the University of Arizona campus.  

 During their visit, I was in the exercise group that was outside and talking with the 

children. Three other UA students and I had a group of 3, 5
th

 graders to teach about exercising 

and how important it is for keeping your body healthy. In this situation, we were able to use the 

experimental situation of what happens to your pulse with exertion or exercise and the kids 

shouted out that it would go faster. When we asked them why, they told us that the body needed 

more oxygen. They knew about their radial pulse, but they had a hard time finding it, so two 

other students and I went over how to find it. We had them race to a pole on the other end of the 

grass area and back; and them check their pulse again. This showed that they were right that the 

pulse rate increased. They also got to learn the heart dance and were more willing to go crazy 

when we asked what happened when the heart was not working right. I feel that with the smaller 

group of students, it was much easier to keep them engaged and willing to participate. So in the 

future, I feel that if there are a few students that can go and do something similar to this, it would 
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be good for them to go together and split classes into groups so that the children can get more 

one on one time to learn the material better. 

 Both groups had a good grasp on what kind of food was good for them and what kind 

they should limit. In both cases they knew that too much salt, grease, and fat were why foods like 

pizza were not as good for you as fruits and vegetables. These kids already have a good grasp on 

the heart and how to keep it healthy. It is great that the students are already learning these topics 

when they are young and I feel that this will lead to improving the overweight and obesity 

epidemic that we are currently seeing.  

Overall 

 The cardiovascular system is vital to our health and life in general. It pumps blood with 

oxygen and nutrients throughout our body to our tissues as well as taking away cellular waste. If 

we do not take care of our body, by becoming overweight or obese, we damage our 

cardiovascular system. Children are the future of the world and teaching them about how 

important good health is will hopefully be able to decrease the 35 percent of the population that 

is considered overweight and eleven percent of those that are considered obese, as well as the 40 

million children under the age of five who are considered overweight or obese.   

 Being able to see firsthand how second graders learn and being able to teach them, I 

hope, was as enlightening to them as it was for me. They were able to tell me why certain food 

would be unhealthy and that their heart helped get nutrients around their bodies. It was amazing 

to see how much these second graders already knew and that most of them were interested in the 

topic. I believe that early health education is one of the first steps in decreasing the rate of the 

obesity epidemic, as well as educating parents. The more knowledgeable people are about 

healthy eating, exercise, obesity and the cardiovascular system, the more they will be able to 

work towards improving their health and applying lifestyle modifications.  
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