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Abstract:  

 Heart disease is the number one cause of death of men and women in the United 

States. In fact, heart disease kills more people than all types of cancer combined, equaling 

almost 787,000 people in 2011 (25). In addition, it was estimated in 2012 that 52 billion 

dollars was spent in direct and indirect costs of heart failure and by the year 2030, the 

total cost of heart failure will triple (26). There are many modifiable risk factors that have 

been shown to reduce an individual’s chance of having heart failure, and one of these 

factors is exercise. Exercise will not completely prevent the decrease in cardiovascular 

function as an individual ages, but will help maintain cardiac output, VO2 max, and 

blood pressure. Any amount of exercise is beneficial, even for patients with pre-existing 

heart disease. Therefore, those who have risk factors for heart disease should consult their 

doctor and begin an exercise program to reduce their risk of a coronary event.  

Introduction:  

 Heart disease is the number one cause of death in both men and women in the 

United States of America. While working at a physical therapy clinic and talking to the 

patients, I discovered that most of them were aware of certain risk factors they had for 

experiencing a coronary event, but unaware of all their options to reduce these. Almost 

every patient was aware of prescription drugs that reduce risk factors such as elevated 

cholesterol, but none of them knew that exercise elicits beneficial changes to the heart 

muscle and vasculature that is protective against cardiovascular disease. Therefore, in 

order to be able to educate the people around me, I needed to first determine the exact 

exercise and duration of exercise that would change the level of HDL and LDL 

cholesterol in the body, increases the heart’s muscle mass while also increasing chamber 
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size, and regain the compliant characteristic of the blood vessels, which could improve 

blood pressure. As well, I needed to research whether or not exercise would help the 

elderly as much as it helps youth and if exercise can help patients with pre-existing heart 

conditions. With this knowledge and research, I will be able to educate the patients I 

work with as well as the people around me every day to hopefully encourage them to live 

active and healthy lifestyles to reduce the amount of death associated with cardiovascular 

disease.  

The Heart: 

The heart is a hollow and muscular organ that sits a little to the left in the middle 

of the chest and pumps blood throughout the circulatory system (14). Figure 1 is a picture 

of the heart with all of its anatomical constituents labeled, many which will be discussed 

and explained throughout this thesis.  
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Figure 1 (35). 

Even though the heart is a single organ, the right and the left side of the heart, 

separated by the interventricular septum, function as two separate pumps to propel blood 

through the systemic and pulmonary systems. The right side of the heart accepts 

deoxygenated blood from veins and delivers it to the lungs through the pulmonary 

system. The left side of the heart, on the other hand, delivers oxygenated blood to the 

body through the systemic circulation (14). Figure 2 illustrates a more detailed version of 

how blood flows through the heart and lungs before it is pumped back into systemic 

circulation. 

Figure 2 (3).  
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However, both sides of the heart pump the same amount of blood with every beat. In 

addition, both halves of the heart are split into an upper and lower chamber for a total of 

four chambers. The upper chambers are called the right and left atrium respectively, 

whereas the lower chambers are known as the right and left ventricles. The atria are less 

muscular than the ventricles because blood does not have to move far from the atrium to 

the ventricles so it is not necessary to have much muscle-mass in the walls of the atria 

compared to the ventricles. The right ventricle also has a lot less muscle in its walls than 

the left ventricle because it supplies blood to the lungs, which are close to the heart and 

low pressure, so not much muscle contraction is required to pump the blood out of the 

chamber. The left ventricle on the other hand has the greatest amount of muscle because 

it needs to pump blood against gravity to perfuse the brain as well as generate enough 

pressure to move blood to supply the entire body with oxygen as well as get the blood 

back to the heart for the next cycle (14).  

 Within the heart, there are two main types of cardiac cells: contractile myocytes 

and autorhythmic cells. Approximately 99% of the cells making up the heart are cardiac 

myocytes, which do the mechanical work, whereas the remaining 1% of cells constitutes 

the pacemaker-conduction system. The myocytes could not contract without the 

autorhythmic cells stimulating them electrically. The myocyte is full of contractile 

bunches called myofibrils that are composed of many individual units called sarcomeres. 

The sarcomere is the basic unit of contraction in the myocytes, and is composed of thick 

and thin filaments that slide against each other to shorten and cause contraction. Myosin, 

which makes up the thick filament, has approximately 300 protruding heads per thick 

filament that to move along the thin filament, also known as actin, by the hydrolysis of 
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ATP to generate a contractile force. Each myosin and actin interaction is also known as a 

cross-bridge and the number of cross-bridges determines the contractile force generated 

in the sarcomere. All cardiac myocytes will either contract or relax in either the atria or 

the ventricles at one time (16).  

 Cardiac cells work as a “functional syncytia” in which each of the individual 

cardiac muscle cells are branched and interconnected and every cell (within the atria or 

ventricles) functions as one. Each cardiac myocyte is in close proximity to neighboring 

myocytes and this connection is referred to as an intercalated disk (seen in Figure 3). 

Within the intercalated disks between two myocytes are gap junctions, which create a 

channel for small chemicals or electrical signals to pass from one cell to the next. 

However, there are no gap junctions between the atria and the ventricles so the atria 

contract at the same time and the ventricles contract at the same time, but the atrium and 

ventricle do not contract at the same time (14).  

Figure 3 (29). 
 There are four factors that affect cardiac performance directly and these are; 

preload, afterload, heart rate, and myocardial contractility. Preload is the pressure 
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generated in the left ventricle just after diastole, or the relaxation and filling stage. This 

pressure is due to the amount of blood that fills the left ventricle before ejection. The 

afterload is the pressure that the left ventricle has to overcome in order to open the valve 

and eject blood into the systemic circulation. This is associated with systolic blood 

pressure because the left ventricle must generate enough pressure to be greater than the 

pressure in the aorta to favor blood leaving the heart and perfusing the body. A low 

afterload is associated with a faster contraction, but the same amount of pressure, 

whereas a high afterload would need to generate more force to eject the blood into the 

systemic circulation. Heart rate is the number of beats per minute and will be discussed in 

detail later in this thesis. Finally, preload, afterload, heart rate, oxygen, and carbon 

dioxide levels in the coronary blood perfusing the heart can affect the myocardial 

contractility. Myocardial contractility is the ability for the heart to contract and its ability 

to produce force during contraction changes depending on the degree to which actin and 

myosin bind with one another (15).  

The Vessels: 

Blood is transported through the body by a series of vessels that bring nutrients 

and oxygen to the cells and remove carbon dioxide and wastes before returning to the 

heart. The system of vessels includes arteries, arterioles, capillaries, venules, and veins 

seen in Figure 4.  
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Figure 4 (2). 

In general terms, arteries carry blood away from the heart to the tissues whereas veins 

bring blood back from the tissues and deliver it to the heart. Blood moves down its 

pressure gradient, which is high as blood exits the left ventricle and then slowly decreases 

until it is at its lowest as it enters the right atrium.  

 Arteries are elastic so that they can act as a pressure reservoir. This is important 

for the vasculature because the left ventricle develops a lot of pressure but the arteries can 

use its elastic properties to spring back and push the blood through the system, which 

keeps blood moving even when the heart is relaxing. Compliance is different from 

elasticity because it allows the arteries to stretch out depending on the amount of blood 

flow, which allows the elasticity in the arteries to spring back and propel blood through 

the vasculature. In addition, arteries have a lot of collagen for strength but hardly any 

smooth muscle cells so they are not regulated the way other vessels are (9).  

Arterioles, which follow directly after the arteries, are the main resistance vessels 

in the system. They still have collagen like arteries, but much less elastin and a lot more 
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smooth muscle cells. The smooth muscle cells allow for vasodilation, or increasing the 

radius of the arteriole, or vasoconstriction, which makes the radius of the arteriole much 

more narrow. The major determinant of resistance of blood flow is the vessel radius. A 

small change in the radius will bring a large change in flow because resistance is 

inversely proportional of the radius raised to the fourth power. Arterioles are also 

strongly innervated by sympathetic nerve fibers and are sensitive to local hormones, such 

as catecholamines, to regulate arterial blood pressure, which is the force exerted by blood 

on the vessel, and variably distribute blood to the organs (9).  

 From the arterioles, blood then flows through capillaries, which is the site of 

exchange from the blood in the vessels to the tissues. The walls of the capillaries are only 

one endothelial cell thick, as well as a basal membrane, and have a small diameter. This 

allows red blood cells to be very close to the capillary walls so diffusion of oxygen and 

nutrients take place across a short distance and can be seen in Figure 5. There are also 

between ten to forty billion capillaries in the body and this slows down the velocity of 

blood, which enhances diffusion across the capillary wall (10).  
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Figure 5 (20).  

Following the capillaries, blood moves to the venules and then the veins. Veins 

act as a blood volume reservoir in which approximately 70% of the blood is found at rest. 

They also have large radii, almost no resistance, and thin walls with less smooth muscle 

than arteries. In addition, veins contain a great amount of collagen, but almost no elastin 

so veins have compliance to stretch but cannot spring back to propel blood. In 

congruence with exercise, there are four major ways to increase blood return from the 

veins to the heart (also known as venous return): sympathetic innervation, skeletal muscle 

activity, venous valves, and the respiratory system. Sympathetic stimulation creates 

vasoconstriction in the veins, which is basically making them stiffer as opposed to 

decreasing the radius inside the vein, which increases venous pressure and drives more 

blood into the right atrium. In addition, veins in the lower extremities are found between 

large muscle groups so that when muscles contract the veins are compressed, which helps 

bring blood back to the heart. Veins also have one-way valves that keep blood moving 

toward the heart and inhibiting the affects gravity would have. Finally, respiratory 

activity generates a pressure less than atmospheric pressure in the thoracic cavity, which 

drives more blood back into the heart (10).  

Blood flows from the veins, carrying deoxygenated blood, into the right atrium 

before entering into the right ventricles. Then, blood is pumped through the lungs and re-

enters the heart in the left atrium that travels into the left ventricle. Finally, blood is 

pumped to the tissues of the body before the entire cycle starts all over again (14). Figure 

6 is a picture of the circulatory system and how blood flows through the body. This will 

help explain how blood perfuses the organs and how it can be altered due to exercise.  
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Figure 6 (6). 

Blood moves in parallel through the systemic circulation, which means all organs 

get oxygenated blood at the same time. If blood moved in series, which means organs 

receive blood one after another. For example, the digestive system would get all the 

oxygen from the blood before the kidneys could get oxygen. The parallel arrangement 

also helps blood flow even if there is a blockage in the system at one of the organs, 

because the other organs will still be perfused (14). Vasoconstriction and vasodilation can 

occur at arterioles to specific organs due to parallel blood flow, which can allow more 

oxygenated blood to move to certain organs when there are changes in metabolic need, 

such as digestion or exercise (9). There are only two places in the periphery that receive 
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blood in series, as in blood flowing sequentially, and it takes place is in the heart and 

from the intestines to the liver. The heart receives blood in series from the right atrium to 

the right ventricle to the left atrium and finally the left ventricle. In addition, the liver and 

the intestines both receive blood initially from the parallel systemic circulation, but the 

liver also receives blood from the small intestine through the hepatic-portal vein before 

blood can flow back into the heart (14).  

The Blood: 

 On average, humans pump all 5-5.5 liters of blood volume through the body in 

one minute at rest. The cellular components of blood are erythrocytes, also known as red 

blood cells, that carry oxygen to the tissues and carbon dioxide to the lungs; leukocytes, 

also known as white blood cells, that provide defense for the immune system against 

microorganisms and debris; and thrombocytes, or platelets, that are cell fragments and 

help control bleeding in the body (7). All of the cellular components of blood can be seen 

in Figure 7.  
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Figure 7 (9).  

There are also non-cellular components, which include plasma and plasma proteins. 

Plasma is mostly water and facilitates the transport of organic and inorganic molecules 

throughout the vasculature. Its inorganic components include sodium, chloride, potassium 

ions and more, whereas the organic constituents are the plasma proteins such as albumin, 

globulins, and fibrinogen (7).  

 White blood cells can be classified as either granulocytes, cells with granules, or 

agranulocytes, cells without granules. Neutrophils, basophils, and eosinophils are 

granulocytes whereas monocytes and lymphocytes make up the agranulocytes. 

Neutrophils are the most abundant cell type in the blood and are important during 

inflammation to clean up any debris. Eosinophils are involved in allergic reactions and 

are the only cell type that can eliminate parasites. Basophils are the least common and 

can store and release histamine and heparin, which is a anticoagulant. Monocytes move 

out of the blood stream and into the tissue to become macrophages and will eat things 

that should not be in the body. Finally, lymphocytes include B and T cells. B 

lymphocytes secrete antibodies whereas T lymphocytes destroy target cells either directly 

or help other cells to do this (7).  

 Platelets are cell pieces produced from megakaryocytes in the bone marrow and 

are the smallest cellular component of the blood. In comparison to red blood cells, 

platelets are 25% the size. They only have a life span of approximately eight days and are 

involved in adhesion, aggregation, secretion, and coagulation. This coagulation cascade is 

initiated by either an intrinsic pathway where there is damage to a blood vessel, or via an 

extrinsic pathway where someone cuts themselves. During the coagulation cascade, a 
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blood clot, which is a mesh of proteins stabilizing a platelet plug, will form and clotting 

factors are activated and transformed to form fibrin, the end-product (7).  

 Erythrocytes only contain the bare minimum of what they need to survive in order 

to maximally carry oxygen to the tissues and remove waste, so they only live 

approximately 120 days. However, new red blood cells are generated to replace all the 

red blood cells that die. Erythrocyte cells are flat, circular, and biconcave (indented in the 

middle). They have a large surface area, are thin, and flexible. This makes red blood cells 

perfect for transporting oxygen and to travel through even the smallest capillaries. Red 

blood cells are almost entirely made up of hemoglobin to carry oxygen. Each hemoglobin 

molecule can carry up to four oxygen molecules. Because there are approximately 250 

million hemoglobin molecules per every red blood cell, each red blood cell can carry one 

billion oxygen molecules. There are also a number of factors that can affect the affinity 

for hemoglobin to oxygen. For example, during exercise, in metabolically active tissues, 

hemoglobin has less affinity for oxygen so more oxygen is released to the tissues (7). 

This can be seen on the oxy-hemoglobin dissociation curve in Figure 8, which shows the 

relationship between the pressure of oxygen and the binding of oxygen to hemoglobin.  
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Figure 8 (37). 

At rest, arterial oxygen content (the amount of oxygen bound to hemoglobin and 

dissolved in arterial blood) is higher than venous oxygen content. This happens because 

the dissolved oxygen diffuses into the tissue and causes the partial pressure of oxygen to 

decrease to 40 mmHg, which lowers the hemoglobin saturation below 75% on the oxy-

hemoglobin dissociation curve to unload more oxygen (that was previously bound to 

hemoglobin) into the tissue. The difference between the content of oxygen in arterial 

blood and the content of oxygen in venous blood equals oxygen extraction (31). The 

tissue oxygen extraction can be found in Figure 9.  

Figure 9 (31).  
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Measurements of Cardiovascular Function:  

 There are several measurements that clinicians can use to determine the efficiency 

of the cardiovascular system. In addition to preload, afterload, heart rate, and myocardial 

contractility, clinicians can measure stroke volume, cardiac output, and ejection fraction. 

Stroke volume is known as the amount of blood pumped out of the left ventricle per beat. 

Normally, individuals will have a resting stroke volume of about 70mL of blood per beat. 

Stroke volume depends on the volume of blood in the left ventricle, as well as force of 

contraction, so it is determined by ventricular filling pressure and compliance in the left 

ventricle. Another measurement is cardiac output, which can be calculated as 

𝐶𝑎𝑟𝑑𝑖𝑎𝑐  𝑂𝑢𝑡𝑝𝑢𝑡 = 𝐻𝑒𝑎𝑟𝑡  𝑅𝑎𝑡𝑒   !"#$%
!"#$%&

𝑋  𝑆𝑡𝑟𝑜𝑘𝑒  𝑉𝑜𝑙𝑢𝑚𝑒   !"!"!"#$%&  !"  !"##$
!"#$

. 

Therefore, with a normal resting heart rate of 70 beats per minute, cardiac output is 

approximately five liters per minute. Cardiac output can be altered by many different 

factors but the most important factors induced by exercise are epinephrine, 

norepinephrine, calcium, and the skeletal muscle pump. Epinephrine and norepinephrine, 

hormones released from the adrenal medulla, also increase the strength of contraction, 

which increases the ejection of the ventricle, and therefore increases stroke volume and 

further increases cardiac output. In addition, both epinephrine and norepinephrine are 

elevated during exercise to increase heart rate and therefore increase cardiac output. 

Calcium is another important factor for cardiac output during exercise because calcium is 

essential for muscle contraction in skeletal and cardiac muscle. Therefore, calcium 

enhances contractility to increase stroke volume and subsequently increases cardiac 

output as well. Utilizing the skeletal muscle pump will increase venous return and will 

increase preload, which increases stroke volume and finally increases cardiac output as 
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well (15). The skeletal muscle pump works by muscles contracting around veins to help 

squeeze blood back up to the heart and can be seen in Figure 10.  

 

 

 

 

 

 

 

 

 

Figure 10 (42).  

Lastly, clinicians can calculate ejection fraction, the percentage of blood ejected from the 

left ventricle, to determine how well the heart is working. On average, the percentage of 

blood that is ejected per beat at rest is approximately 60-70%. Ejection fraction can 

therefore be calculated as stroke volume divided by the end-diastolic volume and then 

converted to a percentage (15).  

 Clinicians can measure stroke volume, cardiac output, and ejection fraction using 

an echocardiogram. An echocardiogram is a non-invasive diagnostic test that evaluates 

the structure and function of the heart. There are many different types including the M-

mode Echocardiogram, which displays a continuous image to estimate the chamber 

volumes or muscle mass in the left ventricle, or the Doppler Echocardiogram, which uses 

reflections off of erythrocytes to evaluate blood flow in central and peripheral circulation. 
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A clinician can use a stress echocardiogram, which utilizes the same techniques as other 

echocardiograms before and during a physical exercise or pharmaceutical stress test, to 

diagnose patients with a suspected cardiovascular disease (23). 

 Blood pressure, one of the most well-known and discussed vital signs, is the force 

exerted by blood against a vessel wall. It depends on the volume of blood within a vessel, 

the compliance of a vessel, cardiac output and total peripheral resistance. Therefore, a 

compliant vessel can stretch out in order to keep blood pressure low. Blood pressure is 

measured using a sphygmomanometer because turbulent flow generates a vibration, 

which we can hear using a stethoscope. The sphygmomanometer compresses the artery 

by occluding the blood flow and then the air is slowly released from the cuff. Pressure 

decreases enough to allow the artery to open a little bit, this leads to turbulent blood flow 

because blood is not flowing linearly through the vessel and creates a vibration signaling 

the systolic value. Once the vessel regains laminar flow one can hear the diastolic value, 

which is the lack of sound (17). This can also be seen in Figure 11. 
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Figure 11 (7).  

The systolic pressure is the maximum pressure exerted in the arteries when blood is 

ejected during systole and averages around 120 mmHg. The diastolic pressure is the 

minimum pressure in the artery as the remaining blood drains off during diastole and 

averages around 80 mmHg. Pulse pressure is the pulse that people can feel in an artery 

close to the surface of skin. It is used to determine if blood is flowing normally and can 

be calculated as the difference between systolic and diastolic pressure. Therefore, it is 

normally about 40 mmHg. The vascular pressure wave created by the heart during systole 

originates at the aorta. Pressure generated by systole stretches the compliant artery and 

springs back to cause pressure to move in both directions, towards the heart and away, 

and the pressure that moves back to the aorta hits the new pressure wave and builds upon 

it. The pressure wave will therefore increase as it moves away from the aorta and is a 

good measure of how much compliance a person’s heart and arteries have. Mean arterial 
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pressure, another variation of blood pressure, is the average pressure that drives blood 

forward into the tissues and back to the heart. 

𝑀𝑒𝑎𝑛  𝐴𝑟𝑡𝑒𝑟𝑖𝑎𝑙  𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 = 𝐷𝑖𝑎𝑠𝑡𝑜𝑙𝑖𝑐  𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 + !
!
  𝑃𝑢𝑙𝑠𝑒  𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒. Therefore, by 

using average diastolic and pulse pressure, mean arterial pressure is approximately 93 

mmHg and is the mean force that pushes blood completely around the body (8).  

 Heart rate, or the number of heartbeats per minute, is another measurement 

commonly used by clinicians to evaluate an individual’s cardiovascular fitness. The 

average heart rate in the average adult is 70 beats per minute (15). The maximum heart 

rate of an individual can be calculated using the Karvonen formula (220 – age). Exercise 

trained individuals have a lower resting heart rate than the average. However, both 

exercised trained and untrained individuals of the same age will have almost the same 

maximum heart rate (due to the Karvonen formula). A graph in Figure 12 displays how 

resting heart rate increases with exercise for both trained and untrained individuals (33).  

 

 

 

 

 

 

 

 

 

Figure 12 (33).  
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 Another common tool for evaluating an individual’s cardiovascular fitness and 

their risk factors for developing heart disease later in life is a timed mile test. One method 

is called the Cooper Test, which is a timed 1.5 mile test by either walking or running for a 

person to compare themselves to others at their age to determine cardiovascular fitness 

(18). In figure 13 and 14 are charts for men and women with cardiovascular ratings at 

different age groups.  

 Figure 13 (18). 
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Figure 14 (18).  

Dr. Jarett D. Berry, an assistant professor at Southwestern Medical School, found in two 

studies that how fast an individual can run in midlife is strongly associated with their risk 

of developing heart disease later in life. More studies must be done before a benchmark 

mile time can decide an individual’s cardiovascular risk. However, in general men in 

their fifties who can run a mile in 8 minutes or less displays a high level of fitness, a 9 

minute mile shows moderate fitness, and a 10 minute mile demonstrates low fitness. 

Women in their fifties who can run a mile in 9 minutes or less display a high level of 

fitness, a 10:30 minute mile shows moderate fitness, and a 12 minute mile illustrates low 

fitness. The studies found that those with a high level of fitness had a 10% risk of 

cardiovascular disease, whereas those in the low fitness category had a 30% risk (36).  

 VO2 max, the maximum amount of oxygen consumed, is another measurement 

used to determine an individual’s cardiovascular and respiratory fitness. At rest, an 

individual has a VO2 of approximately 0.3 L/min. However, at maximal exercise the 
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volume of oxygen consumed will increase to 3 L/min or up to 6 L/min depending on the 

individual’s cardiovascular and respiratory fitness (34). The VO2 max can be determined 

in a lab by wearing a breathing mask that measures the amount of oxygen inspired and 

the amount of carbon dioxide expired while doing a progressive intensity treadmill 

workout (27).  

Cardiovascular Disease  

  Coronary artery disease impairs the heart’s ability to pump blood and deprives the 

muscles of the heart oxygen and other nutrients. It is the single largest killer of 

Americans, with 920,000 people experiencing their first coronary event each year. 

Cardiovascular disease claims as many lives as cancer, lung disease, accidents, and 

diabetes combined. Coronary artery disease is the result of a decrease in blood flow 

(usually due to an increase in lipid deposits in the arteries and decreasing the space blood 

can flow through) in the coronary arteries supplying the heart muscle (12). This can be 

seen in Figure 15.  

Figure 15 (19).  
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A lack in blood flow, and oxygen as a result, is also known as ischemia and if left 

untreated can result in an infarct, which is a area of dead tissue due to a decrease in 

oxygenated blood (12).  

Another cardiovascular disease common in America is heart failure. Nearly 5 

million Americans are affected with heart failure and almost 50% of those patients will 

die in the next four years. Heart failure occurs when one or both ventricles enlarge and 

the muscle within the ventricle is too weak to maintain cardiac output to keep pace with 

the demands for oxygen. The most common reasons for heart failure are due to damage to 

the heart muscle or pumping blood against an increased afterload for a long period of 

time, which is associated with hypertension (13).  

Sudden cardiac death is unexpected death caused by the heart’s inability to keep 

pumping due to a malfunction of the electrical system in the heart causing the heart 

rhythm to become more irregular. Sudden cardiac death is responsible for half of all heart 

disease deaths (approximately 325,000 deaths of adults each year). The greatest 

complication of sudden cardiac death is a lack of blood flow to the brain, which results in 

loss of consciousness. If emergency treatment is not begun immediately with CPR and 

defibrillation (electric shock to the heart to regain a normal heart rhythm), the person will 

die (40). Nine out of ten patients that experience sudden cardiac death out of a hospital 

will die, whereas four of out ten patients that receive CPR and defibrillation from a 

bystander will survive the event (1). Therefore, the risk of dying is very high because 

doctors are not the best at stopping a coronary event after it happens, so it is very 

important to prevent it. 
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Risk factors for coronary artery disease can be classified as either conventional, in 

which they have been studied for decades with strong evidence, or nontraditional which 

include recent studies without as strong of evidence. In addition, the factors can either be 

modifiable or non-modifiable. Conventional risk factors that are non-modifiable include 

advanced age (greater than 45 years for men or 55 for women), males, or women after 

menopause, and genetics. Conventional risk factors that can be modified include: 

dyslipidemia (abnormal lipid levels in the blood), hypertension (high blood pressure), 

smoking cigarettes, diabetes, sedentary life-style, and a high fat diet. Lifestyle 

modifications can dramatically reduce the risk for coronary artery disease (12). Chart 1 

displays normal and hypertensive values that determine who is at risk for coronary artery 

disease. A high blood pressure (hypertension) will damage the walls of the arteries (the 

force exerted on arteries is too high and leads to microscopic tears) and increase 

atherosclerosis. This will lead to damaged organs (decreased blood flow due to damaged 

arteries), blood clots (fatty deposits blocking blood supply), and increases the workload 

of the heart due to increase the force of contraction needed to overcome the increased 

afterload (24). Chart 2 lists different concentrations of lipoproteins and values for who 

has dyslipidemia and is at risk for coronary artery disease. Modifiable non-traditional risk 

factors include infection, elevated serum markers for inflammation or thrombosis, and 

hyperhomocysteinemia, which is a genetic lack of an enzyme to break down 

homocysteine or nutritional deficiency of folate. However, since these are recent studies, 

they are not generally used as a measure to determine someone’s risk for coronary artery 

disease (12).  
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Category Systolic  Diastolic  

Normal <120 <80 

Pre-hypertensive 120-139 80-89 

Stage 1 Hypertensive 150-159 90-99 

Stage 2 Hypertensive  >160 >100 

Chart 1. Systolic and diastolic blood pressure values in normal and hypertensive patients 

(12).   

Category Cholesterol Low Density 
Lipoproteins  

High Density 
Lipoproteins 

Triglycerides  

Normal <200 mg/dL 100-129 mg/dL >60 mg/dL  <150 mg/dL 

Borderline 200-239 mg/dL 130-159 mg/dL  150-199 mg/dL 

High >240 mg/dL  160-189 mg/dL <40-50 mg/dL 200-499 mg/dL 

Very High   >190 mg/dL  >500 mg/dL  

Chart 2. Cholesterol, LDL, HDL, and triglyceride values in normal and dyslipidemia 

patients (12).  

How Exercise Affects the Cardiovascular System   

 There are six key factors that influence an individual’s cardiovascular response to 

exercise: the type of exercise, body posture during exercise, level of conditioning, 

environment, age, and gender. Dynamic exercises, also known as “cardio” (or aerobic 

exercise), is a combination of dynamic contractions and relaxation that begins with high 

systemic vascular resistance, but then arteries perfusing skeletal muscle vasodilate to 

increase blood flow and decrease systemic vascular resistance. Static exercise, such as 

lifting heavy weights, is contraction without relaxation and leads to an increase in overall 

systemic vascular resistance. In addition, by holding breath while lifting weights 
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increases resistance even more and ultimately increases the workload of the heart. A 

person who exercises in the prone position (swimming) as opposed to upright (running) 

will have a greater central venous pressure, which reflects the amount of blood returning 

to the heart and the ability of the heart to pump the blood back into systemic circulation, 

because the heart does not have to work against gravity. This leads to an increase in 

venous return, which increases preload and ultimately increases stroke volume.  Running 

on the other hand will have a lower stroke volume but a greater heart rate so cardiac 

output will be the same for both the swimmer and the runner regardless of how it 

happened. In addition, an individual who is trained will be able to achieve a higher 

cardiac output and will be more efficient at extracting oxygen due to an increase in 

capillary density in skeletal muscle than a sedentary individual (11). The environment 

can also affect the cardiovascular system. For example, high altitudes will decrease stroke 

volume and cardiac output (due to a decrease in the amount of oxygen available) and 

high temperatures and humidity will cause blood to redistribute from the working skeletal 

muscle to the skin for evaporation (32). Maximal oxygen consumption can decrease by 

approximately 40% as people age due to central and peripheral adaptations such as a 

decreased heart rate. Finally, research suggests that males commonly reach and sustain 

maximal oxygen consumptions and higher workloads than women because women 

generally have smaller hearts and less muscle mass than men (39).  

 Before an individual begins to exercise, the body experiences the “anticipatory 

response”, which is an increase in the sympathetic nervous system activity to increase 

heart rate to meet and maintain oxygen levels needed in skeletal muscle during the 

upcoming bout of exercise. Heart rate then levels off at metabolic need (depending on 
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temperature and humidity) to maintain steady-state (11). Finally, an individual might 

experience cardiac drift, which is an increase in heat rate from steady-state while 

maintaining the same workload during prolonged exercise. Cardiac drift is a result of a 

decrease in stroke volume (due to dehydration) as well as blood being redistributed to the 

skin to decrease body temperature that causes the sympathetic nervous system to increase 

the heart rate of the individual to increase cardiac output to maintain blood flow to 

working tissue (22). In addition, stroke volume and cardiac output increases 

proportionally with exercise intensity due to increased venous return by thoracic and 

skeletal muscle pumps, venous constriction, and increases in atrial and ventricular 

contractility. Blood flow is also altered during exercise due to vasoconstriction of 

arterioles leading to the kidneys and digestive system and vasodilation of arterioles to 

active skeletal muscle. This allows the vascular system to redistribute blood to the tissues 

that have the greatest demand for oxygen and away from those that have less need for 

oxygen. Skeletal muscle will receive a greater percentage of blood flow after training due 

to an increase in the number of capillaries, greater opening of existing capillaries, an 

increase in blood volume (both plasma volume and red blood cells), and training allows 

the vascular system to be more effective at redistributing blood. In addition, as the 

exercise intensity increases there becomes a greater difference in the content of oxygen 

saturation in arterial blood versus venous blood. Skeletal muscle is more efficient at 

extracting oxygen from blood and the difference in oxygen concentration can be as great 

as three times what it would be at rest. With endurance training, there can also be a 

decrease in blood pressure (both systolic and diastolic blood pressure) at rest and during 

submaximal exercise even with an increase in blood volume due to better compliance of 
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the vasculature. Finally, endurance training provides beneficial adaptations to the heart 

muscle. Cardiac muscle undergoes hypertrophy in which there is an increase in mass but 

also an increase in the chamber volume to pump a greater volume of blood with every 

beat. In contrast, only lifting heavy weights could possibly produce detrimental changes 

to the heart by increasing muscle mass in the heart, but not increasing the chamber size, 

so the changes mimic hypertension (11).  

Exercise and the Effects on the Heart with Aging 

 Aging refers to a set of processes that reflect changes in an individual over time 

and eventually lead to health deterioration and ultimately death. The rate of cellular aging 

varies from person to person, but aging eventually affects every system in the human 

body. At age 20 for instance, the lung tissue will start losing elasticity (therefore, the 

maximum amount of air a person can inhale is reduced), there is a decrease in the 

production of digestive enzymes in the gut that impair the body’s ability to break down 

food and absorb nutrients, and blood vessels will begin accumulating lipid fats, leading to 

a decrease in elasticity and cause atherosclerosis (43). At approximately 30 years of age, 

an individual’s physiological function peaks and generally begins to decline 

approximately 1% every year. The volume of oxygen consumption at maximal exercise 

(VO2 max) gives experts an idea of the cardio-respiratory fitness of an individual. VO2 

max tends to decrease as we age because of a decrease in maximal cardiac output and 

maximal tissue extraction, which is the amount of oxygen extracted from the blood and 

into the surrounding tissues (30). Figure 16 is a chart depicting the difference in 

cardiovascular and respiratory function at maximal exercise from almost the peak of 

physiological function to the elderly. Q stands for cardiac output, SV stands for stroke 
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volume, HR refers to heart rate, VO2 refers to the maximum rate of oxygen consumption, 

SBP and SBP stand for systolic and diastolic blood pressure, MAP refers to mean arterial 

pressure, R stands for resistance, and RPP stands for rate pressure product (how hard the 

heart is working).  

 

Figure 16 (30).  

Cardiac output decreases in older adults because of a decrease in heart rate and stroke 

volume. Heart rate is impaired due to a decrease in sympathetic outflow and the 

responsiveness of cells to the sympathetic nervous system. Stroke volume decreases from 

a decrease in preload (the result of lower total blood volume, less venous tone, and less 

compliance in the heart muscle for filling), a decrease in contractility (less muscle mass 

and activity of myosin and ATP activity), and an increase in afterload (due to 

arteriosclerosis, which is stiffening of the arteries). In addition, the increase in afterload 
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from arteriosclerosis is responsible for the increase in systolic blood pressure, diastolic 

blood pressure, and the mean arterial pressure (30).  

However, the chart displayed in figure 17 illustrates the difference in 

cardiovascular and respiratory function between 65-year-old sedentary adults (who 

hardly ever exercise) and endurance-trained adults (who aerobically exercise often and 

for extended periods of time) during maximal exercise. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 17 (30).  

It is important to note though that exercise will not prevent a decrease in cardiovascular 

function with aging, but does minimize some of the effects by increasing cardiac output 

(from increasing stroke volume), VO2 max, and maintaining blood pressure (30).  

 A reduction in compliance, which is the ability of an artery to stretch out to 

accommodate more blood, due to aging has been found to be an independent risk factor 

for the development of cardiovascular disease. However, there have been many studies 

illustrating how exercise can reverse the reduction of compliance. One study looked at 
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151 healthy men from the ages of 18 to 77 years. 54 of the men were sedentary, 45 were 

recreationally active, and 53 were endurance trained. In all three groups, middle aged and 

older men had lower compliance than the young males and there were no significant 

differences in compliance when comparing sedentary and recreationally active men at 

any age. Nevertheless, middle aged and older men who were endurance trained had a 20-

35% greater arterial compliance than the sedentary and recreationally active groups. In 

addition, the age related differences in endurance-trained men were minimal as opposed 

to the other two groups. On top of that, the study looked at 20 sedentary healthy men in 

their fifties before and after a 3 month aerobic exercise program. Initially, the participants 

walked for 25 to 30 minutes a day for 3 or 4 days per week at a low intensity (60% of 

their maximum heart rate). Then, the duration of exercise was increased to 40 to 45 

minutes per day for 4 to 6 days per week at 70-75% of their maximum heart rate as their 

endurance for exercise increased. Researchers found that the central arterial compliance 

was increased to the same level as middle aged and older endurance trained men after 

three months of regular exercise. It is also important to note that these findings were 

independent of changes in body mass, adiposity, blood pressure, and VO2 max (41).  

How to Begin a New Exercise Program  

 An individual who exercises every day at an intense level (such as 75% of their 

VO2 max) will have the lowest risk for heart disease. However, any amount of exercise is 

beneficial. Many studies consistently find that those with existing heart disease benefit 

from light to moderate exercise. Those at a high risk for coronary artery disease should 

consult a doctor or professional before beginning a workout regimen. It is important for 

anyone older than 40 years old, regardless of heart problems or history of heart disease in 
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the family, see a medical professional before beginning a new workout program to have a 

full physical exam and possibly a stress test (test done to analyze the cardiovascular and 

pulmonary systems while exercising) depending on age and risk factors for the individual 

(38).  

 Studies continuously find that the most successful way to reach and maintain 

good heart health in terms of fitness and health is exercise and avoiding high-fat foods. 

Centers for Disease Control and Prevention, the American College of Sports Medicine, 

The Surgeon General’s Report, and the National Institutes of Health recommend an 

individual to exercise at a moderate rate for at least thirty minutes most, if not all, days of 

the week. Moderate activity is a brisk walk (about 3 to 4 miles per hour) or something 

similar such as biking, swimming, or even yard work. In addition, the exercise just has to 

be thirty minute accumulated throughout the day (either with exercise or from 

occupational tasks) to get the same results as a single bout of exercise. Those who already 

meet this minimum could receive additional benefits (such as changes in cholesterol or 

triglycerides) with greater amounts or at a higher intensity of exercise (21). Experts have 

found that in order to change cholesterol and lipid levels (such as decrease LDL, which is 

the “bad” cholesterol), low amounts of moderate to intense workouts can help (such as 

jogging 12 miles a week). However, obtaining a more significant change to cholesterol 

levels (such as increasing HDL, the “good” cholesterol) would require a more intense 

exercise (such as jogging 20 miles a week) (38).  

 Sedentary individuals are 35% more to develop high blood pressure than active 

individuals. Exercising regularly is seen to help arteries maintain their compliance, even 

in the elderly, to sustain normal blood flow and blood pressure. One study suggested that 
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moderate intensity exercise was able to control blood pressure much better than high 

intensity workouts. Participants were able to discontinue medication that was helping 

them control their blood pressure. However, those with very high blood pressure readings 

should initially lower it using medication before beginning an exercise regime (38). To 

maintain blood pressure, experts recommend thirty minutes of exercise on most days of 

the week. Yoga and Tai Chi (utilizing slow and relaxing movements) may also 

potentially lower blood pressure as well as other moderate intensity exercises. The John 

Hopkins School of Medicine did a study on 62 older individuals with hypertension. Half 

of the group were in a brisk walking program whereas the others did tai chi classes and 

both groups experienced the same decrease in blood pressure. In another study, 

researchers encouraged hypertensive adults to complete a yoga routine two or three times 

per day and after 6 months the average blood pressure went down from 153/103 mmHg 

to 139/90 mmHg (28).  

 Heart failure patients have traditionally been discouraged from any exercise, 

however, it has been found helpful in many select patients with stable heart failure (not 

appropriate for all patients) to perform exercise under the supervision of medical 

professionals. The best exercise regimen for these patients is progressive resistance 

training because it will strengthen muscles that are usually weak due to the disorder (38).  

 Once an individual reaches a high fitness level, it is important to maintain it. One 

study looked at whether frequency (number of times per week an individual exercises), 

duration (amount of time exercised in a single bout), or intensity (percent of VO2 max 

achieved throughout the exercise) helps an individual maintain fitness (measured by 

percent of pre-training VO2 max) the best. During the first ten weeks of the study 
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individuals exercised 6 days a week for 40 minutes at 75% of their VO2 max. 

Afterwards, the individuals were randomly assigned to either reduced frequency (where 

some exercised for 2 or 4 days per week but still for 40 minutes at 75% of their VO2 

max), reduced duration (where some exercised 6 days a week for 26 or 13 minutes a day 

at 75% of their VO2 max), or reduced intensity (where some workout 6 days a week for 

40 minutes but at 50% and 30% of their VO2 max) (34). The study found that reduced 

frequency and reduced duration both maintained fitness, but reduced intensity did not. 

These results can be seen in Figure 18.  
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Figure 18 (34).  

Conclusion 

 As you can see, Heart Disease is one of the leading problems in the United States 

of America, but can be modified. Many Americans are unaware that making a few 

changes to their diet (consuming less fatty-food) and slowly incorporating exercise into 

their daily lives will result in a significant decrease in the risk of developing Coronary 
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Artery Disease. Exercise will help every patient currently with risk factors for Heart 

Disease, even those with pre-existing heart conditions. Moderate exercise will help 

decrease the individual’s blood pressure so they are no longer hypertensive and can 

possibly discontinue blood pressure regulation medication (especially if they are in the 

pre-hypertensive stage from Chart 1). In addition, a person can lower their LDL 

cholesterol level with a moderate exercise program, such as jogging 12 miles each week, 

or they can lower their LDL and increase their HDL cholesterol with a slightly more 

intense exercise, such as jogging 20 miles each week. All in all, moderate exercise will 

decrease the risk of an individual developing a cardiovascular disease and the exercise 

program can begin at any age. It is never too late for an individual to make changes to 

their lifestyle and incorporate exercise to see increases in compliance and decreases in 

blood pressure, cholesterol, and other risk factors for cardiovascular disease.   
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