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ABSTRACT 

Cardiovascular disease is the leading killer of both men and women in the United States. Though 

prevalent in both genders, certain risk factors leave women especially susceptible to 

cardiovascular disease. Aerobic exercise has been shown to both prevent and control major risk 

factors. Through public awareness and outreach, women within the community will have the 

opportunity to learn about their risks and begin steps towards a healthier lifestyle.  

 

This paper will inform the average reader about the anatomy and physiology of the 

cardiovascular system, the risk factors associated with cardiovascular disease, and the history 

and heart-health benefits of cycling all while taking special consideration to note female-specific 

factors. Its purpose is to encourage women to evaluate their lifestyle, understand their 

cardiovascular risk factors, and begin cycling and eating well in order to live a healthier, longer 

life.  

 

HEART 

The human heart is responsible for the movement of blood, and all of the necessary 

oxygen and nutrients contained within it, throughout the entire body. Weighing between 7 and 15 

ounces, this relatively small muscular organ  beats about 100,000 times and transports about 

2,000 gallons of blood per day (“Anatomy of the Human Heart”, 2013) 

Within the heart are four distinct chambers: the left and right atria and left and right 

ventricles. As seen in Figure 1, The atria are located on the superior portion of the heart, and the 

ventricles in the inferior. The septum separates the right and left ventricles in the heart, making 

the heart a dual pump. 
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Separating either the chambers or the ventricles from the subsequent vessels are four 

distinct valves: tricuspid valve, the mitral valve, the aortic valve, and the pulmonary valve 

(“Your Heart Valves”). The tricuspid valve separates the right atrium from the right ventricle, 

while the mitral valve separates the left atrium from the left ventricle, which can be seen in 

Figure 2 (Cohen 2013). Papillary muscles within each ventricle attach to chordae tendinae - 

tough, thin fibrous cords which extend to the cusps of the mitral and tricuspid valves (Cohen 

2014). The pressure of the blood within the ventricles during systole cause the valves to close 

and the papillary muscles contract in keep the valves from everting during ventricular systole. 

The pulmonary and aortic valves separate the ventricles from the major blood vessels 

leaving the heart (“Your Heart Valves”). These valves keep blood from returning to the 

ventricles from the pulmonary artery and the aorta after ventricular systole (“Your Heart 

Valves”). 

Left Ventricle 

Figure 1 
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Figure 2: Healthy Heart Valves 

Each of the four valves is composed of flaps called either leaflets or cusps (“Your Heart 

Valves”). While the mitral valve has two, the other valves have three. The leaflets of the valves 

are supported by a ring of tough, fibrous tissue called the annulus that supports the shape of the 

valve (“Your Heart Valves”).  

The myocardium sits within a double membrane sac – the pericardium. This fluid filled 

sac consists of the inner visceral epicardium and the outer parietal epicardium, which are 

separated by a fluid filled cavity that lubricates the rubbing surfaces during heartbeats (Dugdale, 

Chen, Zieve 2012). Compromised of connective tissue and fat is the outermost layer of the heart, 

the epicardium. The epicardium is also the innermost layer of the pericardium, and within the 

epicardium the connective tissue supplies the serous fluid to the pericardium cavity, which 

lubricates the heart (White 2013). The configuration can be seen below, in Figure 3. 
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The next outermost layer of the heart is the myocardium, the thickest of the heart’s layers 

and it is made up of cardiac muscle (Cohen 2013). The cardiac muscle cells are unique in that 

they form functional syncytia which allow interconnected cells to contract all together. This is 

accomplished through the presence of intercalated discs within the myocardium. Cells use 

desmosomes, a protein “which regulates cell-to-cell adhesion and the structure of the junctions at 

the intercalated disc” to form intercalated discs between cardiomyocytes (Gutstein, Liu, Meyers, 

Choo, Fishman 2003). The intercalated discs, at different intervals, contain gap junctions where 

opposing membranes approach each other closely (Cohen 2013). The gap junctions allow “rapid 

transmission of action potentials” in the heart through electrical synapses, which causes the 

interconnected cardiomyocytes to contract together (Giepmans 2004).It is important to note that 

the atria and ventricles each form separate functional syncytia, contracting as separate units, so 

there are no gap junctions between the atrial and ventricular contractile cells (Cohen 2013). 

The innermost layer of the heart wall is the endocardium. This unique layer is composed 

of endothelial cells and lines the entire circulatory system (Cohen 2013). Below this layer of 
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endothelial cells within the endocardium is a middle layer of connective tissue (Gllik 2011). A 

subendocarial layer at the deepest point of the endothelial layer merges with the connective 

tissue sheaths of the myocardium and contains the specialized fibers of the impulse-conduction 

system in the heart (Gallik 2011). The action potentials created in the impulse-conduction system 

in the endothelial level stimulate myocardial contraction (Gallik 2011).  

Within the myocardium is a system of specialized cardiac cells called pacemaker cells 

that send signals to the cardiac muscle cells, causing them to contract (Gandelman 2012). These 

pacemaker cells make up the cardiac conduction system. The main components of this system 

are the Sinoatrial (SA) node, atrioventricular (AV) node, bundle of His, bundle branches, and 

Purkinje fibers, shown below in Figure 4. 

 

 

Figure 4: Cardiac Conduction System 

 

 

 

 

AUTORHYTHMICITY  

Beginning the cardiac conduction cycle, the sinoatrial (SA) node initiates a self-

generating impulse of 60 to 100 beats per minute and is the primary pacemaker for the heart 

(“ECG Interpretation” 2008).This electrical signal causes contraction of the right and left atria, 

ejecting blood into the ventricles. This electrical signal travels through the right atrium and sets 

off an electrical impulse from the Atrioventricular (AV) node. The AV node has a slight delay 
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before sending the impulse to the top of the septum of the heart into the bundle of His, which 

prevents excess electrical impulses from entering the ventricles and allows time for the atria to 

complete contraction (“ECG Interpretation” 2008). The bundle of His splits into one right and 

two left bundle branches that travel through the interventricular septum to the right and left 

ventricles, respectively, until reaching the complex network of Purkinje fibers that spread 

throughout the lateral walls of the ventricles (“ECG Interpretation” 2008). As the electrical 

signal reaches the ventricles and stimulates the myocardium, depolarization of the 

myocardiocytes occurs and ventricular systole begins.  

This process can occur without nervous input because the autorhythmic cells of the 

conduction system initiate their own action potentials through unstable resting potentials.  

 

Figure 5: Autorhythmic Cell Action Potential 

As shown in Figure 5, these autorhythmic cells do not have a resting potential but rather 

one that allows for depolarization without nerve impulses. In the first picture, sodium leaks into 

the cell causing the cell membrane potential to increase (Gonsalves 2014). Once the membrane 

potential reaches the threshold level of -40mV, Calcium enters the cell from fast Calcium 

channels and causes rapid depolarization (Gonsalves 2014). Once the peak of depolarization is 

reached, the calcium channels close and voltage-gated potassium channels open. This allows for 
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potassium to leave the polarized cell, causing repolarization to the unstable resting potential, and 

the process begins again.  

Though the heart does not need external innervation, it can be influenced by the 

autonomic system. Both parasympathetic and sympathetic signals can decrease and increase the 

rate of contraction, respectively (Gonsalves 2014). For example, norepinephrine increases heart 

rate and maintains stroke volume, leading to an increased cardiac output (Gonsalves 2014). 

Acetylcholine, however, decreases heart rate through the parasympathetic system. 

Cardiac output, the amount of blood the heart pumps in one minute, is dependent on heart 

rate as well as contractility, preload, and afterload (Vincent 2008). Cardiac output is expressed in 

liters/minute and can be found by multiplying stroke volume – the amount of blood pumped with 

each heart beat – by heart rate. With all else remaining equal, heart rate increase is directly 

proportional to an increase in cardiac output. Likewise, contractility has a direct relationship with 

cardiac output. Contractility refers to the strength of the ventricle, and should all other factors be 

kept constant, an increase in contractility will lead to an increase in cardiac output by increasing 

stroke volume.  

Preload affects cardiac output, but not in a linear fashion like heart rate and contractility. 

Following the Frank-Starling method, an increase in preload, the amount of blood in the 

ventricles before systole, will cause an increase in sarcomere stretch. As illustrated in figure 6, 

this will increase the strength of contraction, and therefore cardiac output, as long as there are 

available actin-myosin cross-bridges. Once the preload stretches the cardiac muscle beyond the 

peak stretching point, contractility will decrease due to a lack of actin-myosin heads close 

enough to form cross-bridges (Dickstein n.d.).  
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Figure 6: Preload vs. Peak Force 

The afterload is the impedance to ejection of blood from the left ventricle (Cohen 2013). 

The afterload, therefore, is linked with aortic pressure. Increased aortic pressure will cause an 

increased afterload, and vice versa. An increased afterload will decrease stroke volume and 

therefore cardiac output, should all other factors remain the same.  

Contractility refers to the strength of the heart vessel itself, with other conditions 

remaining the same. An increase in contractility increases stroke volume due to the higher force 

and therefore pressure of contraction, which lowers afterload as well and increases cardiac output 

(Dickstein n.d.).  

The cardiac cycle, therefore, is a culmination of all of the preceding physiology and 

anatomy of the heart. It is important to note that the alternation of the ventricles’ and the atria’s 

contraction – systole – and relaxation – diastole – are primarily responsible for the ejection of 

blood from the heart into the rest of the cardiovascular system. The cardiac cycle begins while 

the atria are in diastole. The right atrium is filled with venous blood from the superior and 

inferior vena cava while the left atrium is filled with oxygenated blood from the pulmonary vein. 

During this time, ventricular pressure is below atrial pressure, so both the mitral and the tricuspid 
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valves are open. This allows passive filling, a term used to describe the movement of blood from 

the atrium to the ventricles during diastole (Dickstein n.d.). Once enough blood has passed to 

equal the pressure gradients between the two chambers, diastasis occurs in which little 

movement of blood from the atria to the ventricles occur. Caused by the heart’s autorhythmicity, 

the right atrium contracts and due to the gap junctions between the two the left atrium contracts 

at the same time as well. This increases the atrial pressure above that of the ventricles, causing a 

second surge of blood into the ventricles. The AV nodal delay allows time for the ventricles to 

fill before the pressure is higher than the atria’s, causing the tricuspid and mitral valves to close. 

Isovolumic contraction then occurs, in which the systolic ventricle increases pressure in order to 

exceed the pressure in the pulmonary artery and aortic artery to ultimately cause ejection. 

Ejection occurs once the ventricular pressure exceeds that of the pulmonary and the aorta artery 

and blood is then ejected into the pulmonary artery or aorta. Afterwards, isovolumic relaxation 

occurs in the ventricle - during which time the ventricle’s pressure is decreasing until it falls 

below that of the atrium and the tricuspid and mitral valves can open again (Dickstein n.d.).  

Once blood leaves the heart, it is carried throughout the body through blood vessels. 

There are five main types of blood vessels: arteries, arterioles, capillaries, venules, and veins 

(“What Are the Heart and Blood Vessels” n.d.). Shown in Figure 7, the veins and arteries both 

have three specific layers: the tunica interna (internal layer), tunica media (middle layer), and 

tunica externa (external layer) (Barjis n.d.). The tunica interna consists of a layer of endothelial 

cells with a thin layer of connective tissue underneath (Barjis n.d.). The tunica media contains 

the smooth muscle cells for contraction or dilation – this layer is thicker in arteries for increased 

strength (Barjis n.d.). Finally, the tunica externa, which forms connective tissue around the 

vessel, is slightly different in the veins and the arteries (Barjis n.d.). In the arteries, this layer has 



HEART ANATOMY/PHYSIOLOGY   13 
 

collagen fibers with elastin fibers as well for increased elasticity, while in the veins this layer is 

thicker than the tunica media and holds smooth muscle and elastic fiber (Barjis n.d.).  

 

Fig. 7 Artery/Vein Layers 

The arteries have thick, muscular walls that make them contractile and strong, which is 

necessary for the high pressure of blood that goes through them (Barjis n.d.). The elasticity is 

especially important, as the arteries maintain the blood pressure as blood is transported away 

from the heart. Once the artery reaches its target organ, smaller arteries will branch out to 

distribute blood flow and become arterioles. Arterioles, in contrast to arteries, play a major role 

in blood pressure regulation through vasoconstriction and vasodilation. Stimulation from the 

sympathetic nervous system causes vasoconstriction, the contraction of the smooth muscle in the 

artery, constricting its size and subsequently the flow of blood (Barjis n.d.).  

The arterioles differ from arteries in that they are about 30 mm smaller in diameter. 

Illustrated in Fig. 8, the tunica externa is less defined and the lowered diameter means a smaller 

change in pressure will exert a larger change in blood flow in the arterioles. Vasodilation of 
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arteries, the relaxation of the smooth muscle, causes artery diameter and blood flow to increase 

in the arteries (Barjis n.d.). Vasoconstriction can increase afterload on the heart while 

vasodilation can decrease it. Arterioles will vasodilate when oxygen levels are low to increase 

blood flow to the capillaries while SNS stimulation will cause vasoconstriction (Barjis, n.d.).   

 

Fig. 8 Oxygenated/Deoxygenated Vessel Anatomy 

Capillaries have a much different anatomy than the other four types of blood vessels. 

There are three specific types of capillaries, shown in Fig. 9: continuous, fenestrated, and 

sinusoidal. Continuous capillaries are the most common, supplying the greatest portion of the 

body as they are located in most tissue types (Barjis n.d.). This capillary type permits the 

diffusion of water, small solutes, and lipid soluble material but does not allow the diffusion of 

blood or plasma proteins (Barjis n.d.). Fenestrated capillaries contain pores, which can be seen in 

Fig. 9, that permit the exchange of solutes as large as a peptide (Barjis n.d.). Sinusoids capillaries 



HEART ANATOMY/PHYSIOLOGY   15 
 

have a thin or nonexsistant basement member 

and gaps between endothelial cells to allow the 

diffusion of water and solutes the size of plasma 

proteins (Barjis n.d.).  

These capillaries are linked to arterioles 

by a metarteriole - a band of smooth muscle 

called the precapillary sphincter that can contract  

in order to reduce or even stop blood flow 

through and into the capillaries (Barjis n.d.). 

Venules collect the deoxygenated blood from the 

capillaries in order to return it to the heart. They 

contain no tunica media and connect to the veins. 

Veins have a thin tunica media, and therefore a 

weaker muscular layer, but their thickest 

                Fig. 9 Capillary Anatomy                    layer is the tunica externa which contains elastic 

and collagen fibers, therefore making them stiffer than arteries (Meissner 2005). Veins have 

bicuspid valves formed from the tunica interna that help keep blood from flowing backwards, as 

the blood pressure is low enough that it cannot oppose the force of gravity.  
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BLOOD 

Red Blood Cells 

In the blood, there are both cellular and noncellular components. Of the cellular components, 

there are three: red blood cells, white blood cells, and 

platelets. Red blood cells’ (erythrocytes’), main 

function is tissue oxygenation – transporting O2 to the 

tissue and CO2 to the lungs (Cohen 2013). In fact, red 

blood cells are built extremely efficiently for this 

purpose. Illustrated in Figure 10, at only 1-2 µm 

thick, the thin cell leaves very little distance for 

oxygen to diffuse through. The flat, biconcave-like 

structure of the cell also ensures a large surface area     

            Fig. 10 Red Blood Cell                    and flexibility, which is necessary for the 7.5-8 µm 

diameter cell moving through the blood vessels.  

 Though oxygen is not particularly soluble in water, a major component of blood, a 

transport protein called hemoglobin is used to allow large scale oxygen transport (Meyertholen 

n.d.). Within each red blood cell are approximately 250 million hemoglobin molecules. 

Hemoglobin consists of four heme subunits, each with an iron core (Meyertholen n.d.). The iron 

cores are the binding sites for oxygen, enabling each hemoglobin molecule to transport four 

oxygen molecules and each red blood cell then to transport up to one billion oxygen molecules.  

 However, red blood cells do not transport the maximum number of oxygen cells at all 

times. The percent of hemoglobin saturated by oxygen is dependent on several factors including 

pH levels, temperature, and the partial pressure of carbon dioxide and oxygen in the blood 
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(Cohen  2013). This relationship is shown by the oxyhemoglobin disassociation curve, shown in 

Figure 11. It is also important to note that an extreme drop occurs in the saturation of 

hemoglobin when the partial pressure of 

oxygen reaches 50 mmHg or below.  

 Red blood cells’ lifespans are 

only 120 days, and with about 5 billion 

red blood cells per liter of blood, it is 

important to maintain a consistent red 

blood cell production. A major factor in 

red blood cell production is the plasma 

protein erythropoietin. Released from the        

   kidneys, erythropoietin is transported   

 through the blood vessels into the bone      

     Fig. 11 Oxyhemoglobin Disassociation Curve            marrow, where it begins the process of 

turning stem cells into erythrocytes. Increased red blood cell production is therefore sometimes 

coupled with higher erythropoietin levels. For example, a lower atmospheric oxygen pressure 

will lower red blood cell oxygen content causing hypoxia - oxygen deprivation - which will be 

detected by the kidneys. The kidneys will react by increasing production of erythropoietin and 

after being transported to bone marrow, the erythropoietin will increase red blood cell 

production. An artificially increased level of erythropoietin due to exogenous sources, which is 

especially seen with cycling athletes, has been used to increase oxygen transport and 

subsequently increase endurance. However, high levels of erythropoietin increase the work of the 
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heart due to the increased viscosity of the red blood cell rich blood, and this can lead to both 

kidney and heart failure (Cohen 2013).  

 The amount of red blood cells in the blood is measured through hematocrit, which is the 

percentage proportion of red blood cells in the blood. Normal measurements place men at around 

45% red blood cell count with women at 40%. Plasma should make up 55% of whole blood with 

platelets and white blood cells, referred to as the buffy coat, making up less than 1%.  

 An abnormally high hematocrit level is a sign of polycythemia. No primary cause is 

known for the inherited disorder, however secondary causes are well known. The most well-

known secondary cause is hypoxia. This may be caused by high altitude or congestive heart 

failure. As described prior, low oxygen levels at high altitudes cause in increase in red blood cell 

production due to decreased levels of oxygen in the blood. With congestive heart failure, lowered 

oxygen levels are seen in the blood even at sea level that lead to hypoxia, so red blood cell levels 

are increased to try to maintain correct oxygen supplies to tissue. Prolonged polycythemia may 

cause increased blood viscosity, engorged veins, and increased spleen and liver size (Cohen 

2013). The thicker blood that accompanies polycythemia may be ineffective at transporting 

sufficient oxygen to the heart or brain, causing angina (chest pains) or cerebral insufficiency 

respectively (Cohen 2013). Treatment for polycythemia depends on the cause. Decreasing 

elevation may be necessary for altitude-induced hypoxia. For congestive heart failure, an 

increase in heart health and function through exercise, diet, and possibly surgery may be 

necessary. Finally, for unknown causes, it may be necessary to go to a doctor and have large 

amounts of blood drawn monthly to decrease hematocrit levels (Cohen 2013). 

 

 



HEART ANATOMY/PHYSIOLOGY   19 
 

Anemia  

 An abnormally low hematocrit level is a sign of anemia. The main causes of anemia are 

impaired red blood cell production, blood loss, red blood cell destruction, or a combination of the 

three (Cohen 2013).   

 The three classifications of anemia are macrocytic-normochromic (enlarged size, normal 

hemoglobin content), microcytic-hypochromic (reduced size, lowered hemoglobin content), and 

normocytic-normochromic (normal size, normal hemoglobin content). 

 The main types of macrocytic-normochromatic anemia are pernicious and folate 

deficiency anemia. Pernicious anemia is caused by a vitamin B12 deficiency, while folate 

deficiency is caused by a vitamin B9 deficiency. Folate deficiency is seen most often in pregnant 

women and if left untreated can lead to spina bifida (Cohen 2013).  

 The main causes of normocytic-normochromic anemia are aplastic, posthemorraghic, 

hemolytic, sickle cell, and chronic inflammation. With aplastic anemia there is insufficient red 

blood cell production caused by either congenital issues or disease. Posthemorraghic anemia is 

experienced after trauma that resulted in large amounts of blood loss. Hemolytic anemia is 

caused by premature destruction of otherwise healthy red blood cells – this is commonly seen 

with chemotherapy and sometimes even with chronic runners. Sickle-cell anemia is the most 

widely known form of normocytic-normochromic anemia. Red blood cells appear normal until 

stress occurs, at which point the cells become brittle and can become stuck in the blood vessels. 

This is a congenital disease. Finally, chronic inflammation anemia is most often caused by 

obesity.  

 Microcytic-hypochromatic anemia is the classification of the most common cause of 

anemia: iron-deficiency. This specific type of anemia effects nearly 20% of women and 2% of 
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men (Cohen 2013). Though bleeding 2-4 ml per day may cause this through gastric ulcers (seen 

more in men) or through profuse menses or pregnancy in women, the most common cause is an 

insufficient diet. The symptoms of iron-deficient anemia first include fatigue, shortness of 

breath, pale palms or earlobes. The onset of symptoms is gradual, but if left untreated the 

symptoms will begin to include brittle, thin, and spoon shaped nails, difficulty swallowing, and 

possibly a sore and red tongue (Cohen 2013). The best treatment is to either stop bleeding if 

that’s the cause, or more than likely begin a better diet with iron rich foods - such as dark, leafy 

vegetables, seafood, poultry, dried fruit - and possibly iron supplements.  

White Blood Cells 

 White blood cells, though less numerous in the blood than red blood cells, are extremely 

important. The main function of these cells is defense against microorganisms and the removal 

of debris (Cohen 2013). The white blood cells that can be classified as granulocytes are 

neutrophils, basophils, and eosinophils. Neutrophils are the most abundant white blood cell and 

are especially important during inflammation. They are phagocytes, meaning that they are able to 

ingest things so they clean up debris. For this reason, neutrophils are the first immune cells to be 

transported to a site of infection (“What Are Neutrophils?” n.d.). Eosinophils are triggered 

during allergic reactions and parasitic infestations (Cohen 2013). Basophils, the third granulocyte 

white blood cell, stores and releases histamine and heparin and are similar to mast cells. 

Basophils are also a major component of inflammation. The agranulocyte white blood cells are 

monocytes and lymphocytes. Monocytes circulate in the blood for a couple of days before 

exiting into the tissue, where they become macrophages. Macrophages digest debris such as 

dying cells and foreign pathogens in the body (“Macrophages”2006). There are two 
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classifications of lymphocytes: B and T. B lymphocytes secrete antibodies while T lymphocytes 

either destroy or help other cells destroy target cells.  

Platelets 

 The third and final main cellular component in blood is platelets. Platelets are produced 

from megakaryocytes in the bone marrow and are about a quarter of the size of red blood cells. 

Platelets are adhesive and group together, and therefore their main function is coagulation and 

blood clotting.  

Noncellular Components  

 The noncellular component of blood consists of plasma and plasma proteins. Plasma 

makes up 55% of whole blood and has several important actions. Made up of 90% water, both 

organic substances such as plasma proteins and inorganic substances such as cations and anions 

are transported through the plasma water to tissue. Plasma also is able to absorb and distribute 

heat during metabolism.  

 The three main plasma proteins are albumin, globulin, and fibrinogen. Albumin is the 

most abundant and contributes to colloid osmotic pressure, globulin is involved in clotting and 

antibodies, and fibrinogen is most closely lined with blood clotting (Cohen 2013). All of these 

proteins tend to remain in the blood vessels due to their large size and contribute to buffering 

changes in the blood’s pH (Cohen 2013).  

CARDIOVASCULAR DISEASE 

 As should now be obvious, the cardiovascular system is extremely important for living a 

long, healthy life. An unhealthy cardiovascular system will adversely affect the body and cause 

damage – sometime fatal. In fact, cardiovascular disease is the number one killer in the United 

States of both men and women,  killing 611,105 people in 2013 alone  (“Leading Causes of 
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Death”, 2015). To put that into a more reasonable perspective, one out of every four deaths in the 

United States is due to heart disease (“Heart Disease Facts” 2014).  

Non-Modifiable Risk Factors 

 There are both modifiable and non-modifiable risk factors for cardiovascular disease. 

Although non-modifiable risk factors do not guarantee development of cardiovascular disease it 

is important to recognize when these factors are present in order to increase awareness and 

promote preventative care. Age is the most obvious non-modifiable risk factor. “Risk of stroke 

doubles every decade after age 55” (“Cardiovascular Disease Risk Factors”, 2015). Therefore, as 

people age, they should take special care to manage their lifestyle choices in order to lessen their 

risk of cardiovascular disease and stroke. Family history is another important risk factor to 

understand. If a first-degree blood male relative before the age of 55, or a first-degree blood 

female blood relative before the age of 65 has suffered from heart disease or stroke, the 

incidence of cardiovascular disease increase (“Cardiovascular Disease Risk Factors”, 2015).  

Gender plays a significant role as well – the difference in absolute deaths due to cardiovascular  

                 Figure 12: Men v. Women, Deaths Due to CVD                 disease in men and 

women are shown in 

Figure 12. “The   

absolute number of 

women living and dying 

of [cardiovascular 

disease] and stroke 

exceed those of men, as 

does the number of 
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hospital discharges for heart failure and stroke” (“Cardiovascular Disease Risk Factors”, 2015).   

Modifiable Risk Factors 

 Modifiable risk factors, however, can be changed and therefore should be well regulated. 

Nearly half of all Americans (49%) have at least one of three major modifiable risk factors: high 

blood pressure, elevated low density lipoprotein (LDL) levels, and tobacco use  (“Heart Disease 

Facts” 2014). Hypertension, defined as “a systolic blood pressure > 140 mm Hg or a diastolic 

blood pressure > 90 mm Hg,” was present in 32.2% of the female population and contributed to 

nearly 35,000 deaths in 2014 alone (Valderrama et. al., 2011; Go et. al. 2014). Elevated pressure 

in the arteries weakens the body’s blood vessels and can lead to artherosclerosis. This build-up of 

plaque narrows the vessels and increases the likelihood of a blockage, which can lead to stroke 

(“Hypertension , 2015). Elevated pressure also forces the heart to pump harder in order to 

overcome a higher pressure gradient. Higher energy expenditure leads to hypertrophy of the 

cardiac muscle, especially in the left ventricle. An overworked and hypertrophied heart is at a 

higher risk for cardiac failure. Hypertension also increases the risk of a hemorrhagic stroke – one 

caused by a weakened blood vessel rupturing - and accounts for 50% of all ischaemic strokes – 

those caused by obstructions in a blood vessel which supplies the brain (Hypertension, 2015). 

Medication can control high blood pressure, but a healthy diet with decreased sodium and fat 

intake and aerobic exercise are excellent options to both prevent and help control high blood 

pressure. 

 Abnormally high levels (>130 mg/dl) of low-density lipoproteins (LDLs) are another 

major modifiable risk factor for cardiovascular disease. LDLs contribute to plaque buildup and 

therefore atherosclersosis. These can block arteries, resulting in heart attacks or strokes. High 

density lipoproteins (HDLs) remove LDL cholesterol from the arteries and transports it to the 



HEART ANATOMY/PHYSIOLOGY   24 
 

liver, where it can be broken down – because of this, high levels of HDLs can lead to a healthier 

cardiovascular system (Hypertension 2015). HDL levels greater than 40-60 mg/dl are desired for 

this protective effect. Exercise and diets low in saturated and trans fats, as well as dietary 

cholesterol, along with moderate alcohol use, not smoking, and increased fiber intake can 

increase HDL levels, decrease LDL levels, and improve cardiovascular health. 

 Tobacco use also contributes to the development of cardiovascular disease. Risks are 

increased for heavy smokers, those who began smoking when they were young, and women 

(Cardiovascular Disease Risk Factors, 2015). The nicotine in tobacco causes vasoconstriction, 

which decreases blood flow and contributes to hypertension. Nicotine also leads to increased 

circulating LDL levels and decreased HDL levels.  Stopping tobacco use reduces the risk of 

cardiovascular disease considerably even for long term smokers. Smokers often are better able to 

handle withdrawal symptoms through the use of nicotine gum, patches, or lozenges. The release 

of nicotine offered through these medications can curb withdrawal symptoms and allow smokers 

to ease themselves down from higher nicotine levels. Local smoking cessation hotlines are 

available as well if smokers need to talk to someone about their struggles – in Arizona 

specifically, the Arizona Smoker’s Helpline (ASH) can be reached toll free at 1-800-556-2222. 

While none of these solutions will make quitting easy, they will make the challenge far more 

manageable than quitting alone.  

 Finally, those who have type 2 diabetes are twice as likely to develop cardiovascular 

disease as those who do not have type 2 diabetes (Cardiovascular Risk Factors, 2015). This is 

because those with Type 2 diabetes often also have the following conditions which increase their 

risk: hypertension, high LDL and low HDL levels, obesity, and lack of physical activity. Type 2 

diabetes is characterized as the inability to use insulin properly. The hormone insulin is used to 
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lower blood sugar levels in the body, especially following a meal. In the early stages, the 

pancrease produces larger and larger amounts of insulin to maintain blood glucose levels; 

however, as the disease progresses, the pancreas simply cannot produce enough insulin and 

blood glucose levels rise to higher than normal levels. For fasting glucose tests, normal levels are 

less than or equal to 100 mg/dL while values between 100 and 125 mg/dL are signs of 

prediabetes, and fasting values above 125 mg/dL is substantial evidence for a diagnosis of type 2 

diabetes. Uncontrolled diabetes can lead to cardiovascular disease at an earlier age and can make 

the effects more severe (Cardiovascular Risk Factors, 2015).Though estrogen in women can be a 

protective hormone against cardiovascular disease, for pre-menopausal women with diabetes 

estrogen’s benefits are ineffective and the risk of disease rises significantly (Cardiovascular 

Disease Risk Factors, 2015).  

 Though medication has been developed to help control these risk factors, the best 

preventative measure is diet and exercise. At extreme high blood pressure levels exercise is not 

recommended; however, for those who have mild to moderate hypertension, high LDL levels, or 

diabetes, exercise can significantly decrease their risk of cardiovascular disease and when paired 

with a healthy diet can reverse the negative effects of these factors if they have already begun to 

develop. Should any of these risk factors apply, it is highly encouraged to visit a primary care 

physician first to discuss specific risk factors and safe exercise recommendations before making 

any sudden physical activity or dietary changes.  

CYCLING 

 Once risk factors have been identified and a physician agrees that exercise is a viable and 

safe option, it is time to decide what form of exercise to perform. Running is a popular sport and 

one that is inexpensive and easy to learn. However, running is difficult for weight bearing joints, 
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especially knees. Swimming is a known low-impact sport, one that causes minimal trauma to 

weight bearing joints, but the downfall is many do not have access to a pool. In certain parts of 

the country, there is a limited time of the year when it is warm enough to swim and should 

someone need to purchase a gym membership to access an indoor pool, it is unlikely that they 

would make the trip solely to swim with strangers. Bicycling, however, is a relatively 

inexpensive, easy to learn, and low-impact sport that can be performed year round in any part of 

the country (Asplund, St. Pierre 2004).  

History of Bicycles 

 Bicycles, a well-established form of transportation now, were not always popular. First 

created in the early 1800’s in Europe, the bicycle did not gain popularity in America until the 

mid-1800’s. The “Ordinary”, created in England in the 1870’s, was a high-wheeled bicycle with 

wire spokes and was known for being lightweight and fast (“The Development of the Bicycle” 

2015). Americans began importing 

these bicycles and the cycling sport 

boomed.  

Pictured in Figure 13 is one of 

America’s first organized bicycle tours 

in 1879 with each rider standing next 

to their Ordinary bicycle. 

               Figure 13: Ordinary Bicycle Tour                    Modifications continued on the 

bicycles at the time, with safer and faster options becoming readily available throughout the 

1890’s. “The number of bicycles in use boomed as production rose from an estimated 200,000 

bicycles in 1889 to 1,000,000 in 1899” (“The Development of the Bicycle” 2015).  
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 It is worth noting that in Figure 13, it is only men who are participating in this bicycle 

tour. At this time, women were thought to be the more fragile and frail sex, and their large, ankle 

covering dresses of the time did not mix well with the mechanics of the bicycle. An article 

written in 1895 illustrated the point of view held by many at the time – it was a list of ‘don’ts’ 

for female bicyclists. The article included items such as “don’t faint on the road”, “don’t refuse 

assistance up a hill”, “don’t race”, “don’t use bicycle slang, leave that to the boys”, and “don’t 

try to ride in your brother’s clothes” (Popova, 2008). This mindset did not stop women from 

riding bicycles, and many took to wearing bloomers during their rides for increased safety and 

ease of riding. Susan B. Anthony said of bicycling in 1896, “Let me tell you what I think of 

bicycling. I think it has done more to emancipate women than anything else in the world. I stand 

and rejoice every time I see a woman ride by on a wheel.” Even to this day the fight for equal 

treatment of women in the bicycling sport continues, as the first major women’s race to coincide 

with the iconic Tour de France, La Course by Le Tour de France, held its first race just in 2014.  

 With an abundance of opportunities popping up for women cyclists specifically, it is 

becoming increasingly easier and easier to begin cycling. Women specific cycling groups are 

available both for mountain and for road biking. For example, Team Soul Cycling is a sponsored, 

all female, road biking team located in the community of Tucson, Arizona. They go on weekly 

rides and welcome new members consistently. This is a viable option for anyone who wants to 

learn about road biking in groups and may even want to try out a cycling event in the future. 

Also, the Bicycle Inter Community Art Salvage (BICAS) is a local bike shop and educational 

center that holds a women, transgender, and femme night once a week in their shop. During this 

time, only those who identify as women, transgender, or femme can enter and ask women 



HEART ANATOMY/PHYSIOLOGY   28 
 

mechanics questions about their bicycle, purchase new parts for their bicycle, and can even take 

classes ranging from learning how to fix a flat up to learning how to build a complete bicycle.  

Heart-Health Benefits  

 Cycling is not only a community oriented and growing sport, it is also an excellent 

alternative for athletes seeking low-impact exercise and is invaluable exercise for increasing 

cardiovascular health (Asplund, St. Pierre 2004). Cycling can prevent the onset of modifiable 

risk factors while also decreasing the damage of the risk factors should they already occur.  

 The three main risk factors, as noted before, are high blood pressure, elevated low density 

lipoprotein levels, and tobacco use. High blood pressure can be prevented all together through 

consistent moderate exercise like cycling, as persons with low physical activity have a 30% to 

50% greater chance of developing hypertension (Whelton, Chin, Xin, He 2002). High blood 

pressure affects over half of all Americans, but it is not impossible to correct should levels rise 

too high. Aerobic exercise, such as cycling, lowers blood pressure and hypertension independent 

of weight loss (Whelton, Chin, Xin, He 2002). This means that even if it is difficult to lose 

weight, simply getting on the bike consistently and exercising could still lower blood pressure 

without needing to be paired with drastic weight loss.  

 Low density lipoprotein levels can be reduced, and high density lipoprotein levels can be 

increased, with consistent cycling as well. Moderate exercise, defined as between 30 to 60 

minutes per day, can lower LDL levels by 5-10% and increase HDL levels by 3-6% (Wilund, 

Feeney, Tomayko, Weiss, Hagberg 2009). Especially in post-menopausal women, who have lost 

the protective effects of estrogen in lowering LDL levels, consistent cycling and the resulting 

lowering of LDL and increase in HDL levels will drastically reduce the risk of artherosclerosis, 

stroke, or myocardial infarctions.  
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 Smoking, though never easy to quit, can be overcome through support and persistence. 

Nicotine patches and helplines are a good start, but being surrounded by a close community of 

bicyclists can encourage healthier habits. Smokers are much more likely to relapse if they are 

around secondhand smoke – by forming new groups and keeping active with non-smokers, there 

is a lower chance of relapse and a higher change of successful cessation.  

 Finally, type 2 diabetes is an especially prominent risk factor for women. While the 

disease increases men’s risk of cardiovascular disease by two to three-fold, it increases women’s 

risk by three to even seven-fold (Goldschmid, Barrett-Connor, Edelsten, Wingard, Cohn, 

Herman 1994). Though more complicated to control than by simply increasing exercise and 

beginning a healthy diet, moderate exercise is the only other pathway, other than through insulin 

receptors, which can lower blood glucose levels. Consistent exercise can even increase insulin 

receptor’s response to insulin, therefore lower blood glucose levels more efficiently. Loss of 

belly fat is a major turning point in reversing the damaging effects of type 2 diabetes, and it is 

much easier for heavier persons to consistently perform the low-impact exercise of cycling as it 

is much easier on load-bearing joints.  

CONCLUSION 

 Cardiovascular health is extremely important, but at times neglected. Women especially 

need to make sure that they take steps to keep their modifiable risk factors controlled as they age, 

and through a healthy diet and the low impact exercise offered through cycling, they can 

successfully live a heart healthy life. After seeing a physician and obtaining the go ahead to 

begin moderate exercise, women in the community can go to women friendly bike shops to 

purchase a bike and learn basic bike repair, and can join women specific bike clubs to meet other 
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like-minded cyclists such as themselves. The cycling community is extremely welcoming, so the 

only thing left to do is purchase a helmet and find a bicycle trail near you.  
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APPENDIX A 
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APPENDIX B 

Bicycle Inter Community Art Salvage - http://bicas.org/ 

 BICAS is a nonprofit bicycle shop located in Tucson, AZ that holds a woman, femme, 

and transgender night once a week. At that time only those who identify as a woman, femme, or 

transgender are present, including the workers, and they can answer any mechanical questions or 

help fit you to a bike in their shop. They also hold classes ranging from how to fix a flat to how 

to build an entire bike. 

Team Soul Cycling - http://teamsoulcycling.org/ 

 Team Soul Cycling is a sponsored women’s road cycling team based in Tucson. They 

compete in all different age ranges and invite non-members to ride with them during the week. 

They post the routes and the ride leader’s information before every ride and those who are 

interested can apply for membership onto the team. 

Women Bike - http://bikeleague.org/womenbike 

 The League of American Bicyclists has started the Women Bike initiative to promote 

bicycling among women. They hold events nationwide in order to encourage women to become 

advocates in their area for cycling. You may join the membership in order to help encourage 

women biking in your own community.  

Cyclovia Tucson - http://www.cycloviatucson.org/welcome/ 

 A cyclovia is an event in which streets are closed down to motor vehicles in order to 

make them open to people. In Tucson, a cyclovia is held twice a year downtown where a loop is 

closed off to everyone except bikers and they are given free reign. This event is especially 

beneficial to new riders as there are multiple bike shops and bicycle safety awareness along the 

route while riders can focus on becoming comfortable on the road with their bike without having 

to worry about motor vehicles around them. 

 

http://bicas.org/
http://teamsoulcycling.org/
http://bikeleague.org/womenbike
http://www.cycloviatucson.org/welcome/

