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ABSTRACT 
 

Triathlon is a growing sport and is relatively new, starting in the US in the 1970’s. 
Millions of participants, ranging from newcomer to elite athlete, participate each year. To 
improve the experience for newcomers and the times for elite athletes, it is important to 
know how the cardiovascular system functions during triathlon, and how this can be 
manipulated to improve performance. This review combines personal experience of 
triathlon with research in the field of cardiovascular function in the three events of triathlon 
(swimming, cycling and running) to analyze information on how the heart as well as the 
vasculature operate during this specific type of stress. It was found that alterations in heart 
rate and stroke volume, both contributing to cardiac output, occur in each event, with 
stroke volume being highest in swimming and heart rate being highest in running, for later 
explained reasons. Cycling was found to have higher heart rate than swimming, but lower 
stroke volume, and both lower heart rate and stroke volume than running. This 
understanding of the cardiovascular system should assist in understanding physiological 
responses during triathlon. Further research would be helpful to investigate ventilation in 
the aerodynamic biking position as well as biomechanical differences in isolated and post-
bike runs. 
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The Physiology of Triathlon 

Introduction 

While all the systems of the body are required for proper daily function, the 

cardiovascular should be considered one of the most important. This statement is based on 

the fact that, unlike many of the other systems of the body, a failure or error in the 

cardiovascular system may lead to death in minutes. Therefore, it is absolutely essential 

that the cardiovascular system remains healthy and fully functional for every moment of a 

human being’s life. Exercise has been shown to improve cardiovascular health, particularly 

aerobic exercises such as running, biking and swimming, all of which are included in 

triathlon. Before I describe how the cardiovascular system is affected by triathlon training 

it is important to understand the components of the cardiovascular system. 

Cardiovascular Background 

 The cardiovascular system serves several important purposes. At its’ most basic 

level, the cardiovascular system functions to transport oxygen and nutrients throughout the 

body. This is one of the most critical functions, as failure to do so results in a quick death, 

as the body’s organs need oxygen and nutrients on a moment to moment basis. Another 

necessary function of the cardiovascular system is to serve as a carrier for many of the 

immune components of the body, such as neutrophils and lymphocytes. Because these 

components circulate in blood, they are easily mobilized and always nearby in the case of 

trauma or infection. The final purpose of the cardiovascular system is to assist in 

homeostasis, which is the range of values or functionality levels every component of the 

body must exist in to be healthy. The cardiovascular system does this by regulating pH 
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through use of buffer chemicals in the blood, temperature regulation, and also the water 

content within cells.  

The cardiovascular system is comprised of three parts: the heart, the blood vessels 

and the blood. The lungs, while not directly members of the system, also serve a critical 

role in the functionality of the cardiovascular system. Each of the three main portions has 

specific contributions to the smooth operation of the cardiovascular system. These three 

pieces must be thoroughly explored separately to understand them correctly.  

The Heart 

The heart is located in the center of the thoracic cavity, behind the sternum and 

between the lungs. The breastbone serves as protection from frontal, or anterior, trauma, 

with the lungs flanking the heart and the spine as well as muscular layers protecting the 

heart from the rear, or posterior, side. This evolution of protection should serve to indicate 

the great importance the heart has in the health of human beings. The organ itself is 

approximately the size of a human fist, with the point on the bottom of the heart, known as 

the apex, pointing down and to the left so that the heart appears to be tilted (Tortora 758). 

It is surrounded by a thin membrane known as the pericardium, which serves to anchor and 

protect the heart from damage (Tortora 758). The walls of the heart consist of muscle 

known as the myocardium which operates to squeeze blood out of the heart during normal 

function (Tortora 760). The final layer of the heart wall is the innermost endocardium, 

which is a thin endothelial layer that allows for frictionless passage of blood through the 

heart. The endocardium also lines valves in the heart to reduce friction. The heart contains 

four chambers, which all assist in pumping blood through the body. The blood enters the 
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heart from the body through the right atrium, and flows through a one-way opening known 

as the tricuspid valve into the right ventricle (Cohen 8/24/12). The blood is then pumped 

from the right ventricle through another valve known as the pulmonary semilunar valve 

into the pulmonary trunk, which then proceeds into the pulmonary arteries which carry 

blood to the lungs (Cohen 8/24/12). In the lungs, the blood circulates in capillaries around 

small structures known as alveoli 

(singular: alveolus), which are the 

smallest units of the lungs. Here, the 

walls of both the capillaries and the 

alveoli are very thin, which allows for 

diffusive gas exchange between the 

two entities. Carbon dioxide exits the 

blood to be disposed of by the lungs, 

and the oxygen within the alveoli 

diffuses into the blood down its’ concentration gradient (Tortora 768). This oxygenated 

blood returns through the pulmonary veins to the heart, where it enters the left atrium. 

Blood then passes through the bicuspid valve (also called the mitral valve because of its’ 

similarity in look to a bishop’s cap) into the left ventricle, the largest and most muscular 

chamber of the heart (Tortora 765). This chamber is the strongest because it has the most 

strenuous job, which is to pump blood to the entire body, known as the systemic 

circulation. The blood then passes from the left ventricle through the aortic semilunar valve 

and into the ascending aorta, which is the largest artery in the body, and the blood then 

Figure 1- Structure of the heart 
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flows to all parts of the body. After the blood reaches any destination, it returns through 

the venous system back into the right atrium through the superior and inferior vena cava, 

thus completing one full cycle of blood flow (Cohen 8/24/12).  

One feature of the heart that cannot be overstated in importance is its’ autorhythmic 

quality. The heart beats approximately 100,000 times a day, and if humans needed to 

initiate each occurrence, we would have no time to complete anything else (Tortora 757). 

Luckily, the heart possesses special cells, known as autorhythmic cells, which maintain the 

heart beat without needing external intervention. The beating of the heart is simply a 

coordinated muscular contraction by the myocardial cells within the heart, but these 

myocardial cells require stimulation to contract in a concerted manner and to avoid 

dysrhythmias (which are irregularities in the normal rhythm of the beating of the heart). 

The autorhythmic cells operate using electrical signals, known as action potentials, to carry 

the signal to contract throughout the entire heart in one, sweeping motion. The signal 

normally begins in a small unit known as the sinoatrial (SA) node, located in the right 

atrium. The signal propagates from the SA node to the atrioventricular (AV) node via the 

intranodal pathway. The AV node, located between the right atrium and right ventricle, 

passes the signal on to the AV bundle, also known as the Bundle of His, which is located at 

the top of the interventricular septum (the tissue separating the right from the left 

ventricle). The signal passes down to the right and left bundle branches, also in the 

interventricular septum, and finally permeates through the rest of the heart through the 

Purkinje fibers, located in the myocardium starting from the apex of the heart and 

travelling up the sides of the heart (Tortora 774).  
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An important metric of heart function is cardiac output. Cardiac output is the 

amount of blood that the heart pumps per unit time, and for measurement purposes is the 

volume of blood pumped from the left ventricle into the aorta per minute (Tortora 782). 

Cardiac output (CO) is defined as: 

CO  = SV  x HR 

 (mL/min)   (mL/beat) (beats/min) 

where SV is the stroke volume (the volume of blood ejected per heartbeat) and HR is heart 

rate (the amount of heartbeats per minute).  

 Stroke volume, which directly influences cardiac output, is affected by three 

factors: preload, afterload and contractility (Cohen 9/12/12). Preload is the stretch inflicted 

on the heart during filling at rest (diastole). The greater the amount of blood that fills the 

chamber, the greater the push on the walls of chamber, and this creates tension from 

stretching. This greater tension creates a stronger contraction of the heart, similar to a 

rubber band that is stretched further and recoils 

more forcefully than a slight stretch   (Tortora 782). 

This volume-stretch relationship is known as the 

Frank-Starling law of the heart, and it states that the 

preload is proportional to the volume of blood at 

the end of diastole, and a greater preload creates a greater stroke volume because of greater 

force of contraction, and therefore increases cardiac output. This relationship can be seen 

in Figure 2 above. 

Figure 2- Frank-Starling Mechanism 
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 The next important factor is the afterload. When the heart begins systole (heart 

contraction), the blood is pumped from the left ventricle as soon as the pressure inside the 

left ventricle exceeds the pressure the aorta exerts against the aortic semilunar valve. 

Afterload, then, is this amount of pressure that the left ventricle must create to eject blood 

from the heart. It makes sense that an increase in afterload, the pressure necessary to eject 

blood, negatively affects the amount of blood that can be forced out of the heart, due to 

strain placed on the muscle cells in the chamber wall. Because the afterload negatively 

affects stroke volume, it therefore is inversely proportional to cardiac output (Cohen 

9/12/12). 

 The final factor that influences stroke volume is contractility. Contractility is the 

strength of contraction produced by the muscular tissue in the heart chamber walls. A 

stronger contraction ejects more blood from the chamber per heartbeat, and therefore a 

greater contractility leads to a greater stroke volume and a greater cardiac output. 

Contractility can be increased using positive inotropic agents, which includes things such 

as the hormones epinephrine as well as norepinephrine, as well as increased concentrations 

of Ca2+ ions. (Cohen 9/12/12).  

 The other major influence on cardiac output, shown by the equation, is heart rate. 

Heart rate is the amount of contractions (beats) of the heart per unit time. Heart rate is 

regulated through the nervous system, with the electrical conductance system (see above). 

If stimulation were cut off from the cardiovascular control centers in the brain, the heart 

would beat at 100 beats/min from SA node stimulation, but the heart has greater or lesser 

needs depending on the level of activity and needs of the body’s tissues for nutrition. At 
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rest, the parasympathetic nervous system slows the heart rate using acetylcholine, a 

neurotransmitter, to slow the rate of impulses from the SA node to approximately 70 

beats/min. During or leading up to exercise, on the other hand, the sympathetic nervous 

system quickens the heart rate through use of norepinephrine, which speeds up the 

impulses from the SA node (Tortora 784).  

Blood Vessels 

 If the heart serves as the pump of the cardiovascular system, the blood vessels serve 

as the plumbing through which the blood flows. It is estimated that, in total, there are 

approximately 60,000 miles of blood vessels throughout the human body, which equates to 

approximately 2.5 trips around Earth (Tortora 802). The main categories of blood vessels 

are: arteries, arterioles, veins and capillaries. Arteries and arterioles carry blood away from 

the heart, whereas veins carry blood towards the heart, and capillaries serve as the 

exchange zone of nutrients between arteries and veins (Cohen 8/27/12). They each carry 

distinctive properties necessary for their proper function. Arteries and arterioles contain in 

their walls a thick muscular layer of smooth muscle as well as elastic fibers, with arterioles 

having a greater portion of muscular fibers while arteries are more elastic. The elastic 

fibers store mechanical energy as the pressure from the heart pumping stretches them, and 

then the elastic fibers recoil to push the blood forward through the body. The smooth 

muscle in the walls of arterioles allows for vasoconstriction and vasodilation, where the 

vessel’s diameter can be decreased or increased respectively, depending on the needs of the 

body. Vasoconstriction can be used to decreases the flow rate of blood and blood pressure, 
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whereas vasodilation can be used during times of high nutrient necessity, such as exercise, 

to increase blood flow and blood pressure (Tortora 805). 

Veins serve to bring blood back to the heart. The majority of the venous system lies 

below the level of the heart and therefore must pump against gravity to return blood to the 

heart. Veins, and the smaller venules lack the smooth muscle found in arteries, and instead 

use a series of valves within them, along with the pumping of the heart, to segmentally 

push blood back to the heart (Tortora 809). Skeletal muscles also assist in this action, as 

their flexion squeezes the veins and effectively pushes the blood upwards towards the 

heart. Pressure is much weaker in veins than in arteries, and this is the main reason why the 

veins and arteries are structurally different, with walls in veins being less muscular than 

those of arteries. 

 Capillaries are where one of the core functions of the cardiovascular system, 

nutrient delivery, occurs. They connect arteries to veins, and account for the greatest total 

surface area of any other category of blood vessel (Cohen 8/27/12). While they account for 

the greatest total surface area, 

they are also the smallest of all 

the vessels in individual size, 

ranging from 5-10 micrometers 

in diameter and microscopic in 

viewing size. This small size, 

Figure 3- Single file RBCs through a capillary 
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as well as the single cell layer of the capillary walls, serves the purpose of these vessels 

well, as cells can only pass single file through capillaries, and the thinness of the walls 

allows for direct diffusion of gases as well as nutrients without need of a transporting 

entity. In the body, each cell that requires sustenance is always very close to a capillary, 

and this in combination with the structure of capillaries allows for complete nutrition as 

well as speedy diffusion to make the process efficient (Tortora 807).   

Blood 

The final component of the cardiovascular system is the blood. Blood is liquid 

connective tissue that flows through blood vessels throughout the body, carrying many 

important components such as red blood cells, white blood cells and platelets (Tortora 

729). Blood plasma is the fluid part of blood, and suspends all of the cells. The three main 

purposes mentioned for the cardiovascular system all converge with the blood, because the 

blood serves as the carrier for nutrients and oxygen, suspends and transports the immune 

cells and assists with homeostasis by carrying 

buffers for pH throughout the body. Blood 

also has the additional function of clotting, 

which occurs when there is a cut or 

hemorrhage and seals the site of injury 

through use of platelets. Blood is more 

viscous and dense than water, and has a 

slightly basic pH, which is tightly regulated. 

When blood is oxygenated, it is bright red, and when it is non-oxygenated it is dark red. 

Figure 4- Electron microscope of a RBC 
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The components within blood, however, perform the actual work of the system. 

Red blood cells make up the greatest portion, approximately 99%, of the cells in blood. 

Red bone marrow is where they originate, developing from myeloid stem cells to red blood 

cells by a process known as hematopoiesis. Erythropoietin is a hormone produced in the 

kidneys that increases production of red blood cells (RBCs), often used illegally by 

endurance athletes to improve cardiac performance (Tortora 734). Adult RBCs are 

anucleated, containing no nucleus, and lack many organelles as well. This is because RBCs 

have one specific function: to carry oxygen. They have a biconcave shape to increase 

surface area for gas diffusion when loading and unloading oxygen and carbon dioxide in 

the tissues or lungs. Within each RBC there are approximately 280 million hemoglobin 

molecules, each with an iron ion (Fe2+) within that binds and holds the oxygen molecules 

(Tortora 735). Because this process is reversible, hemoglobin can both gain and lose 

oxygen with little difficulty. RBCs live approximately 120 days, after which they are 

removed by macrophages and recycled for other metabolic processes within the body.  

Related to the RBC count within the body is a measurement known as the 

hematocrit. The hematocrit measures the RBC content within blood as a percentage. An 

RBC content of 40% in blood is equivalent to a 40% hematocrit. In females, the hematocrit 

averages 38-46%, while in males the average is 40-54%. This higher count of RBCs in 

males reflects higher levels of testosterone, which stimulates erythropoietin (EPO) to 

produce RBCs (Tortora 732). Hematocrit is an important standard in elite triathlon because 

it can reveal blood doping by an athlete if the number is too high, indicating an excess of 

RBCs and therefore an illegally more efficient cardiovascular system.  
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Another important cell type within the blood are white blood cells (WBCs), also 

known as leukocytes. They are far less numerous than RBCs in the blood, with a ratio of 

approximately 700 RBCs to 1 WBC. There are five different types of WBCs, and they are 

split into two different categories, granular and agranular, which simply reflects the 

appearance of spots (granules) when the cells are stained and viewed under a microscope. 

These five types are: neutrophils, eosinophils and basophils as granular, and lymphocytes 

and monocytes/macrophages as agranular. They all function in the immune system to 

provide a defense against foreign pathogens, with each type assisting with different types 

of pathogens. Neutrophils fight bacterial infections, lymphocytes and monocytes fight viral 

infections, and eosinophils fight parasitic infections, to name a few functions (Tortora 

741). 

 Platelets are another important part of the blood components. They form similarly 

from myeloid stem cells, but instead of maturing into individual cells, the final product of 

thrombopoiesis is a gigantic megakaryocyte, which then splinters into several thousand 

fragments. These tiny fragments that each has their own tiny piece of plasma membrane 

are platelets (Tortora 741). They are irregularly shaped and anucleated, and only have a life 

span of 5 to 9 days. Inside platelets are many vesicles, each containing chemicals that 

release upon stimulation to clot. These chemicals bring more platelets to the site, as well as 

other clotting factors such as fibrinogen and fibronectin, which all operate together to stop 

blood loss upon injury (Tortora 741).  
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Triathlon 

 The cardiovascular system and exercise are closely connected, and benefit each 

other. The cardiovascular system provides the means for the body to sustain exercise, 

while exercise improves the efficiency of the cardiovascular system. One particular form 

of exercise, triathlon, is a unique challenge to the cardiovascular system because it is not 

simply one type of stress, but instead is three, all in succession and without time for rest. 

This form of exercise, therefore, is one of the most rigorous because of the great demands 

of the heart and other parts of the cardiovascular system. Before the explanation of the 

different ways the body is challenged during triathlon training and competing, it is 

important to understand some history of the triathlon and why it has grown so explosively.  

 Triathlon started in the 1920s in France and was 

originally called “Les trois sports” in French, which 

translates to “Three Sports” (totaltriathlon.com). It originally 

was centered around a swim across the channel Marne in 

France, with a bike ride and a run afterwards to make it 

more challenging. This is the origin of the official order of triathlon, which is the swim, 

then the bike and finally the run. The real takeoff for the sport occurred when it moved to 

the United States in the 1970s. Originally in the San Diego Mission Bay area in Southern 

California, runners, bikers and swimmers all wanted to improve their training regimens to 

have better performance in their respective events. To this end, all three groups of fitness 

participants who trained together at the San Diego Track club put together informal events 

that would substitute for their regular training (howstuffworks.com). These events 

Figure 5- Three events of 
triathlon 
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consisted of not just each group’s respective form of cardio, but instead included two other 

forms to provide a challenge and an opportunity to compete. These early events closely 

resembled triathlon as it is known today, with the Mission Bay Triathlon, the first officially 

recognized triathlon, taking place on September 25, 1974 in San Diego. This event 

consisted of a 500 yard swim, a 5 mile bike ride and a 6 mile run, and 46 people competed 

(totaltriathlon.com).  

 The modern Ironman triathlon was created shortly after the first event in San 

Diego. In 1978 in Hawaii, there were three major events hosted on the islands: The 

Waikiki Rough Water Swim (2.4 miles), The Oahu Bike Race (112 miles) and The 

Honolulu Marathon (26.2 miles). There were arguments as to which of the events was the 

most difficult, and instead of resolving the argument, it was decided that they should be all 

combined into one event: The Hawaii Ironman Triathlon (beginnertriathlete.com). The 

headline for the event was “Swim 2.4 miles! Bike 112 miles! Run 26.2 miles! Brag for the 

rest of your life!” This provided the groundwork for the modern Ironman, where the 

distances remain the same as this original patchwork race from 1978 in Hawaii. Fifteen 

people competed in the original Hawaii Ironman, and in 2013 over 3,000 people competed, 

reflecting rapid growth in the sport.  

In 1982, the beginnings of true organization for the sport began, with several 

governing bodies being established, most importantly the U.S. Triathlon Association and 

the American Triathlon Association. These two combined to make the U.S. Triathlon 

Association in 1982. The sport continued to flourish with event sanctioning of the main 

governing body. The USTA also set forth competitive rules and standards for each event to 
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make the sport more universal throughout the country (usatriathlon.org). Eventually, under 

the current name of USA Triathlon, the organization pressed for and succeeded in placing 

triathlon within the Olympics, with the first inclusion in the program in the 2000 Games in 

Sydney, Australia (usatriathlon.org).  

 Triathlon has continued to grow and is currently one of the fastest growing types of 

exercise in the world. There are many varieties of triathlon, and different events have 

varying lengths, but there are generally three main accepted distances which are standard 

to the event. These categories are called sprint, Olympic/full and ironman. Each of them 

contain the same events (swimming, biking and running), but vary in their distances for 

each of the events.  

 The sprint triathlon is the most popular distance, mainly due to the many organized 

events that fall into the sprint distance and beginner friendly distances. It can vary wildly, 

but the standardized distance for sprint is where the competitor swims 750 m (0.5 miles), 

bikes 20 km (12.4 miles) and runs 5 km (3.1 miles). The events, as stated before, are 

completed in that order in a standard race, as is tradition. There is also a transition area 

between each event to switch clothing.  

 The next distance in triathlon is called the “Olympic”, or “full”, triathlon. This 

event is named because it is the distance performed in the Olympics for the triathlon event. 

The distances are twice that of a sprint, or 1.5 km for the swim (0.93 miles), 40 km for the 

bike (24.8 miles) and 10 km for the run (6.2 miles). This is much rarer in standard 

competition because of the necessity for true training and the lack of events hosted.  
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The final standard level of triathlon is the Ironman distance, which was established 

with the Hawaii Ironman as explained above. The Ironman is the longest of the standard 

distances, with a 3.8 km swim (2.4 miles), 180 km for the bike (112 miles) and 42.2 km for 

the run (26.2 miles). The ironman is the most rigorous of all the events and only the most 

elite athletes usually compete in them. Besides elite athletes, many who compete in 

ironman events strive only for completion, so their times are often much slower than those 

in the front of the pack. This can lead to a large deviation in event completion times, 

between 9-10 hours for the elite athletes to 16-17 hours for the age-group competitors. 

Cardiovascular Effects in Swimming 

 The cardiovascular effects in triathlon are different from those of any one 

individual race, because the athlete’s body must compensate for three different types of 

exercise. The differences in the cardiovascular system assessed for each of the three types 

of triathlon exercise lead to a different physiological response for each one. Swimming, 

biking and running each have their own characteristics and effects on the cardiovascular 

system, some being observable and some needing experimentation to see.  

 Swimming is the first event in nearly every triathlon, and has been so since the 

induction of triathlon as an official sport. When swimming there are many different types 

of strokes, which differs from the other two forms, biking and running, in that the athlete 

has a choice how to perform the task at 

hand. In most cases, the freestyle, or front 

crawl, is used to compete in triathlon, due 

Figure 6- Demonstration of the freestyle 
stroke 15 

 



to it having the best balance of energy efficiency and speed (gsu.edu). The freestyle is done 

by swimming prone, with ones’ face in the water, and using long strokes with the arms to 

produce movement forward, breathing occasionally to the side of the body by lifting the 

mouth out of the water. Athletes usually compete in waves, with everyone in one wave 

starting at the same time and exiting the pool upon completion. The next wave cannot start 

until the entire previous wave is complete.  

 When swimming, the cardiovascular effects are different than either cycling or 

running. Instead of being upright and subject to the forces of gravity, swimmers are in 

water that keeps them afloat without muscular exertion, and are laying parallel to the Earth 

instead of perpendicular. This has two distinct, noticeable changes in the physiology of the 

cardiovascular system. For one, the buoyant forces of the water simulate the work 

normally done by the erector muscles in the spine to keep the body standing upright. 

Because the body no longer has to use these muscles, energy is saved and can be used for 

the exercise at hand, which undoubtedly contributes to the long duration possible in 

endurance swimmers. The greater these buoyant forces are, the more the body is kept out 

of the water, which reduces the drag because of a lesser surface area exposed to the water 

(Chatard et al., Analysis of determinants of swimming economy). Secondly, and more 

important, the parallel position necessary to complete the swim has great implications on 

how the heart moves oxygenated blood around the body. The cardiovascular system in 

humans was designed for standing upright, so many of the systems are catered to this. For 

example, the heart is normally forced to pump hard to push blood against gravity to the 

upper extremities and also to return blood from the lower extremities against gravity back 
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to the heart. This creates tension in the heart muscle, because it must do significant work 

just to move blood around the body, especially during exercise. In swimming, however, the 

forces of gravity are nullified because the body is flat, so the heart no longer has to fight 

these forces. As the triathlete moves into position to perform the swim the body sees, 

nearly instantaneously and because of the removal of the forces of gravity, increases in 

venous return to the heart. A greater venous return, known also as preload, leads to a 

greater stroke volume in the heart because more blood is in the left ventricle when it 

empties. Because a greater volume is pumped from the left ventricle, baroreceptors that 

sense stretching of the arterial walls in the aorta are triggered which ultimately lead to a 

decrease in heart rate. The cardiac output at the starting position is therefore approximately 

the same, as both stroke volume and heart rate are directly proportional to cardiac output, 

and SV increases while HR decreases. As the exercise begins and there is greater cardiac 

demand, cardiac output increases, but the increase is mainly from an increase in heart rate 

because stroke volume is already high. In trained triathletes, the cardiac output for 

swimming and running is observed to be approximately the same. This is due to a decrease 

in HR and an increase in SV in the swim (Dixon & Faulkner, Cardiac outputs running and 

swimming).  

 Another interesting aspect in the cardiovascular system relating to swimming is the 

blood itself. Swimming is done in water, so the body is in constant contact with liquid, 

which tends to be cooler than the temperature of the body. Because of this constant cool 

surface making contact with the skin, the blood tends to retract towards the center of the 

body because there is no need to redirect to the skin surface for cooling. All the blood 
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moving centrally has the possibility of placing stress on the heart, but there is inconclusive 

evidence as to its’ true effects (Tanaka, Swimming Exercise). Also interesting to observe is 

that most of the work done in swimming is done with the muscles of the back with some 

help from the legs, so the majority of the blood flow to skeletal muscles occurs in close 

proximity to the heart, which may have interesting implications on the effectiveness of 

oxygenation of the necessary muscles. It is not unreasonable to think that with the blood 

being pumped so close to the heart, the actual distance that the heart has to move the blood 

is less, so that blood can carry oxygen and return from these muscles faster. 

Cardiovascular Effects of Cycling 

 Cycling is usually the second event performed in triathlon after swimming. 

Transitioning from swimming to cycling is done in a transition area, and involves changing 

out swimming gear for cycling equipment. This usually includes the removal of a wetsuit 

and goggles, and the addition of shoes as well 

as a helmet. The triathlete also has to take time 

to put the bib on, as it must be visible. The 

variation in time for cycling does not come 

from various methods of doing the event like 

swimming, such as different strokes, but 

instead originates from different styles and 

levels of quality of bikes as well as specific 

pacing. Bikes can vary in build quality, using 

different materials and componentry to make up the bike. There are also both road bikes 

Figure 7- Road bike (back of picture) vs. 
tri bike (front of picture) 
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and tri bikes, with road bikes having better handling and tri bikes having better speed, so 

the triathlete must choose carefully based on the course. Also significantly different 

between the two styles of bikes is the body position. On a road bike, because of the 

handlebars being closer to the rider, the rider tends to be more upright, which increases air 

resistance and hurts aerodynamics. Tri bikes have the handlebars set up to be forward and 

usually with elbow pads to allow a much lower position, improving aerodynamics. 

Intuitively, this leads to lower ventilation on a tri bike due to the “closed off” position of 

the rider and the biomechanical difficulties this presents with lung inflation, though the 

research is limited on this idea. How one rides is also important, because riding all out can 

lead to burnout for the athlete, known as bonking, which leaves no energy at the time of 

the run. This occurs when the glycogen stores in the body are depleted, which the body 

uses for fuel. Once these stores are depleted without replenishment, the body begins to 

burn fat instead of carbohydrates, 

which is substantially less efficient 

and occurs much slower. Because fat 

cannot be utilized as quickly, the 

triathlete must significantly reduce 

their power output to match energy 

supply, therefore leading to much 

slower performance (Keen 3/5/14). 

Pacing is determined by the individual 
Figure 8- Different body positions of 
cyclists, mainly triathlon vs. road bike.  
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athletes to avoid this bonking effect. In most events drafting is not an option because it 

disqualifies the triathlete from an official time due to it reducing the air resistance on the 

drafting rider, so pacing is solely determined by the rider and their own decision of power 

output (USAtriathlon.org).  

 In the cardiovascular system, the demands are much different in cycling than in 

swimming or running. The triathlete spends a significant time in the pool performing 

exercise in a prone position, and then must change to sitting without any time to rest to let 

the cardiovascular system readjust. While the blood was kept centrally during swimming 

because of the cold temperature of the water and the proximity of back muscles used to the 

heart, it is then forced to flow to the periphery to support the leg muscles in the action of 

cycling. This can cause dizziness in the triathlete because of the sudden movement of 

blood from the brain and core downwards when gravity and leg blood supply become 

relevant (ironman.com). It is possibly helpful to focus on using more legs at the end of a 

swimming event to move blood from the core to the periphery, and to focus on exiting the 

pool smoothly to avoid drastic changes to the body (ironman.com).  

 Once actually on the bike, the cardiovascular mechanics change significantly. 

Instead of moving the entire body like swimming, cycling involves applying force to 

pedals which do mechanical work to drive the bike forward. While the cyclist technically 

moves the bike and their own mass, it is done so with a tool that assists in the work. While 

cycling, the cardiac output is high, though slightly lower than swimming because of only 

slightly increased heart rate but more significantly decreased stroke volume (Kohrt et al., 

Physiological responses of triathletes). This is mainly a reversal of the processes that 
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changed in the body while swimming. Stroke volume decreases because venous return is 

not as high as in swimming, due to the upright position and gravity’s effects, and heart rate 

increases because baroreceptors are no longer being activated due to large volume of blood 

expulsion. The majority of this blood flow is directed to the quadriceps and hamstrings, 

due to massive vasodilation of capillaries in these muscles. At rest, skeletal muscles 

normally only have 25% of their capillary networks open to blood flow, so greater 

necessity can lead to four times the amount of blood flow to the working muscle (Cohen 

10/3/12). This normally occurs due to the metabolites circulating in the muscle tissue 

surrounding the arterioles. Because these tissues are metabolically active and producing 

waste products from using energy, these waste products build up. Two such waste products 

are inorganic phosphate and hydrogen proton. Inorganic phosphate is derived from the 

breakdown of ATP to ADP by the cells and hydrogen proton builds up from the increase in 

lactic acid levels due to glycolytic energy pathways. In order to clear these metabolites, the 

body senses their concentrations and vasodilates arterioles to remove them from the tissues 

(Cohen 10/10/12). Hence, greater levels of exercise produce greater levels of metabolites, 

which vasodilate arterioles to remove the metabolites but also to assist in oxygen delivery 

to the tissues. Cycling contains the most concentrated blood flow of any of the three 

events, with most of the blood being localized in the upper leg. This great amount of blood 

flow can lead to increased thickness in the thighs, which can cause biomechanical issues 

on the transition to the run, though the research is scarce. 
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 An interesting aspect of the cardiovascular system during cycling involves the 

position of the person doing the event. As said before, swimming and running require the 

triathlete to move their own mass, whereas cycling is done while stationary on a seat. 

There is therefore often less stress on the joints, bones and ligaments due to the absence of 

compressive forces on bone in running and stretching of ligaments and distortion of joints 

in swimming. In many triathletes, this leads to less perceived exertion on the bike than the 

other two events. There is also often less pain, which reduces the release of adrenaline and 

can possibly lead to lesser stimulation of the 

heart. Being stationary allows for nutrition 

to take place on the bike. As the triathlete 

completes the swim and starts to ride the 

bike, the hands become available for use. It 

is necessary to consume nutrients during 

triathlon to avoid bonking, as described 

above. To avoid trying to ingest nutrition while moving, such as in running or swimming, 

and to avoid carrying anything on the body which adds weight and therefore work, the bike 

is then the best time to replenish.  

Cardiovascular Effects of Running 

 Running is the final event in standard triathlon, taking place immediately after the 

bike ride. The triathlete transfers from the bike to the run by hanging up the bike and 

swapping out cycling shoes for more run-appropriate ones. This is usually a much shorter 

Figure 9- Nutrition occurring on the bike 
during triathlon 
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transition time than the transition from swimming to cycling, as there is no wet clothing 

removed and the gear change is less significant.  

 Cardiovascularly the switch from the bike to the run can be challenging. Cycling 

causes high levels of vasodilation in the lower extremities, mostly in the quadriceps but 

also in the hamstrings, and this generally leads to a feeling of leg stiffness when running. 

In addition to vasodilatory factors, one study showed that as the triathlete fatigued, their 

bodies subconsciously began to depend more on the knee joint to pedal during the bike ride 

(Bini & Diefenthaeler, Kinetics and kinematics analysis). This led to increased stiffness in 

both the knee joints and hip joints of triathletes making the transition from the bike to the 

run (Sayers & Gardner, Effect of prior cycling on leg stiffness). This can lead to 

mechanical issues when attempting to run, because the discomfort felt by the triathlete 

causes them to compensate and change their running mechanics. This has the potential for 

greatly increased mechanical work done internally, cited in one study to average a 54% 

increase, and this increased mechanical work can lead to a slower time, averaging 38% 

slower for runners in the same study (Millet et al., Physiological and Biomechanical 

adaptations). Therefore it is essential to train both cycling and running together when 

preparing for triathlon, to condition the body to handle the transition better, including the 

switch from maximal vasodilation in the thighs to more evenly distributed vasodilation 

throughout the body. 

 Running also is performed in a different position than the other two events. While 

swimming is done prone and biking is done sitting down, running is done upright, with the 

full force of gravity upon the skeletal system and the responsibility for supporting the 
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skeletal system completely on the muscles of the body. There is much more musculature 

involved than in cycling, using more of the muscles of the lower leg, such as the soleus and 

gastrocnemius, in addition to gluteus muscles to propel the body forward and stay upright. 

There are also many more muscles that serve a minor but significant role in running, such 

as the back and shoulder muscles to create arm drive to assist the motion of running, and 

the abdominals and erector muscles to keep posture upright and assist in forced breathing. 

Because of all these different muscles being used during running, the cardiovascular 

system is forced to spread the blood out much more evenly in running than in biking. This 

often leads to a more significant feeling of whole-body exertion, because the heart is being 

required to move blood everywhere instead of primarily one location.  

 While actually running, the heart must move more blood all over the body and 

return it to the heart as well. This puts great stress on the heart because it must force blood 

against gravity to the upper extremities, and return it against gravity in the lower 

extremities. Because of this greater workload on the heart, both markers of cardiac output 

are higher in running than they are in cycling. The heart rate increases as the triathlete 

transitions to the run the event progresses. In most studies, the submaximal heart rate 

observed for running, as applicable in triathlon, is normally 5-10 bpm higher than that 

observed for cycling (Bentley et al., Physiological differences between cycling and 

running). A greater stroke volume is also observed when comparing running to cycling 

(Hermansen et al., Cardiac output during submaximal and maximal treadmill and bicycle 

exercise). This increase in stroke volume is likely due to an increase in venous return, and 

the increase in venous return is likely due to the increased efficiency of the muscle pump 
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system. The muscle pump is the system in which contraction of muscle surrounding the 

venous system squeezes blood out and towards the heart, which is a major factor for 

increasing venous return and preload during exercise, leading to increased stroke volume. 

While there is no direct research comparing muscle pump efficiency in cycling and 

running, there are several mechanisms observed that support the idea of increased 

efficiency in running. One is the increase in stride frequency in running as opposed to the 

slower cadence of cycling, which was shown to increase blood flow. This is due to a direct 

mechanical coupling between strides, which involve muscle contraction, and the 

previously mentioned squeeze of the venous system, so that more frequent contractions 

move more volume back to the heart (Sheriff, Muscle pump function during locomotion). 

Another important observation in running is that the specific type of contraction done 

during running induces pro-inflammatory responses which increase blood flow (Laaksonen 

et al., Effects of exhaustive stretch-shortening cycle exercise). This may indicate a more 

efficient muscle pump while running. Because both factors, stroke volume and heart rate, 

are both higher in running, it is safe to say that cardiac output reaches higher levels in 

running than in biking. 

Conclusions 

 In this study, the differences in the cardiovascular system between events in 

triathlon was analyzed. Most important to the discussion of the heart and the vasculature 

when discussing exercise is the measure of cardiac output. Cardiac output is dependent 

upon stroke volume, the amount of blood ejected from the heart per beat, and the heart 

rate, or how often the heart beats. In swimming it was found that stroke volume was the 
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highest of the three events, because of the prone position of the body, causing massive 

venous return from the absence of the forces of gravity. Upon beginning the exercise, heart 

rate decreased, because the greater venous return led to greater preload and greater stroke 

volume, which triggered baroreceptors in the aortic arch, causing neurologically-stimulated 

decreases in heart rate. Blood flow is also much different in swimming, as most of the 

vasodilation occurs in the back muscles, which are located near the heart spatially. Erector 

muscles in the spine have their function simulated by the buoyancy of water, so there is 

some energy saved through the medium of swimming.  

 Cycling was found to have a higher heart rate and a lower stroke volume than 

swimming, through the reversal of the mechanisms mentioned during swimming. The 

stroke volume decreases as the cyclist becomes upright because of gravity’s impact on 

venous return. A lower venous return and stroke volume then leads to less stimulation of 

baroreceptors and the removal of inhibition of heart rate. Blood flow is greatly altered 

during cycling as well, with most of the blood going from the core to the periphery on the 

switch from swimming to cycling, mainly from the back muscles to the leg muscles. This 

occurs through massive vasodilation in the thighs, which takes place because the working 

muscles produce high levels of metabolites which trigger vasodilation. The massive 

vasodilation has potential biomechanical effects on the transition to the run. 

 Running is the most intensive event in terms of cardiac output. Stroke volume is 

increased from the bike, speculated to be because of the greater efficiency of the muscle 

pump in the legs in forcing blood to return to the heart through the venous system during 

running. There are several observations indicating this increased efficiency, such as more 
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frequent contractions of the leg muscles around the vasculature during running and pro-

inflammatory responses inducing vasodilation because of the specific contractions of 

running. Heart rate is also higher during running than swimming or cycling, indicated in 

several studies and most likely due to the necessity for blood flow all over the body. Blood 

flow is much more evenly distributed and widespread during running than the other two 

events, and this may contribute to the increased cardiac output of the heart as well.  

 All of these conclusions were drawn from bringing together great amounts of 

research into one document. The original contribution of this document is making the true 

analysis as to how cardiac output compares between all three events, instead of simply 

analyzing individual events or simply one compared with another. Doing so is helpful in 

understanding cardiac function in direct comparison, instead of indirect studies of different 

individual events, which is misrepresentative of triathlon.  

 Because the study of triathlon physiology is so new, there are many exciting 

options for research to further the understanding of the populace. Some of these research 

opportunities appeared on the compilation of this work, due to the incompleteness of the 

information. One area of research which would be greatly beneficial would be the study of 

the comparison of muscle pump efficiency between all the events, primarily between 

cycling and running due to their similar utilization of the musculature. It would be helpful 

to understand the reasons why stroke volume and venous return are higher in running, and 

muscle pump efficiency is one of the most common speculations as to how this happens. 

Another useful piece of research would be the analysis of the biomechanical effects of 

greatly vasodilated legs on a run immediately following. Cycling during triathlon causes 

27 
 



large vasodilation in the legs, which can lead to swelling. It would be interesting to observe 

changes in the form of runners because of this swelling and how this affects performance. 
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Appendix A. 
 
Thesis Poster  
 
Creator: 
Matthew Stephen Susa & Dr. Zoe Cohen 
 
Description: 
The poster for this thesis was presented in a poster session hosted by the Department of 
Physiology on April 16th, 2014. It was presented in front of professors and students, from 
undergraduate level and graduate level. It was an opportunity to present the findings of this 
thesis and explain the rationale behind its’ contents. 
 

 
An image of the thesis poster used for the poster session.  
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