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Differences in Maximal Exercise During Running and Cycling 

as a Function of Mode of Exercise for Training and Competition 

 

The purpose of this research project was to compare maximal exercise during 

running and cycling in athletes who train and compete in running, athletes who train and 

compete in cycling, and athletes who train and compete in both running and cycling.  

Twenty-three subjects (fifteen males and eight females), including eleven cyclists, seven 

distance runners and five triathletes, performed graded exercise tests in a randomly 

assigned order approximately one week apart on a treadmill (Trackmaster) and a 

computerized cycle ergometer (Velotron, RacerMate, Inc.) using a computerized 

metabolic analysis system (AEI Technologies/Vacumed).  The maximal oxygen 

consumptions were higher on the treadmill compared to the cycle ergometer for cyclists 

(51.81 + 10.90 ml/kg/min, 50.61 + 9.32 ml/kg/min), runners (60.20 + 12.95 ml/kg/min, 

54.03 + 10.56 ml/kg/min) and triathletes (58.24 + 5.92 ml/kg/min, 53.26 + 10.90 

ml/kg/min).  These differences were statistically significant only for distance runners (p = 

0.0101) and the differences for cyclists were only 1.20 + 4.44 ml/kg/min or 1.50 + 

8.90%.  The oxygen consumptions at the lactate threshold were higher during the 

treadmill trials compared to the running trials for cyclists (48.32 + 10.83 ml/kg/min, 

45.77 + 8.88 ml/kg/min), runners (53.91 + 14.15 ml/kg/min, 41.44 + 13.69 ml/kg/min) 

and triathletes (52.7 4 + 5.85 ml/kg/min, 48.82 + 4.49 ml/kg/min).  These differences 

were statistically significant for runners (p = 0.0087) and triathletes (p = 0.0396) and the 
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difference for cyclists was only 2.55 + 5.24  ml/kg/min or 4.12 + 11.50%.  The heart rates 

at the lactate threshold were higher during the treadmill trials compared to the running 

trials for cyclists (166.7 + 18.0 bpm, 164.5 + 13.4 bpm), runners (175.4 + 6.2 bpm, 159.4 

+ 23.2 bpm) and triathletes (175.8 + 8.1 bpm, 166.2 + 10.3 bpm).  These differences were 

statistically significant for runners (p = 0.0453) and triathletes (p = 0.0401) and the 

difference for cyclists was only 2.27 + 9.51  ml/kg/min or 0.97 + 5.97%.  For cyclists, the 

maximal oxygen consumptions, oxygen consumptions at the lactate threshold, and heart 

rates at the lactate threshold were not statistically different between the treadmill and 

cycle ergometer.  The cycle ergometer provided a mode of exercise that may be preferred 

by cyclists while performing a graded exercise test to volitional fatigue and offered the 

distinct advantage of providing power data in Watts with corresponding oxygen 

consumptions and heart rates that would be advantageous in developing training 

programs for cyclists and triathletes. 
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CHAPTER I 

INTRODUCTION 

 

Maximal Oxygen Consumption 

Maximal oxygen consumption (VO2max) is a measure of how much oxygen the 

body consumes.  The concept of maximum O2 intake was first proposed by A.V. Hill 

(Bassett Jr. D. R., 2001).  VO2max is considered to be the best method of assessing an 

individual’s fitness level; the higher the value the more fit the individual.  The physiology 

community is in great agreement that VO2max is the most reliable assessment of an 

individual’s ability to persist in exercise (Coyle, Coggan, Hopper, & Walters, 1988; 

Bassett Jr. & Howley, 2000; Storer, Davis, & Caiozzo, 1990; Joyner & Coyle, 2008; 

Lamberts, Rietjens, Tijdink, Noakes, & Lambert, 2010). 

As Furusawa, Hill, Long, & Lupton (1924) stated long ago, oxygen requirement is 

a measure, under all conditions and at all speeds, of the energy needed to carry out a 

given series of muscular movements.  This concept of oxygen consumption as a function 

of supplying energy to the skeletal muscles has been the basis for any test measuring 

VO2max.  The term “maximal oxygen consumption,” abbreviated “VO2max,” has been used 

by some investigators, while the term “peak oxygen consumption,” abbreviated 

“VO2peak,” has been used by other investigators (Koppo, Whipp, Jones, Aeyels , & 

Bouckaert, 2004).   Howley, Basset, & Welch (1995) explained that the use and misuse of 

the terms VO2max and VO2peak has led to confusion in the research literature.  For the 

intents and purposes in this research project and continuing throughout the remainder of 
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this paper, the term “maximal oxygen consumption” and the abbreviation “VO2max” will 

be used.  

Modes of Exercise for Achieving Maximal Oxygen Consumption  

The highest maximal oxygen consumption during exercise is usually associated 

with recruitment of the highest percentage of the body’s skeletal muscle mass to perform 

the exercise.  In the case of running, the upper and lower body are engaged in a rhythmic 

dynamic motion versus cycling where the majority of the muscles engaged are in the 

lower body.  The exercise device commonly used to measure VO2max during running is 

the treadmill and the exercise device commonly used to measure VO2max during cycling is 

the cycle ergometer. 

The term “ergometer” refers to any device that measures the work that is 

expended during exercise.  Paton and Hopkins (2001) explained that load is an integral 

part of the exercise device, is generated by sliding friction, electromagnetic braking or air 

resistance, and that mobile ergometers measure power developed against the resistance of 

real cycling.  Issues of accuracy and reliability are important in selecting a cycle 

ergometer for measuring VO2max.  Electronically braked cycle ergometers have the 

advantage that work rate can be set to a constant value independent of pedaling speed 

(Paton & Hopkins, 2001). 

The Velotron computerized cycle ergometer (RacerMate, Inc.) measures power at 

the rear wheel in units of watts (W).  Using an innovative, patented, eddy current brake 

built around a heavy flywheel, the Velotron uses a fixed-rate efficiency chain drive with 

an internal freewheel to allow shifting electronically through “virtual gears” (RacerMate, 
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Inc., 2012).  The Velotron measures power output whereas power meters such as the 

SRM power meter measure input (Abiss et al., 2009). 

Sources of error from electronically braked cycle ergometers may stem from the 

ergometers reading slightly too high (~2%) or too low (~0.5%) (Paton & Hopkins, 2001).  

Abbiss, Quod, Glevin, Matrin, and Laursen (2009) found that the Velotron was accurate 

to within 1% of a first principles calibration device during prolonged steady state 

protocols.  These results support the Velotron calibration claims of workloads from 5 to 

200 watts with an accuracy of + 1.5% of less reading across the entire load range and 

repeatability of + 0.2% or better (RacerMate, Inc., 2012.  

Factors Limiting Maximal Oxygen Consumption 

When research subjects are tested to determine VO2max, termination of the test 

depends on each subject’s fitness level and their ability to utilize oxygen to supply 

energy.  A major limiting factor is the heart, more specifically the ability of the heart to 

pump oxygenated blood to the skeletal muscle.  During exercise there is an increase in 

the amount of oxygen that is consumed.  It was Hill who first proposed that there is an 

increase in the circulation of the blood without which large intakes of oxygen could not 

be explained (Basset, 2001).  This increase in circulation is directly related to an increase 

in cardiac output.  Basset and Howley (2000) explained that trained individuals have 

much higher maximal cardiac outputs (40 L/min) than untrained individuals (25 L/mine). 

Coyle (1999) stated that stroke volume and hemoglobin concentration influence 

oxygen delivery to muscle and have great potential to improve endurance performance 

ability.  The more red blood cells a person has the greater their ability to utilize oxygen 
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and therefore the greater their ability to persist in exercise.  The content of red blood cells 

in plasma can be increased by erythropoietin (EPO) which is commonly used in 

endurance sports as an illegal aid to performance. 

Joyner and Coyle (2008) summarized ATP turnover during exercise as an 

interplay of aerobic and anaerobic metabolism, with this interplay influenced by skeletal 

muscle capillary density.  A high capillary density is beneficial and serves to remove or 

recycle within muscle fatiguing metabolites (Joyner & Coyle, 2008).  The time of 

exercise to fatigue is related to the muscle capillary density (i.e., capillaries per mm
3
) 

(Coyle 1999).  Coyle (1999) explained that the main by-products of intense and 

prolonged oxidative metabolism that can limit performance result from the accumulation 

of hydrogen ions resulting in acidosis and heat resulting in hyperthermia. 

Wasserman, Whipp, Koyal, and Beaver (1973) showed that the anaerobic 

threshold (AT) is the point at which the volume of carbon dioxide being produced 

(VCO2) is greater than that of the volume of oxygen being consumed (VO2).  This 

concept of anaerobic threshold (AT) is summarized by Joyner and Coyle (2008) such that 

VO2max and anaerobic threshold interact to determine how long a given rate of aerobic 

and anaerobic metabolism can be sustained. 

Muscular fatigue can be a contributing factor in cessation of exercise in a test 

protocol.  Muscular fatigue, as Enoka and Duchateau (2008) stated, can refer to a motor 

deficit, a perception of a decline in mental function, a gradual decrease in the force 

capacity of muscle and/or the endpoint of sustained activity, and it can be measured as a 

reduction in muscle force, a change in electromyographic activity and/or an exhaustion of 
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contractile function.  Fatigue occurs because one or several of the physiological processes 

that enable the contractile protein to generate force become impaired (Enoka & 

Duchateau, 2008).  Cairns (2006) stated that the lactic acid hypothesis for muscle fatigue, 

which is the accumulation of lactate or an acidosis in working muscle, causes inhibition 

of contractile processes either directly or via metabolism resulting in diminished exercise 

performance. 

The lactic acid hypothesis as explained by Davis (1985) was that the hydrogen 

ions (H
+
) derived from the production of lactic acid were responsible for the evolution of 

both H2CO3 and CO2.  Coyle (1999) further explained that hydrogen ion accumulation in 

the muscle and thus acidosis is typically reflected by muscle and blood lactic acid 

accumulation.  The lactate threshold (LT) is closely related to the anaerobic threshold 

discussed previously.  All of the factors that limit VO2max are related to physiological 

responses to exercise, which involve cardiac output, stroke volume, hemoglobin 

concentration, anaerobic threshold, and/or the buildup of hydrogen ions.  The above 

mentioned limiting factors can change with training for each physiological response to 

exercise. 

Physiological Responses to Training 

Following bouts of endurance exercise the human body adjusts to the work 

performed and subsequently becomes capable of performing the same amount of exercise 

better as the body adapts to exercise.  In the beginning stages of training, physiological 

responses to training include decreases in muscle glycogen utilization and lactate 

concentration during exercise as an adaptive response prior to an increase in muscle 
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mitochondrial density (Green , Helyar, Ball-Burnett, Kowalchuk, Symon, & Farrance, 

1992). 

Relating to mitochondrial changes as a response to training and exercise there are 

several enzymatic responses to training.  Among these enzymatic responses is an 

increased capacity to oxidize pyruvate as a response to endurance training (Holloszy & 

Coyle, 1984; Green et al., 1992).  Hawley (2002) concluded endurance training is 

associated with an increase in the activities of key enzymes in the mitochondrial electron 

transport chain and a concomitant increase in mitochondrial protein concentration.  Green 

and colleagues (1992) found that with training there was an increased utilization of fat 

metabolism from the aerobic system as confirmed by changes in the respiratory exchange 

ratio (RER) during tests of VO2. 

Capillary density increases to supply increased amounts of arterial blood to the 

skeletal muscle mitochondria allowing for increased ATP turnover through enzymatic 

activity (Hawley, 2002; Holloszy & Coyle, 1984).  Green and colleagues (1992) found 

that training had a pronounced effect on glycogen concentration, resulting in a reduced 

depletion.  After 60 minutes of exercise glycogen concentration after training was 2.5-

fold higher than before training.  In relationship to the heart, Zavorsky (2000) proposed  

that some of the chronotropic mechanisms for resting and submaximal bradycardia which 

result from aerobic training are liable to occur at all intensities of work. 

Criteria for Maximal Oxygen Consumption 

When testing subjects to determine VO2max, certain criteria must be met in order 

to categorize the work done as a maximal level.  At least two of the following criteria 



7 

 

 

must be reached for a test to be considered maximal: a plateau in oxygen consumption, 

respiratory exchange ratio (RER) over 1.0, high level of blood lactic acid and/or maximal 

heart rate.  While a plateau in VO2max is generally considered the cutoff point at which a 

subject ceases exercise, Howley and colleagues (1995) cautioned that it is important to 

remember that in applying anyone else’s value for having achieved a plateau, the test 

protocol and number of subjects should be considered.  Furthermore, Bassett and Howley 

(2000) explained that not all subjects show a plateau in VO2 at the end of a graded 

exercise test when graphed against work intensity.  In addition Bassett and Howley 

(2000) stated that the plateau in VO2 cannot be used as the sole criterion for achievement 

of VO2max. 

The RER is a ratio of VCO2 to VO2, and its increase during exercise is attributed 

to the transport of CO2 via bicarbonate ions (Howley et al., 1995; Davis, 1985).  When a 

subject’s RER is at a value over 1.0, subjects may be producing energy 100% from the 

metabolism of carbohydrates.  RER can be biased due to hypoventilation or 

hyperventilation, hypoventilation creating a very low RER and hyperventilation creating 

a very high RER.  Lactic acid associated with hydrogen ion accumulation in the blood 

directly interferes with the contractile mechanism as earlier referenced.  This being 

stated, it can be assumed that a high presence of lactic is a sign that VO2max in subjects is 

achieved. 

Improvements and adaptations to exercise can be seen throughout a competitive 

season due to athletes increasing and decreasing training loads to plan for the competitive 

season.  Tracking these changes pre and post season to monitor performance can be done 
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using submaximal performance tests such as the Lamberts Submaximal Cycle Test 

(LSCT) versus exhaustive VO2max tests as Lamberts and colleagues (2010) investigated. 

Achievement of maximal heart rate (HRmax) may as well be a criterion for Vo2max.  

HRmax is often calculated by using age adjustment factors.  The most common of these 

age adjustment equations estimates HRmax by subtracting the subject’s age in years from 

220.  Tanaka, Monahan, and Douglas (2001) revisited age predicted maximal heart rates 

and found that HRmax is predicted to a large extent by age alone and is independent of 

gender and physical activity status.  In addition, Zavorsky (2000) explained that 

predictions of VO2max may also become less precise, since heart rate extrapolation using 

age predicted HRmax can turn out to be erroneous.  All of the aforementioned 

characteristics of endurance athletes, whether cyclists or runners, will cause subjects to 

achieve higher or lower VO2max based on how much or little of these characteristics a 

subject possesses. 

Characteristics of Endurance Athletes  

The primary modes of exercise and competition for endurance athletes utilize the 

aerobic system to produce energy from adenosine triphosphate (ATP).  Consequently, 

high level endurance athletes have high VO2max values and it is generally accepted that 

the higher the VO2max value the better the endurance athlete (Bassett and Howley, 2000; 

Billat et al., 2001; Coyle, 1999; Holloszy & Coyle, 1984).  High VO2max is not the sole 

characteristic of endurance performance, other characteristics can include a high lactate 

threshold as well as muscle efficiency in each mode of competition (Billat et al., 2001; 



9 

 

 

Coyle, 1999; Coyle et al., 1992; Joyner & Coyle, 2008).  The characteristics for all 

endurance sports vary greatly as a function of training and competition. 

Endurance sports by nature of competition are dependent upon producing a 

maximal sustainable velocity.  Top class Olympic-level runners have typical training 

characteristics of more than 200 km per week as well as more kilometers at or above the 

velocity of their 10,000 m run (Billat et al., 2001).  Billat and colleagues (2001) showed 

that top class and high level male marathon runners during a 10 km run at the subject’s 

velocity of marathon pace had VO2 levels of 58.0 to 78.6 mL/min and blood lactate 

accumulations of 6.0-13.0 mmol/L.  Females in the same study had results that were 

approximately 10% lower than the results for males at the finish of the 10 km run at the 

velocity of the subject’s marathon pace. 

 It has been determined if two runners have similar VO2max values the differences 

in performance arise from the difference in running economy (Billat et al., 2001).  The 

term “running economy” is used to express the oxygen consumption needed to run at a 

given velocity (Basset et al., (2000).  Basset and colleagues (2000) further explained that 

running economy can be expressed as the energy required per unit mass to cover a 

horizontal distance (mLO2/kg/km).  Running varies greatly from cycling in that running 

economy is related to VO2 and distance covered whereas cycling efficiency is related to 

VO2 and power output. 

Cyclists and researchers alike continually mention power output or wattage as 

related to cycling ability (Wood, 2007).  In cycling the more wattage a cyclist produces 

the more speed that is produced.  Cyclists who want a better workout will use a heavier 
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bicycle as a method of training to require greater expenditure of energy to support similar 

watt levels during training (Wood, 2007).  In terms of economy, differences in cycling 

economy may be related to muscular factors that influence contractile efficiency (Coyle 

et al., 1992).  In agreement with the previous author, Hansen , Andersen , Nielsen, and 

Sjogaard (2002) stated that a high gross efficiency results in a low rate of energy 

expenditure for a given power output which is advantageous during long duration 

cycling. 

The type of muscle fiber recruitment is also important.  Coyle and colleagues 

(1992) determined that there is a high correlation between Type I muscle fibers and gross 

efficiency in cycling.  This appears to be because Type I muscle fibers are more effective 

during the general action of knee extension (Coyle et al., 1992).  The previous results 

were further confirmed by Hansen and colleagues (2002) showing that the percentage of 

Type I muscle fiber and gross efficiency have a positive correlation.  Runners and 

cyclists deal with only one output, either velocity or power, whereas multisport athletes 

like triathletes are required to produce both velocity and power as a mode of competition.  

Triathletes have all of the same characteristics that runners and cyclists have with 

the addition of physiological adaptations to transitions between running, cycling and 

swimming.  Heiden and Burnett (2003) found a significant difference in the level of 

activation and the duration of activation in the biceps femoris, vastus lateralis and rectus 

femoris between a transition of cycling to running versus a transition of running to 

running.  Heiden and Burnett (2003) further concluded that triathletes could train for the 
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initial transition phase of a triathlon allowing the muscles to become accustomed to the 

activity performed.  

Purpose of the Study 

The purpose of this research project was to compare maximal exercise during 

running and cycling in athletes who trained and competed in running, athletes who 

trained and competed in cycling, and athletes who trained and competed in both running 

and cycling.  The hypothesis to be tested was that higher levels of maximal exercise 

would be achieved by runners and cyclists on their mode of exercise for training and 

competition.  Runners would achieve higher levels of maximal exercise on a treadmill 

compared to cyclists on a treadmill and cyclists would achieve a higher level of maximal 

exercise on a cycle ergometer compared to runners on a cycle ergometer.  The results of 

this research project were intended to identify differences in the evaluation of maximal 

exercise in runners and cyclists with the potential to improve the evaluation of maximal 

exercise through graded exercise testing on modes of exercise for training and 

competition.  
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CHAPTER 2 

METHODS 

 

Subjects 

Twenty-three subjects participated in this research project.  Eleven subjects were 

cyclists (eight males and three females), seven subjects were runners (three males and 

four females), and five subjects were triathletes (four males and one female).  Subjects 

were recruited from the local running, cycling and triathlon communities.  The safety of 

exercise was established through the completion of the Physical Activity Readiness 

Questionnaire (PAR-Q) by each subject.  Demographic information, including name, 

contact information, gender, birthdate, age, height and weight was obtained from each 

subject. 

Procedures 

 Each subject participated in two exercise sessions in a randomly assigned order.  

One exercise session involved a graded exercise test on a motor-driven treadmill 

(Trackmaster) and the other exercise session involved a graded exercise test on a 

computerized cycle ergometer (Velotron, RacerMate, Inc.).  Subjects were asked to 

approach each exercise session as if it were a race, and to taper, rest and eat accordingly.  

At least two days of taper was expected after each subject’s last race and before each 

exercise session.  The two exercise sessions occurred approximately one week apart.  All 

graded exercise tests were performed using a computerized metabolic analysis system 
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(AEI Technologies/Vacumed) to measure heart rate and oxygen consumption and to 

determine lactate thresholds using the V-slope method. 

All subjects began their treadmill test with a two-minute warm-up at 4.0 mph and 

0.0% grade.  Following the warm-up, the speed increased to 6.0 mph for males and 5.0 

mph for females.  Speed remained constant and the percent grade of the treadmill was 

increased 1.5% per minute until maximal exercise was achieved.  All subjects began the 

cycle test with a two-minute warm-up at 100 watts.  Following the warm-up, the 

workload increased to 160 watts for males and 120 watts for females and the workload 

increased 20 watts per minute until maximal exercise was achieved.  

Data Analysis 

After all exercise sessions were completed, each subject’s data were analyzed to 

determine maximal oxygen consumptions, maximal heart rates, oxygen consumptions at 

lactate thresholds, and heart rates at lactate thresholds.  One-tailed paired t-tests were 

used to compare the results of the two exercise sessions for each mode of competition.  

One-tailed unpaired t-tests were used to compare the differences and percentage 

differences for each pair of modes of competition.  The level of statistical significance 

was established at p < 0.05. 
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CHAPTER 3 

RESULTS 

 

Table 1 summarizes the demographic data for the 23 subjects, including eleven 

cyclists, seven runners and five triathletes.  Fifteen subjects were males and eight subjects 

were females. 

Table 1 

 

Demographic Data 

 

 

Mode of 

Competition 

 

Age 

(yr) 

Weight 

(kg) 

Height 

(m) 

 

Cycling (n=11) 

 

38.9 + 11.4 

 

75.5 + 13.8 

 

1.76 + 0.10 

 

Running (n=7) 

 

21.1 + 0.9 

 

62.3 + 4.1 

 

1.74 + 0.08 

 

Triathlon (n=5) 

 

 

35.2 + 9.2 

 

72.5 + 11.2 

 

1.78 + 0.10 

Note: n = number of subjects.  Data are mean plus or minus standard deviation. 

Table 2 presents the data for the maximal oxygen consumptions from the two 

exercise trials and the differences between the two exercise trials for each mode of 

competition.  Table 3 presents comparisons of the maximal oxygen consumptions from 

the two exercise trials for each mode of competition.  Table 4 presents comparisons of the 

differences in the maximal oxygen consumptions in ml/kg/min between modes of 

competition.  Table 5 presents comparisons of the differences in the maximal oxygen 

consumptions as a percentage of the running maximal oxygen consumptions between 

modes of competition.  
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Table 2 

 

Maximal Oxygen Consumptions and Differences for Modes of Competition  

 

 

Mode of 

Competition 

 

VO2max Run 

(ml/kg/min) 

VO2max Cycle 

(ml/kg/min) 

Difference 

(ml/kg/min) 

Difference 

(%) 

 

Cycling 

 

51.81 + 10.90 

 

50.61 + 9.32 

 

1.20 + 4.44  

 

1.50 + 8.90 

 

Running 

 

60.20 + 12.95 

 

54.03 + 10.56 

 

6.17 + 5.20 

 

9.83 + 6.50 

 

Triathlon 

 

 

58.24 + 5.92 

 

53.26 + 10.90 

 

4.98 + 7.83 

 

8.91 + 14.16 

Note: Data are mean plus or minus standard deviation. 

Table 3  

Probabilities from One-Tailed Paired t-Tests for Maximal Oxygen Consumptions for 

Modes of Competition 

 

 

Mode of 

Competition 

 

VO2max Run 

(ml/kg/min) 

VO2max Cycle 

(ml/kg/min) 
p-Value 

 

Cycling 

 

51.81 + 10.90 

 

50.61 + 9.32 

 

0.1958 

 

Running 

 

60.20 + 12.96 

 

54.03 + 10.56 

 

0.0101 

 

Triathlon 

 

 

58.24 + 5.92 

 

53.26 + 10.90 

 

0.1140 

Note: Data are mean plus or minus standard deviation. 
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Table 4 

Probabilities from One-Tailed Unpaired t-Tests for Differences in Maximal Oxygen 

Consumptions (ml/kg/min) Between Modes of Competition 

 

 

Comparison 

 

Diff. Cycling 

(ml/kg/min) 

Diff. Running 

(ml/kg/min) 

Diff. Triathlon 

(ml/kg/min) 
p-Value 

 

Cycling and 

Running 

 

 

1.20 + 4.44 

 

 

6.17 + 5.20 

  

0.0303 

Running and 

Triathlon 

 

 6.17 + 5.20 4.98 + 7.83 0.3883 

Cycling and 

Triathlon 

 

1.20 + 4.44 

 

 4.98 + 7.83 0.1789 

Note: Data are mean plus or minus standard deviation. 

Table 5 

Probabilities from One-Tailed Unpaired t-Tests for Differences in Maximal Oxygen 

Consumptions (%) Between Modes of Competition 

 

 

Comparison 

 

Diff. Cycling 

(%) 

Diff. Running 

(%) 

Diff. Triathlon 

(%) 
p-Value 

 

Cycling and 

Running 

 

 

1.50+ 8.90 

 

9.83+ 6.50 

   

0.0180 

Running and 

Triathlon 

 

 9.83 + 6.50 8.91 + 14.16 0.4491 

Cycling and 

Triathlon 

 

1.50+ 8.90  8.91 + 14.16 0.1652 

Note: Data are mean plus or minus standard deviation. 

Table 6 presents the data for the maximal heart rates from the two exercise trials 

and the differences between the two exercise trials for each mode of competition.  Table 
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7 presents comparisons of the maximal heart rates from the two exercise trials for each 

mode of competition.  Table 8 presents comparisons of the differences in the maximal 

heart rates in beats per minute between modes of competition.  Table 9 presents 

comparisons of the differences in the maximal heart rates as a percentage of the running 

maximal heart rates between modes of competition. 

Table 6 

Maximal Heart Rates and Differences for Modes of Competition  

 

Mode of 

Competition 

 

HRmax Run 

(bpm) 

HRmax Cycle 

(bpm) 

Difference 

(bpm) 

Difference 

(%) 

 

Cycling 

 

178.9 + 14.60 

 

175.6 + 12.99 

 

3.27 + 5.14 

 

1.74 + 2.79 

 

Running 

 

189.3 + 8.14 

 

181.3 + 7.99 

 

8.00 + 8.24 

 

4.15 + 4.32 

 

Triathlon 

 

 

185.8 + 11.19 

 

178.6 + 7.06 

 

9.60  + 9.21 

 

 

3.73 + 3.91 

Note: Data are mean plus or minus standard deviation. 
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Table 7 

Probabilities from One-Tailed Paired t-Tests for Maximal Heart Rates for Modes of 

Competition 

  

 

Mode of 

Competition 

 

HRmax Run 

(bpm) 

HRmax Cycle 

(bpm) 
p-Value 

 

Cycling 

 

178.9 + 14.60 

 

175.6 + 12.99 

 

0.0304 

 

Running 

 

189.3 + 8.14 

 

181.3 + 7.99 

 

0.0213 

 

Triathlon 

 

 

185.8 + 11.19 

 

178.6 + 7.06 

 

0.0497 

Note: Data are mean plus or minus standard deviation. 

Table 8 

Probabilities from One-Tailed Unpaired t-Tests for Differences in Maximal Heart Rates 

(bpm) Between Modes of Competition 

 

 

Comparison 

 

Diff. Cycling 

(bpm) 

Diff. Running 

(bpm) 

Diff. Triathlon 

(bpm) 
p-Value 

 

Cycling and 

Running 

 

 

3.27 + 5.14 

 

8.00 + 8.24 

   

0.1037 

Running and 

Triathlon 

 

 8.00 + 8.24 9.60 + 9.21 0.4327 

Cycling and 

Triathlon 

 

3.27 + 5.14  9.60 + 9.21 0.1651 

Note: Data are mean plus or minus standard deviation. 
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Table 9 

Probabilities from One-Tailed Unpaired t-Tests for Differences in Maximal Heart Rates 

(%) Between Modes of Competition 

 

 

Comparison 

 

Diff. Cycling 

(%) 

Diff. Running 

(%) 

Diff. Triathlon 

(%) 
p-Value 

 

Cycling and 

Running 

 

 

1.74 + 2.79 

 

4.15 + 4.32 

   

0.1108 

Running and 

Triathlon 

 

 4.15 + 4.32 3.73 + 3.91 0.4322 

Cycling and 

Triathlon 

 

1.74 + 2.79  3.73 + 3.91 0.1722 

Note: Data are mean plus or minus standard deviation. 

Table 10 presents the data for the oxygen consumptions at the lactate thresholds 

from the two exercise trials and the differences between the two exercise trials for each 

mode of competition.  Table 11 presents comparisons of the oxygen consumptions at the 

lactate thresholds from the two exercise trials for each mode of competition.  Table 12 

presents comparisons of the differences in oxygen consumptions at the lactate thresholds 

in ml/kg/min between modes of competition.  Table 13 presents comparisons of the 

differences in the oxygen consumptions at the lactate threshold as a percentage of the 

running oxygen consumptions at the lactate thresholds between modes of competition. 
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Table 10 

Oxygen Consumptions at Lactate Thresholds and Differences for Modes of Competition 

 

Mode of 

Competition 

 

LT VO2 Run 

(ml/kg/min) 

LT VO2 Cycle 

(ml/kg/min) 

Difference 

(ml/kg/min) 

Difference 

(%) 

 

Cycling 

 

48.32 + 10.93 

 

45.77 + 8.88 

 

2.55 + 5.24  

 

4.12 + 11.50 

 

Running 

 

53.91 + 14.15 

 

41.44 + 13.69 

 

12.47 + 10.16 

 

22.87 + 19.52 

 

Triathlon 

 

 

52.74 + 5.58 

 

48.82 + 4.49 

 

9.60 + 9.21 

 

7.04  + 7.50 

Note: Data are mean plus or minus standard deviation. 

Table 11 

Probabilities from One-Tailed Paired  t-Tests for Oxygen Consumptions at Lactate 

Thresholds for Modes of Competition 

 

 

Mode of 

Competition 

 

LT VO2 Run 

(ml/kg/min) 

LT VO2 Cycle 

(ml/kg/min) 
p-Value 

 

Cycling 

 

48.32 + 10.83 

 

45.77 + 8.88 

 

0.0686 

 

Running 

 

53.91 + 14.15 

 

41.44 + 13.69 

 

0.0087 

 

Triathlon 

 

 

52.74 + 5.85 

 

48.82 + 4.49 

 

0.0396 

Note: Data are mean plus or minus standard deviation. 
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Table 12 

Probabilities from One-Tailed Unpaired t-Tests for Differences in Oxygen Consumptions 

at Lactate Thresholds (ml/kg/min) Between Modes of Competition 

 

 

Comparison 

 

Diff. Cycling 

(ml/kg/min) 

Diff. Running 

(ml/kg/min) 

Diff. Triathlon 

(ml/kg/min) 
p-Value 

 

Cycling and 

Running 

 

2.55  + 5.24 

 

12.47 + 10.16 

   

0.0219 

 

Running and 

Triathlon 

  

12.47 + 10.16 

 

3.92 + 3.74 

 

0.0377 

 

Cycling and 

Triathlon 

 

 

2.55  + 5.24 

  

3.92 + 3.74 

 

0.2821 

Note: Data are mean plus or minus standard deviation. 

Table 13 

Probabilities from One-Tailed Unpaired t-Tests for Differences in Oxygen Consumptions 

at Lactate Thresholds (%) Between Modes of Competition 

 

 

Comparison 

 

Diff. Cycling 

(%) 

Diff. Running 

(%) 

Diff. Triathlon 

(%) 
p-Value 

 

Cycling and 

Running 

 

 

4.12 + 11.50 

 

22.87 + 19.52 

   

0.0234 

Running and 

Triathlon 

 

 22.87 + 19.52 7.04 + 7.50 0.0432 

Cycling and 

Triathlon 

 

4.12 + 11.50  7.04 + 7.50 0.2771 

Note: Data are mean plus or minus standard deviation. 

Table 14 presents the data for the heart rates at the lactate thresholds from the two 

exercise trials and the differences between the two exercise trials for each mode of 
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competition.  Table 15 presents comparisons of the heart rates at the lactate thresholds 

from the two exercise trials for each mode of competition.  Table 16 presents 

comparisons of the differences in the heart rates at the lactate thresholds in beats per 

minute between modes of competition.  Table 17 presents comparisons of the differences 

in the heart rates at the lactate thresholds as a percentage of the running heart rates at the 

lactate thresholds between modes of competition. 

Table 14 

Heart Rates at Lactate Thresholds and Differences for Modes of Competition  

 

Mode of 

Competition 

 

LT HR Run 

(bpm) 

LT HR Cycle 

(bpm) 

Difference 

(bpm) 

Difference 

(%) 

 

Cycling 

 

166.7 + 18.0 

 

164.5 + 13.4 

 

2.27 + 9.51 

 

0.97 + 5.97 

 

Running 

 

175.4 + 6.2 

 

159.4 + 23.2 

 

16.00 + 21.02 

 

9.20 + 11.91 

 

Triathlon 

 

 

175.8 + 8.1 

 

166.2 + 5.7 

 

9.60 + 9.21 

 

 

5.42 + 5.09 

Note: Data are mean plus or minus standard deviation. 
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Table 15 

Probabilities from One-Tailed Paired t-Tests for Heart Rates at Lactate Thresholds for 

Modes of Competition 

  

 

Mode of 

Competition 

 

LT HR Run 

(bpm) 

LT HR Cycle 

(bpm) 
p-Value 

 

Cycling 

 

166.7 + 18.0 

 

164.5 + 13.4 

 

0.2232 

 

Running 

 

175.4 + 6.2 

 

159.4 + 23.2 

 

0.0453 

 

Triathlon 

 

 

175.8 + 8.0 

 

166.2 + 10.3 

 

0.0401 

Note: Data are mean plus or minus standard deviation. 

Table 16 

Probabilities from One-Tailed Unpaired t-Tests for Differences in Heart Rates at Lactate 

Thresholds (bpm) Between Modes of Competition 

 

 

Comparison 

 

Diff. Cycling 

(bpm) 

Diff. Running 

(bpm) 

Diff. Triathlon 

(bpm) 
p-Value 

 

Cycling and 

Running 

 

2.27 + 9.51 

 

16.00  + 21.02 

  

0.0713 

 

Running and 

Triathlon 

  

16.00  + 21.02 

 

9.60 + 9.21 

 

0.2463 

 

Cycling and 

Triathlon 

 

 

2.27 + 9.51 

  

9.60 + 9.21 

 

0.0912 

Note: Data are mean plus or minus standard deviation. 
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Table 17 

Probabilities from One-Tailed Unpaired t-Tests for Differences in Heart Rates at Lactate 

Thresholds (%) Between Modes of Competition 

 

 

Comparison 

 

Diff. Cycling 

(%) 

Diff. Running 

(%) 

Diff. Triathlon 

(%) 
p-Value 

 

Cycling and 

Running 

 

 

0.97 + 5.97 

 

9.20 + 11.97 

  

0.0639 

Running and 

Triathlon 

 

 9.20 + 11.97 5.42 + 5.09 0.2359 

Cycling and 

Triathlon 

 

0.97 + 5.97  5.42 + 5.09 0.0801 

Note: Data are mean plus or minus standard deviation. 
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CHAPTER 4 

DISCUSSION 

 

 The data from this study yielded a broad spectrum of results, some expected and 

others not expected.  The group of athletes who were most demographically similar was 

the running group, whose average age was 21.1 + 0.9 year (Table 1), whereas the other 

athlete groups had a much wider range of ages.  The reason for the close age of the 

running group was due to the athletes being recruited from a collegiate cross country and 

track team.  The cycling and triathlon groups were recruited from the local cycling and 

triathlon communities and had the widest ranges of abilities, ages and fitness levels.  

 The results for the maximal oxygen consumptions for both maximal exercise tests 

showed the running group had the highest results, followed by the triathlon group, and 

then the cycling group (Table 2).  The runners were expected to have the highest maximal 

oxygen consumptions for the running test, but not for the cycling test.  The actual result 

may be explained by the cyclists having very similar maximal oxygen consumptions on 

both the treadmill and cycle ergometer.  This also can be explained by differences in the 

competitive seasons of each group.  The testing for this study was done in the fall and 

winter when the runners were preparing for their competitive seasons.  Just the opposite 

was true for the cyclists and triathletes in the fall and winter, since they had already 

completed their competitive seasons and were entering their off seasons.  This 

observation is confirmed in Table 2 where cyclists had the lowest average for both the 

treadmill cycle ergometer. 
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Alternatively, the triathletes had maximal oxygen consumptions in between the 

runners and cyclists.  The reason for the triathletes having maximal oxygen consumptions 

between the other groups could be due to the triathletes being able to train similarly to the 

runners during the winter.  The only group that showed a significant difference in 

maximal oxygen consumption was the running group (Table 3), which confirmed the idea 

that runners would perform better on the treadmill compared to the cycle ergometer.  This 

result was expected because running as a mode of competition uses velocity over a course 

of distance where cycling uses power over a course of distance, and runners lack the 

power output for high levels of maximal oxygen consumption during cycling.  The 

cyclists and triathletes has results that were not statistically different (Table 3).  This was 

probably due to the time line of the competitive seasons: cyclists and triathletes were less 

trained in the winter compared to the summer. 

It was expected that the cyclists would perform better on the cycle ergometer than 

the treadmill, but the results for the maximal oxygen consumptions were similar for both 

the cycle ergometer and the treadmill (Table 3).  Comparing differences in the maximal 

oxygen consumptions between groups showed that the runners had statistically 

significant differences in the maximal oxygen consumptions compared to the cyclist 

ergometer, with no other statistically significant differences between groups (Table 4 and 

Table 5). 

The maximal heart rates for all three groups were statistically different when 

comparing the treadmill to the cycle ergometer (Table 7).  The larger standard deviations 

for the cyclists compared to the runners and triathletes was probably due to recruiting 
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from the local cycling community, with participants ranging from masters age amateurs 

to elite level competitors.  The lower maximal heart rates on the cycle ergometer 

compared to the treadmill for all three groups would be expected due to the more 

horizontal position of the body during cycling compared to the more vertical position of 

the body during running.  While all groups displayed significant differences for the 

maximal heart rates between the treadmill and the cycle ergometer, the runners had the 

largest differences, which probably results from little or no training in cycling.  There 

were no significance differences between groups for differences or percent differences 

between the heart rates (Table 8 and Table 9). 

While all three groups had higher oxygen consumptions at the lactate thresholds 

on the treadmill compared to the cycle ergometer, these differences were statistically 

significant for the runners and triathletes, but not the cyclists. (Table 11).  The differences 

and percent differences in the oxygen consumptions at the lactate threshold were 

statistically different between the cyclists and runners and the runners and triathletes, but 

not statistically different between the cyclists and triathletes (Table 12 and Table 13).  

These results may be due to the higher maximal oxygen consumptions of the runners 

compared to the cyclists and triathletes.  

While all three groups had higher heart rates at the lactate thresholds on the 

treadmill compared to the cycle ergometer, these differences were statistically significant 

for the runners and triathletes, but not the cyclists. (Table 15).  Results for the heart rates 

at the lactate thresholds were similar to the results for the oxygen consumptions at the 

discussed above.  However, the differences and percent differences in the heart rates at 
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the lactate threshold were not statistically different between the groups (Table 16 and 

Table 17).  These results may be due to the higher maximal oxygen consumptions of the 

runners compared to the cyclists and triathletes. 

Conclusion 

For cyclists, the maximal oxygen consumptions, oxygen consumptions at the 

lactate threshold, and heart rates at the lactate threshold were not statistically different 

between the treadmill and cycle ergometer.  The cycle ergometer provided a mode of 

exercise that may be preferred by cyclists while performing a graded exercise test to 

volitional fatigue and offered the distinct advantage of providing power data in Watts 

with corresponding oxygen consumptions and heart rates that would be advantageous in 

developing training programs for cyclists and triathletes. 
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