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Jones, Nicole A., Responses to incremental and constant power exercise tests at 

different times of day. Master of Science (Kinesiology), May, 1995,60 pp., 7 tables, 

references, 30 titles. 

The purpose was to investigate time of day on responses to two types of exhaustive 

cycle ergometer tests. Sixteen males performed six exercise tests: three - constant power 

protocol and three - incremental protocol. The first test was a learning trial; the other tests 

were performed one in the morning and one in the afternoon. ANOVA revealed that 0 2 deficit 

and lactate were higher in the afternoon than the morning. Regardless of test type, time to 

exhaustion tended to be higher in the afternoon. VO2 max was unaffected by the time of day 

and test type. These results confirm previous reports of a time of day effect on anaerobic 

capacity, and support the contention that V02max is stable about a day. 
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CHAPTER I 

INTRODUCTION 

It is well established that characteristic (24 h) rhythms exist in virtually all 

physiological functions in human beings. Orcadian rhythms are reflected in daily biological 

cyclic fluctuations, from the Latin circa dies, meaning "about a day". According to Reilly 

and Marshall (1991) the classical rhythm of body temperature conforms to a sine wave or 

cosine function with the highest point being in the afternoon or evening and the lowest 

point in the morning. There is some evidence that various indicators of maximal aerobic 

power and anaerobic capacity, such as maximal oxygen uptake (VO2) and oxygen deficit, 

respectively, vary with the time of day with a pattern similar to the curve in body 

temperature. 

Most studies agree that there is a time of day effect on anaerobic capacity. After 

exercise at 95% of V02 max, Reilly and Baxter (1983) found performance time to be 68% 

longer and blood lactate to be 21% higher in the afternoon than in the morning. Hill, 

Borden, Darnaby, Hendricks, and Hill (1992) used a constant power protocol and found 

performance time to be 10% longer and O2 deficit to be 6% higher in the afternoon than 

the morning. 

Researchers are not in agreement concerning the existence of a rhythm in maximal 

aerobic power. Hill, Cureton, and Collins (1989) used an incremental protocol and found 

peak V02 to be significantly higher in the afternoon than in morning. Faria and 
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Drummond (1982) tested each subject at 12 different times of the day. The difference in 

VO2 max between the highest and lowest means were not significant. Reilly and Brooks 

(1990) found no evidence of circadian rhythmicity using a discontinuous protocol. 

Purpose 

The purpose of this study was to examine the effect of time of day on performance 

of, and responses to, maximal exercise. The primary problem of this study was to 

determine if there is evidence of circadian rhythicity in VO2 peak and in maximal 

accumulated 0 2 deficit. A secondary purpose was to determine if the time of day effects 

are specific to exercise performed using either the incremental or constant power test 

protocols. 

Null Hypotheses 

1.) There would not be a difference between morning and afternoon means for: 

a.) rest measures: heart rate, oral temperature, and blood pressure 

b.) submaximal exercise responses: oxygen uptake, carbon dioxide uptake, heart 

rate, and rating of perceived exertion 

c.) maximal exercise responses: oxygen uptake peak, time to exhaustion, 

ventilation, respiratory exchange ratio, and heart rate 

d.) anaerobic capacity: oxygen deficit and post exercise blood lactate 

e.) performance measure: time to exhaustion 

2.) There would not be a statistically significant difference between responses to 

incremental test protocol and constant power test protocol in the following variables: 

maximal oxygen uptake, maximal ventilation, maximal respiratory exchange ratio, maximal 

heart rate, blood lactate 5 min post-exercise, and time to exhaustion. 



Working Hypothesis 

There would be a main effect between morning and afternoon in resting measures, 

submaximal measures, maximal measures, anaerobic capacity, and performance measure. 

There would be an interaction between time of day and test type in resting measures, 

submaximal measures, maximal measures, post exercise blood lactate, and performance 

measure. Type of test would not influence any time of day effects. 

Definitions 

1. Breath-bv-breath - defined as the measurement of the respiratory parameters such as 

oxygen uptake and carbon dioxide output on each breath, as opposed to a selected time 

interval. 

2. Circadian rhythm - defined as the body's internal environment which changes 

consistently and predictably over the day. 

3. Diurnal variations - defined as biological changes that reoccur every day within the 

human being. 

4. Maximal oxygen uptake (VC^max) - defined as the maximal rate at which oxygen can 

be taken up and used in the production of an immediate source of energy — adenosine 

triphosphate. 

5. Maximal accumulated oxygen deficit (O; deficit) - defined as the difference between 

estimated 0 2 demand and the accumulated oxygen uptake in high intensity constant power 

exercise. 

6. Rating of Perceived Exertion (RPE) - defined as the subject's subjective rating (1973, 

Borg) of their perception of the intensity of the exercise being performed. 



7. Respiratory Exchange Ratio (RER) - defined as the rate between the amount of carbon 

dioxide produced and oxygen consumed by the total body as measured from inspired and 

expired air. 

8. Steady State CSS) - defined as the time period during which a physiological function, 

such as volume of oxygen uptake, ventiliation, respiratory exchange ratio, volume of 

carbon dioxide, remain at a relatively constant value 

Delimitations and Limitations 

The scope of the study is delimited in the following ways: 

1. The subjects were 16 healthy college aged male volunteers, aged 18 to 30 years, from 

the University of North Texas. 

2. The first test performed of each test protocol was consider a learning trial and was not 

used in statistical analysis. 

3. All exercise testing took place in the morning between 6:00 and 9:30 h and the 

afternoon testing took place between 17:00 and 20:00 h. 

Data gathered in this study was limited by the following factors: 

1. Only college aged males were tested. Therefore, results cannot be statistically 

generalized to a larger population or to women. 

2. Testing took place at only two times of the day. Therefore, circadian rhythms cannot 

be described in detail, although their existence may be inferred from differences between 

morning and afternoon values. 

3. The incremental test protocol preceding constant power test protocol. 

4. Subjects may not have given a maximal effort during all testing trials. 

5. Subjects may have had localized muscular fatigue due to previous test trials. 



Significance of the Problem 

Reilly and Baxter (1983), Hill and Smith (1991), Melhim (1993) found anaerobic 

capacity to be greater in the afternoon than in the morning. However these studies used 

the 30-s Wingate test protocol to examine anaerobic. Jacobs, Bar-Or, Karlssonm, Dotan, 

Tesch, Kaiser, Inbar (1982) concluded that the 30-s Wingate test was of too short a 

duration to quantify the glycolytic anaerobic capacity. Therefore the present study is 

designed to elicit a sufficent duration to insure maximal accumulated O2 deficit. 

Evidence regarding the existence of a circadian rhythm in VC^max is equivocal. In 

general, previous studies that suggested the existence of a circadian rhythm used constant 

power protocols. Therefore, another purpose of this study is to determine if the existence 

of a circadian rhythm in aerobic responses is specific to incremental or constant power 

protocols. 

The existence of a circadian rhythm in exercise would have important implications 

to researchers, athletes, and individuals monitoring their fitness progress. If a rhythm does 

exist, researchers should tests subjects at the same time of day when employing multiple 

exercise trials on the same subject. In making applied comparisons, if a rhythm does exist, 

an athlete who uses time trials as a training method to monitor progress would need to 

perform trials at the same time of day. An athlete who performs better at a particular time 

of day might schedule the competiton at their best time of day. Also in the health club 

setting, if there is a rhythm, an individual who monitors their fitness progress with regular 

submaximal fitness tests should be counseled to schedule follow-up tests at the same time 

of day. 



CHAPTER II 

RELATED RESEARCH 

The primary purpose of this study was to determine the effect of time of day on 

various physiological measures at rest and during exercise. A secondary purpose was to 

determine if a circadian rhythm in maximal aerobic responses, if any, is specific to 

incremental or constant-power test protocols. This chapter reviews the research related to 

the following topics: circadian rhythms at rest, submaximal exercise, maximal aerobic 

exercise, and maximal anaerobic capacity; and responses to maximal exercise in 

incremental and constant-power test protocols. A general overview and a detailed review 

of individual studies is provided for each topic. 

Circadian Rhythms 

Rest 

Virtually all physiological variables demonstrate circadian (24-hour) rhythmicity 

(Sollberger, 1965). Circadian rhythms are expressed by oscillations in physiological 

systems such as body temperature, the sleep-wake cycle, heart rate, and blood pressure. 

Synchronization of circadian rhythms occur with periodic alterations of the external 

environment. The primary synchronizers for humans are light-dark cycle alterations and 

periodic social contact or interaction (Winget, DeRoshia, and Holley, 1985). The 



classical rhythm conforms to a sine wave or cosine function with the peak occuring in the 

afternoon or evening and the trough being at about midsleep. 

Faria and Drummond (1982) measured heart rate and body temperature in 31 

subjects. Each subject was tested on separate occasions every 2 hours over a full day-

night cycle. Then subjects were retested for a total of 24 separate tests, all tests were 

performed 48 h apart. Heart rate and body temperature were found to exhibit a circadian 

pattern (p < 0.05). The lowest body temperature and heart rate occurred at 6:00 h (before 

the end of the normal sleep span) while the highest temperature was observed in the 

afternoon at 18:00 h. 

In a study by Reilly, Robinson, and Minors (1984), ten college-aged male subjects 

were tested on separate days at four different times: 3:00, 9:00,15:00, and 21:00 h. A 

significant time of day effect in resting heart rate and diastolic blood pressure were found. 

However, no significant difference was observed in oral temperature or systolic blood 

pressure. 

DeWitte and Clarys (1988) measured resting blood pressure and rectal 

temperature at six times of the day: 2:00, 6:00, 10:00,14:00, 18:00, and 22:00 h. Twelve 

college-aged males participated in the study. Rectal temperature displayed a significant 

rhythm (p < 0.05) with the peak occurring at 18:18 h. Blood pressures were within 

normal ranges at all test times. A significant circadian rhythm was not observed in 

diastolic or systolic pressures at rest. 

Hill, Cureton, Collins, and Grisham (1988) examined heart rate, systolic blood 

pressure, diastolic blood pressure, and body temperature in the morning, between 6:00 h 
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and 8:30 h and in the afternoon between 15:30 h and 18:00 h. The 27 subjects had a 

higher (p < 0.01) heart rate and body temperature in the afternoon. Systolic and diastolic 

blood pressures were the same in the morning and afternoon. Subjects were classified as 

morning or evening types based on their responses to a questionnaire. There were no 

differences between the morning or evening types. 

Reilly and Brooks (1990) studied the effect of circadian rhythms in 15 men aged 

22 to 38 yr at six different times of day: 2:00, 6:00,10:00, 14:00,18:00, and 22:00 h. 

Heart rate, rectal temperature, oxygen uptake, carbon dioxide uptake, and ventilation at 

rest displayed the typical significant circadian variations with the peak occurring in the 

afternoon. 

Reilly and Marshall (1991) studied heart rate, rectal temperature, and alterness at 

six different times of day: 2:00, 6:00,10:00, 14:00,18:00, 22:00 h. Fourteen subjects 

participated in the study. Resting measures were taken after 10 min in a seated posture. 

Subjective alertness was rated by subjects on a visual analogue scale, graded between alert 

and drowsy at the two extremes. The peak time of the rhythm occurred at 16:10, 16:50, 

and 18:10 h for pulse rate, rectal temperature, and subjective alertness, respectively. 

Hill and Smith (1991) measured body temperature and heart rate in nine subjects at 

four different times of day: 3:00,9:00,15:00 and 21:00 h. Significant circadian rhythms, 

(p < 0.01), were found for body temperature and heart rate with the highest values 

occurred at 21:00 h. 

Atkinson, Coldwells, and Reilly (1993) compared circadian rhythms between 

physically active and inactive subjects. Fourteen males (7 in each group) aged 19 to 29 yr 



participated in the study. Subjects were assigned to a group on the basis of regular 

physical activity. At least 8 h separated each test session. Resting oral temperature was 

found to have a significant rhythmicity in the active subjects, but not in the inactive 

subjects. A significant rhythmicity in resting heart rate was found in both the active and 

inactive groups with the amplitude of the rhythm being higher in the inactive group. 

Melhim (1993) measured thirteen female subjects at four time points: 3:00, 9:00, 

15:00, and 21:00 h. Heart rate and body temperature suggested a circadian rhythm. In 

the afternoon, the amplitude of heart rate was 15% greater than the daily mean and the 

amplitude of body temperature was 2.7% greater in the afternoon than the daily mean. 

The results of several other studies measuring heart rate, oral temperature, and 

blood pressure are comparable to the findings mentioned above (Cohen and Muehl, 1977); 

Baxter and Reilly, 1983; and Reilly and Brooks, 1986. In general, heart rate and body 

temperature show significant differences in the amplitude of change during a 24 h cycle. 

Inconsistent findings are reported regarding circadian rhythms in resting blood pressure. 

Submaximal Exercise 

Some investigators have found circadian rhythm responses to submaximal exercise 

while others have not observed a rhythm effect. The submaximal variables evaluated in 

the present study were oxygen uptake, carbon dioxide production, heart rate, and rating 

of perceived exertion. Cohen and Muehl (1977) report that during exercise there are 

consistent diurnal variations in submaximal heart rate, VO2, and ventilation. It is generally 

considered that V02 peaks during submaximal exercise between 8:00 andl4:00 h with a 

circadian range of 13% (Winget, DeRoshia, and Holley, 1985). Heart rate rhythm peaks 
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at around 17:00 h with a range of 3-14%. Pandolf (1983) observed RPE, determined by 

using the Borg Scale (1970), to be a linear function of relative exercise intensity. Some 

researchers have not found any diurnal variation to be present in submaximal exercise. 

Faria and Drummond (1982) measured RPE in 31 subjects. Each subject was 

tested every two hours over a full day-night cycle. Tests were seperated by 48 h RPE 

was measured during treadmill exercise at intensities which elicited heart rates of 130, 

150, and 170 bpm. RPE at each heart rate was significantly higher in the early morning 

than at other times of the day (p < 0.05). 

In a study by Reilly, Robinson, and Minors (1984) ten college-aged male subjects 

were tested on separate days at four different times: 3:00, 9:00,15:00, and 21:00 h. RPE 

was measured after 5 min of the initial exercise intensity -150 watts. The study reports a 

significant difference in heart rate response to a 150 watt work rate. However, no 

significant difference was observed in RPE. 

Hill, Cureton, Collins, and Grisham (1988) examined VO2, heart rate and RPE in 

the morning, between 6:00 h and 8:30 h and in the afternoon between 15:30 and 18:00 h. 

Subjects performed cycling exercise at the two different times of day. Thirty-two subjects 

were classified as morning or evening types based on their responses to a questionnaire. 

There were no significant differences in the responses to exercise in the morning types and 

evening types. Yet, morning types tended to rate exercise as harder in the morning. 

Using the same data, but reported by Hill, Cureton, Collins and Grisham (1988), a 

significant difference (p < 0.01) in V02 was found at 60, 100,120, 140, and 160 watts 

between the morning and afternoon. A higher (p <0.01) submaximal VO2 (100 watts) was 
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reported in the afternoon. There was a time of day difference in VO2 below the 

ventilatory threshold. The difference was greater at work rates above the ventilatory 

threshold. 

Hill, Cureton, and Collins (1989) measured RPE at work rates below and above 

the ventilatory threshold in the morning and in the afternoon in 32 college students. The 

differences between morning and afternoon VO2 and Ve were reported to be significantly 

higher in the afternoon at workrates of 60, 80,100, 120,140, 160, and 180 watts. Mean 

RPE were the same in the morning and in the afternoon. 

Reilly and Brooks (1990) studied the effect of time of day on submaximal exercise 

responses in 15 men aged 22 to 38 yr. Subjects exercised at six different times of day: 

2:00, 6:00, 10:00, 14:00,18:00, and 22:00 h. Cycle ergometer exercise was performed in 

consecutive 5-min bouts of exercise at 82 and 147 watts. No significant circadian rhythms 

were found in VO2, Ve, or VCO2. 

McMurray, Hill, and Fields (1990) studied circulating beta-endorphin 

concentrations in 14 men during exercise at 75% of their V02 max. Subjects were tested 

at 6:00, 12:00, 18:00, and 24:00 with each trial separated by 3 to 5 days. During the 30 

min of exercise at 75% VO2 max, VO2 appeared to be greatest at 18:00. However the 

difference was not significant. 

Maximal Exercise 

Maximal exercise data are available in most circadian rhythm studies. However the 

findings of investigators are not conclusive. The maximal variables studied in the present 

paper are VO2 max/V02 peak, Ve, heart rate, and time to exhaustion. 
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Faria and Drummond (1982) measured VO2 max using a treadmill in 31 subjects 

registered for a University course. Subject were measured every two hours over a full 

day-night cycle. Each test was separated by 48 h. A significant time of day effect was not 

found for V02 max. However, a systematic increase in VO2 max was found from 2:00 to 

24:00 h. 

In a study by Reilly, Robinson, and Minors (1984) ten college-aged male subjects 

were tested on separate days at four different times: 3:00, 9:00, 15:00, and 21:00 h. The 

exercise intensity was initiated at 150 watts for 5 min. Then the workload increased by 30 

watts every two min to the capacity of the ergometer (400 watts) and maintained until 

voluntary exhaustion. The time to exhaustion did not vary significantly with time of day. 

A significant difference in maximal heart rate response was found, however no significant 

difference was observed in VO2 max. 

Hill, Cureton, Collins, and Grisham (1988) examined VO2 max and heart rate in 

the morning, between 6:00 and 8:30 and in the afternoon between 15:30 and 18:00 h. 

Thirty-two subjects were classified as morning or evening types based on their responses 

to a questionnaire. There were no differences between exercise responses between 

morning or evening types. Both groups had a higher (p < 0.01) maximal V02 (.0.11 + 

0.03 1/min higher) in the afternoon. Maximal heart rate was the same in the morning and 

afternoon. The increased V02 max was not associated with an increased performance 

time in the afternoon. The morning types tended to have a higher heart rate in the 

morning and the evening types tended to have higher a heart rate in the evening. 
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Using the same data, reported elsewhere, Hill, Cureton, and Collins (1989) 

measured peak VO2, maximal heart rate, maximal Ve, in the morning and in the afternoon 

in 32 college students. The peak V02 recorded was 4.2% higher (p<.05) in the afternoon 

verses morning and the work rate which elicited VO2 max was not lower in the afternoon 

(p>.05). There were no significant differences between mean in the morning and 

afternoon for heart rate or Ve. 

Reilly and Brooks (1990) studied the time of day effect in 15 men aged 22 to 38 

yr at six different times of day: 2:00, 6:00, 10:00,14:00,18:00, and 22:00 h. Subjects 

performed cycle exercise in consecutive 5-min loads at 82 and 147 watts then the work 

rate increased every two min. to exhaustion. No significant circadian rhythms were found 

in VO2 max, Ve max, VCO2 max, or RER max. 

Burgoon, Holland, Loy, and Vincent (1992) tested 26 untrained young men in the 

morning between 7:30 and 8:30 h and in the evening between 19:30 and 20:30 hr. 

Exercise was performed on a treadmill using the Bruce protocol with the following 

maximal values measured: peak time, VO2 max, max heart rate, and RER max. V02 max 

and RER max did not show a time of day effect. Only max heart rate and performance 

time exhibited a diurnal effect, with higher values measured in the evening. 

Anaerobic Capacity 

Anaerobic capacity is defined as the maximal amount of adenosine triphosphate 

resynthesized via anaerobic metabolism (by the whole organism) during a specific mode of 

short-duration maximal exercise. Quantifying anaerobic capacity is subject for 

controversy among investigators. Green and Dawson (1993) concluded in a recent review 
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that oxygen debt should not be used to quantify anaerobic capacities, maximal blood 

lactate can, at best, only reflect anaerobic capacity, and oxygen deficit is the only measure 

which can potentially quantify anaerobic capacity. In the present study 0 2 deficit and 

maximal blood lactate were measured to quantify anaerobic capacity. Performance in 

fixed high intensity exercise appears to exhibit diurnal variations and in the 30-s Wingate 

test. Afternoon anaerobic performance is considered superior to morning performance. 

Baxter and Reilly (1983) examined the effect of time of day during exhaustive 

constant-power cycling exercise at about 95% of VO2 max. In the eight subjects, peak 

lactate accumulation was 21% higher and time to exhaustion was 68% longer in the 

afternoon. 

Baxter and Reilly (1983) investigated diurnal variation in all-out swim 

performance. Fourteen subjects performed the front crawl swim test at five different times 

of day on separate days. Subjects swam 100 m and 400 m at five different times of day 

between 6:30 h and 22:00 h. Performance showed a significant linear trend with time of 

day. The improvement across the day was 3.5% for 100 m and 2.5% for the 400 m swim. 

Reilly and Marshall (1991) studied mean and peak power at six different times of 

day: 2:00, 6:00, 10:00,14:00,18:00,22:00 h. Fourteen subjects completed a 30-s all out 

test on a swim bench. Significant circadian variations were found in mean power (p < 

0.001) and peak power (p < 0.01) with amplitudes of 11 and 14% of their mean values, 

respectively. 

Twelve college-aged male subjects were tested at 2:00, 6:00, 10:00, 14:00,18:00, 

and 22:00 h., Reilly and Down (1992). In contrast to previous studies, this study did not 
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find a significant effect of time of day when they tested subjects using the Wingate 

anaerobic test for peak power or mean power. 

Hill, Borden, Darnaby, Hendricks, and Hill (1992) utilized a constant power test in 

which the 14 subjects exercised to exhaustion. The work rate was a constant 5.0 W kg"1 

for women and 6.0 W kg"1 for men. Time to exhaustion was found to be 9.1% longer in 

the afternoon. Total work was 9.6% greater and O2 deficit was 5.6% greater in the 

afternoon. 

Hill (unpublished observations) measured O2 deficit, maximal lactate, and 

performance time in 14 subjects using constant-power test with a duration of 

approximently 3 min. Subject completed four tests with the first two tests being learning 

trials. The second and third tests were randomly scheduled, one in the morning at about 

8:00 and in the afternoon at about 4:00. Performance time was a significant 9% longer in 

the evening. 0 2 deficit appeared to be 9.3% higher in the afternoon, but that difference 

was not significant. Blood lactate concentration was a non-significant 15.2% higher in the 

afternoon. 

Hill and Smith (1991) reported diurnal variations measured peak power in 5-s and 

mean power in 30-s in nine males. Peak power was a nonsignificant 9% greater at 15:00 

and 21:00 h compared to 3:00 and 9:00 h. Mean power was a significant 6% greater at 

15:00 and 21:00 h compared to 3:00 and 9:00 h. 

Melhim (1993) reported a similar result to that of Hill and Smith in women 

subjects. Melhim used the Wingate test to measure peak power and mean power. Peak 

power was defined as the highest mechanical power that was elicited during a 5-s period 
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and mean power was defined as the average power that was sustained throughout a 30-s 

period. Thirteen subjects were tested at four time points: 3:00,9:00,15:00, and 21:00 h. 

A significant time of day effect (p < 0.05) was found in peak power. The mean peak 

power occurred at 15:00 h and was about 7% higher than at 3:00 h. A tendency towards 

circadian rhythmicity was observed in mean power. Mean power was about 16% higher at 

15:00 h and 15% higher at 21:00 h than at 3:00 h. 

Test Protocols 

Measurement of VO2 max has traditionally been evaluated using an incremental 

protocol. For example, the Bruce or Balke treadmill test are commonly employed for 

measurement of VO2 max. Limited research has compared VO2 max values obtained 

using incremental and constant power cycle ergometer protocols. There are conflicting 

reports regarding the validity of constant power tests for determining VO2 max.. 

LaVoie and Mercer (1987) performed a study which sought to determine the 

validity of a constant-load cycle ergometer protocol for the determination of VO2 max. 

Five female subjects exercised to exhaustion using an incremental protocol, then one week 

later performed a constant-load protocol. During both the incremental and constant-

power V02 max tests the subjects maintained a pedal rate of 60 rpm. The initial resistance 

was 90 watts and then resistance increased by 30 watts every 2 min. The work rate 

employed in the constant-load test was the same work rate which had previously elicited 

the subject's VO2 max in the incremental test. VO2 max determined using the incremental 

test was found to be significantly higher (p <0.01) than the V02 max values obtained 

during constant-load work. During the constant-load test, lower values for heart rate and 
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ventilation, and higher values for peak RER, were obtained. The authors proposed that 

local muscular fatigue in the subjects' legs was responsible for the lower VO2 max in the 

constant power protocol. 

Katz, Snell, and Stray-Gundersen (1989) tested 20 male and 4 female trained 

runners using a VO2 max test protocol and a constant velocity protocol. The VO2 max 

determined from the two tests were not different (58.2 ± 6.8 and 58.4 + 6.6 ml/kg/min, 

respectively), and were significantly correlated (r = 0.89, p < 0.01). 

Billat, Renoux, Pinoteau, Petit, Koralsztein (1994) reported that V02 max was the 

same using incremental and constant power test protocols. Twelve males aged 30 ± 3 yr 

participated in the study. The VO2 max achieved during the incremental test was 69.4 ± 

3.7 ml-kg'min"1. The mean values in the constant velocity test at max were not provided, 

but were reported to not be significantly different. 



CHAPTER III 

RESEARCH METHODS 

The primary purpose of this study was to determine the effect on time of day in 

various indicators of maximal aerobic power and anaerobic capacity, and to evaluate 

relationships among the variables. A secondary purpose was to determine if time of day 

effects, if any, are specific to incremental or constant power test protocols. This chapter 

is organized into the following sections: research design, subjects, procedures, 

scheduling, resting measurements, exercise tests, instrumentation, calculations, and 

designs and analysis. 

Research Design 

Subjects underwent a total of six cycle ergometer tests. All tests were separated 

by at least 24 h. Three of the tests followed an incremental testing protocol and three of 

the tests followed a constant power testing protocol. Subjects were tested in both the 

morning and afternoon using the two testing protocols. The first test using each test 

protocol was considered a learning trial, and results were not analyzed. Test order was 

counter balanced such that one test occurred in the morning and the other test in the 

afternoon. Subjects were divided into four groups to ensure counter balanced test order. 

Subjects 

For this study, 16 males, ranging in age from 19 to 27 years, were recruited from 

Physical Education activity classes, Kinesiology majors classes, and by word of mouth. 

Subjects were screened to meet American College of Sports Medicine Guidelines, 

18 
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meaning individuals for whom a medical exam and physician supervised exercise test are 

not required (i.e., those not at a high risk for coronary disease and those not classified as 

older). Only potential subjects who did not train regularly at the same time in the 

morning or train at the same time in the evening were accepted to participate in the study. 

Each individual's training status was evaluated through verbal questioning and by using a 

questionnaire regarding training or sports participation history. All subjects provided 

voluntary written informed consent and completed a standard medical history form. 

Subjects' resting heart rate, blood pressure, and 12-lead electrocardiogram (EKG) were 

evaluated for exclusion criteria. Selection was not based on ethnic background, but good 

health and age less than 35 years were required. Subjects were instructed to standardize 

dietary intake, refrain from alcohol consumption, and limit physical activity in the 24 h 

prior to testing. Subjects were instructed to sleep a minimum of 6 h on the nights prior to 

testing. 

Procedures 

Subjects were required to visit the laboratory seven times. All visits required 

about one hour. Subjects were contacted by telephone or in person prior to each session 

for conformation of time. The orientation session was used to obtain consent, to perform 

screening procedures, to familiarize the subject with the laboratory, to introduce the 

subject to wearing a mouthpiece and noseclip, and all the details of testing, including 

instruction about how to rate exertion (RPE) according to the 15-point Borg scale, were 

completely explained. Subjects were instructed to sleep for a minimum of 6 hours the 

night prior to any testing. They were not permitted caffeine, cigarettes, alcohol, drugs, 

heavy meals, or strenuous activity for 12 hours preceding each testing session. All 

testing took place in a climate controlled laboratory. 
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Scheduling 

The incremental tests were performed in the first three testing sessions and 

constant-power tests were performed in the last three testing sessions. The second and 

third tests, incremental protocol, were performed with one in the morning and one in the 

afternoon. The fifth and sixth tests, constant power protocol, were performed with one in 

the morning and one in the afternoon. Subjects were divided into four groups in order to 

counter balance testing order of the six tests. Testing order for the four groups is 

described as follows: 

• Group A: Morning, Morning, Evening, Morning, Morning, Evening 

• Group B: Evening, Evening, Morning, Evening, Evening, Morning 

• Group C: Morning, Evening, Morning, Morning, Evening, Morning 

• Group D: Evening, Morning, Evening, Evening, Morning, Evening 

At least 24 h separated each test. Morning tests were performed between 6:30 to 9:30 h 

and evening tests took place between 17:00 and 20:00 h. Each testing session was 

allotted one hour. A maximum of three subjects were tested in a given morning and three 

subjects were tested in a given afternoon. 

Resting Measurements 

Before each exercise test, subjects rested in the supine position in a quiet room 

for 10 minutes. Measurements of oral body temperature (by thermometer), blood 

pressure (by standard auscultory method), and heart rate (by palpation for 30 seconds) 

were obtained at the end of the 10 minutes. 

Exercise Tests 

During the incremental tests, the subjects were instructed to pedal at 80 

revolutions per minute (rpm) and were required to maintain a cadence between 75 and 85 
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rpm. Subjects (n = 12) exercised at 80 watts for 4 min. During minutes 4 -8 , the subject 

exercised at 100 watts. The incremental test began with a starting workrate of 150 watts 

and increased in increments of 50 watts every 2 minutes. All tests were terminated when 

subjects could not maintain 75 rpm for 3 seconds. 

Four of the sixteen subjects performed exercise that were exceptions to the typical 

incremental test protocol. These subjects were well trained cyclist and required 

individual selection of work rate. Two subjects exercised at 100 watts for 4 min then 

during minutes 4-8 the subject exercised at 140 watts. The other two subjects exercised at 

140 watts for 4 min then during minutes 4-8 the subjects exercised at 180 watts. The 

starting workrate for the incremental test was 200 watts and increased in increments of 

50 watts every two min. All other testing procedures were the same. 

Time to exhaustion was measured to the nearest second. Subjects expired into a 

mouthpiece attached to the metabolic cart so that V02, Ve, and RER could be measured. 

Heart rate was recorded at the end of every 2 min stage using a modified V-5 lead 

connected to a EKG or by using a Polar heart rate montior. Maximal heart rate was 

recorded just prior to test termination. A RPE was obtained at the end of both steady 

state stages and every 2 min during the incremental test. 

Immediately post exercise, subjects sat upright and a hand was placed in warm 

water. A 20 |il blood sample was taken from a fingertip puncture at 5 min post exercise 

for determination of lactate concentration. The subject remained seated during the 

recovery period. The recovery period lasted about 10-15 min following the exercise test 

or until heart rate was below 100 bpm. 

The incremental test was designed to elicit exhaustion after 3 to 8 min after the 8 

min warmup. The work rate for the constant power test was determined as the last stage 

maintained for 1 min during the incremental test. 
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During constant power tests, the subjects pedalled at 80 rpm for the entire test. 

Subjects warmed up at 70 watts for 4 min. During minutes 4 to 8, the subject exercised 

at 90 watts. The constant power test then began with the work rate of the last stage 

maintained for 1 min during the incremental test. Four of the 16 subjects performed 

exercise work rates that were exceptions to the typical constant power test protocol. 

These subjects were well trained cyclist and required individual selection of work rate. 

Four subjects exercised at 120 watts for 4 min then during minutes 4 to 8 the subject 

exercised at 160 watts. All other testing procedures were the same. 

As in the incremental test protocol, tests were terminated when the rpm could not 

be maintained above 75 rpm for 3 seconds. Time to exhaustion was measured to the 

nearest second. Subjects breathed into a mouthpiece attached to a the metabolic cart so 

that V02, Ve, RER could be measured. Heart rate was recorded at the end of every two 

min stage using a modified V-5 lead connected to a electrocardiograph or by using a 

Polar heart rate montior. A RPE was obtained at the end of both steady state stages. 

Maximal heart rate was recorded just prior to test termination. 

Immediately post exercise, subjects sat upright and a hand was placed in warm 

water. A 20 |il blood sample was taken from a fingertip puncture at 5 min post exercise 

for determination of lactate concentration. The subject remained seated during the 

recovery period. The recovery period lasted about 10 to 15 min following the exercise 

test or until heart rate was below 100 bpm. 

Instrumentation 

The exercise in this study was performed on a Ergoline 800s electronically braked 

cycle ergometer (Mijnhart, The Netherlands). This ergometer provides workrate 

independent of pedal cadence, with an accuracy of ± 2% of the work rate setting. The 

machine performs a self-test prior to each exercise test. V02 was measured by open 
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spirometry and indirect calorimetry during the exercise sessions. Subjects breathed 

through a Hans Rudolph valve mouthpiece. Expired oxygen and carbon dioxide were 

analyzed on the breath-by-breath basis by a MedGraphics CPX metabolic cart (St. Paul, 

MN) that was calibrated prior to each test according to the manufacturer's instructions 

using gases of known 02 and C02 concentration and the syringe of known volume. A 

pneumotach (Hans Rudolph #3800) measured ventilatory flow. The values for the 

expired gases and minute ventilation were recorded by a MedGraphics metabolic cart. 

The aerobic variables included V02, Ve, RER at peak and during the submaximal 4 min 

stages. Heart rate was recorded during the last 10 seconds of every two min stage and at 

exercise peak using a Quinton Instrument EKG monitoring system - model 633. The 

subjects reported their perceived exertion during exercise using the Borg 15-point scale. 

Blood samples were collected in 40 |il EDTA treated tubes and diluted in 80 |il of YSI 

2357 buffer, Triton X-100 (0.22%), and sodium fluoride (4 mM). Samples were kept in 

refrigerated storage until they were analyzed, within 2 to 48 h of collection. Blood 

analysis' were performed using a YSI 2300 STAT L-Lactate Analyzer which was 

calibrated prior to the introduction of every three samples. Blood lactate values were 

recorded to the nearest 0.1 mmol/liter. 

Calculations 

For each individual, the V02:watts relationship was determined separately based 

on data collected in the morning and the afternoon. Four submaximal steady state V02 

were available; steady state V02at 70 and 90 watts were determined from the constant 

power test protocols and steady state V02at 80 and 100 watts were determined form the 

incremental test protocols in 12 of the subjects. In two of the subjects, steady state V02 

were available at 120 and 160 watts in the CON protocols, and 100 and 140 watts from 

the INC test protocols. In two of the subjects, steady state V02 were available at 120 
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and 160 watts in the CON protocol and 140 and 180 watts from the INC protocol. In 

each case the average during the last minute of the 4 min stage was the criterion V02. A 

linear relationship was determined for each subject by calculating the regression of the 

steady state 02 uptake on exercise intensity. The slopes and y-intercepts of the V02:watts 

relationships were determined. The individual V02: watt relationships were used in the 

estimation of the oxygen cost of high intensity exercise for the subsequent determination 

of maximal accumulated oxygen deficit. The oxygen demand was calculated as the y-

intercept plus the product of the V02:watts slope and the power output in the constant 

power tests. Maximal accumulated oxygen deficit was calculated as the difference 

between the oxygen demand and the accumulated oxygen uptake as described by Medb0 

etal. (1988). 

Designs and Analysis 

Data were analyzed using a two-factor ANOVA with repeated measures over 

time of day of testing (AM, PM) and repeated measures over test type (incremental, 

constant power). One-tailed dependent-measures t-tests were used to analyze time of day 

difference in anaerobic capacity variables that were determined only using the CON test 

protocol. The level of significance was set at p <0.05. 



CHAPTER IV 

RESULTS 

The purpose of this study was to investigate the effect of time of day on responses 

to two types of exhaustive cycle ergometer tests. The results from this study are 

presented in this chapter. 

Physical Characteristics 

Twelve of the sixteen subjects had an average fitness level for college-aged males. 

These subjects reported to participate in recreational sports, weight training, and 

occasional endurance type exercise. Four of the sixteen subjects were well trained 

college-aged males. One subject regularly participated in marathons and triathlons. The 

three other well trained subjects were competitive mountain bike cyclist for the university 

club team. The variations in fitness level among subjects did not affect results related to 

time of day or test type. The subjects' descriptive characteristics (mean ± SD) are 

reported in Table 1. 

Table 1. Descriptive characteristics of the subjects 

Age Weight Height VOamax 
(years) (kg) (cm) (ml-miri1) 
22.8 ±3 74.1 ±7.7 177.5 ±9.2 3841 ±914 
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Resting Measurements 

The repeated measures ANOVA revealed differences between the morning and 

afternoon mean scores for three of the four resting variables. Resting heart rate was 15% 

greater in the in the afternoon compared to the morning. Oral temperature was 1.4% 

greater in the afternoon compared to the morning. Systolic blood pressure was 6% 

greater in the afternoon compared to the morning. Diastolic blood pressure was not 

different between the morning and afternoon. Table 2. shows resting measures in the 

morning and afternoon with test type, either INC or CON. 

Table 2. Resting measures 

Variable/ 
Time of day 

Heart Rate (bpm) 
AM 
PM 

INC test 

53.3 ± 5 .4 

60 .4 + 8.8 

CON test 

50.9 ± 6.5 

59 .6 + 8.8 

AM and PM difference 

Fi,45 = 34 .01 , p < 0 .01 

PM>AM 

Temperature (°C) 
AM 
PM 

35.6 ± 0 . 5 

3 6 . 1 + 0 . 7 

35.7 ± 0 .4 

36.2 + 0 .5 

FI,45 = 36.8, p < 0 .01 

PM>AM 

Systolic Blood Pressure (mm Hg) 
AM 116.5 ± 7 . 1 115.5 ± 7 . 6 

PM 122.5 ± 9 .9 123.5 + 10.3 

FI,45 = 13.15, p < 0 .01 

PM>AM 

Diastolic Blood Pressure (mm Hg) 
AM 69.8 ± 8 . 9 75 .0 ± 7 . 2 

PM 69 .3 + 11.2 70 .4 + 7 .6 

Fi.45= 1.51, p = 0.23 
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Submaximal Measurements 

As shown in Table 3. and Table 4., submaximal responses are reported in the 

morning and afternoon with test type INC or test type CON. Separate means for the 

morning, afternoon and incremental, constant power are provided regardless of whether 

there were significant main or interaction effects. The mean work rate for steady state one 

(SSI) was 90 ± 21 watts in the INC tests and 83 ± 22 watts in the CON tests. The mean 

workrate for steady state two (SS2) was 115 ± 29 watts in the INC tests and 108 ± 32 

watts in the CON tests. There were no significant differences between morning and 

afternoon submaximal measures, except RPE at SSI (Fi,45 = 6.15, p = 0.02). Heart rate 

was not obtained due to technical complications during testing. There were no 

interactions between time of day and test type on any submaximal variable. 

Table 3. Submaximal responses - first steady state 

Variable/ INC test 
Time of day 

CON test AM and PM difference 

SS1 - Work rate (watts) 
AM 90 ±21 
PM 90 ±21 

83 ±22 
83 ±22 

SS 1 - V02(ml-miril) 
AM 1632 ± 348 
PM 1578 ± 237 

1422 ± 242 
1454 ± 242 

Fi,45 = 0.10, p = 0.75 

SS 1 - VCO2 (ml-miri1) 
AM 1637 ± 304 
PM 1610 ±222 

1381 ±245 
1479 ± 288 

Fij45= 0.84, p = 0.36 

SS 1 - RPE 
AM 11 ± 1 
PM 10 ± 2 

10 ±2 
9 ± 1 

Fi,45 = 6.15, p = 0.02 
PM>AM 
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Table 4. Subraaximal responses - second steady state 

Variable/ INC test 
Time of day 

CON test AM and PM difference 

SS2 - Work rate (watts) 
AM 115 ± 2 9 

PM 115 ± 2 9 

108 ± 32 

108 ± 32 

SS 2 - VO2 (ml-miri1) 
AM 1904 ± 397 

PM 1820 ± 3 1 2 

1708 ± 328 

1709 ± 335 

FI,45 = 1.18, p = 0.28 

SS 2 - VCO2 (ml-miri1) 
AM 1969 ± 368 

P M 1910 ± 2 9 5 

1758 ± 359 

1792 ± 356 

FI,4S = 0.10, p = 0.75 

SS2-RPE 
AM 12 ± 1 

PM 12 ± 2 

11 ± 2 

12 ± 2 

F1>45 = 1.37, p = 0 .25 

Maximal Responses 

The mean maximal work rate in the morning was 303 ± 87 watts during INC tests 

and 295 ± 74 watts during the CON tests. The mean maximal work rate in the PM was 

322 ± 75 watts during INC tests and 295 ± 74 watts during the CON tests. There was not 

a significant main effect of time of day on any maximal response for any variable. There 

were no interactions between time of day and test type for any of the variables: VO2, FI>44 

= 0.78 p = 0.38; RER, FI,44 = 0.58 p = 0.45; Ve, FI J 4 4 = 0.75 p = 0.39. Maximum heart 

rate was not obtained due to technical complications during testing. Mean maximal 

responses in the morning and afternoon with test type are reported in Table 5. 
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Variable/ INC test CON test Effect of Effect of 
Time of day Time of Day Test Type 

Work rate (watts) 
AM 303 ± 87 295 ± 74 
PM 322 ± 75 295 ± 74 

VO2 (ml miri1) 
AM 3869 ± 800 3844 ± 887 Fl,44 = 1.13, Fi, 44 = 1.56, 
PM 4006 ± 1078 3803 ± 905 p = 0.29 p = 0.22 

RER 
AM 1.30 ±0.14 1.33 ±0.14 FI,44 = 0.28, Fi, 44= 0.73 
PM 1.32 ±1.32 1.32 ±0.12 p = 0.60 p = 0.40 

Ve (ml-miri1) 
AM 145.7 ±43 154.9 ±51 Fi, 44 = 1.87, Fi, 44 = 2.31, 
PM 154.2 ± 38 154.1 ±49 II O

 
H—

1 

OO
 

p = 0.14 

Anaerobic Capacity 

Results of previous studies have strongly suggested that anaerobic capacity is 

higher in the afternoon, therefore data were analyzed using a one-tailed t-test. Results 

indiciate a significant difference between morning and afternoon in values of anaerobic 

capacity. 0 2 deficit/kg was 21.5% greater in the afternoon than in the morning. Results 

of a two-way ANOVA revealed a significant time of day effect in post-exercise blood 

lactate. Post exercise blood lactate was 14.3% greater in the afternoon than the morning. 

There were no interactions between time of day and test type in the LA measurement. 

There was not a main effect for test type in LA (F137 = 0.16, p = 0.69). Results of 

maximal anaerobic capacity responses are reported in Table 6. 
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Table 6. Anaerobic capacity 

Time of day/ 
Variable 

INC test CON test AM and PM difference 

Net V02 (ml) 
AM 
PM 

14058 ± 2578 
16955 ± 8006 

ti4 = 1.32, p = 0.11 

O2 deficit (ml) 
AM 
PM 

3917 ±1390 
4760 ±1546 

ti4 = 2.33, p = 0.02 
PM>AM 

O2 deficit/kg (ml kg') 
AM 
PM 

52.1 ± 17.4 
63.3 ± 17.7 

t]4= 1.97, p = 0.04 
PM>AM 

LA (mmol-l ~J) 
AM 
PM 

8.7 ±2.4 
9.2 ± 9.2 

8.5 ±2.6 
9.2 ±3.1 

Fi)37 = 4.13, p = 0.049 
PM>AM 

Performance Measure 

There was a tendency for time to exhaustion to be greater in the afternoon. Time 

to exhaustion was 21% greater in the afternoon in the constant power tests and in the 

incremental test time to exhaustion was 9.5% greater in the afternoon. There was a main 

effect in test type (Fi,45 = 41.22, p < 0.01). There was no evidence of an interaction effect 

between time of day and test type. 

Table 7. Performance measure - Time to exhaustion 

Variable INC test CON test 
Time to exhaustion (s) 
AM 451 ±151 261 ±71 
PM 494 ± 126 318 ±136 

AM and PM difference 

Fi,45 = 3.07, p = 0.09 



CHAPTER V 

DISCUSSION 

The primary purpose of this study was to examine the effect of time of day on 

performance and on aerobic and anaerobic responses to exercise. Aerobic responses were 

evaluated using both incremental and constant power test protocols. Anaerobic capacity 

was evaluated using only the constant power test protocol. A secondary purpose was to 

determine if the time of day effects on aerobic responses are specific to exercise performed 

using either the incremental or constant power test protocols. A discussion of the present 

study's findings is organized in the following manner: circadian rhythmicity in resting 

measurements, submaximal exercise, maximal exercise, and anaerobic capacity, 

performance measure, and responses to incremental and constant power test protocol. 

Circadian Rhythms 

Rest 

The results of this study are in agreement with the results reported in the majority 

of the related literature in regard to resting measures. As in this study, circadian rhythms 

on resting heart rate and temperature were reported in the following studies: Faria and 

Drummond (1982), DeWitte and Clarys (1988),Cabri et al. (1988), Hill et al. (1988), 

Reilly and Brooks (1990), Reilly and Marshall (1991), Hill and Smith (1991), Atkinson et 

al. (1993), and Melhim (1993). As in previous studies, time of day effects on blood 

pressure were inconsistent. In the present study a time of day effect was found on 

31 



32 

systolic, but not diastolic, blood pressure. The opposite was observed by Reilly et al. 

(1984). Reilly found a circadian rhythm on diastolic blood pressure, but not in systolic 

blood pressure. DeWitte and Clarys (1988), Cabri et al. (1988), and Hill et al (1988) 

found no time of day effect on diastolic or systolic blood pressure. 

Submaximal Exercise 

In this study there were no significant differences between morning and afternoon 

submaximal measures, except RPE at steady state one (SSI). This finding disagrees with 

the following authors who have observed a diurnal variation in submaximal steady state 

V02: Cohen and Muehl (1977), Winget et al (1985), Hill et al. (1988), and Hill et al. 

(1989). A diurnal variation is expected because body temperature might be causally 

related to the rhythm in metabolic response to exercise (Hill et al., 1988). An increased 

body temperature could result in a higher VO2 in the afternoon. During light exercise in 

the morning, before the body temperature increases due to the exercise demand it is likely 

that VO2 would be lower. In this study, perhaps the subject's body temperature increased 

quickly in the morning thus reducing the effect of a lower body temperature during 

exercise. The results present in this study concur with results of studies by Reilly and 

Brooks (1990) and McMurray et al. (1990) in which no differences were observed in 

submaximal measurements. 

Reports in the literature concerning RPE at submaximal exercise are equivocal. 

Faria and Drummond (1982) and Reilly et al. (1984) found RPE to be higher in the 

morning as in the present study. This may be because the subjects did not enjoy exercising 

in the morning and therefore, perceived the exercise to be harder. The fact that there was 
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not a difference in RPE at the higher steady state work rate indicates that initially the 

exercise seem harder but then the subjects adjusted to the exercise. However, other 

authors have not found a time of day difference in RPE at submaximal levels below the 

ventilatory threshold Hill et al. (1989). In conclusion, the present study supports the 

notion that circadian rhythms are not observed in submaximal exercise, however RPE was 

greater in the morning at the low steady state work rate. 

Maximal Exercise 

As in most other studies, a time of day effect was not observed in responses to 

maximal aerobic exercise (Faria and Drummond, 1982; Reilly et al., 1984; Reilly and 

Brooks, 1990; and Burgoon et al, 1992). The present findings disagree with results of 

other studies in which a time of day effect was observed (Hill et al., 1989; and Hill et al., 

1992). It is logical to believe that maximal exercise would vary with time of day as in 

most other physiological variables such as body temperature. However, the results of this 

study do not support the contention of a time of day effect in maximal aerobic power. 

Perhaps aerobic metabolism is not effected by circadian rhythms. Furthermore, it is 

generally understood that V02 max is stable throughout the day. 

Anaerobic Capacity 

A time of day effect was observed in both measures of anaerobic capacity — O2 

deficit and post - exercise blood lactate (LA). O2 deficit has been measured in only two 

previous time of day studies. Hill et al. (1992) found O2 deficit to be 5.6% greater in the 

afternoon. Hill (unpublished observations) found 0 2 deficit to be 9.3% greater in the 

afternoon although the difference was not significant. 0 2 deficit was 21.5% greater in the 



34 

afternoon in the present study. Time to exhaustion in previous studies by Hill was only 

about three min. The greater time of day difference in this study may be attributed to a 

longer time to exhaustion ~ 5 min verses 3 min. The additional two min in this study 

allowed subjects to utilize more of their anaerobic capacity before exhaustion. The finding 

in this study are similar to the findings of Reilly and Baxter (1983) in regards to post 

exercise LA. The results of the present study reveal LA to be 14.3% higher in the 

afternoon. Reilly and Baxter reported post exercise LA to be 21 % higher in the afternoon. 

Other studies by Reilly, Hill, and Melhim report afternoon performance to be superior to 

morning performance in fixed high intensity and in the 30-s Wingate test. 

The mechanism for an elevated anaerobic capacity in the afternoon is unknown. 

The circadian rhythm in body temperature may be implicated (Reilly and Brooks, 1986). 

In the present study, resting body temperature was significantly lower in the morning 

however temperature was not measured during exercise. The diurnal variation in 

anaerobic capacity may be caused by a circadian rhythm in pain tolerance, in the tolerance 

of the disruptive effects due to a falling pH, or in the ability to buffer blood lactate. A 

more direct cause might be the circadian rhythm in the activity levels of enzymes involved 

in the anaerobic pathways. Rivera-Coll, Fuentes-Arderiu, and Diez-Noguera (1993) 

found a circadian rhythm in activity levels of creatine kinase and lactate dehydrogenase 

with peak values occurring between 14:00 and 18:30 h. At their peak, values are 

approximately 10% above the early morning values. Therefore, the highest and lowest 

levels of enzyme activity coincide with the test times used in this study. 
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Performance Measure 

Time to exhaustion was expected to be greater in the afternoon because anaerobic 

performance was greater in the afternoon, yet in the present study the difference was not 

significant. Time to exhaustion tended to be higher in the afternoon - 9.5% incremental 

test protocol and 21% higher in the constant power protocol. However, there was no 

evidence of an interaction between time of day and test type. Therefore, follow-up tests 

could not be used to further evaluate the effects of time of day and individual test 

protocols. A moderate effect size (.57) for time to exhaustion was observed in the 

constant power test. This analysis lacked the statistical power to detect a main effect or 

an interaction effect. Furthermore, the effect size indicates that by adding subjects or by 

performing repeated measurements in the morning and afternoon, the results would have 

shown a significant difference in time of day or there would have been evidence of an 

interaction effect between test type and time of day. 

The results in this study are similar to the results of Hill et al. (1992). Hill found 

time to exhaustion to be significantly 9.6% longer in the afternoon when using constant 

power tests. Reilly and Baxter (1983) report time to exhaustion to be 68% longer in the 

afternoon in constant power cycling exercise at about 95% of VO2 max. Furthermore, 

time to exhaustion tended to be greater in the afternoon and these results are in agreement 

with previous reports that performance is affected by the time of day. 

Test protocol 

Three previous studies have compared V02max values obtained using incremental and 

constant power test protocols. V02 max measured using constant power test protocol and 
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discontinuous test protocols were not significantly different in treadmill studies by Katz et 

al. (1989) and Billat et al. (1994). In contrast, LaVoie and Mercer (1987) found VO2 max 

on the cycle ergometer to be higher when using an incremental test protocol than in a 

constant power test protocol. However, the authors inferred that VO2 max may not have 

been achieved in the constant power test due to local muscle fatigue. 

In the present study, 15 males served as subjects. Our findings are similar to those of 

Billat and Katz ~ VC^max was not significantly different between test protocols. 

Although we used the same testing mode as LaVoie and Mercer — the cycle ergometer — 

our subjects did not appear to have been limited by local muscular fatigue. Moreover, we 

do not think we under-estimated max in the incremental tests, because duration was 

similar to that used in most test situations, and max heart rate and RER were achieved. 



CHAPTER VI 

SUMMARY AND CONCLUSIONS 

Summary 

This study examined the effect of time of day on cardiorespiratory - metabolic 

measures at rest, aerobic, and anaerobic exercise. The study also compared two types of 

maximal testing protocols ~ incremental and constant power. Previous research 

concerning time of day have found most physiological functions to be greater in the 

afternoon than in the morning. Some researchers have found VO2 at submaximal and at 

maximal intensities to be stable at different times of the day, while others have found VO2 

to be greater in the afternoon than in the morning. Anaerobic capacity has been found to 

exhibit a time of day effect in previous studies. Few studies have examined test protocol 

to compare incremental tests to constant power tests. In exercise utilizing the treadmill 

mode, no difference has been found in VO2 max between test types. However, a 

difference in VO2 max was found between test types in one study which utilized a cycle 

mode of exercise. 

Sixteen male subjects were tested a total of six times on the cycle ergometer. 

Three of the tests utilized an incremental protocol and three of the of the test utilized a 

constant power protocol. The first test with each protocol was considered a learning trial 

and not included in data analysis. Subjects were tested in both the morning and afternoon 

using the two protocols. 
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Conclusion 

In conclusion, the results of this study indicate that submaximal V02 and VO2 max 

are the same in the morning and the afternoon. Anaerobic capacity does exhibit a time of 

day effect, reflected by a significantly greater O2 deficit and post exercise blood lactate 

level in the afternoon. 

Based on the findings of this study, the following statements regarding the 

acceptance and rejection of the working hypothesis may be made: 

1. Accept the hypothesis that resting heart rate, oral temperature, and systolic blood 

pressure would be different in the morning and afternoon. Reject the hypothesis that 

diastolic blood pressure would be different in the morning and afternoon. 

2. Accept the hypothesis that RPE at a submaximal workrate would be different in the 

morning and afternoon. Reject the hypothesis that submaximal exercise measures of VO2 

and VC02 would be different in the morning and afternoon. 

3. Reject the hypothesis that V02peak, time to exhaustion, ventilation, and RER would 

be different in the morning and afternoon. 

4. Accept the hypothesis that post exercise blood lactate and O2 deficit would be different 

in the morning and afternoon. 

5. Reject the hypothesis that the performance measure time to exhaustion would be 

different in the morning and afternoon. 

6. Accept the hypothesis stating that there would not be a statistically significant 

difference between max responses to incremental test protocol and constant power test 

protocol. 
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Future Recommendations 

1. A larger sample size to account for subject variability in time to exhaustion. 

2. Examine both males and females, also examine a greater range of age groups. 

3. Test subjects at 4 or 6 times of day to better observe if a circadian rhythm exist about a 

24 h time period. 

4. Test subjects using a different mode of exercise such as a treadmill. 

5. Take into account morning and evening types and mood state before and after testing. 

6. Evalute enzyme, pH, heart rate, and body temperature before, during, and post 

exercise. 



APPENDIX A 

ORIENTATION FORMS 
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UNIVERSITY OF NORTH TEXAS 
DEPARTMENT OF KINESIOLOGY 

CONSENT TO ACT AS A HUMAN SUBJECT 

Subject's Name (print): 

Date: 

1. I hereby volunteer to participate as a subject in the 
study entitled "Morning and Afternoon Responses to Exercise 
using two Testing Protocols". I understand that the purpose 
of this study is to measure peak oxygen uptake and maximal 
accumulated oxygen deficit at different times of the day. I 
understand that I will be tested in the Exercise Physiology 
Laboratory at the University of North Texas on 6 separate 
days and that each test requires an all-out effort. I will 
be expected to follow guidelines about eating, drinking, 
sleeping, and exercise during the study. These guidelines 
require that I abstain from drinking alcoholic beverages for 
12 hours prior to each test and that I restrict my caffeine 
intake for 4 hours prior to each test. I must sleep a 
minimum of 6 hours the night prior to each test and abstain 
from exercise the day of the test. It is recommended that I 
not eat 2 to 3 hours prior to any testing. 

I hereby authorize Nicole A. Jones, Dr. David W. Hill, and/or 
assistants to perform on me the following procedures on 
different days. 

A: The baseline testing: 

(a) to measure my height, weight, resting heart rate, and 
resting blood pressure; 

(b) to obtain a resting 12-lead electrocardiogram (EKG); 

(c) to have me complete questionnaires to assess my 
personality type; 

B: The exercise testing: 

(d) to have me complete a Profile of Mood States (POMS) 
questionnaire in order to assess my mood; 

(e) to have me wear a noseclip and breathe through a 
mouthpiece and pedal on a cycle ergometer against a high 
resistance, and to have me continue to pedal until I cannot 
maintain the pedaling cadence or until I want to stop for 
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whatever reason, in order to assess my anaerobic capacity. 
(A total of 6 times with some tests scheduled in the morning 
and some scheduled in the late afternoon); I understand that 
these are all-out tests; 

(f) To obtain from me a 40 microliter blood sample (about 3 
drops of blood) by pricking my finger tip; 

2. The procedures outlined in paragraph 1 [(a) through (e) 
above] have been explained to me by Nicole Jones or Dr. David 
W. Hill. 

3. I understand that the procedures described in paragraph 
1 (above) involve the following risks and discomforts: 
temporary muscle pain and soreness is expected as a result of 
the all-out exercise. There is a risk of pain, infection, or 
fainting as a result of the finger prick to obtain the blood 
sample. There is a possibility of abnormal changes in my 
heart beat or blood pressure, or even of a heart attack 
during the tests. I understand that my EKG will be monitored 
during testing, and that I can terminate any test at any time 
at my discretion. However, I also understand that there will 
not be a physician present during testing. 

4. I have been advised that the following benefits will be 
derived from my participation in this study: aside from the 
educational benefit of learning about exercise testing or 
about my fitness level, there are no direct benefits to me. 

5. I understand that Nicole Jones, David W. Hill, and/or 
assistants will answer any inquires that I may have at any 
time concerning these procedures or investigations. 

6. I understand that all data concerning myself will be 
kept confidential and available only upon my written request. 
I further understand that in the event of publication, no 
association will be made between the reported data and 
myself. 

7. I understand that there is no monetary compensation for 
my participation in this study. 

8. I understand that in the event of physical injury 
directly resulting from participation, compensation cannot be 
provided. Medical treatment will be available at the 
University Health Center and the laboratory has an outside 
telephone line to the City of Denton emergency services. 

9. I understand that I may terminate participation in this 
study at any time without prejudice to future care or any 
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possible reimbursement of expenses, compensation, employment 
status, and that owing to the scientific nature of the study, 
the investigator may terminate the procedures and/or 
investigations at any time. 

10. I understand that I may contact the chairperson of the 
Kinesiology Department's Committee on the Use of Human 
Subjects in Research, Dr. Allen Jackson (Physical Education 
Building, Room 210-R, 817-565-2651), on any matters 
concerning my participation in this study or if I feel that 
there is infringement on my rights. 

SUBJECT'S SIGNATURE: 

Witness: 

Date: 
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UNIVERSITY OF NORTH TEXAS 
MEDICAL HISTORY FORM 

All information is private and confidential. Please print 

Today's Date / / 

Name 

First Middle Last 

Home Address 

Number and Street Telephone Home 

City State Zip Code 

Permanent Address (if different from above) 

Number and Street Telephone Home 

City State Zip Code 

Social Security Number Date of Birth Age 
/ / Sex M 

F 

Marital Status 
Single Married Divorced Widowed Separated 

How long have you been this marital status? 
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PRESENT HISTORY 

Check ( / ) the blank in front of those questions to which your answer is yes. Leave 
others blark. 

Has a doctor ever said that your blood pressure was too high? 
Has a doctor ever said that your blood pressure was too low? 
Do you ever have pain in your heart or chest? 

_____ Does it happen a t rest?. 
Does it happen during exertion?. 

.Are you often bothered by a thumping of the heart?. 

.Does your heart often race like mad? ; 

.Do you ever notice extra heart beats? 
_Do you ever notice skipped heart beats? 
.Are your ankles often badly swollen?. 

Does the swelling improve when off your feet? 
_Do cold hands or feet trouble you even in hot weather? 
.Has a doctor ever said that you had or have heart trouble? 
_Has a doctor ever said that you had or have an abnormal electrocardiogram 

(ECG or EKG)? 
.Has a doctor ever said that you have had a heart attack or coronary? 
.Do you suffer from frequent cramps in your legs? ; 
.Do you often have difficulty breathing?. 
.Do you get out of breath long before anyone else? 
.Do you sometimes get out of breath when sitting still?. 
.Do you sometimes get out of breath while sleeping?. 
.Has a doctor ever told you your blood fats (cholesterol or triglycerides) level 

was high? _ _ _ 

List any medications or supplements you are now taking, the date you started taking 
each drug, and how much you take (dosage), if known: 

Medication Date started Dosage 

Medication . Date started, 
month year 

Dosage 

Medication Date started 
month year 

Dosage 

Medication Date started 
month year 

Dosaee 

Medication Date started 
month year 

Dosage 

List any drug allergies: 
month year 
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PAST HISTORY 

Do you presently have or have you ever had any of the following? (if yes, please 
specify approximately when and if it is still active). 

Heart attack 
Rheumatic fever. 
Heart murmur _ 
Disease of the arteries. 
Varicose veins 
Arthritis or joint pain: 

Diabetes Mellitus (if yes, are you on medication?). 
Abnormal blood sugar test 
Phlebitis 
Dizziness or fainting episodes, 
Epilepsy or seizures 
Stroke 
Diphtheria. 
Scarlet fever 
Infectious mononucleosis. 
Anemia 
Hypothyroidism _ 
Hype r thyr oidism. 
Pneumonia 
Bronchitis 
Asthma: 

Allergy induced 
Exercise induced 
Stress (psychologic) induced. 

Abnormal chest X-Ray. 
Emphysema. 
Other lung diseases 
Jaundice or gallbladder problems. 
Kidney stones. 
Prostatic problems 
Diseases of the Central Nervous System. 
Emotional problems 
Cancer 
Broken bones-specify:. 

Comments:, 
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PARTICIPANT ORIENTATION 

Name (print). Date 

Address Birthdate 

Age 

Telephone (days). Height. 

(evenings). 

(other). 

Informed consent 

Medical history 

Home & Ostberg 

Resting HR bpm 

Resting B/P / mmHg 

12-lead EKG 

Weight kg 

seat height. cm 

mouthpiece and noseclip 

Borg (RPE 15-point scale) 



48 

SUPPLEMENTAL 

QUESTIONNAIRE 

1.. Did you participate in varsity sports in high school or college? 

2. Do you exercise now? yes no 

3. If yes, what type of activity? 

4. how many times per week? 

5. for how Jong do you exercise for each activity? 

6. what time during the day do you exercise for each activity? 

7. how long have you regularly participated in this activity? 
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TESTING SCHEDULE 

Name: 

Date and Time: 

Place: Exercise Physiology Lab, PEB 109 

Guidelines: 

1) Abstain from drinking alcoholic beverages for 12 hours prior to testing. 

2) Abstain from cigarettes, drugs, heavy meals, and strenuous activity for 12 
hours prior to testing. 

3) Abstain from caffeine for 4 hours prior to testing. 

4) Require a minimum of 6 hours of sleep the night before each test. 

Telephone numbers: 

* If you expect any problems or have any questions please give us a call. 

Lab 565-3413 

Main Office 565-2651 
(can leave a message) 

Dr. Hill 565-2252 

TF office 565-2965 

Home Numbers 

Nicole Jones 565-0040 

Dr. Hill 817-464-3306 

Thank you for your participation in this study!!! 



APPENDIX B 

SUBJECTS' INDIVIDUAL DATA 

50 



51 

S s 
a 

<N co CO <N <N <N 
I*** On ON 

CN o 
u 
> 

55 

CO 

CN 
O 
> 
CO 
CO 

H \ O f n H H t < n o o \ o i - i n f-< 

f n l - M ^ o O O O ^ ^ ^ O N O N M T f 
r-H r-H r—< r-H r-H r—t r-H r-H r-H r—I r-H (—H 

O N O \ O M H H I A ( S | ^ O h o n \ 0 
f n ^ f n c n t s v o ^ ^ o o O N O O o O T f 

rr o o 
co oo oo 
CO 

o 
t^ 

PH 
PQ 
CO 
Q 

Tf-
r-

CN O 
On 00 

O 
r-

o © 
oo oo 

o 
r-

o o O o 
<N <N 

O 
o 

\o 00 cs 
h h« 00 

t N 00 00 o 

S c s o o ^ ^ r o o f s o o t s © no no 
>-< O <N 

3̂" 
CN 

N o o o ^ r c N N o o o T j - v o ^ f c ^ 

g O o\ 
§ VO *n 

t̂" 
vo 

o 
r< 

oo os On m o in 

in m m ^ 
NO NO VO J> 
r-* r- r-

^r 
co 

On h ON Is On th 
co co co in *n vd 

co oo 
,. _ r-' ci 

o o o o o o o o r ^ r - t ^ i > r ^ 

^ < a, C 

u u 

55 § U § 
a 

u u o 
u 

£ o 
u 

u u 

ss § z o 
o U 

5 f f l c D P Q f f l u o u u < : < < < c < < ; < 

O O O O © © © © l> K K 

<D 
5 P < N < N < N < N c o c o c o 

«i 
CO *-* ( N C N C N C ^ c o c o c o c o ^ 

> ON ON 
o f-H o o o 

> ON ON i> l> r-H 

Tfr CN m m co m NO in NO m NO CO cn 00 
ON r- ^r CN NO NO in f-H 00 CN 00 f-H ^r On 
NO NO in ON ^f co *n CN m VO vo NO 
f-H f-H r—H r-H l—H f-H t-H r-H 

Tfr ON CN o RJ- in On VO m m 00 o On Tf 00 
ON ^f <N l> NO 00 O 00 NO f-H NO 00 CO o NO NO m ON ^r co in m m CO t- NO r- r- NO 

r-H r-H 1—H r-H *-H f-H f-H r-H f-H f-H r-H 

O o o o o o 
CN CN o o o o o o o O o o CN CN o 

00 00 r- 00 00 r- r- *-H r-H 00 

O co o 00 00 <N o 00 CN 00 CN CN NO 00 
00 NO NO in 00 t^ 00 NO 00 in r- 00 r-

o o NO NO 00 00 cs NO o CN NO NO o vo 
r-H 

CN 
co <N r—t r-H CN (N <N CO CN o 

vo 
r-H CN 

rt f—1 r-H r-H i—» 1 1 T—H r"H 1-H r-H T-H f-H 

CN 00 CN 00 NO (N o o CN CN CN NO 00 00 
NO m in ^r NO •̂r OO NO NO in NO NO Tt in m 

o m © m T-H ON o m o m ^r 
NO NO in in in in NO NO NO no' NO VO in no" NO 
co co co co co <D m m m CO m m CO CO 

f-H m NO co co O rn o rn in m f-H in m 
co <Nt co co co <Ni rn CN T—H CN f-H f-H NO t** r- r*> r- 00 00 00 00 <o vo NO NO r-

A
 

P
 

P
 

A
 Ph A
 p A
 p A
 c PH < Pu< Pk 

& £ cj o s 5 CJ o £ g u U Z & o O O o o o u o (J 

w w o o u u 5 5 O 
U 
o 
U 5 

A
 

A
 

D
 

D
 

D
 

D
 

D
 

D
 

D
 

D
 

PQ PQ ffl u 
On ON r- r> <ri cn CO CO 
<N CN in in in in <N <NI <Ni CN iri in in in CN 00 00 00 00 00 00 r- r--l> i> l> H f-H r"""4 rH ,™H f-H f-H I-H f-H f-H 

NO NO ON On ON ON m in m in O o o o CO CN <N <N CN CN CN CN CN CN CN 

^r m m in m NO NO NO NO r- r*- r- 00 



52 

£ £ On Q 0 0 0 0 \ 0 \ 0 \ 0 \ 0 \ 0 \ 0 \ t > - ^ ^ t ^ 0 \ On ̂  ON ON fH 

C N 

o 

£ i"—i 
CO 
CO 

00 r- r- o ON Tf TT o r- On ON 00 r-H 00 r-H <N r-H r-H <N 00 in <N 00 CN o m 00 00 IT> ON r-H 00 r- r- ON r-H r- r- O ON NO r-H CN ro Tf r-
m m m m r- m O m O <N m NO m r- m r-H Tf r-H Tf l> NO ̂ r f̂ m CN 
r-H r-H r—i T—* r-H r-H 1—H i—« r-H 1-H ON I-H 1—H r-H r-H r-H r—< r-H r-H (N <N r-H r—4 r-H i—t 1—H r-H 

O 
r̂ 

<N 
> 

w 

CO 

m NO (N m <N r-H r- cn NO m 
95

9 ON cn <N r-H O r-H r-H NO O 00 NO r̂ Tt NO 
r-H m NO CN NO cn CN o 

95
9 ON O <N On Tl" ON r-H r-H m r̂ r-H ON ̂ T NO ON 

in Tt m O CN <N r-H o 95
9 

vo Tf IT) m CN m CN NO oo 00 m f̂- m xr co 
r-H r-H r-H CN r-H r-H *-H r-H rH 

95
9 

r-H r-H r-H *—« r-H r-H r-H r-H CN <N r—H r-H r-H r—H r-H r-H ,~H 

^ o o o o 
J ^ O O O O O O O O O O O O O O O O O O O ^ ^ C N C N O O ^ o o t s h o o o o t s > t s o o o o t , N t s s o o o o h ' h o o o o h r s ' H ' , - , ' - < ' H 

CO 
o o o oo oo oo 

04 
P 5 0 0 ( N ^ O ( N t J " \ 0 ( N O ^ ( N 0 0 0 0 0 0 ( N ( N 1 - \ 0 O O O ( N M 0 0 
Q 
OH 
m 
CO 
P4 0<N<N(N^<N0^^H<N<N <N O vo 

C N I - H 
oo oo M 

F — 4 O '1 < - H 1 
O O O VO 
O ( N < N O 

o no no oo r̂  

O V O O C N V O O (N <N m (N 

O CN O NO m _ . . t (NOO(NOOO\OOOtOOOOOOOOOfiOOMOh 

o. 
E 

X) 
H 

*n m NO vn ON in Tj- tn o CN oo cn CN NO O TJ- r̂ CN OO NO O r-H un! ro NO cn m m m m in cn 
in cn 

in ro in in m in m in m 
NO m NO in m in NO m in ro 

NO m m in m in m 
NO m in NO NO in m 

00 cn r—H NO NO 00 r*- o m r-H CN rn in in CN NO 00 NO ON r- in 00 oo r̂  NO in r- r- m r- r- cn t̂ - <N r- CN r̂" *n CO m 
TH in rn in <N t-- CN «> CN rri t> in in r- l> 

m* i> in t̂  
m i> m in r-- rn 00 rn 00 R N C N 00 00 r-H 

l> 
< OH < OH < OH < < 0̂  < OH < OH < OH c OH OH pLi A

 
P

 < OH A
 

p A
 

OH 

IN
C

 
C

O
N

 
C

O
N

 
IN

C
 

IN
C

 
C

O
N

 
C

O
N

 
IN

C
 

IN
C

 
C

O
N

 
C

O
N

 
IN

C
 

IN
C

 § 
U C

O
N

 
IN

C
 

IN
C

 
C

O
N

 
C

O
N

 
IN

C
 

IN
C

 
C

O
N

 
C

O
N

 
IN

C
 

IN
C

 
C

O
N

 
C

O
N

 
IN

C
 

G
r 

u U u U u O C < < < < < < < a PQ a PQ Q D
 

D
 

G Q D
 

D
 

D
 

O 
r- r- r- vo NO NO vo o o o o r- t> CN CN CN CN m in m in m in m m NO 

£ 
CN r-r-H 

CN (N 
r-
r-H 

NO 
K vo 
r-H 

K 
NO 

r-> 
VO 

o vo r-H 
o vo 
r-H 

o NO r-H 
o vo CN r- CN CN r̂  

r-H 
CN r-
r-H 

00 fH 00 00 00 r-H 
d On 
t-H 

o o 
On On 
r-H r-H 

d On d On o d d 
On On On vo 

r-H 

a> 
<(N(N(N^^^^(NCNMCNMCS(NCN(N(N(NM(N(N(NMC^MM(N(N 

m o o o o 
WOOOOOOONOnONON^^'H^ 



53 

W 
& 

C-4 
O 

C/2 
C/3 

(N 
o 
> 
r-H 
GO 
GO 

GO 

P* 
FFL VD 

ex 
*n £ *n 

0> Tt 
H co 

m 
+-» 

£ r-H 
r-

T3 
H 
< 

O 

a 

a> 
tip 

C/5 

*-H 
r-mt 

r-H ON o\ o\ as 

Os TI- m VD r- in <N o o CN m r-
<N <N in VD <NI <N 
T—H r-H r-H f—"t r-H 

o o co OV O o VO ON r-H r-H r? r̂ r—<i <N 
r-H f—H r-H 

o o o o o o 
r̂  r- 00 00 r-

o <N 00 <N o 
Os r- t> 00 r̂  r-

O 00 00 <N vo o 
Tf r-H o CO r-H CO 
*—* r-H r-H «-H r-H 

<N VD VD o Tf 00 r*> in m t> VD 

m ON O 00 o 00 
vo SO vd vd vd 
co co CO co CO CO 

o as in r-H 
T—H <N VD VD in r» r-* r- r- r-

eu < C a< <3 Ph 

g g C J r } g g 
O O W 

*7 
W O O 

u U e e u U 

U o u QQ m PQ 05 

VD VD VD r-H r-H r~H r-H K r- K cK as Os as 
VD 
r-H 

VD 
r-H 

VD 
r-H 

r-

25
 

25
 

25
 

<N CN r-H 
<N 

fH 
<N 

m m m VD VD VD VD 

« tC 

00 T3 

"8 

00 <u 00 =s 

GO GO 
GO GO +- ^ <L> 

H !> H 



54 

B O 

<D 

G 
< N o 
C+H 
<L> 
Q 
( N 
o 
< N 

> 

15 
£ 

M O N 

N O 
T F 

O O M o r-
T -

^ I N 

o <N 
R - R ^ 

o 3 

< N C N 

cn oo 
I N "nT 

N O ^ R 
M I N 

o 
T F 

R - V O 
M 

m r-

m o 
O O K 
M I N 

R-H O N 
r-H O 
O N 
< N ^ R 

M 
ON 

00 <N 
^ < N 

\D 
NO 
M 

I > 
N O 
C S 

N O 

00 
^ R 

I N < N 

cn o r- vo 

ON CO oo m 
C O M 
» N ^ F 

< N TJ-in oo 
O N 

O < N 
1 — H O 

V O I N 

o o 
O O T F O -H 
I N TFR 

ON in oo —• ON in T-H 

in oo 
L > N O m in 

V O TJ-
M O N 
I N R F 
cn cr> 

m r-ON <N ON 00 
*-< ^ R 

N 
<N »—I 00 <N NO r^ O i> cn 1> o in in (N f̂ in o in r - « 1—H f—t i> N cn CNI < N <N (NI CNJ (NI rn rn rn "̂ f m* <NI <N <N <N( rn m' m (SI <Ni r—• CSI (NI 

^r 
m ^ f 

NO 
cn ( N 

VO est <N 
m 

NO 
< N 

ON r- NO ro o 
T j -

ON 
(N 

o 
< N 

m 
CO 

m o in T f 
00 <N m 

m 
m 

o 
cn <N 

»—4 « - H r - H r - H T—H r - H 1-4 T—•i r - H T - H N T—H 1—H —1 r—H —• 

- H 00 rn r—H NO <N 00 NO r-< ^r ON O o <N m in ON r - ^ <N 00 r- <N VO - ^ l - m 
00 
<N 

K 
T f 

NO 

r—H 

o m vd NO 
<N 

ON 
(N 

NO 
r - H 

00 
m 
<N 

00 
m 
<N 

in 
m 
cs 

3 
(N 

ON 
f—14 

NO 00 00 
ON 

N 
ON 
r> 

ON 
<N 
T—H 

ro 
m in 
r - H 

in ON 
m o 

-̂ r 
m' 
<N 
i—4 

in 
T t 
1—H 

ON in 
r - H in 

(NI 
*n 

<N 
ON 
r - H 

? ! i £ ! i 9 ^ 2 T : , " , " H 2 " ! Z ! t £ ^ , , ^ i r i r n 0 r r > i n r H o o - H ^ ' H O ^ i n h o o r H ^ 

30
0 

30
0 

30
0 

30
0 

20
0 

20
0 

20
0 

20
0 

45
0 

45
0 

45
0 

45
0 

45
0 

45
0 

40
0 

40
0 

35
0 

25
0 

30
0 

30
0 

30
0 

30
0 

27
5 

27
5 

35
0 

35
0 

35
0 

35
0 

25
0 

<D 
£ 

in 
(N 

m m 
r-
(N 

m 
O 

(N| 
CO o ON 

m (N 00 O t^ in 00 ON 00 
(N 

(N 
m 

m ON 
(N rn 

<N ON ON 
(N in m 

1 — H 
in 
o 

ON 
(N 

(N 
(N| 

<N O m 
Tf 

H NO NO 7Z rn 
T — H 

r o RNL 
1 — H 

<Ni 
r - H 

(Ni ON o 
<N» 7Z (Ni 00 

r - H 
00 r - H 

i — H 
(Ni NO rn 

r - H *n in rW 
r — t 

(Ni 
r — H 

NO in (Ni 00 
r - H 

< N 
W 

a 
CS| C S *-< I N V O I N I N M M M M ^ O O 

O N M o o M H N M ( S M M N 

< N 
o 
U 
> 

< N 
GO 
Xfl 

( N — • ^ O Tf l> O ^ 
R**- T*^ 

(N h I" ON (N O ON Tf in 0 0 ON o o oo m in 
<N <N <-< r-H CN <N 

(N in 0 0 C O 
r - H 0 0 NO 
R - NO ON ON 
<N <N 1 — H 

o r> 
( N M H 
< N < N — < 

I N I N 
oo in ^r in in ON NO in r- 00 NO cn in (N ON 

in in r-- r- in *n O ON 
r - H r — 1 1 — H r - H <N 1 — H ( M F-4 T-H 

C O O N 00 
M H H 
O ^ O N 
< N < N ^ 

< N o 
0 0 

GO -h 

£ 
< N 
GO 
GO 

N O N O ^r NO r- l> m r - H 0 0 Tf m NO r — t 0 0 r - H 0 0 f - H T - H m O (S 0 0 

in ON 0 0 m 0 0 <N cn 0 0 0 0 
r - H 1 — H 1 — H *—• 1 — H <N (N (N| <N ^ H T — H 

T F 
I N , 
o o 
( N < N 

O N M 
I N N O 

< N 

o o o 0 S , S 0 0 S S 0 0 0 0 ^ o v ° T j " ' ^ " v o ^ 1 o o o o o o o o ^ : ^ : v o v o o 
I—» I 1 O N O N I I r-H i—H ,—I i—I ,—T I—H r-H r-H r-H r-H i—« ON ON 1—I r-H Q N O N *-H r-H r-H ,—I r-H 

o o o o o o o o o o 

(N ^r <T) <N m 0 0 r—t in 0 0 r - H O 
r - H r - H r - H O ON <N in r- in NO 
NO m NO NO in o o Vmml 0 0 r"H r - H r - H 1—H 1 - H r - H (NI <N (S (N 

o o O O O O O 

CFLJ 
G O R-H 



00 

55 

ON NO co 
m CO r-H ON 1—H o r̂ T—H CM 

in NO NO m in d l> o 00 CM ON o r- in 00 SO m 00 vo CO in m in NO r̂ r- 00 

NO co co r- m 
ON 
00 CO NO ON o r-H ON r-H CM o 00 CM CM CM CO 00 m o O r-H m NO 1—H r- CO NO r- o TT O NO in Tf VO CO 1—H Tf CO CO CO NO r-

m m VO m 00 r- r-H m ON 00 CM r-H CM CM o NO o NO m CM m ON ON CM CM r-H r- o r-H o Tf Tt CM CM NO 00 00 t*- <N ON CO o o 00 CM r-H NO i—H T-H CO m VO r̂  1—H 1—H CM CM CM CM 
r- m m r-H oo m CO ON 00 t- o ON NO 1—H NO NO m CO csi Tf* co N N N N co co CO CM N CM CM N r-H 1—H CM r—1 TJ" N N CO CO CO 

r—H rf 00 ̂ r 00 o r> 
ON ON NO CM NO r-H t- CO ON CM CM r̂ 00 NO NO ON CO o CM oo Os O 

1—HI co CM Os © co in CO CM CO CO CM CM CM r-H o CM CM ̂ •H r-H in CO 
r-H i—H r-H r-H © r-H 

O r-H r-H r-H r-H —1 r-H 1—H T—H T—H r-H r-H r-H r-H 1—H T—H 
co ON co M 

in NO 
o NO ON r-H ON O R - NO Tf o M CO NO in CM M CM ON O M 1—H CM 00 o TT 1-H in NO Tf' d l> o in 00 Tf r- <Ni T—H NO NO r-H CO 1—H 00 CM m in 00 r-H CM <N VO Tf" <M o r-H 1—H o r-H CO CO CO CM CM CM CO 00 ON ON 00 CM CO Tf 00 o o 

r-H CM CM r-H 00 NO 1—H r-H r-H 1J-H 1—H r-H r-« r-H 1—H 1—H 1—H 1—H 1—H r-4 1—H r-H r-H l—H 

CM CO r-H r̂ NO <N! r-H r-H «n CO ON m ON 00 Tf CO m T-H Tj- o m r-H CM 00 CM 00 CO CM , co 00 00 IT) 1—H ON vo CM 1—H ON ON r- r- m ON NO r- ON CM ON 00 CO O 1—H m NO 00 co <N 00 CM <N! NO CO 1—H 1—H o CO CM CO NO NO r- ON in CM CM CM ON r̂  1—H CM o 
r̂ co co co CM CM CM CM CM CO CM CO CO CO CO CO CO NO m m m CO TJ-CO CO CO 

o O o O o o O O O O O o O o o o o o o o o o o o o o o o o m o o O M o O m in o o O O m in in in m m m m o o in o o o o o 
<N co co co r-H CM CM CM CM CM CM CO CO CM CM CM CM CM CM CO CO CO CO CO CO 

o co ON VO Tf CO r-H m CM r-< l> CO Os t̂  NO ON 00 ON o CM CO r-H 00 CO Tl" m 
O 7"! in co m o CM CM o © r-H CM CM CM CM CM CO O m CM CO CM CO CM 
ON co CM ̂ r d d o CM CM CM r-H CO fi-i 1—H NO l> in in 00 TT CM NO NO CM CO Tf 1—H fH T—H r-H T~H CM r-H r-H 1—H r"H r-H 1—H T-H T—H r-1 r-H 1—H T—H l-H 1—H 1 - H 1—H 

CO <N <N 
ON 

CM 
ON ON 

co CM CO CO r-H o 1—H r̂ CM CO CM r-H ON ON ON r-H ON ON T—H 1—H T—H 

00 <M 00 Os rfr Tj" o CM o NO CO NO m r-- ON CO 00 CM 00 o CM fH 00 1—H ON CM ON <N O Os "3- o <N r- ON T—H CM r-H o r- r̂ CM «> r - r- NO CO NO t— CO 00 CM CO 00 r̂  NO IT\ r-H in «n NO CO CO OO NO NO Os 00 m in m o CO r-H r- l> NO 
r-H 

NO m 
l—H <N 1—H 1—H r-H 1—H r-H CM CO CM CM 

NO 
r-H 1—H 

o <N o NO ON CO in Tf o CO NO ON CM in 00 » o CO Tf o CO 1—H m 00 I—H r- 00 Tj- 1—H in IT) ON in o m CO o ON o Os 00 NO Os r- ON CM r- CO 00 NO NO 
00 in NO S co *n Tf TT co CM CM in NO t> VO in m m o CO CM NO NO NO NO m Tf 1-H r-H *** r-H CM 1—H r—H r-H r-H 1—H r-H T—H 1-H 1—H T-H 1—H 1—H , - H CM CO CM CM 1—H 1—H 

o o o o o o o O o O o o O o o o O o o o o o O o o o o o o o o o o o o o 00 00 NO NO o o o o o o 
T—H ON ON 1—H ON ON 1—H 1 - H ON ON r-H Os ON T—H r-"1 

ON ON T - H r—H 1—H r-H F - H ON r-H 

Os ON ON ON 
o o O O F H r-H r-H CM CM CM CM CO CO CO CO r̂ Tf r̂ m *n 00 00 00 Os ON ON ON r-H r-H 1—H 

<•—< r-H r-H r-H T—H r-H r-H r-H 1—H T—T r-H L—H r-H r-H 



56 

00 
*g 
<u 

Q 

o 

Q 
cs 
O 

fN o 
> 
" 8 

£ 
< 

c*h 

3 

0> 
> 

CN o > 

a> 
6 

H 

<N 
w 
& 

<N 
o 
u > 
CN 
CO 
co 

<N 
o 
> 
<N 
CO 
w 

£ 
CN 
W 

in 

t n 
f - o 

*n K f-H o 
i n co NO r-H 

NO r - NO CO 
*n r-H r-H NO 
ON r - NO o 
CO CN ^ r 00 

o 00 r-H NO 
1-H co 00 CO 
CO r - CN o 
fH i—t 00 m 
r-H f-H 

<N co CN 
co co ^ r »n 

r-H co NO TT r - ON 
Tf CO CO CO CO 

1—H —« r-^ 

r-H o ^H *n 
m *—4 CN ON r-H o 
r-H (N ON OO CO 

r-H r-H CN CN 

Tf CO CN CO l > NO 
fmmi CO O CN 
O CM CN <N CN o 
co co Tt" ^ r Tl-

O o O o O tD 
m *n o o o o 
CN CN CO CO CO CO 

ON NO CO 00 00 00 
<N CN CN o CN CN 
csi CN UO N O CO CO r""H *—* r-H r"H r-H r-H 

CN CO , o r-H r-H 
r-H t-H 

Tf «n l > o CO ON 
co ON *n CN ^ r 00 
m Tt 00 i n NO 

r-H 

r - 00 NO CO CO 
CN co 00 CO CO NO 

N O NO TT *n 
r-H r-H r-H r-H f-H r-H 

o o 
o o o o O o 
ON ON f-H 1 ON ON 

i n *n N O N O NO NO 
f-H <—• r-H f-H r-H r-H 

% 
00 T3 

60 Xf! 

&< <a> 

p g 
0) CO 

&0 <D 

CN CN <N 
EZ5 CO 4> CN (ZH C/J 

</> CO CO CO 



REFERENCES 

Atkinson, G., Coldwells, A., Reilly, T. (1993). A comparison of circadian rhythms in 

work performance between physically active and inactive subjects. Egronomics. 

36, 273-281. 

Baxter, C. and Reilly, T. (1983). Influence of time of day on all-out swimming. British 

Journal of Sports Medicine. 17.122-127. 

Billat,V., Renoux, J. C., Pinoteau, J., Petit, B., and Koralsztein, J. P. (1994). Validation 

d'une epreuve maximale de temps limiite a VMA (vitesse maximale aerobic) et a 

V02max. Science and Sport. 9. 3-12. 

Borg, G. A. V. (1973). Perceived exertion: A note on "history" and methods. Medicine 

and Science in Sports and Exercise. 5. 90-93. 

Burgoon, P. W., Holland, G. J., Loy, S. F., Vincent, W. J. (1992). A comparison of 

morning and evening "types" during maximum exercise. Journal of Applied Sport 

Science Research. 6.115-119. 

Cabri, J., DeWitte, B., Clarys, J. P. (1988). Circadian variation in blood pressure 

responses to muscular exercise. Ergonomics. 31. 1559-1565. 

Cohen, C. J. and Muehl, G. E. (1977). Human Circadian Rhythms in Resting and 

Exercise Pulse Rates. Ergonomics. 20.475-479. 

Faria, I. E. and Drummond, B. J. (1982). Circadian changes in resting heart rate and 

body temperature, maximal oxygen consumption and preceived exertion. 

Ergonomics. 25.381-386. 

Green, S. and Dawson, B. (1993). Measurement of Anaerobic Capacities in Humans: 

Definitions, Limitations and Unsolved Problems. Sports Medicine. 15. 312-327. 

57 



58 

Hill, D. W., Borden, D. O., Darnaby, K. M., Hendricks, D. N., and Hill, C. M. 

(1992). Effect of time of day on aerobic and anaerobic responses to 

high-intensiy exercise. Canadian Journal of Sport Sciences. 17. 316-319. 

Hill, D. W., Cureton, K. J., and Collins, M. A. (1989). Circadian specificity in exercise 

training. Ergonomics. 32.79-92. 

Hill, D. W., Cureton, K. J., and Collins, M. A. (1989). Effect of time of day on perceived 

exertion at work rates above and below the ventilatory threshold. Research 

Quarterly for Exercise and Sport. 60.127-133. 

Hill, D. W., Cureton, K. J., and Collins, M. A., and Grisham, S. C. (1988). Effect of the 

circadian rhythm in body temperature on oxygen uptake. The Journal of Sports 

Medicine and Physical Fitness. 28. 310-312. 

Hill, D. W., Cureton, K. J., and Collins, M. A., and Grisham, S. C. (1988). Diurnal 

variations in responses to exercise of morning types and evening types. The 

Journal of Sports Medicine and Physical Fitness. 28. 213-219. 

Hill, D. W., and Smith, J. C. (1991). Circadian rhythm in anaerobic power and capacity. 

Canadian Journal of Sport Sciences. 16. 30-32. 

Katz, A. L., Snell, P., and Stray-Gundersen, J. (1989). A combined protocol for running 

economy, V02 max, and Anaerobic Capacity. Medicine Science Sport and 

Exercise. S10. (abstract) 

La Voie, N. F. and Mercer, T. H. (1987). Incremental and constant-load determinations 

of V02 max and maxmal constant-load performance time. Canadian Journal of 

Sport Sciences. 12. 229-232. 

McMurray, R. G., Hill, D., and Field, K. M. (1990). Diurnal variations of beta-endorphin 

at rest and after moderate intensity exercise. Chronobiologv International. 7. 135-

142. 



59 

Medb0, J. I., Mohn, A. C., Tabata, I., Bahr, R., Vaage, O., and Sejersted, O. M. (1988). 

Anaerobic capacity determined by maximal accumulated O2 deficit. Journal of 

Applied Physiology. 64. 50-60. 

Melhim, A. F. (1993), Investigation of circadian rhythms in peak power and mean power 

of female physical education students. International Journal of Sports Medicine. 

14,303-306. 

Pandolf, K. B. (1983). Advances in the study and application of perceived exertion. In R. 

J. Terjung (Ed.), Exercise and Sport Science Reviews, (p 118-158). Philadelphia: 

Franklin Press Institute. 

Reilly, T., and Baxter, C. (1983). Influence of time of day on reactions to cycling at a 

fixed high intensity. British Journal of Sports Medicine. 17. 128-130. 

Reilly, T. and Brooks, G.A. (1986). Exercise and the circadian variation in body 

temperature measures. International Journal of Sports Medicine. 7. 358-362. 

Reilly, T. and Brooks, G. A. (1990). Selective persistence of circadian rhythms in 

physiological responses to exercise. Chronobiologv International. 7. 59-67. 

Reilly, T., and Down, A. (1992). Investigation of circadian rhythms in anaerobic power 

and capacity of the legs. The Journal of Sports Medicine and Physical Fitness. 32. 

343-347. 

Reilly, T. and Marshall, S. (1991). Circadian rhythms in power output on a swim bench. 

Journal of Swimming Research. 7. 11-13. 

Reilly, T., Robinson, G., and Minors, D. S. (1984). Some circulatory responses to 

exercise at different times of day. Medicine and Science in Sport and Exercise. 16. 

477-482. 

Rivera-Coll, A., Fuentes-Arderiu, X, and Diez-Noguera, A. (1993). Circadian rhythms of 

serum concentrations of 12 enzymes of clinical interest. Chronobiologv 

International. 10. 190-200. 



60 

Sollberger, A. Biological Rhythm Research. Amsterdam, Elsevier, 1965. 

Winget, C. M., De Roshia, C. W., and Holley, D. C. (1985). Circadian rhythms and 

athletic performance. Medicine and Science in Sports and Exercise. 17.498-516. 


