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ABSTRACT 

This study evaluated 3-d, 24-h electrocardiogram recordings in 

13- to 15-year-old boys to assess the relationship of maximal oxygen 

uptake (VO2 max) to physical activity patterns. Fifteen subjects were 
• 

selected from a larger sample of 308 subjects on the basis of their V0^ 

max (ml kg "*• min"*) and placed into high-fit (N=6) and low-fit (N=9) 

groups. It was hypothesized that the high-fit subjects would have 

significantly (p < 0.05) higher daily activity levels when compared to 

the low-fit group. Heart rate variables included: resting HR; average 

daily HR; time spent above 65% of the maximum HR; daily peak HR; total 

beats • day"*; and A (peak HR - resting HR). Statistical analysis re

vealed the high-fit subjects had lower average daily HR than the low-fit 

groups. None of the other comparisons were statistically significant. 

It was concluded that daily physical activity, as quantified by HR, was 

unrelated to VO^ max. 

v i i i  



CHAPTER 1 

THE PROBLEM 

Introduction 

Recent review articles illustrate the increasing awareness of 

physical inactivity as a possible factor contributing to "the development 

of coronary heart disease (CHD) and obesity (Garrow, 1978; Clark, 1979; 

Froelicher, et al., 1980). Studies have reported that aerobic exercise 

can decrease fat weight, resting heart rate, triglyceride levels, and 

systolic and diastolic blood pressure, while increasing maximal aerobic 

capacity (V02 max), high density lipoprotein (HDL) cholesterol, and 

lean body weight values (Pollock, 1973; Froelicher, et al., 1980). 

Population studies, such as Framingham, have indicated a 

relationship between physical inactivity and a susceptibility to CHD 

(Kannell, 1978), yet precise quantifiction of physical activity level is 

a major problem (Cooper, et al., 1976; Garrow, 1978). Several epidemio

logical studies have attempted to estimate the degree of physical 

activity of their subjects through a single test for physical working 

capacity (PWC) or maximal oxygen uptake (VO^ max) (Saris et al., 1980; 

Wilmore et al., 1982; Ballal et al. 1982). Using a single test of V02 

max as an indicator of the degree of daily physical activity allows in

vestigators in clinical settings to screen large populations at reduced 

time and cost without the physical restrictions and inconvenience 

imposed by other methods, i.e., a 24-h holter monitor. 

1  
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Consideration of factors which might limit the use of VOg max or 

PWC as a valid estimate of daily physical activity levels include 

genetics, initial level of fitness, mode of assessment, e.g., treadmill 

versus cycle ergometer, method of assessment (submaximal predicted 
O 

versus maximal values), and size of the muscle mass engaged (Astrand and 

Rodahl, 1977; Fox and Mathews, 1981). 

Several studies have illustrated the positive influence of high 

levels of daily physical activity on VC^ max supporting the contention 

that individuals with high VOg max values maintain an active lifestyle 

and individuals with low V0£ max values maintain a sedentary lifestyle 

(Rutenfranz, et al., 1977; Gilliam, et al., 1981; Ballal, et al., 1982; 

Dresen, et al., 1982; Gilliam, et al., 1982). Such evidence indicates a 

single test of max can be an accurate indicator of the degree of 

daily physical activity. 

Other studies have presented information contrary to the above 

findings (Goldsmith and Hale, 1971; Saris, et al., 1980; and Ashton, 

1983). These studies suggest that daily physical activity has little or 

no relationship to max. Such contradictory evidence leaves this 

question unresolved. 
Statement of the Problem 

The purpose of this study was to evaluate the relationship of VC^ 

max to physical activity patterns to determine the appropriateness of 

using VOg max as an estimate of daily physical activity. Two groups of 

13- to 15-year-old boys, classified as having either high or low cardio-

respiratory fitness max), underwent 3-d, 24-h activity-monitoring 
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to determine the extent of between group differences in daily activity 

levels. It was postulated that high-fit subjects would have 

significantly higher daily activity levels as compared to low-fit 

subjects. 



CHAPTER 2 

REVIEW OF LITERATURE 

The following is a review of literature concerned with the 

assessment of energy expenditure as well as factors affecting the 

metabolic cost of physical activity. 

Assessment of Energy Expenditure 

The measurement of energy expenditure has proven to be a 

formidable task since the earliest investigations more than 200 years 

ago (Durnin and Passmore, 1967). Energy expenditure assessment is based 

on the fact that energy released in the oxidation of foodstuffs provides 

the impetus for both external and internal work. Traditionally, there 

have been two general categories of methods available for measuring 

energy expenditure in humans. Direct calorimetry measures the body's 

heat production, while indirect calorimetry estimates heat production 

through the direct assessment of oxygen uptake. In addition, to simplify 

calorimetry even further, indirect techniques have been developed to 

estimate oxygen uptake. 

The earliest experiments in direct calorimetry were carried out 

on animals by Laplace, and later in human subjects by Atwater (Durnin 

and Passmore, 1967). Additional accounts of whole-body calorimetry are 

reported by Lusk (1928). Through his complex series of experiments, 

Atwater came to two important conclusions: (1) over a period of three 

4  
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to five days, the available energy present in food eaten by man equals 

the energy lost as heat, and (2) the energy calculated from oxygen 

consumption agrees closely with the measured heat output (Atwater and 

Benedict, 1899). 

Indirect calorimetry can be conducted through open- or closed-

circuit methods. The open-circuit method allows the subject to breathe 

outside air, while the expired air is analyzed for volume as well as 

oxygen and carbon dioxide content. The closed-circuit method allows the 

subject to breathe through a self-contained system of pure oxygen. With 

rebreathing carbon dioxide is removed from the expired air with soda 

lime. The subsequent decrease in the gas volume is then related to the 

metabolic rate (Consolazio, Johnson, and Pecora, 1963; Wier, 1949). 

A number of methods for estimating energy expenditure (V02) have 

been used. Only two were reviewed in this chapter: (1) an activity 

diary-questionnaire-interview, (2) establishment of individual oxygen 

consumption-heart rate regression lines with subsequent continuous heart 

rate monitoring, allowing an estimation of oxygen consumption from 

individual heart rate oxygen consumption regression lines. 

Activity Diary-Questionnaire-Interview 

The diary, questionnaire, and interview were reviewed under a 

single-topic area because of similarities in their methodologies. 

Indirect estimation of energy expenditure using these methods is 

accomplished by multiplying the number of minutes spent in an activity 
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by the caloric value of that activity. In order to simplify and 

standardize the recording, a code system is usually developed to identi

fy the various activities. Lange-Andersen, et al. (1978), note the 

choice of method is dependent upon the detail required, the problem to 

be investigated, and the population studied. These techniques are 

capable of endless modification to suit various needs for social accept

ability, but only at the expense of accuracy (Garrow, 1978). Durnin and 

Brockway (1959) cite possible sources that could add error to the diary, 

interview, and questionnaire methods. Those sources include faulty 

recording of the duration of separate activities, inexact definition of 

the activity, and a disturbance of the subject's normal daily routine 

because of the experiment. Bassey and Fenton (1980) add that for these 

reasons subjects can become erratic in filling in the diary. Passmore 

and Durnin (1967) cite the necessity of observers having common sense 

and the ability to distinguish trivial changes in activity. Yet 

observers do not require a great deal of scientific training. 

It is generally agreed that the diary, questionnaire and 

interview techniques can be valuable tools to supplement other indirect 

methods (Durnin and Passmore, 1967). The following studies illustrate 

the application of the diary, questionnaire and interview methods. 

As part of the Framingham study, Kannel (1967) had 5,127 sub

jects recall activities from the previous 24 hours. Activities were 

divided into five categories ranked from 1 (basal) to 5 (heavy). From 

information regarding each activity and its duration, a physical 
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activity index was calculated. Though the index was crude, it indicated 

subjects who were least active had a fivefold greater mortality rate 

from CHD than those who were presumably more active. 

In a two-year study of 17,944 civil servants, Morris et al. 

(1973), developed a questionnaire that provided a written account of all 

physical activity for two unannounced days. A scale of 1 (sedentary) to 

5 (heavy) was used. Morris found that vigorous exercise demonstrated a 

high inverse correlation with CHD, i.e., high levels of activity being 

associated with a decreased risk for CHD. 

Buskirk, etal. (1971), used the questionnaire and interview 

methods to assess the physical activity of 198 middle-aged men, 40-59 

years of age. The investigators proposed to study the efficacy of 

physical activity as a preventative measure in the development of CHD. 

Two separate questionnaires and an interview were used to assess time 

spent in work and leisure. The investigators constructed an activity 

metabolic index (AMI) based on the number of hours per week spent per 

activity and the average MET value for that activity, MET being defined 

as a multiple of resting metabolic rate. One MET is equivalent to the 

resting oxygen consumption of an average man and woman, approximately 

200-250 ml-min"1 (McArdle, et al., 1981). From this information subjects 

were randomly placed into the following groups: (1) status-quo who 

maintained normal living pattern, (2) exercise group - those engaged in 

physical conditioning programs lasting 18 months and, (3) volitionally 

active - those engaged in one or more activities that made them more 
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active than the exercise group. The AMI profile was approximately the 

same for all groups. The investigators found few men who were physically 

active in their occupations. Though exercise and volitionally active 

groups exercised most during their leisure time, none engaged in very 

intense physical activity. The investigators concluded the tools used 

to estimate energy expenditure were not precise enough and suggested 

observation and/or the use of a diary might yield better information. 

Widdowson, Edholm, and McCance (1954) studied energy intake and 

expenditure in 77 army cadets. Diaries were issued to the cadets daily 

for five weeks. Confirmation of diary entries was easily accomplished 

since the cadets adhered to precise time tables. The investigators con

sidered the average energy expenditure, estimated at 3420 kcal'day"*, 

to be reasonably consistent among participants. 

Heart Rate Monitoring 

Recent technological developments have produced devices which 

allow investigators to monitor heart rates in humans in an inconspicuous 

and unrestricted fashion under almost all conditions. Under controlled 

laboratory conditions, an increase in heart rate is proportional to an 

increase in oxygen consumption. Thus, an individual regression line can 

be established by the simultaneous measurement of oxygen consumption and 

heart rate at several work loads (Bradfield, 1971). Energy expenditure 

for a specific time period is estimated by using a mean heart rate and 

referring to the individual's regression curve to obtain the correspond

ing oxygen consumption value (Bradfield, 1971); Andrews, 1971). Validity 
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of the heart rate method is dependent upon a linear relationship be

tween oxygen consumption and heart rate. Simultaneous comparison of a 

combined respirometer and diary method to the heart rate method showed 

both methods were equally good predictors of energy expenditure in 

sitting, standing and walking activities in most individuals (Bradfield, 

1971). 

The advantages of the heart rate technique include the ability 

to obtain measurements over long periods of time and over a large range 

of activities without affecting the natural activity patterns of the 

participants (Warnold and Lenner, 1977). 

Several studies cite the necessity of using separate individual 

regression lines for different activities, e.g., one line used in 

sedentary activities such as lying, sitting, or standing, and another 

for work in an upright position, utilizing large muscle groups (Booyens 

and Hervey, 1960; Andrews, 1971; Berg, 1971). The following studies 

illustrate the applications of the heart rate technique. 

Goldsmith, et al. (1967), assessed energy expenditure in 12 

students, ages 19 to 22 years. The Socially Acceptable Monitoring 

Instrument (SAMI), which integrates heart rates over long periods of 

time by use of a sensitive electrochemical device, was used to monitor 

heart rate. Expired air samples were measured for four 2-h periods on 

each of 10 experimental days using a portable respirometry. Results 

showed high correlation between energy expenditure and heart rate in all 

subjects, suggesting that heart rate monitoring is an appropriate method 

of measuring energy expenditure. 
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Bradfield, et al. (1969), simultaneously measured oxygen 

consumption and heart rate in 24 young, sedentary males. Energy expendi

ture was estimated with the Max Planck respirometer. Heart rate was con

tinuously monitored by an FM-FM telemetry system terminating in a 

cardiotachometer unit. Data analysis showed the relationship of energy 

expenditure to heart rate to have a correlation of 0.95, with a standard 

error of estimate of less than 0.64 kcal • min~*. These investigators 

concluded that the use of heart rate as a predictor of energy 

expenditure during sedentary activities is equally effective compared to 

other methods of measurement. 

Booyens and Hervey (1960) observed six subjects (4 males, 2 

females) during lying, sitting, standing, and while exercising on a 

cycle ergometer. Heart rates were counted by palpation of the radial 

pulse. Metabolic measurements were taken on a single morning with 

ascending rates of work. A Douglas bag was used to collect expired air 

when subjects were in lying, sitting, or standing positions. When 

exercising, the investigators used a K-M respirometer. The findings of 

this study indicated that heart rate was predictive of energy 

expenditure only during exercise when a more consistent relationship of 

energy expenditure to heart rate was apparent. 

Cumming and Danzinger (1963) studied 24 children, ages 10 to 11 

years, to determine physical working capacity and examine the 

relationship of heart rate to oxygen consumption. Subjects were 

exercised on a cycle ergometer with expired air collected on the second 
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and third minute in weather balloons and analyzed to determine the 

content of Og, COg and gas volume. The investigators utilized previous 

exercise studies to select a workload that produced a heart rate of 170 

beats • min"1 .Heart rate was recorded by a cardiotachometer during 

expired air collections. A linear relationship between oxygen 

consumption and heart rate was found in all subjects. The data obtained 

in this study confirmed the validity of the heart rate method as a 

method to determine energy expenditure. 

Factors Affecting Energy Expenditure 

Effect of Age and Sex on Energy Expenditure 

An investigation by Mahadeva et al. (1953), studied energy ex

penditure in subjects of varying age (13 to 79 years), sex, race, and 

size. The subjects were administered standardized stepping and walking 

tests. The step test made use of a bench and metronome with subjects 

stepping at a rate of 15 steps per min for 10 min. Walking was 

standardized on an indoor track. Subjects walked 3 miles • h"1 for 10 

min. Metabolic rates were measured with a Benedict-Roth spirometer, a 

Douglas bag, or K-M calorimeter in conjunction with the Haldane gas 

analysis apparatus. The mean energy cost for bench stepping for all 

subjects was 4.82 kcal • min"* while that for walking was 4.45 kcal • 

min"1. The data revealed no significant increase in ability to predict 

energy expenditure when including age and sex as variables. 

Adams, 1967 studied the influence of age and sex on energy 

expenditure in 60 adults (30 men and 30 women) ages 20-52 years, while 
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riding a bicycle on a specified course at a predetermined speed. The 

subjects were selected for each of the following age ranges: 20-39; 30-

39; and 40-52.5 years. Respiratory gas collection was taken with a K-M 

gas meter at rest and during exercise. Mean energy expenditure of all 

groups combined was 5.78 kcal • min"*. The highest energy expenditure of 

all groups, 6.79 kcal • min"*, was seen in women, ages 40-52 years, 

while the lowest, 5.00 kcal • min"*, was seen in men, ages 20-30 years. 

The investigators noted significant mean differences between all male 

and female comparisons, regardless of age. A second analysis of vari

ance was performed with the gross energy requirement divided by body 

weight. A non-significant F statistic was obtained indicating body 

weight largely accounted for any differences between the sexes. The 

authors concluded no differences existed between men and women at any 

age in the energy expended for bicycle riding at moderate speeds on the 

level. 

Wilmore et al. (1978), investigated sex differences in the 

energy cost of circuit weight training. Subjects included 20 males, ages 

17 to 36 years, and 20 females, ages 17 to 26 years. Each subject was 

tested twice on separate days with each test consisting of a 5 min pre-

exercise rest period, 22.5 min of circuit weight training exercise 

through a 10-station circuit, and a recovery period of at least 12 min. 

Heart rate was monitored by radiotelemetry of the electrocardiogram. On 

the basis of body weight, the men averaged 15.6% greater energy 

expenditure than women (6.96 vs. 6.06 kcal • kg~* • h"*). Women averaged 
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0.5% greater energy expenditure on the basis of lean body weight. The 

authors concluded there was no difference in energy expenditure on the 

basis of sex. 

More recently, a study by Webb (1981) indirectly assessed the 

energy expenditure of seven men and eight women, ages 22-55 years. 

Direct calorimetry was carried out through the use of an insulated suit 

assembly for periods of 36 and 46 h, under sedentary conditions. The 

suit contained a network of plastic tubing that circulated water. 

Increase in temperature of the water after it passed through the suit 

was multiplied by the mass flow rate of water to provide a continuous 

record of direct heat loss from the body surface. A more detailed 

description is provided by Webb, Annis, and Troutman (1972). The mean 

energy expenditure of the group was 1968 kcal • d"1. The investigator 

concluded that neither age nor sex significantly influenced energy 

expenditure when differences in lean body mass were taken into consider

ation. 

Effect of Body Weight on Energy Expenditure 

Malhotra, Ramaswamy, and Ray (1962) tested 58 soldiers to inves

tigate the influence of body weight on energy expenditure while perform

ing various military tasks. Weights of the subjects ranged from 48.9 to 

87.0 kg. The K-M respirometer and a Douglas bag were used to collect 

samples of expired air. The findings of this study indicate a linear 

relationship between body weight and gross energy expenditure. 

Mahadeva, Passmore, and Woolf (1953) found that the energy 

expenditure for bench stepping and for walking was directly proportional 
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to the subject's body weight. It was concluded that for any physical 

activity in which a large portion of energy expenditure is used to move 

body weight, the metabolic cost of that activity is linearly proportion

al to body weight. 

van der Walt and Wyndham (1973) assessed energy expenditure in 

six untrained males, ages 20-26 years, at various walking and running 

speeds on a level treadmill. Walking speeds were 2, 3, 4, and 5 mph, 

while running speeds were 5, 6, 7 and 8 mph. Oxygen consumption was 

measured on three separate occasions at each speed using a Douglas bag 

technique. Calculation of regression lines for body weight vs. oxygen 

consumption at each speed in running and walking resulted in correla

tions from 0.85 to 0.99. The investigators concluded there was a linear 

relationship between gross energy expenditure and body weight. 

Wilmore, et al. (1978) examined the effect of body weight on 

energy expenditure in circuit weight training. The mean weight of the 

men was 77.5 kg, while for women it was 61.0 kg. The investigators found 

the actual rate of energy expenditure during circuit weight training was 

a direct function of body weight with a correlation of (r = 0.84) for 

men and (r = 0.67) for women. It was concluded that body weight is a 

significant factor affecting energy expenditure during circuit weight 

training. 

The findings of Webb (1981) cited previously are in agreement 

with the previous studies. Linear regression analysis of energy 

expenditure vs. fat-free mass showed a highly significant correlation 
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(r = 0.95) and concluded that body weight and energy expenditure exhibit 

a linear relationship that is of significant consequence. 

Influence of Obesity on Energy Expenditure 

Bradfield, Paulos, and Grossman (1971) assessed the energy ex

penditure in four obese and six non-obese high school girls, ages 15-17 

years. The mean weights of the obese and non-obese girls were 50.94 and 

74.28 kg respectively. Regression equations between heart rate and 

oxygen consumption were established using a step test and respiratory 

gas analysis. Heart rate was monitored by FM-FM telemetry and was used 

in conjunction with an activity diary. Investigators noted similarities 

in the small amounts of time that are spent in moderate and strenuous 

activities by both groups. Up to 70% of their time was spent either in 

sleep or light activities. The use of individual regression equations of 

heart rate/oxygen consumption to estimate energy expenditure showed no 

significant differences between obese and non-obese girls during 

classroom activities, physical education class, or after school activi

ties. 

Bullen et al. (1964), assessed the physical activity patterns of 

109 obese and 72 non-obese girls ages 13-17 years, with motion picture 

photography supplemented by a questionnaire. Weight of the obese girls 

ranged from 134 to 298 pounds with a mean of 176 pounds. In comparison, 

the control group ranged from 84 to 170 pounds with a mean of 118 

pounds. Motion picture sampling was limited to 3-s shots at regular 

intervals during swimming, volleyball and tennis. Group comparison 

revealed obese girls were far less active than non-obese girls. 
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Curtis and Bradfield (1971) examined the energy expenditure of 

six obese housewives for 28-d at home. Subjects' percent body fat ranged 

from 39 to 50%. Energy expenditure was estimated with the Max Planck 

respirometer and the Douglas bag. Measurements were taken on three 

separate days for each activity most frequently performed during the 

course of the week. These estimates were supplemented with an activity 

diary used over a four week period. The mean daily energy expenditure of 

the housewives ranged from 1,993 to 3,197 kcal. The diaries revealed the 

housewives spent about half their time in sleeping and sitting 

activities while standing and walking occupied very little time. 

Bradfield (1971), estimated the energy expenditure of 54 lean 

and fat, 7 to 10-year-old boys, for 3-5-d during classes and 

organized and unorganized play. The investigator established individual 

heart rate/oxygen consumption regression lines. A cycle ergometer was 

used to produce heart rates of 75 to 90, 120 to 130, and more than 150 

beats • min~* with respiratory samples collected in meteorological 

baloons. Heart rates were counted with a Socially Acceptable Monitoring 

Instrument (SAMI). The investigator found no significant differences in 

the calories expended by lean and fat children during school, 

unorganized play, or organized play and activities. 

Ku et al. (1982), determined physical activity patterns in 170 

8-year-old boys and girls. Subjects were all within one month of a given 

age. Activity patterns were determined using 1-d activity records 

collected at 6 months, 1, 2, 3, 4, and 8 years of age. The activity 



score Indicated the child's pattern of activity rather than estimates of 

energy expenditure. Supplemental data included skinfolds, densitometric 

determination of body composition, and circumference measurements. When 

relative fat was compared to longitudinal activity scores, short term 

periods, e.g., one year, resulted in low but significant correlation 

(r = 0.33 for girls) while longer periods, i.e., 8 years, resulted in 

a non-significant correlation (r = 0.03). The investigators concluded 

the findings of this study imply that fatness may be better related to 

previous activity than present. 

Influence of Physical Activity on Fitness 

Evidence from a summary of studies on primative corranunities by 

Lange-Andersen (1967) indicated these cultures have a 10-20% higher 

maximal oxygen consumption than people in urban societies. Lange-

Andersen hesitated to attribute these differences to physical activity 

and cited other differences such as ethnic factors and natural selection 

as possible reasons. 

Goldsmith and Hale (1971) assessed habitual physical activity in 

three groups of male police officers, age 31-41 years. Engaged in 

different duties, seven were monitored in an office, six in a patrol 

car, and five men on foot patrol. Physical fitness was measured with a 

cycle ergometer by predicting oxygen uptake at a heart rate of 150 beats 
- 1  •  _ i  

• min and by the heart rate at a V0£ of 1.5 liters • min . Mean 

values for age, height and weight were not significantly different. 

Daily heart rate was monitored with a SAMI for two separate 36-h 
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periods. Mean heart rates for the office, patrol car, and foot patrol 

officers was 86, 86 and 94 beats • min"1 respectively. The investigators 

concluded the intensity of activity during work was not sufficient to 

influence fitness levels in the police officers examined. 

Watson and Donovan (1977) examined the relationship between 

physical working capacity and level of habitual activity in 85 males, 17 

to 18 years of age. The investigators used a cycle ergometer to assess 

PWCi7Q. Heart rate was determined from an electrocardiogram. Habitual 

physical activity was estimated through an activity questionnaire and 

supplemented by an interview. Activity was categorized as "light," 

"moderate," or "heavy" by the subject. Statistical analysis indicated 

PWC170 was si9n1ficant1y related to the level of habitual physical 

activity (r = 0.587). From these findings the investigators concluded 

the level of habitual physical activity has a significant effect on 

physical working capacity which was largely attributed to participation 

in recreational activities. 

A study by Saris et al. (1980) assessed the relationship between 

physical working capacity and daily physical activity in 225 school 

children. Of the children included, 171 were ages 4-6 years and 54 were 

ages 8-12 years. pwc17q 
was assessed using a motor-driven treadmill with 

heart rate recorded during the last 10 sec of each minute using an elec

trocardiogram. Daily physical activity was determined from question

naires and heart rate recordings over an entire day. Three physical 

activity indices were determined from questionnaires: (1) the mother's 



attitude toward her child's daily physical activity; (2) the teacher's 

attitude toward the child's physical activity during selected school 

activities; and (3) the mother's recollection of her child's activities 

of the previous day. The heart rate was recorded on a chosen day with an 

eight-level heart rate integrator. Their findings indicated active 8- to 

12-year-old children, as determined by the physical activity indices, 

maintained heart rates above 176 beats • min"1 for 6 min while less 

active children of the same age maintained the elevated rates for 4 min. 

The active 4 to 6-year-old children had elevated rates for 15 min while 

the less active group had elevated rates for only 4 min. The 

investigators found children with higher physical working capacities 

had lower mean daily heart rates. The investigators explained these 

findings by observing that higher fitness levels coincide with a greater 

stroke volume and, therefore, a lower mean heart rate. It was concluded 

that fitness levels in children have a greater effect on daily mean 

heart rate than does the amount of daily activity. 

Gilliam et al. (1981) studied physical activity patterns in 40 

children, 6-7 years of age. Daily physical activity patterns were 

determined with a Holter monitor in conjunction with an activity 

questionnaire. The children were monitored over a 12-h period (8 am -

8 pm). Boys had heart rates above 160 beats » min 1 for a total of 20.9 

min while girls showed elevated rates above 160 beats • min 1 for 

9.4 min. The investigators concluded that even though children 

appear moderately active they seldom experience elevated heart rates of 

sufficient intensity and duration to promote cardiovascular health. 



Rutenfranz et al. (1977) compared social pairs of children, 

similar in growth and development (age, height, weight) but with 

different aerobic capacities. Evaluation of aerobic capacity was done 

with a cycle ergometer (PWC^g) with simultaneous assessment of oxygen 

consumption. Subjects were monitored with a 24-h heart rate recorder, 

supplemented with a diary. The results indicated clear differences in 

regard to the daily physical activity patterns in children with 

different aerobic capacities, i.e., children with a higher aerobic 

capacity spent more time at a higher heart rate. The investigators 

suggested the sum of activity differences may produce differences in 

aerobic capacity over the long run. These findings are in disagreement 

with those of Saris et al. (1980). 

Dresen et al. (1982) compared the physical work capacity, and 

mechanical efficiency, on a cycle ergometer, with daily physical 

activity in 24 physically handicapped and 24 non-handicapped children. 

Individual linear regression equations of oxygen uptake versus workload 

and oxygen uptake versus heart rate were calculated. A cycle ergometer 

and the Douglas bag method were used to measure oxygen consumption at 

three different workloads. Heart rate was recorded with a Heart Rate 

Memory (HRM). During light daily physical activities the handicapped 

children showed the same mean heart rate as the non-handicapped 

children. Mean heart rate during heavy physical activity was lower for 

the handicapped children. Though the heart rate data seemed high, the 

investigators reported that the handicapped children spent 490 min at 



2 hrs/day heart rate values above 150 beats • min"1 , while non-

handicapped children spent 1620 min above 150 beats • min"1 over a 

period of four consecutive days. The investigators concluded non-

handicapped children can maintain a higher aerobic capacity by means of 

daily physical activities than can handicapped children. 

Ballal et al. (1982) studied the physical condition of 272 male 

and 61 female Sudanese of varying occupations, ages 19 to 35 years. The 

investigators used an arbitrary three-point scale to determine time 

spent in muscular activity during work and leisure. A walking test was 

administered to determine the physical condition of the subjects. Each 

participant walked three laps of a marked course (120m) at a "rather 

slow," "normal," and "rather fast but without overexerting yourself" 

pace. Heart rate was monitored with chest ECG electrodes and a battery-

operated heart rate recorder. The investigators found a substantial 

difference of 16 beats • min"1 between subjects reporting the least 

activity (106 beats • min"1) and subjects reporting the most activity 

(89 beats • min"1). The authors concluded differences in heart rate 

between the groups were due to differences in daily physical activity. 

Gilliam et al. (1982) determined physical activity patterns in 

59 children, ages 6-7 years. Holter monitor and Exersentry heart rate 

devices were used to estimate energy expenditure before and during an 

exercise intervention for CHD risk. The control group contained 19 

children while the experimental group contained 26 children who engaged 

in 25-min aerobic exercise sessions, four days per week, over an eight-

month period in which heart rates were maintained at 150 beats • min"1 
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or greater. Dally physical activity recordings were determined from 

minute-by-minute heart rates recorded from 8 am to 8 pm, accom-panied by 

an activity diary. Heart rate categories (beats • min"* ) were classified 

as low (80-109), moderate (110-159), and high (>160). Heart rate data 

indicated no significant differences in the physical characteristics or 

heart rates of the two groups before the intervention. During the 

intervention program the experimental group spent 34 ± 5.7 min engaged 

in high heart rate activities while the control group spent 21 ± 2.9 min 

at high heart rate levels. The investigators concluded the intervention 

program contributed to signi-ficant improvement in the activity patterns 

of the exercise group, not only in the special activity class but also 

during free time. 

The data presented in this study showed the duration of activity 

of the children participating in an aerobic exercise program was con

siderably shorter than the daily physical activity of handicapped and 

nonhandicapped children reported by Dresen et al. (1982). 

Ashton (1983) studied the relationship of physical activity 

levels to physiologic and anthropometric variables in 9 to 10-year-old 

girls. Questionnaire and interview methods were used to select the girls 

into groups of high and low levels of chronic activity. The investigator 

used standard tests that included PWCjjq, Wingate Anaerobic Test, 

Canadian Home Fitness Test and Strength (Cybex) tests. VO^ max was 

estimated with the use of a running, progressive treadmill test. 

Subjects in the high chronic activity group performed more favorably on 
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all variables than the low chronic activity group though differences 

were not statistically significant (p < 0.05). It was concluded that 

differences 1n aerobic capacity could not be predicted from chronic 

activity levels. 



CHAPTER 3 

METHODOLOGY 

Subjects 

Wilmore et al. (1982) , examined the prevalence of risk factors 

for CHD in 308 13 to 15-year-old boys. Subjects for this study were 

recruited from the Amphitheater Public School District in Tucson follow

ing approval of the study by the school board and the district adminis

trative unit. The names, addresses, and telephone numbers of all boys in 

the school district who were 13, 14, or 15 years of age as of June 1, 

1980, were recorded on file cards and alphabetized. Each card was then 

randomly assigned a number; a table of random numbers was used to select 

110 boys from each of the three age groups, with an additional pool of 

50 boys selected for each age to serve as alternates. From the available 

population of approximately 1200 boys, 330 letters of invitation were 

initially mailed, followed by a second mailing of 120 letters to those 

in the alternate pool. A total of 308 parents and their sons agreed to 

participate in this study. The study design, which had been approved by 

the University of Arizona's Human Subjects Committee, was explained to 

both the boy and his parent or parents, and informed consent was 

obtained from both the boy and his parent or legal guardian (Wilmore et 

al., 1982). 

From the total of 308 boys participating in the aforementioned 

study, a group of 15 boys was selected on the basis of their V0£ max and 



placed Into high-fit (n = 6) and low-fit (n = 9) groups. An addendum 

to the original subject consent form (Wilmore et al., 1982) was obtained 

from the subject and a parent or legal guardian (Appendix A). Several of 

the subjects had incomplete data, i.e., faulty ECG recordings from a 

single 24-h collection period. Data obtained in the initial evaluation 

included age, height (cm), weight (kg), relative fat (%), lean body 

weight (kg), multiple blood pressure readings (mmHg), resting heart 
-1 * —1 -1 rate (beats • min" ), VOg max (ml • kg" *min" ), maximum heart rate 

(beats • min"*), total treadmill time(s), total cholesterol (mg • 

100 ml"1 ), high density lipoprotein-cholesterol (mg -100 ml"1 ) low 

density lipoprotein-cholesterol (mg • 100 ml"1), and triglycerides 

(mg • 100 ml"1), (Appendix B). 

Procedures 

The subjects completed two treadmill tests on a Quinton motor-

driven treadmill. The first test consisted of a continuous, incremental 

protocol to determine maximal oxygen uptake, with increments in speed 

every two min for the first eight min, starting at 3.0 mph, 0.0% grade 

and progressing to 4.5 mph, 6.0 mph, and 8.0 mph, at which point the 

speed remained constant and the grade increased 2.0% every min until the 

point of volitional fatigue. Metabolic and respiratory measurements were 

made every 30 s using the Beckman Metabolic Measurement Cart, as 

described by Wilmore et al. (1976). The resulting data was used to 
m 

determine VO^ max, defined as the peak value attained during the test. 
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Heart rate was determined from the electrocardiogram (CMc lead) during 
D 

the last 5 s of each min. 

The second treadmill test was administered to determine steady 

state values for heart rate and oxygen uptake at various levels of work. 

The continuous protocol consisted of four stages with each stage lasting 

three min in duration. Treadmill speeds were 1.5 mph, 2.5 mph, 3.5 mph, 

and 4.5 mph at 0.0% grade for each respective speed. During the test, 

the electrocardiogram was monitored using a single lead CM^ 

configuration. Recordings were obtained for 5 s at the end of each min 

on a Hewlett-Packard recording system. The average heart rate at each of 

the four stages along with the corresponding oxygen uptake values 

allowed the investigator to establish separate regression equations for 

each subject, and thereby allowing the estimation of energy expenditure 

using heart rate data collected on a 24-h ECG recording device (Figure 

1). However, the regression equations were not used in the subsequent 

data analysis because true resting heart rate and oxygen uptake values 

were not obtained. The equations generated from the treadmill VO^ and 

HR submaximal values yielded a negative estimate of VOg at low heart 

rates. 

Each subject was measured for weight on a Horns balance beam 

scale, for body composition by hydrostatic weighing according to the 

technique of Behnke and Wilmore (1974), using the nitrogen dilution 

technique out of water to determine residual lung volumes (Wilmore, 

1969). The selected sites for skinfolds were subscapular, triceps, 

midaxillary, suprailiac, abdomen, and thigh (Behnke and Wilmore, 1974). 
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A 24-h ECG recording device, i.e., Medilog recorder (Oxford 

Instruments), attached in the CM5 position, was used to determine daily 

physical activity for three consecutive days, i.e., two school days and 

one weekend day. This method was used to determine whether the pattern 

of days observed in children could be of consequence. The recording 

device was securely placed at the waist of each subject in the early 

afternoon, with battery, cassette tape, and chest electrode replacement 

at the end of each 24-h period. The cassette tape was replayed on a PV-2 

Oxford Instruments device with signal interpretation designed to read 

the R-R interval and average heart rates over 1, 10, 20, and 30-min 

intervals on a Cromemco computer (Gilliam et al., 1982). Averages of <40 

and j>220 beats • min"1 were considered artifacts and were deleted 

from the records. The 10-min average was selected as it smoothed 

transient peaks in the data and appeared to most accurately reflect the 

daily heart rate pattern. Data records were then stored on cassette tape 

using an H-P 85 (Hewlett-Packard). 

The following variables were selected for evaluation from the 

24-h ECG recording: heart rate histogram to illustrate the frequency of 

10-min averages by heart rate intervals of 5 and 10 beats • min"1 

(Figures 2 and 3); 24-h heart rate plot using 10-min averages over 24-h 

(Figures 4, 5 and 6); resting heart rate determined by averaging 

the six lowest data points in a 24-h heart rate plot; the average daily 

heart rate; the daily peak heart rate representing the single highest 

10-min average attained that day; time spent above 65% of the maximum 
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heart rate; A (the daily peak heart rate minus the baseline heart rate; 

total beats • day"1 representing the total number of beats during a 24-h 

sample. 

Statistical Methodology 

Statistical analysis included calculating the mean and standard 

deviation for the physical, performance, and lipid profile charac

teristics of both groups of subjects. The variables analyzed include age 
1 * (years), weight (kg) maximum heart rate (beats • min ), V02 max (ml • 

kg"1- min"1) relative fat (%), fat weight (kg), lean body weight (kg), 

resting blood pressure (mmHg), time on treadmill(s), 24-h heart rate 

plot, heart rate histograms, resting heart rate (beats • min"1), 24-h 

average heart rate (beats • min"1), time spent above 65% of the maximum 

heart rate (min), daily peak heart rate (beats • min"1), A (beats • 
-1 -1 min ), and total beats • day (beats). 

Data were analyzed with a nonparametric Mann-Whitney U test 

(Siege!, 1956). The Friedman Two Way Analysis of Variance by Ranks was 

used with the 24-h monitor variables to test for significant differences 

across the three days of recording (Siege!, 1956). Significance was 

reported at the 0.05 level. 



CHAPTER 4 

RESULTS 

The physical characteristics of the subjects are presented in 

Table 1. The Mann-Whitney U test revealed no statistically significant 

differences between groups in age, weight, lean body weight, and 

systolic and diastolic blood pressure. Relative fat (%) and fat weight 

were significantly higher (P = .002 for both variables) in the low-fit 

group. Physical performance variables are listed in Table 2. By design 
-1  -1  of the study, V02 max (ml • kg • min ) and time on treadmill were 

significantly higher in the high-fit group (P = .002 for both vari-

ables). In the low-fit group, V02 max ranged from 28.5 to 34.2 ml • 
1 -1 -1 -1 kg • min with a mean value of 32.0 ml • kg • min , while the 

range in the high-fit group was 57.3 to 58.6 ml • kg"1 • min"1 with a 
-1 -1 -1 mean of 57.9 ml • kg • min . Maximum heart rate (beats * min ) did 

not differ significantly between the two groups. 

A review of the individual and group mean 3-d, 24-h heart rate 

data in Tables 3 and 4 illustrate the relative inactivity of both high-

fit and low-fit groups. The average baseline HR in the high-fit group 

ranged from 55.4 beats • min"1 (Day 3) to 59.7 beats • min"1 (Day 1) 

while the low-fit group ranged from 66.7 beats • min"1 (Day 3) to 68.3 

beats • min"1 (Days 1 and 2). The 24-h average HR was the only 

variable among the HR data found to be significantly different between 

35 



Table 1. Physical Characteristics of the Subjects 
High-Fit Group (N = 6) 

Fat Lean Resting Blood 
Age Height Weight Relative Weight Weight Pressure (mmHg) 

Subject (Yr) (cm) (kg) Fat (%) (kg) (kg) Systolic Diastolic 

R.D. 13 150.6 36.79 17.5 6.44 30.35 120 73 
C.T. 14 182.6 70.12 27.0 18.93 51.19 135 63 
M.G. 15 166.4 53.48 9.3 4.97 48.51 137 70 
D.R. 15 164.3 45.09 15.0 6.76 38.33 109 72 
J.K. 15 174.7 58.83 6.6 3.88 54.95 127 68 
M.L. 15 157.0 41.09 15.4 6.33 34.76 122 75 

X 14.5 165.9 50.90 15.1 7.88 43.01 125 70.2 
S.D. 0.8 11.6 12.39 7.1 5.51 9.89 10.4 4.3 

Low-Fit Group (N = 9) 

Fat Lean Resting Blood 
Age Height Weight Relative Weight Weight Pressure (mmHg) 

Subject (Yr) (cm) (kg)  Fat (%) (kg) (kg) Systolic Diastolic 

S.H. 13 172.5 78.52 39.5 31.01 47.51 120 84 
A.P. 13 159.5 49.76 33.2 16.52 33.24 110 79 
E.R. 13 147.8 46.13 29.8 13.77 32.36 105 74 
P.L. 13 157.5 69.94 34.5 23.97 45.97 119 76 
M.W. 14 143.3 41.87 34.4 14.42 27.47 103 62 
K.M. 15 168.7 63.09 30.7 19.37 43.72 110 63 
C.S. 15 166.6 77.42 35.1 27.17 50.25 125 62 
D.G. 15 162.2 68.90 37.4 25.77 43.13 104 71 
S.G. 15 170.4 80.38 33.5 26.93 53.45 140 73 

X 14 170.0 64.00 34.2 22.10 41.90 115.1 71.6 
S.D. 1.0 10.1 14.71 3.0 6.25 8.87 12.1 7.9 



Table 2. Physical Performance Characteristics 

High-Fit Group (N = 6) 

Subject 

• 

VO2 max 
(ml • kg" • 

Maximum 
Heart Rate 

min ) (beats • min ) 

Time on 
Treadmill 
(S) 

R.D. 
C.T. 
M.G. 
D. R. 
J.K. 
M.L. 

57.8 
57.6 
58.9 
57.4 
57.3 
58.6 

216 
195 
200 
216 
200 
210 

690 
820 
840 
750 
816 
780 

X 
S.D. 

57.9 
0 .7 

206.2 
9.0 

782.7 
55.6 

Low-Fit Group (N = 9) 

Maximum Time on 
Treadpiill 
(S) Subject 

VO? max 
kg 

VU9 m 
(ml • -1 min"*) 

Heart Rate , 
(beats • min" ) 

S.H. 29.5 198 382 
A.P. 34.0 212 605 
E.R. 33.9 202 550 
P.L. 28.5 199 290 
M.W. 32.9 204 405 
K.M. 32.1 193 355 
C.S. 34.2 190 360 
D.G. 29.6 188 342 
S.G. 33.5 206 480 

X 32.0 199.1 418.9 
S.D. 2.2 7.8 104.4 



groups at the 0.05 level. Average daily HR in the high-fit group ranged 

from 77.4 beats • min"1 (Day 3) to 86.9 beats • min"1 (Day 1) while the 

low-fit group ranged from 90.6 beats • min"1 (Day 3) to 93.8 beats 

min (Day 1). The high-fit group appeared to spend less total time with 

heart rates _>65% of the maximum heart rate than the low-fit, though the 

difference was not statistically significant. Daily peak heart rates in 

the high-fit group ranged from 140 to 173.7 beats • min"1 compared to 

156.6 to 169.8 beats • min"1 in the low-fit group. There was also no 

statistically significant differences in the total beats . day"1 

between high and low-fit groups. 

An evaluation was conducted of the consistency of the 3-d, 24-h 

heart rate recordings across days. Table 5 presents these results by 

way of the Friedman Two-Way Analysis of variance by Ranks. The rows 

represent the heart rate monitor variables while the columns represent 

the various days the monitoring had taken place. There were no 

significant differ-ences among the rank totals indicating no significant 

pattern across those days that were observed. 
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Table 3. Subjects' Raw Data 

High-Fit Group 

Subject 

Baseline 
Heart Rate 
(b • min"1) 

Avg Daily 
Heart Rate 
(b • min"1) 

>65% Max 
Heart Rate 
(min) 

Daily Peak 
Heart Rate 
(b • min"1) 

Area Under 
Curve 
(beats) 

R.D. 
C.T. 
M.G. 
D.R. 
J.K. 
M.L. 

78 
44 
57 
60 
46 
73 

97.3 
66.5 
95.9 
90.9 
75.1 
95.6 

0 
30 
110 
40 
30 
0 

139 
200 
200 
173 
174 
156 

17,640 
21,430 
44,520 
22,400 
34,030 
21,700 

X 
SD 

59.7 
13.8 

86.9 
12.9 

35.0 
40.4 

173.7 
24.1 

26,953 
10,239 

Day 2 

Subject 

Baseline 
Heart Rate 
(b • min"1) 

Avg Daily 
Heart Rate 
(b • min"1) 

>65% Max 
Heart Rate 
(min) 

Daily Peak 
Heart Rate 
(b • min"1) 

Area Under 
Curve 
(beats) 

R.D. 
C.T. 
M.G. 
D.R. 
J.K. 
M.L. 

72 
49 

91.3 
67.9 

0 
0 

131 
130 

14,090 
18,670 

R.D. 
C.T. 
M.G. 
D.R. 
J.K. 
M.L. 

64 
47 

93.4 
73.3 

0 
10 

153 
149 

31,980 
31,660 

X 
SD 

58.0 
12.0 

81.5 
12.8 

2.5 
5.0 

140.0 
11.9 

24,100 
9,109 

Day 3 

Subject 

Baseline 
Heart Rate 
(b • min"1) 

Avg Daily 
Heart Rate 
(b • min"1) 

>65% Max 
Heart Rate 
(min) 

Daily Peak 
Heart Rate 
(b • min"1 

Area Under 
Curve 

) (beats) 

R.D. 
C.T. 
M.G. 
n d 

64 
47 
51 

87.2 
68.6 
76.0 

0 
90 
10 

124 
216 
206 

21,310 
25,210 
30,830 

U . K .  
J.K. 
M.L. 

47 
68 

67.4 
87.6 

20 
0 

169 
130 

22,400 
18,200 

X 
SD 

55.4 
9.9 

77.4 
9.7 

24.0 
37.8 

169 
42.2 

23,590 
4,762 
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Table 3.—Continued 
Low-Fit Group 

Day 1 
Baseline Avg Daily >652 Max Daily Peak Area Under 
Heart Rate Heart Rate Heart Rate Heart Rate Curve 

Subject (b • min"1) (b • min~l) (min) (b • min"1) (beats) 
S.H. 67 89.4 0 142 23,820 
A.P. 
E.R. 
P.L. 
N U 

68 97.1 20 170 13,910 
Pi. W. 
K.M. 76 95,9 10 163 19,180 
C.S. 69 93.7 60 208 21,320 
O.G. 73 100.9 40 189 31,370 
S.G. 57 85.8 0 147 34,670 
X 68.3 93.8 21.7 169.8 24,045 
SD 6.5 5.5 20.4 25.2 7,751 

Day 2 
Baseline Avg Daily >65% Max Daily Peak Area Under 
Heart Rate Heart Rate Heart Rate Heart Rate Curve 

Subject (b • min"1) (b • min"1) (min) (b • min"1) (beats) 
S.H. 64 90.8 30 198 27,680 
A.P. 69 100.1 40 202 35,910 
E.R. 60 81.4 0 151 18,930 
P.L. 74 98.0 20 193 23,300 
M.W. 68 93.0 10 160 27,620 
K.M. 82 99.0 0 142 14,220 
C.S. 65 100.1 70 210 36,360 
D.G. 73 92.9 0 144 19,830 
S.G. 60 87.4 0 128 32,290 

X 68.3 93.7 18.9 169.8 26,226 
SD 7.1 6.5 24.2 30.9 7,784 

Day 3 
Baseline Avg Daily >65% Max Daily Peak Area Under 
Heart Rate Heart Rate Heart Rate Heart Rate Curve 

Subject (b • min-1) (b • min-1) (min) (b • min-1) (beats) 

S.H. 50 79.5 0 138 34,620 
A.P. 72 88.8 0 130 14,210 
E.R. 64 86.9 30 177 19,030 
P.L. 70 96.7 0 143 28,160 
M.W. 63 93.4 30 175 35,570 
K.M. 76 93.7 0 148 14,480 
C.S. 68 91.9 30 181 24,760 
D.G. 71 95.1 10 161 25,300 

X 66.7 90.6 12.5 156.6 24,516 
SD 8.0 5.5 14.9 19.6 8,239 



Table 4. A Comparison of Between Group 

Differences Using the Mann-Whitney U Test 

Variable 

Age 
Weight 
H R Max 
VC^ Max 
Relative Fat 
Fat Weight 
Lean Weight 
Systolic Blood Pressure 
Diastolic Blood Pressure 
Time on Treadmill 
Resting Heart Rate 
24-h avg. HR 
Time above 65% HR max 
Daily Peak HR 
Total beats • day"* 
A (Peak HR - Resting HR) 

•Significant at 0.05 level. 

P-Value 

.327 

.099 

.157 

.002* 

.002* 

.005* 

.824 

.111 

.636 
.002* 

.156 
.045* 
.551 
.953 
1.000 
.555 



Table 5. Evaluation of the Consistency of 3-d, 24-h Heart Rate 
Recordings Using the Friedman Two-Way Analysis of Variance by Ranks 

Mean Rank Mean Rank Mean Rank 
Variable Day 1 Day 2 Day 3 P-Value 

Resting HR 2.00 2.38 1.63 .325 
24-hr avg. HR 2.25 2.38 1.38 .093 
Time above 65% HR 2.38 1.88 1.75 .417 
Daily Max HR , 2.50 1.88 1.63 .197 
Total beats • day 2.00 1.63 2.38 .325 

•Significant at 0.05 level 



CHAPTER 5 

DISCUSSION 

The purpose of this study was to evaluate the relationship be-

tween VC^ max and physical activity patterns to determine the appro

priateness of using V02 max as an estimate of daily physical activity. 

It was postulated that the high-fit subjects would have significantly 

higher daily activity levels as compared to the low-fit subjects. The 

results of this study failed to support this postulate. 

It is difficult to speculate whether the heart rate variables 

used in this study were effective measures of daily activity. Average 

daily heart rate was the only variable among those analyzed, that 

differed significantly between the groups, with the high-fit group 

exhibiting a lower average daily heart rate compared to the low-fit 

group. These findings are in agreement with Saris et al. (1980), who 

observed that higher fitness levels coincide with greater stroke volumes 

and therefore lower average daily heart rates to maintain approximately 

the same cardiac output. 

Higher fitness levels are brought about by endurance training. 

Endurance training improves the capacity of the cardiovascular system to 

transport oxygen through an increase in heart size; increased blood 

volume; increased maximal stroke volume; increased maximal cardiac 

output; increased oxygen extraction capability; and changes in blood 
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flow and distribution (McArdle, Katch, and Katch, 1981). The increased 

stroke volume with endurance training is thought to result from (1) an 

increased end-diastolic volume bringing about greater myocardial 

contractibility (Starling's law); and (2) a greater systolic emptying. 

With endurance training there is also an increase in the parasympathetic 

influence with a concommitant decrease in sympathetic activity (Ganong, 

1981). These physiologic adaptations would explain the trend for the 

high-fit group to have lower resting and average daily heart rates. 

The American College of Sports Medicine (ACSM) (1980) has 

recommended endurance training be performed at an intensity of 60 to 90% 

of HR max or 50 to 85% of VO2 max for a duration of 15 to 60 minutes of 

continuous or discontinuous aerobic activity. Data from the present 

study failed to reveal any statistically significant differences 

between high and low-fit groups in the time spent at >65% of the 

maximum heart rate. Subjects from the present study seldom reached the 

appropriate intensity of physical activity suggested by the ACSM 

necessary to promote increases in endurance capacity. These findings are 

in agreement with Gilliam et al. (1981), who concluded even though 

children appear active, they seldom reach heart rates of sufficient 

intensity and duration to promote cardiovascular fitness. A trend is 

noted in the variable, beats • day , with the low-fit subjects showing 

a greater total number of beats during a 24-h period. This trend might 

be explained by the method of data collection in that two of the days 

sampled were school days. The activity of the high-fit children may have 
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been restricted by classroom activities whereas the low-fit children in 

the same environment had higher heart rates than the high-fit group 

because of their lower fitness levels. It is recommended that future 

studies using the heart rate/VO^ method to estimate energy expenditure 

collect extensive resting subject data in the supine and sitting posi

tions. Accurate resting values are essential as subjects from the 

present study spent a majority of time at lower heart rates. 

A review of the individual subject data in Table 3 suggests 

there was a large intra-subject variation in the day-to-day heart rate 

responses over 24-h. However, the Friedman Two-Way Analysis of Variance 

by Ranks revealed no significant differences between the days observed. 

From the findings of this study it is concluded that heart rate data 

collection does not depend on a specific daily daily sequence and that 

heart rate variables can be represented by a sample from a single day. 

Subjects in the present study differed significantly in terms of 

relative fat. Thus, subjects could be grouped as lean versus obese. 

Studies by Bradfield (1971), and Bradfield, Paulos, and Grossman (1971), 

suggest there are no significant differences in the activity levels of 

lean and obese children. The present study is in agreement with these 

findings. Bradfield (1971) found no significant differences in the 

energy expenditure of lean and obese school children during school, 

unorganized play and organized activities. Bradfield, Paulos, and 

Grossman (1971) found no statistically significant differences in the 

activity levels of lean and obese girls, noting up to 70% of their time 

was spent in sleep and light activities. 
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Evidence from Ashton (1983), Klissouras (1971), and the present 

study suggest the use of a single test for VO^ max may not be an 

appropriate index of an individual's daily activity pattern. Ashton 

(1983) concluded that differences in aerobic capacity could not be 

solely attributed to differences in chronic physical activity. 

Klissouras concluded that heredity accounted for up to 93% of the 

observed differences in aerobic capacity in a fairly homogeneous group 

of monozygous and dizygous twins. These studies support the need for 

further studies to clarify the role of daily physical activity and the 

degree of influence it has on VOg max. 

The role of daily physical activity and its influence on VOg max 

remains unresolved. It is concluded that a single test for VC^ max may 

not effectively reflect the daily physical activity patterns of 13- to 

15-year-old boys. 



CHAPTER 6 

SUMMARY 

The purpose of this study was to evaluate the relationship 

between VO2 max and physical activity patterns using 3-day, 24-h 

electrocardiogram recordings, to determine the appropriateness of V02 

max as an estimate of daily physical activity. The present study was 

retrospective. Factors that influence VO2 max such as absence of 

illness and the assessment of maturational state were unable to be 

included in the present analysis making the results tenuous. Statisti

cal analysis of the 24-h heart rate variables revealed no significant 

differences in resting HR, time spent above 65% of the maximum HR, daily 

peak HR, total beats • day"1, and A. Average daily HR was the only 

variable which demonstrated statistically significant differences 

between groups. The low-fit subjects had higher average daily HR than 

the high-fit subjects. This difference is most probably the result of a 

larger stroke volume in the high-fit subjects. These results also indi

cated a large intra-subject variability in that neither the high or low-

fit subjects experienced elevated heart rates of sufficient intensity 

and duration to promote cardiovascular fitness. Further studies should 

be conducted to define the role of daily physical activity and its in

fluence on VO^ max. 
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The Friedman Two-Way Analysis of Variance by Ranks revealed no 

significant patterns when evaluating the consistency of 3-d, 24-h heart 

rate recordings. These findings indicate when monitoring heart rate 

variables, data collection does not depend on a specific daily sequence. 



APPENDIX A 

ADDENDUM TO SUBJECT CONSENT FORM 

From the total sample of 312 boys, you have been selected as one 
of twenty-four subjects who will undergo additional testing. The 
treadmill test will be repeated exactly as you performed it previously, 
with the exception that you will be stopped just prior to reaching 
exhaustion. In addition, you will be wearing a small battery-operated 
tape recorder, which will allow us to monitor your electro-cardiogram 
during the test. 

Following this second treadmill test, Linda Schulz will be 
coming to your house on seven consecutive days to attach this tape re
corder to your belt, and to apply the two electrodes to your chest. You 
will be wearing this recorder and the electrodes throughout the day and 
night. This will allow us to monitor your electrocardiogram for 24-hour 
intervals, which provides us with an estimate of your activity patterns. 

I have read and understand the foregoing. Any questions which 
have occurred to me have been answered to my satisfaction. I recognize 
that I am free to withdraw my consent at any time. I also understand 
that this addendum form will be filed in an area designated by the Human 
Subjects Committee with access restricted to the principal investigator 
or authorized representative of the particular department. 

Boy's Name (Print or Type) Signature of Parent or Guardian 

Age years ________ 
Street Address 

Boy's Signature City State l i p  

Signature of Witness 

Date: 
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APPENDIX B 
Lipid Profile 

High-Fit Group (N 
Total 
Cholesterol , HDL Cholesterol 

Subject (mg • 100 ml" ) (mg • 100 ml"1) 

R.D. 142 41 
C.T. 134 37 
M.G. 169 55 
D.R. 170 48 
J.K. 149 35 
M.L, 163 48 

X 154.5 44.0 
S.D. 15.0 7.6 

Low-Fit Group (N 

Total 
Cholesterol HDL Cholesterol 

Subject (mg • 100 ml"1) (mg • 100 ml" ) 

S.H. 173 46 
A.P. 222 81 
E.R. 215 62 
P.L. 185 48 
M.W. 161 53 
K.M. 156 48 
C.S. 150 55 
D.G. 162 33 
S.G. 234 47 

X 184.2 52.5 
S.D. 31.6 13.2 

6) 

HDL/Total , Triglycerides 
(mg • 100 ml" ) (mg • 100 ml"1) 

0.28 158 
0.27 72 
0.32 40 
0.28 48 
0.23 62 
0.29 38 

0.28 69.7 
0.02 45.2 

9) 

HDL/Total . Triglycerides 
(mg • 100 ml" ) (mg • 100 ml"1) 

0.26 104 
0.36 24 
0.16 36 
0.25 132 
0.32 86 
0.30 158 
0.36 52 
0.20 168 
0.20 152 

0.27 101.3 
0.07 54.9 
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APPENDIX C 

Definition of Terms 

Avg - Average 

CHD - Coronary Heart Disease 

COg - Carbon dioxide 

cm - Centimeter 

d - Day 

h - Hour 

HR - Heart rate (beats • min"*) 

kg - Kilogram 

max - Maximum 

min - Minute 

mph - Miles • hour"* 

N - Number 

02 - Oxygen 

s - Seconds 
• 
VOg - Oxygen uptake 

A - Peak HR - resting HR 



REFERENCES 

Acheson, K. J., I. T. Campbell, 0. 6. Edholm, D. S. Miller, and M. J. 
Stock. The evaluation of daily expenditure—an evaluation of 
some techniques. Am. J. Clin. Nutr. 33: 115-1164, 1980. 

Adams, William C. Influence of age, sex, and body weight on the energy 
expenditure of bicycle riding. J. Appl. Physiol. 22: 539-545, 
1967. 

American College of Sports Medicine. Guidelines for Graded Exercise 
Testing and Exercise Prescription, 2nd Edition. Philadelphia: 
Lea and Febiger, 1980. 

Andrews, Robert B. Net heart rate as a substitute for respiratory 
calorimetry. Am. J. Clin. Nutr. 24: 1139-1147, 1971. 

Ashton, N. J. Relationship of chronic physical activity levels to 
physiological and anthropometric variables in 9 - 10-year-old 
girls. Med. Sci. Sports. 15(2): 143, 1983. 

O 
Astrand, P. 0. and K. Rodahl. Textbook of Work Physiology. New York: 

McGraw-Hill, 2nd Edition, 1977. 

Atwater, W. 0. and F. G. Benedict. Metabolism of matter and energy in 
the human body. No. 69., U.S. Dept. of Agric. Bull., 1899. 

Baker, J. A., S. J. E. Humphrey, and H. S. Wolff. Socially Acceptable 
Monitoring Instruments (SAMI). J. Physiol. 188: 4P, 1967. 

Ballal, M. A., P. H. Fentem, I. A. MacDonald, M. Y. Sukkar, and J. M. 
Patrick. Physical condition in young adult Sudanese: A field-
study using a self-paced walking test. Ergonomics. 25: 1185-
1196, 1982. 

Bassey, E. J. and P. H. Fentem. Monitoring physical activity. In: 
Littler, W. A. (ed) Clinical Ambulatory Monitoring. Cambridge: 
University Press, 1980. 

Behnke, Albert R. and Jack H. Wilmore. Evaluation and Regulation of Body 
Build and Composition. Englewood Cliffs, N. J., Prentice-Hall, 
Inc., 1974. 

Berg, C. Heart rate telemetry for the evaluation of energy expenditure 
in children with cerebral palsy. Am. J. Clin. Nutr. 24: 1438, 
1971. 

52 



53 

Bjorntorp, P., L. Sjostrom, and L. Sullivan. The role of physical 
exercise in the management of obesity. In: The Treatment of 
Obesity. Munroe, J. F. (ed.). Baltimore: University Park 
Press, 1979. 

Booyens, J. and G. E. Hervey. Pulse rate as a means of measuring meta
bolic rate in Man. Can. J. Biochem. Physiol. 38: 1301, 1960. 

Bradfield, R. B., P. B. Huntzicker, and G. J. Fruehan. Simultaneous 
comparison of respirometer and heart rate telemetry techniques 
as measure of human energy expenditure. Am. J. Clin. Nutr. 22: 
696-700, 1969. 

Bradfield, Robert B. A technique for determination of usual daily 
energy expenditure in the field. Am. J. Clin. Nutr. 24: 1148-
1154, 1971. 

. Energy expenditure and heart rate of Cambridge 
boys at school. Am. J. Clin. Nutr. 24: 1461-1466, 1971. 

Bradfield, R. B., J. Paulos, and L. Grossman. Energy expenditure and 
heart rate of obese high school girls. Am. J. Clin. Nutr. 24: 
1482-1488, 1971. 

Bullen, B. A., R. D. Reed, and J. Mayer. Physical activity of obese and 
non-obese girls appraised by motion picture sampling. Am. J. 
Clin. Nutr. 14: 211-223, 1964. 

Buskirk, E. R. Problems related to the caloric cost of living. Bull. 
N.Y. Acad. Med. 36: 365-388, 1960. 

Buskirk, E. R., D. Harris, J. Mendez, and J. Skinner. Comparison of two 
assessments of physical activity and a survey method for caloric 
intake. Am. J. Clin. Nutr. 24: 1119-1125, 1971. 

Clark, H. E. (ed.). Update: physical activity and coronary heart 
disease. Jji: Physical Fitness Research Digest, 9: 1-22, 

Consolazio, C. Frank, Richard A. Nelson, Ted A. Davis, Harry J. 
Krzywicki, Herman L. Johnson, and Robert A. Barnhart. Body 
weight, heart rate, and ventilatory volume relationships to 
oxygen uptakes. Am. J. Clin. Nutr. 24: 1180-1185, 1971. 

Consolazio, C. Frank, R. Johnson, and L. Pecora. Physiological Measure-
ments of Metabolic Functions in Man. New York: McGraw-Hill, 
TOT 

Cumming, G. R. and R. Danzinger. Bicycle ergometer studies in children. 
Pediatrics, 32: 202-206, 1963. 



54 

Curtis, Diane E. and Robert B. Bradfield. Longterm energy intake and 
expenditure of obese housewives. Am. J. Clin. Nutr. 24: 1410-
1417, 1971. 

Dresen, M. H. W., G. deGroot, J. J. Brandt Corstius, G. H. B. Drediet, 
andM. G. H. Meijer. Physical work capacity and daily physical 
activities of handicapped and non-handicapped children. Eur. J. 
Appl. Physiol. 48: 241-251, 1982. 

Durnin, J. V. G. A. and D. Brockway. Determination of total daily 
energy expenditure in man by direct calorimetry-assessment of a 
modern technique. Brit. J. Nutr. 13: 41-53, 1959. 

Durnin, J. V. G. A., E. C. Blake, J. M. Brockway, and E. A. Drury. The 
food intake and energy expenditure of elderly women living 
alone. Brit. J. Nutr. 15: 499-506, 1961. 

Durnin, J. V. G. A. and R. Passmore. Energy, Work and Leisure. London: 
Heinman Education Books Ltd., 1967. 

Durnin, J. V. G. A. Energy consumption and its measurement in physical 
activity. Ann. Clin. Res. 34: 6-11, 1982. 

Edholm, 0. G., J. G. Fletcher, E. M. Widdowson and R. A. McCance. The 
energy intake and expenditure of individual men. Brit. J. Nutr. 
9: 286-300, 1955. 

Fox, E. L. and Mathews, D. K. The Physiological Basis of Physical 
Education and Athletics, 3rd Edition, Philadelphia: wT B7 
Saunders Company, 1981. 

Freedson, Patty, Victor L. Katch, Thomas B. Gilliam, and S. MacConnie. 
Energy expenditure in prepubescent children: Influence of age 
and sex. Am. J. Clin. Nutr. 34:1827-1830, 1981. 

Froelicher, Victor, Alexander Battler, and M. Dan McKirnan. Physical 
activity and coronary heart disease. Cardiology. 65: 153-190, 
1980. 

Ganong, William F. Review of Medical Physiology, 10th Edition. Los 
Altos: Lange Medical Publishers, 1981. 

Garrow, J. S. Energy Balance and Obesity in Man. Amsterdam: Elsevier/ 
North-Holland Biomedical Press, 1978. 

Gilliam, Thomas B., Patty S. Freedson, David L. Greenen, and Behzad 
Shahraray. Physical activity patterns determined by heart rate 
in 6-7 year-old children. Med. Sci. Sports, 13: 65-67, 1981. 



55 

Gilliam, Thomas B., Susan E. MacConnie, David L. Greenen, Albert E. 
Pells, and Patty S. Freedson. Exercise programs for children: 
A way to prevent heart disease? Physician and Sportsmedicine, 
19: 96-108, 1982. 

Goldsmith, R., D. S. Miller, P. Mumford, and M. J. Stock. The use of 
long-term measurements of heart rate to assess energy expendi
ture. J. Physiol. 189: 35 p., 1967. 

Goldsmith, R. and T. Hale. Relationship between habitual physical 
activity and physical fitness. Am. J. Clin. Nutr. 24: 1489-
1493, 1971. 

Gordon, T., W. P. Castelli, M. C. Hjorland, W. B. Kannel, and T. R. 
Dawber. High density lipoprotein as a protective factor against 
coronary heart disease. Am. J. Med. 62: 707-714, 1977. 

Heinila, K., M. J. Karvonn, A. Koskela. Assessment of habitual physical 
activity. Institute of Occupational Health, Rep. No. 2, 
Helsinki, 1965. 

Kannell, W. B. Habitual Levels of Physical Activity and Risk of 
Coronary Heart Disease: The Framingham Study. Can. Med. Assn. 
J. 96: 811-812, 1967. 

Klissouras, V. Heritability of adaptive variation. J. Appl. Physiol. 
31: 338-344, 1971. 

Ku, L. C., L. R. Shapiro, P. B. Crawford, and R. L. Huenemann. Body 
composition and physical activity in 8-year-old children. Am. 
J. Clin. Nutr. 34: 2770-2775, 1982. 

Lange-Andersen, K. The capacity of aerobic muscle metabolism as 
affected by physical activity. Jji: Karvonen, M„ I. and A. J. 
Barry (eds.) Physical Activity and the Heart. Springfield: 
Charles C. Thomas, 1967. 

Lange-Andersen, K., R. Masinoni, J. Rutefranz, and V. Seliger. Habitual 
Physical Activity and Health. Copenhagen: World Health Organi
zation Regional Publications, 1978. 

Mahadeva, K., R. Passmore, and B. Woolf. Individual variations in the 
metabolic cost of standardized exercises: the effect of food, 
age, sex, and race. J. Physiol. 121: 225-231, 1953. 

Maxfield, Mary E. The indirect measurement of energy expenditure in in
dustrial situations. Am. J. Clin. Nutr. 24: 1126-1138, 1971. 



56 

McArdle, William D., Frank I. Katch, and Victor L. Katch. Exercise 
Physiology: Energy, Nutrition and Human Performance. Philadel-
phia: Lea and Febiger, 1981. 

Montoye, Henry J. Estimation of habitual physicl activity by question
naire and interview. Am. J. Clin. Nutr. 24: 1113-1118, 1971. 

Morris, J. N., S. P. W. Chave, C. Adam, L. Epstein and D. J. Sheehan. 
Vigorous exercise in leisure time: coronary heart disease. 
Lancet, 1: 333-339, 1973. 

Paffenbarger, Ralph. S., and Wayne E. Hale. Work activity and coronary 
heart mortality. N.E.J.M. 292: 545-550, 1975. 

Passmore, R. and J. V. G. A. Durnin. Human energy expenditure. 
Physiol. Rev. 35: 801-840, 1955. 

Pollock, Michael L. The quantification of endurance training programs. 
In: Exercise and Sport Science Reviews. Wilmore, J. H. (ed.) 
"flew York: Academic Press, 1973. 

Rautela, G. S. and R. J. Liedtke. Automated enzymic measurement of 
total cholesterol in serum. Clin. Chem. 24: 108-114, 1978. 

Rautela, G. S., S. Slater, and D. A. Aran. Assessment of the need for 
triglyceride blank measurements. Clin. Chem. 19: 1193-1195, 
1973. 

Rutenfranz, J., V. Selinger, K. L. Andersen, J. Ilmarinen, I. Berndt, 
and P. Knauth. Differences in maximal aerobic power related to 
the daily physical activity in childhood. Dl: Physical Work and 
Effort, G. Borg (ed.). Oxford: Pergamon Press, 1977. 

Saris, W. H. M., R. A. Binkhorst, A. B. Cramwinckle, F. van Waesberghe, 
and A. M. van der Veen-Hezemans. the relationship between 
working performance, daily physical activity, fatness, blood 
lipids, and nutrition in school children. Jjl: Berg, K. and 
B. 0. Erikson (eds.) Children and Exercise IX. Baltimore: 
University Park Press, pp. 1643-174, 1980. 

Siege!, S. Nonparametric Statistics for the Behavioral Sciences. New 
York: McGraw-Hill, pp. 116-126, 166-172, 1956. 

Spady, D. W. Total daily energy expenditure of healthy free ranging 
school children. Am. J. Clin. Nutr. 33: 766-775, 1980. 

van der Walt, W. H. and C. H. Wyndham. An equation for prediction of 
energy expenditure of walking and running. J. Appl. Physiol. 
34: 559-563, 1973. 



57 

Warnold, Ingrid and Ragnhild Arvldsson Lenner. Evaluation of the heart 
rate method to determine the daily energy expenditure in 
disease. A study in juvenile diabetics. Am. J. Clin. Nutr. 
30: 304-315, 1977. 

Webb, P. J., F. Annis, and S. J. Troutman, Jr. Human calorimetry with a 
water-cooled garment. J. Appl. Physiol. 32: 413-418, 1972. 

Webb, Paul. Energy expenditure and fat-free mass in men and women. Am. 
J. Clin. Nutr. 34: 1816-1826, 1981. 

Weir, J. B. New methods for calculating metabolic rate with special 
reference to protein metabolism. J. Physiol. 109: 1-9, 1949. 

Widdowson, E. M., 0. G. Edholm, and R. A. McCance. The food intake and 
energy expenditure of cadets in training. Brit. J. Nutr. 8: 
147-155, 1954. 

Wilmore, Jack H. A simplified method for determination of residual lung 
volumes. J. Appl. Physiol. 27: 96-100, 1969. 

Wilmore, Jack H. and John J. McNamara. Prevalence of coronary heart 
disease risk factors in boys, 8 to 12 years of age. J. Pediat. 
84: 527-533, 1974. 

Wilmore, Jack H., James A. Davis, and Allen C. Norton. An automated 
system of measuring metabolic and respiratory function during 
exercise. J. Appl. Physiol. 40: 619-624, 1976. 

Wilmore, Jack H., Richard B. Parr, Paul Ward, Paul A. Vodak, Thomas J. 
Barstow, Thomas V. Pipes, Glen Grimditch, and Phyllis Leslie. 
Energy cost of circuit weight training. Med. Sci. Sports. 10: 
75-78, 1978. 

Wilmore, Jack H., Stefan H. Constable, Phillip R. Stanforth, Wen Y. 
Tsao, Thomas C. Rotkis, R. M. Pascius, Gordon A. Ewy. 
Prevalence of CHD risk factors in 13-15-year-old boys. J. 
Cardiac Rehab. 2: 223-233, 1982. 


