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CHAPTER 1 

INTRODUCTION 

Various groups have been studied in the past with 

regard to levels of physical fitness, but one group which 

has been conspicuously neglected is trained middle-aged 

women. One reason for this neglect might be that until 

jogging became popular in the United States, such a group 

was almost nonexistent (Curtis & Otte, 1975) . There are 

few middle-aged women who participate in other activities 

which demand high levels of cardiorespiratory fitriess, 

such as long-distance swimming, competitive rowing 1 ··arid· 

bicycle racing. 

Earlier investigators have examined either 'trained 

young women (Getchell, Kirkendall, & Robbins, 1977;. 

Raven, Drinkwater, & Horvath, 1972) or untrained m{ddle~ 

aged women (Profant, Early, Nilson, Kusumi, Hofer·,, & 

Bruce, 1972). Only Jordan's (1977) analysis and;Wilmore 

and Brown's (1974) study provide rare glimpses of the 

characteristics of the highly trained middle-aged woman. 

Both of these studies are limited, however, because of the 

number of subjects above 30 years of age. 

1 
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In addition to lack of research, there are other 

reasons for a current study of this segment of the 

population. The average age of Americans now is over 

30 years (Binstock & Shanas, 1976). Of this population, 

more than one-half are women. More and more middle-aged 

women are joining their male counterparts in the 'work 

force (Binstock & Shanas, 1976). Hence, they are subject 

to the same stresses which are thought to be contributing 

factors to heart attacks in men. 

For years women were led to believe that on~e they 

reached age 30, they should 11 slow down. 11 Moreover'· 
·, •.. 7-

"middle-aged spread" was accepted as inevitable (Higdon, 

1977). Concurrent with other sociological changes: in the 

1960s, a change in self-concept among women emerged 

prompting many to challenge the traditional ideas of 

their predecessors. Previously held axioms, inclu~,ing the 

areas of diet and exercise, yielded to reevaluation. At 

first cautious, middle-aged women increased their levels 

of exercise from essentially none to some, and gradually 
\,' ; 

this evolved into the current marathoning and ultra-

marathoning of many older Americans (Kuscsik, 1977). 

What is the ultimate fitness level which can be reached 

by these women? Do women respond similarly to men? 
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To answer these questions was the thrust of this investi

gation. 

Purpose of the Study 

The purpose of the study was to compare the level 

of cardiorespiratory fitness of a group of sedentafy"~ 

middle-aged women with a similar group who had undertaken 

a relatively heavy training program. 

Statement of the Problem 

In order to achieve the purpose of the study; the· 

cardiovascular fitness profiles of trained and untrained 

women were statistically compared. Middle-aged women 

(N = 73) aged 31-50 years, were placed in trained 

(N = 38) and untrained (N = 35) groups. The investigation 

took place during the fall of 1980. Females who had· 

undertaken a relatively heavy aerobic training program 

comprised the trained group; females who had not under

taken such a program were considered untrained. A 

conclusion was drawn based upon the findings which 

indicate the current realistic level of cardiorespiratory 

fitness which can be achieved by the middle-aged woman~ 



4 

Definitions and/or Explanations of Terms 

For the purpose of clarification, the following 

definitions and/or explanations of terms were established 

for use in the study. 

Maximum oxygen uptake {vo2 max}--Astrand and Rodahl 

(1977} stated that maximum oxygen uptake is "the highest 

oxygen uptake an individual can attain during physical 

work while breathing air at sea level" {p. 318} • 

Anaerobic threshold {AT}--David, Frank, Whipp, and 

Wassermann {1979} defined anaerobic threshold as "the 

highest vo
2 

beyond which lactate begins accumulating in 

the blood causing a metabolic acidosis" {p. 1039}. 

Forced vital capacity (FVC}--Astrand and Rodahl 

(1977} stated that forced vital capacity is "the maximal 

volume of gas that can be expelled from the lungs 

following a maximal inspiration" {p. 221}. 

Maximum breathing capacity (MBC}--Astrand and Rodahl 

{1977} described maximum breathing capacity as the volume 

of air ventilated when the subject breathes as rapidly 

and as deeply as possible during a given time interval, 

usually 15 seconds. It is expressed in liters per 

minute. 

Forced expiratory volume for 1 second (FEV1 }-

Astrand and Rodahl (1977} explained forced expiratory 
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volume for 1 second as the percentage of a person's 

vital capacity that can be exhaled in the course of 1 

second. 

Trained--a trained subject was defined as one who 

had run in at least one marathon (26 miles, 385 yards) 

during the past 12 months and was currently training 

for another. 

Untrained--untrained referred to any subject who was 

not currently undertaking, nor had undertaken within the 

past 5 years, a regular schedule of exercise designed to 

increase cardiorespiratory fitness. 

Middle-aged--middle-aged was defined as anyone 

between the ages of· 31-50 years. 

Hypotheses of the Study 

The research hypothesis tested was that cardio

respiratory fitness of middle-aged women can be raised 

to higher levels than generally believed possible. The 

null hypotheses tested were that there are no significant 

differences in measurements taken on trained and untrained 

middle-aged women in any of the cardiorespiratory 

variables assessed, i.e., 

1. Maximum oxygen uptake (vo2 max) 

2. Anaerobic threshold (AT) 
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3. Forced vital capacity (FVC) 

4. Maximum breathing capacity (MBC) 

5. Forced expiratory volume for 1 second (FEV1 ) 

6. Maximum heart rate (MHR) 

7. Resting heart rate (RHR) 

Delimitations of the Study 

The study was subject to the following delimitations. 

1. Thirty-eight trained and 35 untrained, middle

aged women, aged 31-50 years, who resided in Texas at 

the time of the investigation. 

2. The extent to which the subjects reflected 

typical middle-aged women in all respects other than 

aerobic exercise activities. 

3. The objectivity, reliability, and validity of 

the selected instruments used·in measuring the desired 

variables for each subject. 



CHAPTER 2 

REVIEW OF RELATED LITERATURE 

A review of the literature revealed that extensiv~.· 

research has been done regarding cardiorespiratory :,. 

fitness. Most of this research, howev~r, has involved 

trained and untrained men (of all. ages), with trained .· 

and untrained young women investigated to a somewhat 

lesser extent. There is a paucity of data on middle~aged 

women, especially those who are moderately and highly 

trained and who are of middle age. The following r~yiew 

of the literature will be subdivided into the following 

subheadings: (a) Maximal Aerobic Power, (b) Anaerobic 

Threshold, (c) Pulmonary Function, and {d) Hematology. 

It should be noted that there is considerable 

overlap in several studies, i.e., hematological variables 

included in vo2 max studies, pulmonary variables tested 

in hematological studies, etc. In addition, heart rate, 

blood pressure, and body composition are very often,.a 

small part of a larger study. Studies in which those· 

occurrences were found appear under the subheading,which 

best describes the study but with the variables of 

importance to the present study reported. 

7 
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Maximal Aerobic Power 

There is little question that vo2 max is the single 

best indicator of cardiorespiratory fitness (Astrand & 

Rodahl, 1977). It is understandable, then, that vo2 max 

values range from very low in old and/or unfit persons 

to very high in the elite trained, and usually young, 

male athlete. Although the highest vo2 max ever reported 

was for a male cross-country skier (94 ml·kg-1 -min-1 ) 

(Astrand & Rodah~,l977), high values have been reported 

for distance runners. In a study of 20 elite male , 

distance runners, average age, 26.4 years, Pollock (1977) 

found values of 71.3-84.4 ml·kg-1 ·min-l (X = 76.5). 

Hermansen and Anderson (1965) tested young men 

(N = 26) and·women (N = 17) cross-country skiers on a· 

bicycle ergometer an~ observed vo2 max values of 71 

ml·kg-1 ·min-l and 55 ml•kg-1 -min-l for males and females,.-

respectively. The opposite end of the spectrum is found 

in Profant's (1972) study of 144 middle-aged women in 

which vo
2 

max values of 26.2 ml·kg-1 ·min-l were found 

for sedentary subjects. Trained men 70 years and over 

averaged only 29.0 ml·kg-1 ·min-l in a study by Kavanagh 

and Shepard (1977) • 

Age, as implied above, plays an important role in 

aerobic work capacity (Astrand & Rodahl, 1977). Astrand 
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and Rodahl indicated there is a gradual decline in vo
2 

max after a peak at 18-20 years of age. Upton (1980) 

found a mean vo2 max of 58.9 ml•kg-1 ·min-l for nine 

young marathoners (X age = 25) • One subject, age 24, 

who won the White Rock Marathon in 1980 with a time of 

-1 -1 2:41, had a vo2 max of 62.7 ml·kg ·min 

Date of middle-aged women, with concomitant effects 

of age and training history have been sparse. In a 

classic study, Astrand (1960) examined the aerobic work 

capacity and related indices in 44 women, ages 20-65 

years. Twenty were between the ages of 30 and 49. 

These women were mostly housewives, with all being 

involved in organized calisthenic classes. Some attended 

only one day a week; whereas others participated twice 

or more a week. Classes were 30 minutes in duration. 

Astrand (1960) found the highest oxygen uptake in the 

20-49-year-old group (2.23 1) while the lowest was for 

the 50-65-year-old group (1.85 1). This was a 17% 

decrease. When expressed in relation to body weight, 

h d 'ff t (39 9 ml·kg-1 ·mJ.·n-l vs t e J. erence was even grea er . . 

28.4 ml·kg-1 ·min-1 ) or 29%. For the 30-49-year-old 

group, vo
2 

max was 2.07 1, or 34.0 ml•kg-1 ·min-l 

Although forced vital capacity (FVC) was the same 

for the 20-39-year-old group as for the 30-39-year-old 
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group (3.79 1), a decline was noted after age 40. The 

lowest FVC was again in the 50-65-year-old group (3.24 1). 

Average FVC for the 30-49-year-old group was 3.69 1. 

Forced expiratory volume for 1 second (FEV
1

) decreased 

from 84.3% in the youngest group to 79.3% in the oldest 

with an average of 81.6% for the 30-49-year-old group. 

Maximum heart rates also declined with age (youngest 

group= 187 bpm; oldest group= 170 bpm). The average 

for the 30-49-year-old group was 182 bpm. Astrand (1960) 

concluded that although there is an unequivocal decrease 

in oxygen uptake capacity with age, this capacity is 

affected by genetics and training. 

In 1972, Profant et al. collected data from 144 

healthy women volunteers from the Philanthropic and 

Education Organization and Faculty Women of the 

University of Washington. Their ages ranged from 29 

to 70 years. Physical assessments included weight, 

blood pressure, hematocrit, and cholesterol concen

tration. Response to maximal exercise was reflected 

in measures of vo
2 

max, maximum heart rate, and duration 

of exercise. Subjects were categorized as "active" 

if they participated in weekly exercise which involved 

walking 1 mile or more, and/or participating in 

tennis, swimming, or other similar activity. Remaining 
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subjects were considered "inactive." Only two women· in 

each age decade were regular joggers. 

Each subject exercised to a self-deterrnined.termina-

tion point .on a treadmill test which started at a JlO%< 

grade at 1.7 mph and increased in grade and speed every 

3 minutes. Consecutive 1-minute samples of expired air 

were collected during the last 2-4 minutes of exercise 

and were analysed to determine vo
2 

max. Values were 

expressed in milliliters per kilograms of body weight per 

minute. Computer analysis was used to identify subgroups 

and to establish step-wise multiple regression equations. 

Mean hematocrits ranged from 39.0% for the 60~70-

year-old group to 40.9% for the 40-49-year-old group~ 

Differentiation between active and sedentary was.not· 

made. 

Maximum oxygen uptake was highly correlated with 

duration on the treadmill and inversely related to-age. 

The decline with age averaged .2 ml•kg-1 ·min-l annually. 

Smoking and weight also inversely affected vo2 max. 

The average vo
2 

max for "active" women was signifi

cantly greater than that for the "sedentary" group (28.1 

ml·kg-1 ·min-l vs. 26.2 rnl·kg-1 ·min-1 ). Values for,the 40-

49-year-old active age group were higher than values for 

the 30-39-year-old sedentary age group, and values for the 



12 

50-59-year-old active group approximated values for the 

40-49-year-old sedentary group. 

Resting heart rates averaged 80 beats per minute. 

There was no difference in maximal heart rates for active 

and sedentary women; however, a steady decline was 

noticed with increasing age. Profant et al. (1972) 

concluded that activity provides a protective effect of 

approximately 1 decade of age. 

In a follow-up study, Voigt, Bruce, Kusumi, Pettet, 

Nilson, Whitkanack, and Tapia (1975) examined 72 non

smoking sedentary women from the earlier study by Profant 

et al. (1972). Voigt et al. (1975) wanted to look-·at 

the longitudinal changes in maximal exercise performance~ 

These investigators employed basically the same procedures 

as were used in the earlier study and found a mean 

decline in vo2 max of 3% per year. Additionally, they· 

found a drop in maximum heart rate of .5% per year1 and 

a 3.5% decrease in hematocrit (40.2% to 38.8%). They 

attributed the hematocrit decreases to a change in 

method from the earlier study. 

In a comprehensive examination of sedentary and 

active females, ages 10-68 years, Drinkwater, Horvath, 

and Wells (1975) examined a wide range of cardiorespira

tory variables. The investigators became interested in 
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examining this group when the low aerobic power values 

found by Profant et al. (1972) for American women were 

suggested as possible norms. 

Subjects in the Drinkwater et al. study (1975) 

were categorized as above or below vo
2 

max means reported 

for Scandinavian and Canadian females. These were 

considerably higher max values than the American women 

in the Profant et al. (1972) study. 

Subjects' aerobic work capacityweremeasured via 

treadmill tests. Several criteria were used to determine 

if subjects had actually reached their maximum. Only 

those who met the criteria were used in the analysis. 

Blood samples were taken and analyzed for hemoglobin 

(Hb) and hematocrit (Hct) during pretest and 4 minutes 

after cessation of exercise. Body density was obtained 

through anthropometry and/or hydrostatic weighing. Body 

fat was estimated according to the formula of Brozek, 

Grande, Anderson, and Keys (1963). Pulmonary function 

tests included forced vital capacity (FVC) and maximum 

breathing capacity (MBC). 

A two-way analysis of variance was used to deter

mine differences between age groups, differences 

between females above and below average vo2 max levels, 

and the interaction of these two factors. Women 60-69 
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years old were not included in this analysis because 

there were too few subjects. 

Results indicated that with each decade of age 

subjects had lower vo2 max values than in the preceding 

decade. When vo2 max was expressed as liters per minute 

(l·min-1 ), there was no significant relationship with 

age for females in the above-average fitness category. 

In the below-average fitness category, women in the 

-1 40-50-year-age group had lower vo2 max (l·rnin ) than 

girls below 19 years, and those 50-59 years old had 

lower values than the 20-39 year group. 

There were no significant differences in maximal 

heart rate, Hb, Hct, or absolute values for FVC and 

~me. However, when expressed with body size as a ratio, 

women oeyond age 50 had significantly less FVC and MBC 

than those of females up to age 39. In fact, a sharp 

decrement in many variables was found after age 50. 

Women who were above average in vo2 max weighed less than 

those below the mean, regardless of age category. 

Drinkwater et al. (1975) concluded that 

the pattern of change in aerobic power with 
age observed for the women in this study 
suggests that habitual levels of activity 
rather than age per se determines level of 
vo2 max for women in the 20-49 year age 
range. (p. 392) 
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In a follow-up study by Plowman, Drinkwater, and 

Horvath (1979), 36 of the original subjects were :· 

retested. The span of time that had elapsed ranged. 

between 3. 5 and ~·. 0 years. Methods followed during the 

second evaluation were identical to the first. Because 

of the relatively small number, however, grouping for 

data analysis was somewhat different from the first time. 

Subjects were analyzed in two ways. First, they ~ere 

divided into age groups, regardless of fitness levels; 

secondly, they were divided into two fitness groups, 

according to their previous vo2 max, regardless of.age. 

Based on previous studies, the investigators 

expected to find decrements in vo2 max greater than that 

predicted from the original study; additionally, it was 

expected that active women would exhibit a slower rate 

of decline than sedentary women. They found neither. 

A decline was not evident in vo2 max in women in their 

20s; whereas, all other groups demonstrated a decline in 

vo2 max similar to that found in the cross-sectional 

study. "Active women in their forties still maintained 

a cardiovascular endurance level comparable to that of 

sedentary 20 year olds" (Plowman et al., 1979, p. 519). 

~vilmore and Brown (1974) conducted a unique study 

in which 11 female elite long-distance runners were 
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evaluated. Some of the subjects were middle-aged; the 

ages ranged from 24 to 37 years (X = 32.4}. All subjects 

had trained a minimum of 3 years, running 2 miles or more. 

Each subject's body fat was determined through hydro-

static techniques. The closed-circuit, oxygen-dilution 

technique was employed to measure residual volume. Gas 

analysis was made as each subject performed an individually 

adjusted continuous-type treadmill test to exhaustion,, 

with an endpoint of 8-11 minutes through either an 

elevation in grade or speed of the treadmill. Gas was 

analyzed for co
2 

and o
2 

every 15 seconds with a mass· 

spectrometer and every minute with a Beckman LB-1 and an 

E-2 analyzer. 

All runners except one were tall and lean; the mean 

percentage of body fat being 15.2. Although this was 

well below the average found by these authors for 

sedentary females (2 8.1%}, it was also below the 25 .·7% 

reported by ~vilmore and Behnke (1970} for college-age 

females. However, it was above that cited for elite 

male distance runners. Values reported for males 

ranged from 3.7% (Novak, Hyatt, & Alexander, 1968} to 

7.5% (Costill, Bowers, & Kammer, 1970}. Three of the 

female runners had less than 10% body fat. 
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Mean vo2 max values for the female long-distance 

runners were higher than those reported for the average 

male or female. The highest value was 71.1 ml·kg-1 ·min-l 

The average was 59.1 ml·kg-1 ·min-1 • Although these. 

values were lower than those found for male elite runners, 

when values were expressed relative to lean body weight, 

the differences narrowed considerably. Wilmore and 

Brown (1974) concluded that although there still se~ms 

to be basic physiological differences between the sexes, 

these differences are narrowing and will contin:ue to do 

so with the advent of better training and more favorable 

attitudes toward women in sports. 

An equally unusual look at elite female runners 

(X age = 29.2) was taken by Jordan (1977) a few years 

after Wilmore and Brown (1974). Again, the group was 

small (N = 11). 

Subjects performed maximally according to the -Bruce 

Treadmill Test (Doan, 1965). Selected anthropometric 

and physiological variables were determined and corre

lated with responses to the treadmill test. Resting 

heart rate and resting blood pressure were recorded in 

addition to exercise heart rate. Percent body fat was 

estimated from two skinfold measurements employing the 

equations of Sloan (1962) and Keys and Brozek (1953). 
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Expired air was collected during the last minute of 

exercise. Oxygen and carbon dioxide concentrations were 

determined immediately following the test. 

Means, standard deviations, and correlation coeffi-

cients were used to analyze the data. Heart rate 

correlations showed no consistent pattern, and anthropo

metric estimations of body fat indicated very little 

association with circulatory-respiratory measurements. 

The average maximum heart rate of this group (184.3 

beats per minute) was found to be lower than that 

reported in previous studies. When compared with 

"normal" subjects of similar age, lower heart rates 

were again observed. 

Only the mean value was reported for maximal oxygen 

-1 -1 consumption. That value (54.3 ml·kg •min ) exceeded 

oxygen consumption reported in most of the other studies 

cited. The study by Wilmore and Brown (1974) was the 

most notable exception. Jordan (1977) concluded that 

adult women marathon runners typically score higher on 

physiological measures taken at rest and during exercise 

than other women of similar age. 

In addition to the effect of age and training status 

on vo
2 

max, whether one is male or female seems to make 

a difference. Daniels, Krahenbuhl, Foster, Gilbert, and 



19 

Daniels (1977) examined 10 male and 10 female highly~", 

trained runners who were similar in ability. The purpose 

of the study was to compare the responses ·of male and':' 

female runners to maximal and submaximal exercise. 

Subjects were tested over a wide range of speeds on 

a treadmill. In addition, a maximum treadmill test was 

administered. Men were found to be heavier and taller·, 

and to have a greater vo2 max than females (73.7 

-1 -1 1 1 ml·kg •min vs. 59.6 ml•kg- ·min-). Although heavier, 

the men had less body fat as determined by a sum of 

six skinfolds. The maximum heart rate was higher in· 

females, but it was not significantly so. Women had a 

slightly greater oxygen consumption for submaximal 

workloads; none of the differences were significant. 

Daniels et al. (1977) concluded that the differences 

in performance in middle- and long-distance racing 

between men and women could possibly be explained by a 

lower hemoglobin concentration in females. However, 

they maintained that the differences were mainly due to 

differences in vo2 max. 

Davies and Thompson (1979) ovserved that males were 

heavier, taller, less fat, and had higher aerobic power 

than did females. They studied 13 male ultramarathoners 
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and 9 female marathoners (X age = 33.0 and 29.8, respec

tively) . 

As part of an extensive lipoprotein analysis, Wood, 

Haskell, Stern, Lewis, and Perry (1977) examined several 

parameters directly and indirectly relating to cardio

respiratory fitness in middle-aged male and female 

runners; mean ages were 45 and 42, respectively. These 

subjects were not necessarily marathoners but were 

averaging at least 20 miles per week. Unlike Jordan's 

(1977) and Wilmore and Brown's (1974) small sample size, 

there were 41 male runners and 43 female runners in this 

study. 

The Bruce Treadmill Test was used to elicit a 

maximal response to exercise. Hydrostatic weighing was 

the technique employed to determine body density. 

Once again, data indicated that males were heavier, 

but with less body fat and had a greater vo2 max. The 

female runners, however, were superior to the sedentary 

females in these variables. 

Wilmore and Brown (1974) predicted that "with 

further training, better coaching, better equipment and 

facilities and a greater emphasis on women in sports, 

the gap between the sexes will close" (p. 180). It 

appears that their prediction was realized in a recent 
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study by Wells, Muchabac, and Krahenbuhl (1980). Among the 

parameters examined in nine females and four female mara-

thoners were physical characteristics, body composition, 

and vo2 max. While males were heavier (69.8 kg vs 52 kg) 

and had less body fat (7.3% vs. 11.4%), vo2 max was higher 

in females (59.2 ml·kg-1 ·min-l vs. 58.4 ml•kg-1 -min-1 ). 

All subjects subsequently ran the Fiesta Bowl 

Marathon. From data collected at the marathon and during 

a series of steady-state runs on a treadmill, oxygen 

costs were derived which indicated that males used an 

estimated 75.8% of their vo2 max, whereas females used 

81.9% during the marathon event. The ·.authors concluded 

that both male and female experienced runners are capable 

of performing at a high percentage of their vo2 max during 

an actual marathon with no significant differences 

appearing between the two. 

Studies reviewed up to this point have dealt with 

either sedentary subjects or those who were already 

trained. It cannot be determined whether high aerobic 

work capacity was due to training or genetics. Persons 

can be endowed with a genetic predisposition to high 

aerobic power (Astrand & Rodahl, 1977). In order to 

examine the effects of training on middle-aged women, 

Barras (1976) conducted an 8-week training session in 
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which 24 middle-aged females exercised 35 minutes, 3 times 

per week. Each session involved 10 minutes of calis

thenics, 15 minutes of walking/jogging, and 10 minutes of 

stretching. The jogging level was individualized based 

on data obtained prior to training. Assessments taken 

prior to and following training included resting heart 

rate, blood pressure, body fat measured by skinfolds at 

four sites, body weight, height, and exercise heart rates 

at submaximal workloads on a bicycle ergometer. 

The submaximal bicycle test lasting for 6 minutes 

elicited a heart rate of between 125 and 170 beats per 

minute (bpm). This allowed for extrapolation of vo2 max. 

Pretraining heart rates averaged 147.9 bpm; whereas the 

mean posttraining heart rate was 126.6 bpm (a significant 

difference at the .05 level). A difference was observed 

at the .10 level in the sum of four skinfolds (65.7 mm 

vs. 54.4 mm). No changes were evident in the other 

parameters measured. Although not significant, a 3% 

decrease was noted in resting heart rate. 

In addition, Barras (1976) examined the differences 

in improvement in those over and under 40 years of age 

and found no significant difference. The investigator 

stated that the reason could be the small sample size 

and the activity level of the older group. Older subjects 
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working at the same heart rate as younger subjects would 

be working at a higher percentage of vo
2 

max. 

Getchell and Moore (1975) wished to evaluate changes 

in vo2 max, body composition, and other resting cardio

respiratory parameters in sedentary middle-aged women 

(X age = 35.5) after 10 weeks of training. These were 

compared to changes in sedentary men (X age = 41.6) 

trained over the same period. Eleven women and 12 men 

were given a maximum treadmill test before and after 

training; in addition, skinfold measurements, resting and 

maximum heart rates, and blood pressure were taken. 

Pulmonary function was also tested. 

Training sessions were 30 minutes in length and . 

occurred three to four times per week. Workouts included 

10 minutes warm-up followed by 20 minutes of jogging~ 

walking-jogging. Workouts were intensified as the 

subject improved. Karvonen's formula was used to attain 

an intensity of 75-85% of maximum heart rate. 

No significant changes were found between males or 

females in resting heart rate and blood pressure, forced 

vital capacity (FVC), or forced expiratory volume for 

1 second (FEV1 ). Skinfolds decreased in both although 

total body weight did not. Significant changes were 

observed in vo2 max in all subjects. Females averaged 
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29.2 ml•kg-1 -min-l prior to training and 37.4 

-1 -1 
ml·kg ·min following the training. Males increased 

from 33.7 ml·kg-1 ·min-l to 41.8 ml•kg-1 .min-1 • Change 

in vo2 max was 26.6% for females and 23.3% for males. 

Heart rate data indicated no change in maximal heart 

rate for women; whereas, men demonstrated a 7-beat , 

increase. Getchell and Moore (1975) concluded that 

sedentary women respond to training much like sedentary 

men; the response being more similar than different. 

The effects of a swimming training regimen were 

examined in 15 young females (X age = 16) by Stransky, 

Mickelson, Van Fleet, & Davis (1979). Four training ·• · 

sessions were held each week with an average of 12,806 

yards of swimming per session. The training period was 

7 weeks. Maximum oxygen consumption was determine-d on a 

bicycle ergometer. Blood samples were analyzed for' 

hemoglobin (Hb) and hematocrit (Hct). Pulmonary 

function tests included FVC and MBC. 

Hemoglobin and hematocrit did not change. A 

significant change was found, however, in vo2 max 

(41.6 rnl·kg-1 ·min-l to 48.3 ml·kg-1 ·min-1 ). Forced 

vital capacity did not change significantly, but MBC 

did. The investigators speculated that 
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since a swimming program places demands on 
the respiratory muscles and requires 
rhythmic breathing to perform the activity., 
changes in mechanical efficiency of the 
thoracic wall and lungs appears possible. 
(p. 35) 

Anaerobic Threshold 

Although maximal oxygen uptake (vo
2 

max) is accepted 

as the best single indicator of aerobic fitness , (Astrand 

& Rodahl, 1977; deVries, 1974; Fox, 1979; Lamb, .. l978), 

athletes with the same vo
2 

max do not necessarily perform 

the same in endurance events. One factor that is , 

believed to contribute to this variability is the'· 

anaerobic threshold [AT] {Costill, Thomason, & Roberts, 

1973). 

The oxygen uptake level at which hydrogen ion and 

lactic acid accumulate producing the excess increase 

in ventilation has been termed the anaerobic threshold 

(Wasserman, Whipp, Koyal, & Brown, 1973). It is also 

referred to as lactate threshold (Hagan & Gettman, 1980). 

Due to the difficulty inherent in employing 

invasive methods necessary for collection of lactic acid, 

a number of noninvasive variables employing selected 

respiratory gas transport and exchange measures have been 

utilized in an attempt to identify the AT in men. (Hagan 

& Gettman, 1980). 
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In an early study, Naimark, Wasserman, and Mcilroy 

( 19 6 4) studied a group of ~ 3 normal subjects and 1·0 

patients with mitral stenosis or pulmonary hypertension. 

They measured end-tidal nitrogen and carbon dioxide 

concentration to follow changes in respiratory quotient 

during either ergometer or treadmill exercise at increasing 

workloads. Arterial blood samples and expired gas were 

collected during the last minute of each workload. The 

time at each workload was determined by the time taken 

for ventilation, pulse rate, and respiratory quotient 

(R) to reach a steady state; this was usually from 3 

to 6 minutes. The investigators reasoned that since 

changes in R related directly to oxygen supply and demand 

within the working muscles, it would be judicious to 

monitor R. Information would be gained regarding cardio

pulmonary function which could not be gained through 

other measurements. 

A significant relationship was found between a 

substantial increase in R and metabolic acidosis as 

determined by arterial lactate. It was concluded by the 

investigators that continuous recording of R could be 

advantageous for a number of reasons: (a) it provided 

a method for monitoring exercise metabolic effects 

noninvasively, (b) it permitted the detection of 
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metabolic acidosis as it occurred, making the method 

safer for patients with cardiopulmonary problems because 

exercise could be terminated at a submaximal level, 

(c) it made possible the detection of hyperventilation 

thereby preventing misinterpretation of increases in R, 

and (d) even when invasive techniques are used, it is 

helpful in determining when a steady state of ventilation 

and pulmonary blood flow have been reached. 

In 1973, Wasserman et al. found R to be the least 

sensitive of the noninvasive measurements of anaerobic 

threshold that was observed when employing additional 

respiratory techniques. The purpose of the study was 

to describe the procedure which was more accurate than 

R for detecting AT. Additionally, the investigators were 

interested in explaining the physiological basis for 

assessment of ventilation (VE), carbon dioxide production 

(Vco2 ), and the combination of end-tidal carbon dioxide 

(PETco
2

> and oxygen (PETo
2

> partial pressures as 

alternate measures to R as indicators of AT. 

Eighty-five normal subjects, 17-91 years of age, were 

given incremental exercise tests on a bicycle ergometer. 

The results were compared with those of cardiac patients. 

Expired air and o 2 and co2 tensions at the mouth were 
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constantly monitored with rapidly responding ga9 

analyzers. 

Results were processed by a minicomputer and 

subsequently yielded on-line minute ventilation (VE)' 

co2 production (VC02 ), o2 consumption (vo2 ), and the gas 

exchange ratio (R) • The analysis was done breath by 

breath. 

by 

The investigators found that AT could be identified 

the point of: (1) nonlinear increase 
in VE; (2) nonlinear increase in vco2 ; 
(3) an increase in end-tidal oxygen without 
a corresponding decrease in end-tidal co2 ; 
and (4) an increase in R, as work rate 
was increased. (p. 236) 

Patton, Heffner, Baun, Ayres,Gettman, and Raven 

(1979) investigated heart rate as a predictor of ~T. 

The purpose of the investigation was to determine if 

heart rates could be set for training at or above AT 

regardless of the person's conditioning level. This 

would give coaches a valuable field test. Five college 

varsity cross-country runners and 6 physically-fit 

nonrunners (X age = 20) served as subjects for the study; 

all were male. Subjects performed a maximal treadmill 

test using the Bruce protocol. 
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Inspired ventilatory volumes and expired o
2 

and co
2 

percentages were taken from 15-second averages to make 

determinations of vo2 max and the vo2 at which AT 

occurred. The anaerobic threshold was visually determined 

as the nonlinear inflection point in the ventilatory 

process. The ventilation volume was plotted against vo
2

. 

No significant differences were found.in maximum 

heart rate at AT for the groups but the runners were at 

a significantly higher vo2 when AT occurred. Heart rates 

at AT were found to represent 77.4% of vo2 max. Patton 

et al. (1979) concluded that regardless of an individual's 

cardiorespiratory level, absolute HR measures provided a 

good indication of work level required for AT. 

Does endurance training alter anaerobic threshold? 

Davis, Frank, Whipp, and Wasserman (1979) attempted to 

answer that question by training a group of nine 

sedentary males (X age= 43.0). Two maximum exercise 

tests were given on a bicycle ergometer before and after 

the training period. A third test before and after 

training consisted of constant-load cycling at an oxygen 

uptake just below the pretraining AT. Twenty minutes 

after the third test, a maximum voluntary ventilation 

(MVV) test was given. Gas analysis was accomplished 
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breath-by-breath by continuous sampling of inspired and 

expired o2 and co2 partial pressures (P02 and Pto2) . 

The anaerobic threshold was determined using;~ two 

criteria: (a) a systematic increase in the ventilatory 

equivalent for o 2 (VE/V02 ) without an increase :·in the 

ventilatory equivalent for co2 (VE/C02 ) and (b) a 

systematic increase in end-tidal P02 (PET
02

) without 

a decrease in PETc
02

• 

The endurance training program consisted ofriding 

a stationary bicycle ergometer for 9 weeks, 5 days per 

week, for 45-minute sessions. Initially, none of the 

subjects was able to exercise for that period of time, 

but by the end of the third week was able to do so~ " : .• ' ~· 1 

Target heart rates were used to determine intensity. ' 

During the first half of the training period, subjects 

exercised at a level of 50% between AT and vo2 max. 

During the last half, they trained at 70%. 

Significant differences were noted in AT, ·. vo2 max, 

VE max, Vco2 max, maximal work rate, and the ratio of VE 

max to MVV. The increase in VE was attributed to·an 

increase in breath frequency rather than an increase in 

tidal volume. Training did not effect a change ·in HR 

max or MW. 

. ' 
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Because of the training, there was a 44% increase 

for AT (expressed as vo2 l·min-1 ) and a 25% increase in 

vo2 max (l·min-1 ). The investigators attributed this 

increase to three probable reasons: (a) the low initial 

fitness level of the subjects, (b) the same mode of 

exercise for testing as for training, and (c) the" 

training intensity being above AT. An interesting 

finding was that although more work could be done before 

AT after training, the amount accomplished between AT 

and vo2 max was the same before and after training.· 

Hagan and Gettman (1980) observed, after a review 

of the literature on AT, that much confusion can result 

in determining the lactate threshold if there is assumed 

to be a dramatic change at the onset of acidosis. They 

chose to describe the ventilatory equivalents (VE/Vo2 

and VE/Vco
2

> by use of exponential equations, to calculate 

lactate threshold by use of differential calculus, and to 

look at the relationship between AT and vo2 max. 

Forty-five males, who were active runners but 

averaging less than 30 kilometers per week, served·as 

subjects. Each subject performed a maximal treadmill 

test using the Balke protocol. Ventilation volume.was 

measured through inspired air; expired o2 and co2 were 

determined by Beckman OM-11 and LB-2 gas analyzers:, 
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respectively. A Soltec chart recorder recorded all three 

from which VE' l·min-1 , vo2 , l•min-l and Vco
2 

l·min-l were 

calculated. 

Lactate threshold for the subjects tested occurred 

at 44.3% of vo2 max (range = 37-53% vo2 max). The vco
2 

at the lowest VEco
2 

averaged 50.9% vco2 max (range= 

42-69% vco2). The coefficient of correlation (r) relating 

vo2 ~LT and vo2 max was .90, while the r relating ~vo2 
max-LT and vo2 max was -.24. 

While other investigators reported a linear relation-

ship between VE and incremental-load exercise until AT 

is reached whereupon VE increases. curvilinearly, Hagan 

and Gettman (1980) found that while VE and vo2 may 

appear to be linear 

it is in fact an exponential function with 
a positive slope. (p. 7) 

Since an exponential function does 
not have a point of inflection, the onset 
of lactic acidosis induced by incremental
load work cannot be identified by changes 
in pulmonary ventilation·. (p. 8) 

A myriad of techniques and procedures used to deter-

mine AT continue to produce vascillating results and 

receive varying degrees of criticism (Hagberg, Coyle, 

Miller, Carroll, & Martin, 1981). Dressendorfer, Smith, 

Merrill, Catlin, Carmichael, Goodfliesh, Borysyk, Gordon, 

and Timmis (1981) found AT to be at 80% of vo2 max in 
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110 nonathletic men (X age = 43) whose mean vo2 max was 

Sucec (1981) found ATs of 72.3% 

of vo2 max in male distance runners and 73 .·2% ·of vo
2 

max in female distance runners. Sucec concluded from 

his comparison of males and females that when AT is 

expressed as a percentage of vo2 max, it is independent 

of sex. 

In a study of four different methods of determining 

AT, Rupp (1981) found a significant difference in AT 

between males and females (64.2% to 71.2% vo2 max 

respectively). Moreover, Rupp (1981) found a discrepancy 

in AT when different methods were used. Two of the 

methods revealed ATs in the 80% range; whereas two 

different methods yielded ATs in the 50% range. No 

studies were found on AT in which trained women were 

compared with untrained women. 

Pulmonary Function 

Attempts to provide normative data for pulmonary 

function have been met with the discovery of wide ranges 

of normality (Comroe, Forster, Dubois, Briscoe, & 

Carlsen, 1974; Cotes, 1979) and a lack of standardized 

procedures (Comroe et al., 1974; Morris, Koski, & 

Johnson, 1971). Morris et al. (1971) measured pulmonary 
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function in 988 healthy nonsmoking men and women in an 

attempt to establish norms. Prediction formulae were 

derived and compared with those from other studies. 

Four hundred seventy-one of the subjects were 

women whose mean age was 42.5 years. Average height 

was 64.2 inches. Mean values for FVC and FEV1 were 3.47 

and 2.70 l·min-1 , respectively. 

Prediction equations (female) for FVC and FEV
1 

yielded correlation coefficients (r) of .71 and .73, 

respectively. Morris et al. (1971) substituted mean 

ages and heights from the study into prediction equations 

from other studies in order to compare differences 

between predicted mean and observed mean values. Of 

all the means compared, only FEV1 from the study of Kory, 

Callahan, Boren, and Syner (1961) exceeded the value of 

Morris et al. (1971). Differences ranged from -.60 1 

(Needham, Roga, & McDonald, 1954) to -.11 1 for FVC 

(Goldman & Becklake, 1959). For FEV1 , differences ranged 

from -.26 1 (Lindall, Medina, & Grismer, 1967) to +.10 1 

(Kory et al., 1961). The authors concluded that their 

study provided reliable standards for predicting normal 

forced expiration measurements in men and women. 

In 1972, Cherniack and Raber established prediction 

standards for various pulmonary indices from data 
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collected from 879 males and 452 females. When substi

tuting average age and height from Morris et al. (1971) 

study into Cherniack and Raber's (1972) formula, FVC" 

for women was 3.33 1 (difference= -.14 l);whereas·, ·FEV
1 

was 2.86 1 (difference= +.16). Maximum breathing 

capacity (MBC) equalled 103.30 1; this was not investi

gated by Morris et al. (1971). Maximum breathing 

capacity was determined indirectly from the equation 

FEV. 75 X 40. 

An efficient response of the pulmonary system to 

increased energy demands of aerobic work is recognized 

as essential if adequate oxygen transport is to take 

place. Although highly related to size (Cotes, 1978), 

larger forced vital capacities (FVC) have been reported 

for athletes by some investigators; whereas, others have 

reported no difference. Shepard (1972) stated that "the 

general association between vital capacity and fitness 

is not particularly close" (p. 111). Inconsistency has 

also been found when investigating maximum breathing 

capacity (MBC) and forced expiratory volumes (FEV) 

(Raven, 1977). Other resting lung volumes seem to 

change little or not at all as a result of training 

(Lamb , 19 7 8) • 
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Raven (1977) examined the pulmonary function of 20 

elite class athletes: ('X age= 26.3; height= .179.2 em) 

and compared the results with nine sedentary subjects 

matched in terms of height, weight, and lean body mass 

(X age= 20). Among the variables measured were FVC 

and FEV1 . These tests were performed three times in a 

seated position and analyzed by an Airco Ohio Medical 

Spirometer, Model 842. The largest of the three trials 

was selected for determination of FVC and FEV
1

• Group 

comparisons were made using student's t-test. 

Significantly larger FVCs (p <. 05) were found :in 

elite runners when compared with sedentary controls. 

No differences were found between the two groups in. 

FEV1 • Raven (1977) noted that the difference in FVC 

could be due to sampling error. When both groups were 

compared with published normative data, it was discovered 

that each group represented extremes in the population. 

The sedentary controls had average FVCs less than 

published norms, and the elite runners had higher FVCs 

than published norms. Raven (1977) concluded that 

continued evaluation on a longitudinal basis is needed. 

Martin and Stager (1981) examined ventilatory 

endurance in athletes and nonathletes. Eight female 

endurance athletes and eight female nonathletes 
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participated in the study; all were college age. 

Following a familarization period on the equipment, 

subjects returned on another day to perform the selected 

pulmonary function tests. Initial tests included FVC 

which was measured twice in a sitting position. Maximal 

voluntary ventilation was measured for 12 seconds in a 

sitting position. Tidal volume and breath frequency had 

been determined previously to obtain optimal perform

ance. Maximal voluntary ventilation was measured twice 

with 2 minutes rest between. 

Long-term maximum ventilation was measured in two 

ways: (a) the subject maintained progressively larger 

ventilations for 4-minute periods until she could no 

longer continue, and (b) the subject performed at 80% 

of her previously measured MVV until exhaustion occurred 

or until 15 minutes had elapsed. The subject breathed 

humidified air that had enough co2 added to it to prevent 

hypocapnia. 

The investigators found no significant difference 

between the two groups for FVC, FEV1 , or MVV in 12 

seconds. However, athletes were able to maintain a higher 

peak VE during the test of ventilatory endurance (118 

l·rnin vs. 95 l·min BTPS). This represented a signifi

cantly higher fraction of the 12-second MVV for the 
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athletes than for the nonathletes. Athletes maintained 

80% of MVV significantly longer than did the nonathletes. 

Four of the eight athletes were stopped at 15 minutes;; 

exhaustion had not occurred. The energy cost (vo2 } 

of breathing at submaximal levels was the same for 

both groups; however, a wide range existed among 

individuals. Martin and Stager (1981} concluded that 

endurance athletes do exhibit greater ventilatory 

endurance when compared with nonathletes having the 

same FVC and MVV. Whether or not this endurance is more 

related to training or genetics cannot be accurately 

determined based on the data available. The difference 

between athletes and nonathletes found in this study; 

however, paralleled the effects of specific endurance 

training of the ventilatory muscles. 

Hematology 

Women are very similar to men in terms of maximal 

oxygen uptake per kilogram of lean body weight (Wilmore 

& Brown, 1974}. However, they should exhibit higher 

values than those found in men because women are smaller. 

The fact that this is not the case has been attributed 

to a lower hemoglobin concentration in women. This 

would explain why women cannot fully utilize their 
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cardiac output in transporting oxygen to the cells'; 

(Astrand & Rodahl, 1977). Further, athletes and those' 

involved in stressful training may exhibit iron-deficiency 

anemia more often than their sedentary counterparts ' 

(Radomski, Sabiston, & Isoard, 1980). 

The effect of training has been reported to increase 

blood volume and hemoglobin volume (Astrand & Rodahl, 

1977; Fox, 1979). Conversely, decreased concentrations ' 

of Hb and Hct have been observed in other studies'' 

(Brown, Moore, Kew, & Phelps, 1974; Radomski et al., 

1980). 

Bell and Cowan (1978) examined "fingerstick" 

hematocrits in male soldiers, 17-30 years of age, who 

were in basic combat training at Fort Gordon, Georgia. 

They found that these soldiers were lower in Hb as a 

group than soldiers not involved in basic combat 

training. They had a high rejection rate when trying 

to donate blood. Hematocrits were below 41% (norms 

for men = 47+/-5). Of the soldiers not involved in 

basic training, onl~ 10.8% were rejected for blood 

donations compared to 44.3% rejection for those in basic 

training. 

Lindemann, Ekanger, and Opstad (1978) also examined 

Hb and Hct in male cadets. These cadets, taking part in a 
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combat course, were given a difference in work load,and 

caloric intake of approximately 30,000-40,000 kilojoules 

per day. Results indicated decreases in Hb and Hct: 

until the period of exercise ceased. The courses:lasted 

4-5 days. During the recovery period, when there.was 

no exercise, levels increased toward initial values.· .The 

authors observed, by studying several hematologic.rneasure

ments, that .. the decreases were probably due to mechanical 

damage to the red blood cells. "This finding also 

explains the observation that.iron therapy often does 

not correct the tendency to anemia in sportsmen" {p. 1191). 

Hematologic findings indicated haptoglobin levels 

were markedly reduced while serum bilirubin levels 

increased from approximately 12 to 25 micromoles. An 

increased plasma erythropoietin level was observed, 

indicating an active erythropoieses. At the same time, 

change in serum osmolality and protein levels showed only 

minor variations. Results indicated that "a hemolytic 

process takes place during periods of prolonged severe 

exercise" {p. 1191). 

Soldiers were tested by Radomski et al. {1980) 

to determine if 11 sports anemia 11 would occur after 

prolonged daily subrnaximal work. Twenty-one fit young 
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males (X age= 22), members of a French Army ski>platoon, 

served as subjects. 

There were three phases to the study: (a) control, ' 

(b) exercise, and (c) recovery. Activities during · 

control and recovery consisted of regular military'duties 

other than marching. The exercise phase consisted "·of 6 

days of marching 35 kilometers per day at a rate of 

6 kilometers per hour. The subject worked at 35% ·of vo2· 

max--this being achieved by the weight of the load in 

each subject's backpack. Venous blood samples ·:were 

drawn between 5-6 p.m. each day (this 't'las usually 

within 10 minutes of the completion of the march.)·.; 

Analyses were performed on 4 exercise days and· 3 ··recovery 

days. Analysis of variance was the statistical 'technique 

employed to test the data. 

Findings indicated that Hct and red blood:cells 

(RBC) did not change during the first 2 days of·exercise 

but had decreased significantly by the fourth and sixth 

days. They remained decreased after 1 day of recovery 

and did not return to normal until the second day· o'f" 

recovery. Hemoglobin concentration decreased ·gradually 

throughout the exercise and recovery days. The·mean 

cell volume of the red blood cells decreased signifi

cantly by the 6th day of exercise and remained' depressed 
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during the first recovery day. No change was observed in 

vo2 max. 

Radomski et al. (1980) concurred with the opinion of 

Lindemann et al. (1978), that "anemia is due to increased 

destruction of red blood cells" (p. 44). The investi

gators indicated that sports anemia has been attributed 

to be an effect of exercise-induced increases in red 

cell fragility and concluded that "whether such lysis was 

restricted to the large red blood cells is not clear, 

although it would appear that there was a preferential 

destruction of these large cells" (p. 44). 

Akgun, Tartaroglu, Durusoy, and Kocaturk (1974) 

wanted to clarify the effects of exercise on blood 

volume. They examined the effects of ergometric training 

on fitness and blood volume and the relationship between 

the two changes brought about by training. Nine male and 

six female medical students (X age = 19.3 years) were 

compared with a control group. 

The following parameters were measured: plasma 

volume, Hb, Hct, vo2 max, basal heart rate, MVV, FVC, 

heart volume, VE max, maximal working capacity, and 

arterial blood pressure. Measurements were taken before 

and after 2 months of training. The exercise program 

consisted of 30 minutes, 6 days per week. Each session 
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the subject began with zero load and pedalled at a rate,. 

of 60 revolutions per minute. The work load was 

increased until pulse rate was 120-140 beats per minute 

(bpm) ; work cont·inued 4-5 minutes. The subject stopped 

until pulse rate was down to approximately 100 bpm, and 

then began again until it reached 120-140 bpm. This 

type of work-rest-work period lasted 30 minutes a, day. 

A significant increase was found in vo2 max, plasma 

volume, total blood volume, VE max, and maximal working 

capacity. There was a significant decrease in resting 

heart rate, however, no changes were found in Hct, Hb, 

arterial blood pressure, FVC, or MVV. It was concluded 

that training 30 minutes per day for 2 months of interval 

work on a bicycle resulted in a significant increase in 

physical fitness and blood volume. There was not a 

significant relationship between the changes. The· 

investigators reported that it appears that "these two 

changes occur independently during training" (p. 76). 

Runyan and Puhl (1980) examined selected bl·ood 

indices in 20 young female athletes (X age = 19.3) from 

the 1975 AIAW Cross Country Championships. The investi

gators were interested in the possible relationship 

between performance and these various blood indices. 
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Finger-puncture blood samples were analyzed for Hb,· 

Hct, RBC count, RBC size, .mean corpuscular. hemoglobin 

(MCH) , and mean corpuscular hemoglobin concentration 

(MCHC). Intercorrelations, regression analysis, and0· 

t-tests were used to treat the data statistically. 

Results from the analyses indicated that all 

parameters were within the normal range although the range 

was quite large. The RBC count tended to be less than 

normal, but an increase in RBC size kept Hct within the 

normal range. "The reason (s) for this is not known but 

a training influence cannot be discounted" (Runya~ .& 

Puhl, 1980, p. 210). There was no relationship between 

any of the hematological indices and the performance 

variables. None of the variables would have been 

adequate predictors of performance. 

In an effort to determine if a training influence 

did indeed cause a change in hematological indices, 

Puhl and Runyan (1980) measured vo2 max, heart rate 

response to a submaximal step-test, percent fat, body. 

weight, and height in 19 college women. Testing took 

place before and after a 9-week training program. 

Training consisted of jogging three times per week 

with a progressive increase in distance covered per 

session. The first week the subjects jogged 1 mile each 
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session. During subsequent weeks, distance was increased 

by 1/2 mile so that in the 9th week, jogging distance was 

5 miles per session. Time was recorded for each 

distance and the subjects monitored heart rates to keep 

them between 165 and 185 bpm. Menstrual cycles were noted 

and a diet history was taken. 

Analysis of the data revealed an increase in aerobic 

power and a loss of body fat. Lower maximal and 

submaximal heart rates were also found. Maximum heart 

rate went from 195 bpm to 191 bpm, with the submaximal 

rate decreasing from 142 bpm to 126 bpm. Significant 

decreasing quadratic trends were found for Hb and Hct, 

but none of the means was significantly different from 

another. Although the initial trends were downward, 

values returned to near pretraining levels by the end of 

the 9-week program. Two possible reasons for the 

decreasing trends were {a) there may have been an 

increased rate of RBC destruction and {b) hemodilution 

due to alterations in plasma volume. There was no way to 

determine with certainty which caused the difference 

although evidence favored RBC destruction. An increase 

in mean cell volume was found which would indicate the 

loss of smaller, older, and more fragile cells. 
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Puhl and Runyan (1980} concluded that although there 

may be initial decreases in Hb, Hct, and RBC count with 

the onset of training of increasing intensity, these 

decreases are only transitory. If the changes are due 

to RBC destruction rather than hemodilution, returning 

to hematopoietic balance could tax body iron stores. 



CHAPTER 3 

PROCEDURE FOLLOWED IN THE DEVELOPMENT OF THE STUDY 

The purpose of the investigation was to ascertain, .. 

the cardiorespiratory fitness level of highly trained 

women, aged 30-50 years as compared to untrained women 

of the same age. In this chapter the procedures followed 

in the development of the study are described under the 

following headings: (a) Preliminary Procedures, (b) 

Selection and Description of the Subjects, (c) Descrip-

tion of the Instruments and Collection of Data, (d) 

Organization and Treatment of Data, and (e) Preparation 

of the Final Written Report. 

Preliminary Procedures 

There were a number of preliminary procedures which 

were necessary prior to data collection. Permission was 

obtained from the Human Subjects· Review Committee of the 

Texas Woman's University to conduct the study. Further 

permission· was granted to collect the data at the c .. 

Institute for Aerobics Research, Dallas, Texas. Seven 

physicians, members of the Cooper Clinic staff, were 

available to help in case any problems arose. 

47 
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After a review of the literature, a tentative 

outline was developed and presented to the Dissertation 

Committee in September, 1980. In accordance with 

suggestions by the committee, the tentative outline was· 

revised and filed in the office of the Provost of the 

Graduate School of the Texas Woman's University in the 

form of a Prospectus. 

Selection and oe·scription of the Subjects 

Subjects for the study were selected on the basis 

of the following criteria: (a) the subjects had to be 

between the ages of 31 to 50 years, (b) be free of 

disease and in apparent good health as determined through 

a medical history questionnaire, (c) sign a written con

sent form which stated the risks involved in the study 

and their willingness to voluntarily participate, (d) 

to be in the trained group, subject had to have completed 

one marathon within the past year and at the time of the 

study be training for a marathon, and (e) to be in the 

untrained group, subjects could not have been involved 

in a regular schedule of exercise designed to increase 

cardiorespiratory fitness for the past 5 years. 

All but five of the subjects were from the Dallas

Fort Worth area of Texas. Three were from Houston, Texas, 
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one was from Austin, Texas, and one was from River Falls, 

Y.li sconsin. 

Group I (N = 38) was considered trained. All had 

completed at least one marathon during the past 12 months 

and were currently training for the White Rock Marathon, 

held December 6, 1980, at White Rock Lake, Dallas, Texas. 

All measurements on this group were made 7 weeks prior 

to the marathon. Group II (N = 35) consisted of untrained 

women, all of whom were from the Dallas-Fort ~lorth area 

of Texas. 

Description of the Instruments and 
Collect~on· o·f· Data 

Description of the instruments used in the collection 

of data and the procedures followed will be described 

under the following subheadings: (a) pulmonary function, 

(b) metabolic function, (c) heart rate measurement, and 

(d) additional indices. It should be noted that the 

instruments selected were considered basic and were 

available at the Institute for Aerobics Research. 

Each subject reported to the laboratory having 

refrained from eating, drinking (except water}, or smoking 

for at least 4 hours prior to being tested. The follow-

ing information was obtained: medical history, 

training history, body composition, hematological 
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profile, pulmonary function, and cardiorespirat.or·y 

functional capacity. 

The medical history questionnaire, a 12-lead resting 

electrocardiogram and resting blood pressure det~~~ 

minations permitted screening of unsuitable subjects. 

Only healthy women asymptomatic of coronary heart disease 

participated in this study. After subjects were apprised 

of the benefits and dangers of testing, those who chose 

to participate signed an informed consent. 

Pulmonary Function 

The Collins Eagle-One Spirometer was selected.to 

measure forced vital capacity (FVC), maximum breathing 

capacity (MBC), and forced expiratory volume for 1 

second (FEV1 ). A clear plastic tube with a cardboard 

"' 
mouthpiece was attached to a 7-liter plastic bell from 

which the subject breathed. Distilled water supporting 

the bell was periodically checked; more was added as 

necessary. Volume calibrations were made prior to 

testing and again periodically as testing proceeded. 

All pulmonary tests were performed in the standing 

position. The better of two trials was selected'for 

data analysis for FVC and FEV1 • Only one trial was"given 

for MBC because of its fatiguing effect. Martin and 
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Stager (1981) found a 4% difference when giving. two 

trials with no consistency as to which would be.higher. 

Pulmonary function tests were made on only 15 

subjects who were considered untrained. The remaining 

subjects in this group were unavailable when these tests 

were made. 

Metabolic Function 

Metabolic data were collected during the subject's 

maximum voluntary performance on a Quinton 24-72 motor-

driven treadmill. The Bruce Protocol (Doan, Peterson, 

Blackmon, & Bruce, 1965) was programmed into the Quinton 

Programmed Exercise Control (Model 643). Treadmill 
. ~~; 

elevation and speed were calibrated prior to the start 

of testing and again periodically as testing continued. 

While on the treadmill, the subject breathed through 

a Daniels high velocity, low resistance valve. Ventila-

tory volumes were obtained from inspired air using a 

Parkinson-Cowan gasmeter. Expired oxygen and carbon 

dioxide percentages were determined from mixed .. air by 

Applied Electrochemistry S-3A and Beckman LB-2 gas. 

analyzers, respectively. Electrical signals from the 

gasmeter and analyzers were recorded on a Soltec chart 

recorder (Model DB-03L) from which ventilation, 
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(v 1 . -l) k ( 1 . -l) b' E, · mJ.n , oxygen upta e vo2 , • mJ.n , .. ·an aero J.C 

threshold (AT, l·min-1 ), carbon dioxide production 

(Vco2 , l·min -l), and respiratory quotient· .(R) were 

calculated. Ventilation was corrected to,:body temperature, 

pressure, saturated (BTPS); whereas, vo2 and ,vco2 , were 

corrected to standard temperature, pressure, dry (STPD). 

Calibration of gas analyzers was checked prior to and 

after each test with gases previously analyzed for their 

oxygen and carbon dioxide content on a Lloyd-Gallenkamp 

gas analyzer. The Parkinson-Cowan gasmeter was cali-

brated prior to the start of the study. 
L i-1 

Maximum oxygen uptake was calculated using the 
' ... ' 

equation of Consolazio, Johnson, and Pecora (1963). 

Anaerobic threshold was determined by the method 

described by Hagan and Gettman (1980). Respiratory 

quotient was calculated as the ratio of carbon dioxide 

produced to the oxygen consumed. 
\, ._. 

Heart Rate Measurement 

During the treadmill test, each subject was contin

uously monitored via a 12-lead ECG on a Hewlett-Packard 

78304A oscilloscope. Leads v 4 , v 5 , and v 6 w~re recorded 

during the last 15 seconds of each minute ~uring the, 
~::' 

test on a Hewlett-Packard 1515B automatic:cardiograph. 
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Lead v5 of the ECG was used to record heart rates.during 

the resting, exercise, and recovery periods. A. full 

12-lead recording was made at the end of each 3-minute 

stage of the test. A certified American College of 

Sports Medicine exercise technologist continuously 

observed the ECG and made note of any variation from 

normal. 

Additional Indices 

A number of variables was considered for potential 

value in further understanding the cardiorespiratory 

parameters. It should be emphasized that such variables 

were not primary indices but, rather, indirect ones 

examined for their illuminary potential. 

Hematological variables included hemoglobin and 
'f' 

hematocrit. A fasting blood sample was taken from the 

antecubital vein in order to make these determinations. 

Only 15 subjects from the untrained group of women were 

available for the hematological analysis. 

Whole blood, collected in an EDTA tube, was analyzed 

for hemoglobin concentration according to the cyanmethemo-

globin method described by Brown (1976), utilizing a 

Hitachi Digital Spectrophotometer 191. Hemoglobins were 

read off a graph comparing absorbance vs. concentration 
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at a wave length of 340 nanometers. Five milliliters of 

diluent were added to 20 microliters of sample to make 

dilution via a Dade diluter. 

Hematocrit (whole blood, collected in an EDTA .tube) 

was analyzed according to the microhematocrit technique 

described by Brown (1976), utilizing capillary tubes and 

an IEC Microhematocrit Centrifuge. These specific 

variables were selected because of their effect on '·the 

oxygen carrying capacity of the blood. Oxygen is· 

transported by hemoglobin which is in red blood cells 

(Lamb, 1978), and the relative amount of red cells and 

plasma in blood is known as hematocrit (Astrand & .. 

Rodahl, 1977). Although hematocrit (%) is normally 

three times hemoglobin (mg.•dl-l), by checking both 

parameters, problems regarding red cell metabolism can 

be eliminated. 

Body composition analysis included height, weight, 

and percent fat using underwater weighing. Height was 

recorded to the nearest .1 em on a GPM Swiss-made 

anthropometer; weight was recorded to the nearest 10 g 

on an Acme Chair Scale (Model ACSMIN). Underwater 

weighing to assess body fat was conducted in a water 

tank in which a chair was suspended from a Chatillon 

15 kg scale. Subjects were weighed nude. The weighin-g 
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procedure consisted of 10 consecutive trials.. :,The i trial 

selected for calculating body density was based on the 

method suggested by Wilmore (1969) • Residual volume 

was predicted using the equation of Goldman and Becklake 

(1959). Percent fat was calculated using Brozek!s 

formula (1963). 

Body composition variables were selected because of 
. . 

their effect on maximal aerobic power (vo2 max) • Maximal 

oxygen uptake is often expressed in liters per minute 

(l·min-1 ), but in order to evaluate ability to move the 

body, vo2 max is most frequently expressed in milliliters 

per kilogram of body weight per minute (ml•kg-1 ·min-1). 

Maximum oxygen uptake in milliliters per kilogram 

of fat-free body weight is also of interest. Fox (1979) 

stated that 

fat cells and adipose tissue per se are not' 
biochemically active in generating ATP energy 
(at least not in the same sense that muscle 
cells actively generate ATP energy). Thus, 
excess fat contributes weight but not the 
metabolic wherewithal for its movement. In 
physical activities that demand weight-bearing 
skills (e.g., walking, running, and 
gymnastics), excess fat tissue is, accordingly, 
a hindrance. (p. 244) 

Blood pressure was measured using a sphygmomano

meter and pressure cuff. Measurements were taken prior 

to the treadmill test in three different postures: 
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supine, sitting, and standing. In normal persons, the 

measurements should be similar. A striking change from 

one posture to another could indicate an abnormality 

(American Heart Association, 1980). 

During the test, assessments were made every 3 

minutes until the subject started running. The next 

measurement was made immediately upon cessation of the 

test (during the first minute of walking recovery). 

Subsequent measurements were m&de approximately every 

3 minutes until the pretest blood pressure was regained~ 

Blood pressure was monitored to ensure the safety 

of the subjects and to observe any differences between 

the trained and untrained. Lamb (1978) stated that 

"there is no evidence that blood pressure during maximal 

exercise is changed with training" (p. 256). However, 

during exercise, regardless of training level, systolic 

blood pressure increases while diastolic rises only 

slightly or not at all (Lamb, 1978). 

Organization and Treatment of Data 

The data were treated descriptively and statistically 

to establish the extent to which a relatively heavy 

aerobic training program raised the cardiorespiratory 

fitness level of middle-aged females. The student's 
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t-test was applied to each variable in the null hypothesis 

to determine if there were a significant difference 

between the trained and the untrained groups. Welch's 

approximate t was used when there were unequal variances. 

The level of significance established as the· criterion for 

the null hypotheses was set at .05. 

Preparation of Final Writ·ten Repo·rt 

After descriptive and statistical treatment of the 

data were derived, appropriate graphic and tabular repre-

sentations were displayed. Implications of the findings 

were discussed and a conclusion was drawn from the study. 

After recommendations were made for further studies, 

a final written report was completed. Included were 

selected references and an appendix. 



CHAPTER 4 

PRESENTATION OF THE FINDINGS 

The present investigation was conducted'to ascertain 

the degree to which cardiorespiratory fitness,· might be 

reached by middle-aged women who had undertaken·a 

relatively heavy training program. Specifically, the 

differences between a trained group and a.comparable but 

untrained group are discussed. Female volunteers (N = 73), 

age~ 31-50 years, participated in the study. Thirty

eight women comprised the trained group; 35 were 

considered untrained. All subjects were tested at· the 

Institute for Aerobics Research, Dallas, Texas .• 

Student's t-test was utilized to analyze·the data. 

Bartlett's test was employed to examine the ··assumption of 

homogeneity of variance. When the assumption could·not 

be met, Welch's approximate t was used. Descriptive 

data and results of the t-tests are present~d··in this 

chapter. 

headings: 

the Data. 

The data are reported under the following 

Description of the Subjects and Analysis of 

58 
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Description of the Subjects 

Table 1 describes the physical characteristics of 

the subjects in terms of age, height, weight, percent 

body fat, and lean body mass. Subjects in the trained 

and untrained groups were quite similar in average age 

and height. The variability, as measured by the standard 

deviation, was similar for these characteristics and the 

standard error of the mean for each variable was small. 

This indicates that the sample means may be considered 

representative of population means. 

The average weight of the untrained subjects was 

much higher than that of the trained subjects. This 

was expected. The untrained group displayed greater 

variability with a standard deviation of 10.14 kg and a 

greater range (43.40 kg vs. 19.80 kg). It should be 

noted that two of the untrained subjects had body weights 

substantially higher (> 90 kg) than other subjects in 

their group. The next highest weight was 75 kg. Raw 

data for all subjects may be found in Appendix A. 

Percent body fat was much lower in the trained subjects 

with the mean for the trained group being 15.47%; 

whereas, the mean for the untrained group was 27.83%. 

It was not surprising to find that the two groups 

were similar in age and height and dissimilar in total 



T:tb1e 1 

Physical Characteristics of the Subjects 

Traineda 
Variable 

Age 
(yr) 

Height 
(em) 

Weight 
(kg) 

Body Fat 
(%) 

Lean Body 
Mass 

(kg) 

Range 
-

18. o·o 
(31.00-49.00) 

23.70 
(154.90-178.60) 

19.80 
(45.10-64.90) 

21.90 
(6.90-28.80) 

13.70c 
(40.40-54.1()) 

aN = 38 

bN = 35 

eN = 37 

M so SEM 

37.84 5.01 .81 

165.06 5.44 ' • 88 

54.06 4.78 .78 

15.47 4.37 • 71 

45.55 3.37 I .55 

Untrained 
Range !-1 so 

16.00 38.06 4.21 
(31.00-47.00) 

21.40 1G5.23 5.02 
(156.20-177.60) 

.. 43. 40 62.68 10.14 
I 

(48.20-91.60) 

22.00 27.83 5.18 
(19.90-41.90) 

20.60 44.97 4.97 
(37. 40-58. 00) -

SEM 

.71 

.as 

l..7l 0\ 
0 

.87 

.84 
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body weight and percent body fat. The similarity of 

lean body mass (LBM) was somewhat surprising •• 1:'It. is 

known that training increases LBM while reducing.body 

fat (Astrand & Rodahl, 1977; de Vries, 1974; ·Fox 1· 1979; 

Lamb, 1978), but a sedentary life-style should.,not do 

so. One explanation for similar LBM in the untrained 

group could be that carrying the extra fat required a 

greater amount of strength than would otherwise be 

necessary, and this resulted in the muscle tissue found. 

It might be expected that t.he two groups would have 

similar LBM in the upper body, since runni~g is not 

designed to exercise the upper body to any substantial 

degree (Astrand & Rodahl, 1977). It might also be 

reasonable to assume that the life-style of the two 

groups did not differ in any dimension other than the 

endurance exercise, and, therefore, the LBM would be the 

same, but the fat content would vary because the· trained 

group used more energy when exercising. The ".women· who 

participated in this study were volunteers and this may 

reflect a bias relative to the amount of body fat 

and lean muscle mass found. The sample of untrained 

women studied may not represent the population from which 

they were selected. 
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Trained subjects in the present study were similar 

in body fat and body weight to marathoners studied by 

Jordan (1977) and the elite marathoners ·studied by 

Wilmore and Brown (1974) [see Table 2]. The trained 

group had less LBM than Wilmore and Brown's group (45.6 

kg vs. 48.3 kg), but their subjects were 6 em taller. 

When compared to sedentary women in other studies, 

subjects in the trained group were much leaner. Durnin 

and Worrnersley (1974) found percent fat to be 34.1 in 

sedentary women aged 30-50. Jackson, Pollock, and Ward 

(1980) examined 249 women 18-55 years (X age = 31.4) 

and found an average percent fat of 24.1. Subjects in 

the Jackson et al. (1980) study, however, had varied 

exercise habits. Compared to trained males, females 

in the present study had more body fat than the soldiers 

in the Radomski et al. (1980) study [15.5% vs. 13.3%) 

and were substantially fatter than elite male distance 

runners (15.5% vs. 4.7%) (Pollock, Gettman, Jackson, 

Ayres, Ward, & Linnerud, 1977) [see Table 2]. 

Analysis of the Data 

Maximum Oxygen Uptake 

Maximal cardiorespiratory responses to ·the Bruce 

treadmill test are revealed in Table 3. Data indicated a 



Tahlf' 2 

Co~parison of Women in Present Study with Subject• from Other Investiqntiona• 

1\qc Jlei'}ht tlc:iqht FatC. LDM JUIR HIIR Hb Hct rvc ~rl ,1::~-1, 
vo2 max 

lnv~atiqator ! Co:=~~ent (yr) (c;T.I) ()(q) (\) (kq) (bplll) (bpm) J119•dl-1 (\) (l) 1·min-1 ml•kc;-1 ·min•l. 

M<Jun ct al. ' Tr.:.~n<:d 1~.$ 160.0 49.0 - -- 6t;.O -- 12.5 39.0 3.40 -- 125 1.62 33.2 
(U7.CJ 7 U:~tr.li:~od 19.7 15~.8 51.3 -- -- 71.0 -- 13.2 40.0 3.31 -- 113 1.44 27.9 

Astra::c! 20 Housewives 3a.s 164.6 59.3 -- -- -- 182 -- -- 3.71 3.04 -- 2.07 J,.c 
(19(1~) 

Daniels et 10 )o'.al~s -- 179.3 65.7 -- -- -- -- -- -- -- -- - 4.84 73.7 
al. (1977) 10 Fc::l.lles - 166.2 52.1 -- - -- -- -- -- -- -- -- 3.11 59.6 

~V~CS ' 
6!.v:-;4son ' ~..sro.t!loncre 29.8 162.5 52.3 -- - -- -- -- -- -- -- - 3.04 58.2 
(1979) 

Drinlr.·o~•ter 1-,b ':'rained 39.2 162.6 57.3 21.8 -- -- 181 -- u.s -- -..: -- 2.32 40.29 
et -1l. 27 tlntr;lined 38.9 165.1 61.1 27.1 -- -- 181 - 41.5 -- -- - . 1.83 30.61 

. (1975) 

Getc:~t-11 • 0'\ 
!~,'.lCC) 1l Defore trainin9 35.5 -- 59.5 - -- 69.3 1&1.5 -- -- 3.65 2.88 -- 1. 72 26.91 w 
(!975) After traininq -- -- 58.8 -- -- 68.9 182.9 -- -- 3.65 2.92 -- 2.18 37.07 

Her.:~:'ISe:t 6 
l.n~erson 5 Youn9 traineeS 25.1 169.0 61.6 - -- -- 1B6 -- -- -- -- -- 3.30 55.0 
llSG·'l 12 "/ounc; untrained 22.6 168.2 61.1 -- -- -- 203 -- -- -- -- - ·2.30 38.0 

.lore!.:!\ 11 ¥..1rathen'lrs 29.2 165.2 55.2 16.6 -- 60.1 184.3 - - - - -- 2.95 53.5 
(1977) 

P::.O'oo-::-.a:t et 
2lb 

Follow-up of 
&1 (1979) Drinlt"'.ltcr study 45.9 163.5 62.6 28.t -- -- 179.0 - - -- - - 1.96 32.2 

Po!loc:it 20 Elite gale 26.2 177.1 63.1 -- -- -- -- - -- - - -- 4.85 \ 76.9 
(1977) d~•t.a:\.::e ru.nnera 

Po::.loc:lt et 20 Elite :n.1le 26.::Z l8l.S 65.1 '·' al. (U77) distance runnera .. 
Pro!a.nt 23 Active .C0.2 166.1 62.3 -- - -- 185 -- 40.7 -- - - -- 29.85 

(1972) 77 Inactive 40.: 166.1 62.3 -- - -- 182 - 41.7 -- - - - 26.69 



~able 2--continued 

I.CJe Hei9ht Weic;ht Fate LBM rut a Y.UR lib l 0 Jtc:t FVC !"EVl 
vo2 :"lax 

Inveatio;ator ! co=::~ent (yr) (c:r.l) (kq) (~) ~It<;) (bp=> (bpm)(mg·dl- ) 't\) (1) (1) (l•min-1 ) 1·r.U.n-I Dl•kg-l•:U.n-1 

Puhl ' Runyan 19 nerore trainin~ Coll. -- 60.3 19.8 -- -- 195 14.7 40.4 - -- -- 2.49 41.2 ... 
UUO) A!tcr tr&ininq aqa -- 59.3 19.0 -- -- 191 H.7 40.4 -- -- -- 2.63 44.4 

~c!o:!".slti ll Male soldiers 22.0 172.0 68.8 13.3 -- -- -- 16.3 46.7 -- -- - 4~10 59.6 
-~ .ll. 
UH~) 

JUven 15 Elite :ale 26.3 179.2 -- ~ -- -- - -- -- 5.72 4.52 
(1977) :arat~o:'\ers 

lb:.r.:f.l:". • 20 Crcss·-cou."lt;%}' 19.3 166.9 55.0 -- -- -- -- 15.0 42.3 --
?:.::":.! 
l!~a~; ·. 

--
s~ra::slt:,o 16 Swic:t~C:s 15.8 -- 58.6 19.8 -- -- 196.3 13.2 39.5 4.09 -- . ~ 145.~ 2.80 48.3 

e-:. al. 
• ( !S";~) 

"' t:?:c:-: 38 ~;.:a:.~C:'\ers 37.8 165.1 54.1 15.5 45.55 ss.o 179.7 !3.6 39.9 3.82 3.11 .120. 7 0 2.99 -.SH ~ 
117.1 1.96 3, -

(l~ao> ~5 t::-:t:ol!.::c..d Ja.o 165.1 61;" 26.8 44.87 78.0 llll.l 14.2 40.0 3.81 3.11 .... 
Voic;~.t ct 72 S~c!~!'ltary 49.C 164.0 61.2 -- -- 78.0 176.0 -- 38.8 --

al. (1975) 
' 

~e!ls et 4 ~rathonera -- -- 52.0 11.4 48.30 -- -- -- -- -- -- -- -- ! 59.2 
a:.. (1920) 

tr:i!=:)ra ' ab Elite 34.7 17.0 56.8 15.1 -- -- 179.4 - -- -- -- -- 3.33 .ss.a 
- .. -~ B:c .. -:1 Jr.arathone:s -- '" ;: ~ -

(lSo7.;) ·..; ~ ' I 
Wood et oC3 ':'r3incd 42 - 57.6 21.0 -- -- -- -- -- - - - - 45.0 

Al. (1977) 93~ t:nt:ained 47• _ _; ~ 66.3 ·-- -- ' .-- o" -- -- ··- - -- ~ -- -- ' :· 0 32.0 

---
4~e~aloa ~less s~cific4. 

b;;sc<! <!au !rom :sW.~ccu 30-49 years of ago·. 

c:H:/drosu.tic w~ighing technique.~ 



Table 3 

~~xirnal Ca~diorespiratory nespo~se to Treadmill Exercise 

~~aineda Untrained5 \'lelch' s 
\'a:i.J.~le Range M SD SBM Range }! . SD ~ t ... approx ! E. 

vo2 !-!i.x 

(.1•:min - 1 ) ::.. so 2.99 .31 .OS 1.26 1.96 .32 .• os 13.91* .001 
( 2 • 18·-3 • 6 8 ) l1.44-2. 70) 

(rnl. ·kg -1. min - 1 ) 23.99 55.54 5.77 .94 18.3.7 31.42 ".4. 04 .• 68 ... 20.82* .001 
(42.74-6€.73) (23.48-41.85) 0'\ 

V1 

'. 
A.,ae:obic 

T!l:eshold 

(~l" kg -l. Jti . .''l -1) 12.56 26.00 3.04 .• 49 11.90 17.40 2.91 .ss 11. 58** .001 
(20.82-33.68 (13.43-25.33) 

(t vo2 Mc.x) 18.00 46.87 4.29 .70 ll.OOc 54.68 10.13 1.91 3.83** .001 
(39.00-57.00) (40.00-71.00) 

*t. 99 (7~) ~ 2.65; 1-lelch's approx t. 99 (66) i 2.65 a! .. 38 · 

**t.99 C64) ~ 2.66; -1·1elchls approx ·t. 99 (34) ~ 2.7·3 bN • 35 

1i. 28 
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mean difference in absolute vo2 max of approximately 1 

liter per minute between the trained and untrained 

groups {2. 99 l·min -l vs. 1. 96 l•min-1 ) and an even 

-1 -1 greater mean difference when expressed as ml·kg ·min 

{55.54 vs. 31.42). Both differences were significant 

at the .001 level. This greater mean difference in 

ml·kg-1 ·min-l between the trained and the untrained 

groups would be expected in light of a greater degree of 

total body weight, given the same absolute vo
2

• 

A fairly wide range was noted in the trained group 

-1 -1 for vo2 max expressed in ml·kg ·min One reason 

could be that one subject had not trained for 2 weeks 

prior to testing because of a dental problem {which was 

aggravated by the mouthpiece at the time of the treadmill 

-1 -1 test). This subject's vo2 max was 42.7 ml·kg ·min , 

2.4 ml·kg-1 .min-l below the next higher value. Another 

possibility for the wide range is that the activity level 

of the trained group was probably more diverse than that 

of the untrained group. Although all of the trained 

group were training for a marathon, the training mileage 

varied from less than 50 to more than 100 miles per week. 

It might be assumed that the normal daily routine of 

sedentary subjects would result in more homogeneous 
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energy expenditure. Other reasons may have been differ-

ences in body weight and fitness level. 

As might be expected, the trained subjects-qf 

-1 -1 this study had a higher vo2 max {ml· kg ·min ) .. than those 

in studies done with subjects who were less train~.d in 

distance running, i.e., Drinkwater et al. (1975) and 

Profant et al. {1972). Cooper {1977) has indicated that 

-1 -1 a vo2 max greater than 38.5 ml•kg ·min places a female, 

aged 30-50 years, in the superior fitness cat.egor.y,. 

-1 -1 . 
Moreover, any vo2 max above 42.0 ml•kg •min is superior 

for any female. When compared to other maratho~ers, vo2 

max was similar. Upon closer examination of Table 2, 

several items are noteworthy: (a) the number of subjects 

in other women marathon runner studies was quite :small. 

When sample size is less than 30, means for the, sample 

may not be accurately represented by the normal .purve 

(Downie & Heath, 1975); {b) subjects from the present 

study were older than subjects in other women marathoner 

studies; {c) subjects in the Wilmore and Brown (197~) 

study were elite marathoners while subjects in the present 

study were not (only one subject had run a marathon in 
"\ 

under 3 hours); and (d) age differences of the women 

marathon subjects were not great enough to make 

assessments regarding age effects. 
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When trained middle-aged women were compared with 
( 

men in other studies, the results were not·su~prisihg. 

I 
Regardless of age, males, as a group tended to be 

heavier, taller, and to have had a greater vo2 max. The 

Akgun et al. (1974) study was an ex;ception.. The rela

tively low vo2 max of that study could be attributed to 

a low initial vo2 max (41.1 ml•kg-1 ·min-1 ). and the nature 

of their training regimen. It is interesting to note, 

however, that the difference in vo2 max of: the present 

trained group was relatively small (less than:. 7%) when 

compared to several of the groups of trained males 

(Radomski et al., 1980; Wells, 1980; Wood et al., 1977) 

[see Table 4]. These studies includ~d males from 19 to 

45 years of age. The 7% difference was much less than the 

25% to 30% deficit that Astrand and Rodahl (1977) 

reported as the average difference between' men and women. 

Astrand and Rodahl were quick to point out, however, that 

individual variation was great. 

Anaerobic Threshold 

When anaerobic threshold (AT) was examined in Table 

3, the two groups presented an interesting picture. The 

-1 -1 average AT (ml·kg ·min ) was significan~ly ,higher in the 

trained group (26.0 ml·kg-1 ·min-l vs. 17.4 ml•kg-1 ·min-
1 >, 



Table 4 

Co~parison of Trained Group with Male su~jec~s from Other Studies 

Age Height Weight vo2 max 
Investigator N Group (yr) (em) (kg) l·min-1 m1•kg-l--=~in -l 

A.ltgu."l et al. 9 Trained 8 19.0 170.0 64.1 2.90 45.3 
(1974) weeks 

Daniels et al. 10 Highly trained -- 179.3 65.7 -- 73.7 
(1977) 

Hermansen & 14 Best x-country ·27. 7 174.8 66.7 4.80 71.5 
A."lderson (1965) skiers in 

Norway 

Pqilock (1977) 20 Elite distance 26.2 177.1 63.1 4.85 76.9 ~ 
\.0 runners 

Rador:tski et a1. 21 Trained 22.0 172.0 -- -- 59.6 
{1980) soldiers 

l'lel1s et al. 9 Marathoners -- -- 69.8 -- 58.4 
(1980) 

Wood et a1. 41 Trained 45.0 -- 57.6 -- 58.0 
(1977) runners 

Present study 38 Female 37.8 165.1 54.1 2.99 55.5 
marathoners 
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and the average percentage of vo2 max at which AT occurred 

was significantly higher in the untrained group (54.68% 

vs. 46.87%). Similar variability, as reflected in the 

range and standard deviation of the two groups, revealed 

a normal pattern of individual differences (Downie & 

Heath, 1974, p. 60) in AT. 

As was expected the trained group was performing at 

a higher absolute oxygen uptake level than the untrained 

group since the trained group's maximal aerobic power 

was much higher. The lower percent of vo2 max at which 

AT occurred in the trained group, however, was in 

conflict with what has been found in some studies (Davis 

et al., 1979; Ekblom, 1969; Senay & Kok, 1977). Subjects 

in the Davis et al. (1979) study increased their AT from 

49.4% to 57.0% vo2 max through_ training while the untrained 

group reached AT at 45.6% vo2 max. Hagan and Gettman 

(1980) reported that trained male runners reached AT at 

44.3% of vo
2 

max, an even lower level than for the 

trained group in the present study. The study by Hagan 

and Gettman was noninvasive and used a formula for AT 

determination. 

Considering the conflicting reports of other 

investigators (Dressendorfer et al., 1981; Rupp, 1981; 
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Sucec, 1981), it was difficult to interpret the findings 

concerning AT with any degree of authority. One reason 

for the larger AT in the untrained group could be that 

the method of determination employed in the present study 

was not completely satisfactory. All noninvasive techni,-:

ques have received criticism (Hagan & Gettman, 1980; 

Hagberg et al., 1981) and must be considered equivocal. 

A second reason, suggested by Hagan and Gettman (1980), 

was that individuals with large maximal aerobic power 

have a lower minute ventilation for any given level of 

vo2 and vco2, but the lactate threshold is located at a 

relatively constant level of percent vo2 max. A third 

reason for the findings of the present study could be 

that AT expressed as %V02 max is inversely related to 

fitness level. Hagan and Gettman found a low negative 

correlation (r = -.24), and whereas correlations were 

not computed by Rupp (1981) or Sucec (1981), lower ATs 

(%V02 max) were found for males than females. A fourth 

possible explanation is a blending of several ideas. 

The definition previously given for AT is "the highest 

vo
2 

beyond which lactate begins accumulating in the blood 

causing a metabolic acidosis 11 (Davis et al., 1979, 

p. 1039). Although metabolic acidosis results in., 

increased ventilation, Hagan and Gettman (1980) contended 



72 

that ventilatory methods used to derive AT yielded an 

exponentially curved line in which a definite point could 

not be selected as the AT. If AT does occur in trained 

and untrained at approximately the same percent vo2 max, 

as Hagan and Gettman have suggested, previous explanations 

of adaptations to training (Astrand & Rodahl, 1977; Fox, 

1979) would explain the trained subject's ability to 

continue to a much higher work level after AT and before 

reaching exhaustion. Lamb (1978) gave two explanations of 

the training effect on maximal lactic acid accumulation: 

training improves 

motivation or improves tolerance to lactic 
acid and • • • more lactic acid is produced 
in the trained subject because he has greater 
stores of glycogen that can be called upon 
for anaerobic breakdown to lactic acid. 
(p. 187) 

Pulmonary Function 

Pulmonary function data are presented in Table 5. 

Averages for forced vital capacity (FVC) and forced 

expiratory volume for 1 second (FEV1 ) revealed identical 

means for FEV1 and nearly identical means for FVC. 

variability again was normal, reflected by ranges that 

included the expected number of standard deviations 

(Downie & Heath, 1974). Although maximum breathing 



Trained a 
Variable Range 

Forced 
Vital 
Capacity 1.61 
(liters) ... ( 2 • 8 7-4 • 4 8 y . 

Forced 
Expiratory 
Volurr.e for 
One Second 1.55 
(liters) . (2.33-3.88) 

Maximum 
Breathing 
Capaciti 67.00 
(1·min- ) (97.00-164.00) 

·*t.95(51) ~ 2.01 

~ = 38 

b~ = 15 

clS seconds 
~· .. 

Table 5 

Pulmonary Function Measures at Rest 

Untrainedb 
M so ~ · Range M ---so SEM t E. 

3.82 .36 .06 1.90 3.81 .• 48 .12 .02 i.98 
. (3.22-5.12). 

3.11 .34 .06 1.38 3.11 .40 .10 .> .01 .991 
(2. 42-3. 80) '. . -..J 

·. w 

120.74 15.26 2.48 74.00 117.07 20.21 5.22 ·• 72 .48 
(93.00-167.00) 

.' 
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capacity in the trained group was higher than in the 

untrained group, the difference was not significant. 

Compared to the observed FVC and FEV
1

, the subjects 

studied by Morris et al. (1971) had lower values 

(3.82 1 vs. 3.47 1 and 3.11 1 vs. 2.70 1, respectively). 

Subjects in the present study ~vere 4. 7 years younger and 

.8 inches taller. When inserting mean age and height from 

the present study into Morris et al. (1971) regression 

formulae, predicted FVC for the trained group was 3.72 1 

and predicted FEV1 was 2.91 1 or an underestimation of 

.11 1 for FVC and .20 1 for FEV1 . When inserting mean 

age and height into the equation developed by Cherniack 

and Raber (1972), the predicted FVC was substantially 

lower than that actually observed with the trained group 

(3.46 1 vs. 3.82 1). The predicted values were closer to 

the observed FEV
1 

than that found using the Morris et al. 

(1971) equation (3.00 1, using the Cherniack & Raber 

(1972) equation; 3.11 1, observed in the present study). 

Predicted MBC was again substantially lower than observed 

in both the trained (108.23 1 vs. 120.70 1) and untrained 

groups (108.10 1 vs. 117.10 1) using the Cherniack and 

Raber formula. Cherniack and Raber did not indicate 
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mean age or height for the subjects from whom their 

prediction equations were derived. 

A comparison with other studies revealed that 

subjects from the present investigat,ion had higher FVCs 

than subjects from all studies reviewed with the exception 

of Raven's (1977) study of el.ite male distance runners 

(5.72 1) and Stransky's (1979) study of young female 

swimmers (4.09 1) [see Table 2]. Forced expiratory 

volume for 1 second (FEV1 ) was also higher than any 

found in the literature except for the report of Raven 

(1977) • Maximum breathing capacity (MBC) was lower than 

that found by Stransky (1979) [145. 0 1} for young female 

swimmers or by Akgun et al. ( 19 7 4) [12 5 .1] for young 

female medical students. 

Caution must be exercised when evaluating_ pulmonary 

data for several reasons: (a) it is well-known that lung 

volume is highly related to body size (Astrand ·& Rodahl, 

1977); (b) Comroe et al. (1974) stated that "vital 

capacity of healthy individuals, even though they be of 

the same sex, height, weight, and age may vary as much 

as 2 0% from the average" (p. 10) • He also stated that 

FVC will vary even within the individual from time to 

time. If the same person were to repeat the procedure a 

number of times, FVC would vary as much as +/- 200 ml 
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from the mean value. Moreover, in evaluating MBC, 

Comroe et al. stated 

normal figures obtained in different 
laboratories vary by as much as 30%, according 
to the type of apparatus used and the resist
ance it offers to breathing. Until similar 
apparatus and procedures are employed 
universally, it seems inevitable that each 
laboratory must calibrate its own apparatus 
and secure its own normal standard values. 
(p. 202) 

Cotes (1979) seemed to reinforce Comroe, et al. 's 

(1974) statement by indicating that MBC in adults, 

depending on age and size, ranges from 47-253 l·min-l in 

males to 55-139 l·min-l in females. Normal range for 

FEV1 is 51-97% in males and 59-93% in females (Cotes, 

19 79) • 

Findings from the present study were in agreement 

with the results of Akgun et al. (1974) and Getchell 

and Moore (1975), who observed no significant difference 

in pulmonary function after training. The present 

findings were in conflict with Stransky et al. (1979), 

however. Although no difference was found in FVC after 

training by Stransky et al., a significant increase was 

seen in MBC (129.76 l·min-l to 144.97 l·min-1 ). Stransky 

et al. postulated that the reason could be because of 

the nature of the training regimen 
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since a swimming program places demands on the 
respiratory muscles .and requires rhythmic 
breathing to perform the activity changes in 
mechanical efficiency of the thoracic wall 
and lungs appears possible. (p. 351) 

Shepard (1972) stated that athletes who are involved 

in activities which develop the respiratory muscles, 

such as swimming and rowing often have large vital 

capacities in relation to their height. 

Cardiac and Hematological Measures 

Heart rate data are presented in Table 6. The table 

reveals that while there was a significant difference 

(p < 0.001) in resting heart rate between the trained 

and untrained groups, there was no difference in 'maximum 

heart rate. 

The lower resting heart rate found in the trained 

group was consistent with the literature (Astrand & 

Rodahl, 1977; deVries, 1974; Fox, 1979; Getchell & Moore, 

1975). Findings for maximum heart rate (MHR) in trained 

individuals are equivocal. Some investigators have 

reported no change (Astrand & Rodahl, 1977; deVries, 

19 74; Drinkwater et al., 1975; Getchell & Moore,; 1975; 

Profant et al., 1972; Stransky et al., 1979) whereas 

others reported lower MHR in trained subjects (Fox, 

1979; Hermansen & Anderson, 1965; Puhl & Runyan, 1980). 



Table 6 

Cardiac and Hematological Measures 

Trained a UntrainedE 
Variable Range M so SEM Range M so SEM .!: ~ 

Resting 
Heart Rate 36.00 55.00 10.00 1.54 38.00 78.00 11.00 1.86 -9. 30*' .001 
(bpm) ( 39.00- 75.00) ( 59.00- 97.00) 

Maximum 
Heart Rate 30.00 179.74 8.09 1.31 38.00 181.26 8.42 1.42 - .79 .43 
(bpm) (160.00-190.00) (162.00-200.00) 

-.....] 

co 
Hemoglobin 2.40c 13.63 .62 .10 2.60d 14.21 .as .22 2. 74** .008 

(mg•dl-1 ) ( 12.30- 14.70) ( 12.80- 15.40) 

Hematocrit 8.ooc 39.89 1.94 • 32 6.00d 40.00 1.69 .44 -.19 .85 
(%) ( 36.00- 44.00) ( 37.00- 43.00) 

*t.99(71) ~ 2.64 '1!. = 38 

**t.g9 (SO) ~ 2.68 b!i = 35 

eN = 37 

'\~ = 15 
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Bradycardia, a heart rate less than 60 beats per 

minute occurs because training is, in part, a result of 

a greater stroke volume or pumping efficiency (Fox, 

1979). The greater stroke volume is partly because of a 

greater central blood volume, perhaps greater cardiac 

contractility, and by increased tone of the veins of the 

legs (Astrand & Rodahl, 1977; Lamb, 1978; Shepard, 1972). 

Although training bradycardia is still not completely 

understood (Shepard, 1972), the underlying reason of 

lowered heart rate may be a result of increased ac.tivity 

of the parasympathetic nerves to the heart and/or a 

decrease in sensitivity to sympathetic transmitters 

(Lamb, 1978). 

Aging causes a decline in MHR (Astrand & Rodahl, 

1977; deVries, 1974; Fox, 1979; Lamb, 1978). Maximal 

heart rates for subjects in the present study reflect 

the aging effect. Maximal heart rates found in college 

females (Puhl & Runyan, 1980) and in young female 

swimmers (Stransky et al., 1979) were substantially 

higher than those in the present study;whereas MHRs 

in other studies in which the subjects were closer in 

age were much more similar (Drinkwater et al., 1975; 

Plowman et al., 1979; Wilmore & Brown, 1974). 
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Hemoglobin (Hb) and hematocrit {Hct) values are 

also found in Table 6. Whereas averages for Hct iridicated 

similarity in the two groups, Hb was lower in the 

trained group. Others have found a decrease in both 

Hb and Hct during training (Bell & Cowan, 1978; Lindemann 

et al., 1978; Radomski et al., 1980). Ak.gun et al. 

(1974), measuring before and after training blood values, 

found no change in Hb or Hct; however, measurements were 

not taken during training. In a study of cross-country 

runners, Runyan and Puhl (1980) noted that Hb and Hct 

were within normal range. Study of the red blood cell 

(RBC) characteristics revealed a smaller RBC count· but 

an increased RBC size enabling Hct to remain in the normal 

range during the training period. In a training study, 

Puhl and Runyan (1980) found a decreasing trend in Hb 

and Hct during the early training period, with a return 

to near normal by the end of the training period. 

Several investigators concurred that decreases in Hb and 

Hct observed during training were probably because of 

RBC destruction (Lindemann et al., 1978; Puhl & Runyan, 

1980; Radomski et al., 1980), although hemodilution could 

not be ruled out (Puhl & Runyan, 1980). It is generally 

agreed that blood volume and total hemoglobin increase 
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because bf training, but there is usually no change in 

hemoconcentration (Astrand & Rodahl, 1977; Fox, 1979; 

Lamb, 1978). 

Hemoglobin and hematocrit findings from the present 

study could have various interpretations. Since neither 

blood volumes nor red blood cell characteristics were 

examined, this is speculation about the results. It 

should be noted that the subjects in the present study 

were tested during the period of their most intensive 

training. As has been suggested, one possible explanation 

of the lower Hb found in the trained group could be that 

red blood cell destruction does occur during intense 

training. It could also account for the obtained 

hematocrit value being within the normal range since 

RBCs destroyed are older and smaller w~ile young RBCs 

are larger. This may have resulted in the same percentage 

of RBC concentration to plasma as in normal samples. 

Although trained men have both greater blood volume and 

greater Hb concentration than trained women, reaction to 

exercise appears to be similar (Astrand & Rodahl, 1977; 

Fox, 1979; Lamb, 1978). Once individuals reach adult

hood, age appears to have little effect on these , 

parameters (Astrand & Rodahl, 1977). 



CHAPTER 5 

SUMMARY AND CONCLUSION AND RECOMMENDATIONS 

FOR FURTHER INVESTIGATION 

Middle-aged women in the United States 

have been faced with social, cultural, and some
times medical thwarts to pursuing a vigorous 
physical activity level, and as a result, do 
not attempt to include vigorous exercise in 
their daily routine. (Barras, 1976, p. 1) 

This statement could very well explain the reason there 

have been so few studies done in the past involving 

trained middle-aged women. The "Babe Zaharias ·• ":of 

the world have been few. Recent changes in societal 

attitudes, however, including changes in how middle-aged 

women perceive themselves, have altered. Women are now 

aware they may strive for levels of physical fitness 

that were not conceived of previously. How does one 

decide what "physically fit" is for a group for which 

there are no norms? When have women exercised enough or 

too much? At what point should women stop exercising? 

What is the ultimate level of fitness which can be 

reached by women? 

The purpose of this study was to determine the 

degree of cardiorespiratory fitness that could be 

82 
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attained by middle-aged women involved in a relatively 

heavy aerobic training program. Seventy-three wome{n 

between the ages of 31 and 50 years volunteered;·as 

subjects for the study. A highly trained group: (!!-. ·= 38) 

was compared with an untrained group (N = 35) I similar 

in age and height, on a number of cardiorespirator·y 

variables. To have been in the trained group, subjects 

had to have completed at least one marathon and:have been 

training for another. The untrained group was comprfsed 

of subjects that had not participated in any exercise 

program designed to increase cardiorespiratory fitness 

within the past 5 years. As determined by a medi'cal 

hi story questionnaire, all subjects were free o·f disease 

and in apparent good health at the time of testing. 

Subjects arrived at the Institute for Aerobics 

Research laboratory 12 hours postabsorptive whereupon a 

fasting blood sample was taken from the antecubital vein. 

From the blood sample, hemoglobin (Hb) and hematocrit · 

(Hct) determinations were made. Height and total body 

weight were measured and lean body mass and percent body 

fat were estimated for body composition analysis., 

The hydrostatic weighing technique was used to d~termine 

body density from which percent body fat and lean body 

mass were estimated. Pulmonary function tests included 
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forced vital capacity (FVC), forced expiratory volume for 

1 second (FEV1 ), and maximum breathing capacity (MBC). 

All tests were performed in the standing position on a 

Collins Eagle-One Spirometer. Finally, subjects performed 

a continuous, incremental treadmill test to exhaustion. 

Expired air was analyzed for oxygen and carbon dioxide 

percentages by an Applied Electrochemistry S-3A and a 

Beckman LB-2 gas analyzer, respectively. Together with 

ventilation assessment, these measurements were used to 

calculate maximal oxygen uptake (V02 max) and anaerobic 

threshold (AT). The subjects' blood pressures were 

measured periodically using a sphygmomanometer and 

pressure cuff. Heart function was monitored via an 

automatic cardiograph and a Hewlett-Packard oscilloscope. 

A 12-lead electrode system was used. 

Data were treated statistically and analyzed using 

the Student's t-test. Bartlett's test was applied to 

determine homogeneity of variance. When variances were 

not homogeneous, Welch's approximate t was used. 

Summary of the Findings 

The following decisions were made regarding the null 

hypotheses tested at the .OS level of significance. 
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1. There is no significant difference between 

trained and untrained middle-aged women in maximum oxygen 

uptake. REJECTED 

2. There is no significant difference between 

trained and untrained middle-aged women in anaerobic 

threshold. REJECTED 

3. There is no significant difference between 

trained and untrained middle-aged women in forced vital 

capacity. ACCEPTED 

4. There is no significant difference be~ween 

trained and untrained middle-aged women in maximum 

breathing capacity. ACCEPTED 

5. There is no significant difference between 

trained and untrained middle-aged women in forced 

expiratory volume for 1 second. ACCEPTED 

6. There is no significant difference between 

trained and untrained middle-aged women in maximum 

heart rate. ACCEPTED 

7. There is no significant difference between 

trained and untrained middle-aged women in resting heart 

rate. REJECTED 

This investigation indicated a significant differ

ence in maximal aerobic power between sedentary 

middle-aged women and women of similar age and height who 
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had undertaken a relatively heavy training program 

consisting of jogging and/or running in pre'parati6ri for 

competition in a marathon. Although natural endowment 

(heredity) is recognized as being a major factor in 

performance capacity, training definitely improves 

performance (Astrand & Rodahl, 1977). The extent to 

which each factor contributed to the significant differ

ence in maximal· aerobic power that was found between the 

groups in this study could not be ascertained but it 

appears that training contributed substantially. 

Although aging is believed to affect aerobic power 

(Astrand & Rodahl, 1977; Drinkwater et al. ,' 197; 'Lamb, 

1978) maximal oxygen uptake levels observed in the 

present study revealed fitness levels near or equal to 

those reported for subjects much younger, oath·. trained 

and untrained (Akgun et al., 1974; Davies & Thompson, 

1979; Hermansen & Anderson, 1964; Jordan, 1977; Puhl 

& Runyan, 1980; Stransky, 1979; Wilmore & Brown, 1974). 

Furthermore, middle-aged women appear to be able· to 

attain levels of fitness close to their male counter

parts. It should be kept in mind, however, that 

training intensity, duration, and frequency for the 

trained group in this study were far above average when 

compared with regular male and female joggers.·· A. 
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middle-aged woman might be hampered in her attainment 

of a high level of fitness by circumstances such as time, 

motivation, and priorities, but inability to reach a 

high level of fitness does not seem to be the limiting 

factor. 

Anaerobic threshold is a nebulous entity at this 

stage of research, especially when measured noninvasively. 

Although a significant difference was found between the 

two groups in respect to AT, the meaning of the differ

ence is not. 'Clear, especially in light of the fact that 

the trained group was significantly higher than the 

untrained group when AT was e~pressed as absolute vo2 , 

but significantly lower than the untrained group when 

it was expressed as a percent of vo2 max. The ability to 

do work after lactic acid buildup has reduced blood pH 

to the point of metabolic acidosis has been a concern 

of serious distance runners. The intensity, duration, 

frequency, and mode of training required to delay the 

onset of lactate acidosis or to be able to cope with it 

and still perform at a high level is still unclear. 

No difference was observed between the two groups 

studied relative to the maximum amount of air that could 

be exhaled following a maximum amount inhaled (forced 

vital capacity). Maximum efforts at rest appear to be 
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insufficient to stimulate the respiratory muscles which 

are brought into play. during maximal exercise. Athletes 

involved in activities which develop the respiratory 

muscles, such as sw1mming and rowing, often have large 

vital capacities in relation to their height but 

"the general association between vital capacity a,nd 

fitness is not particularly close" (Shepard, 1972, 

p. 111). 

There was no significant difference in the amount of 

air (FVC) exhaled in 1 second (FEV1 ) between the trained 

and the untrained groups. Shepard (1972) indicated a 

"young and healthy adult can expel 81 per cent to 85 

per cent of his vital capacity in one second" (p. 116), 

but the percentage would drop to approximately 70% by 

age 60. Trained subjects from the present study expelled 

81% of FVC during the first second while untrained 

subjects expelled 82%. Forced expiratory volume for one 

second gives an indication of the maximum force which 

can be exerted by the chest muscles. The musculature 

called upon during maximal exercise might not be called 

upon during the FEV1 maneuver. 

The mean difference in maximum breathing capacity 

between trained and untrained subjects was not signifi

cant. Maximum breathing capacity is a dynamic measure 
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of ventilatory power (Shepard, 1972) which can have a 

wide range of normality, not only because of differences 

in laboratory procedures and equipment but physiological 

differences as well. Maximum breathing capacity depends, 

among other things, on body size, the force of respira

tory muscles, the mechanical properties of the thoracic 

wall and lungs, and on airway resistance (Astrand & 

Rodahl, 1977). It is a measure of the overall ability of 

the breathing apparatus to deliver air. Although increases 

in MBC have been found after training, the increases 

have usually been in swimmers or other athletes involved 

in activities which specifically improved strength of 

the respiratory muscles (Lamb, 1978). It appears that 

training had little or no effect on the MBC of the 

trained women in the present study. 

No significant difference was found between the 

groups in maximum heart rate. It seems that training had 

no effect on this variable; this is in agreement with the 

findings of other investigators (Astrand & Rodahl, 1977; 

Lamb, 1978). It should be kept in mind that in a 

trained individual more blood is going to be expelled 

with each beat of the heart (greater stroke volume) and 

a greater amount of oxygen is going to be extracted from 

the blood that is being delivered (greater arteriovenous 
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oxygen difference). In effect, then, even though maximum 

heart rate may be the same for trained and untrained 

individuals, trained individuals are going to have more 

oxygen available for the working muscles to use. 

Heart rates of both groups reflected the effects of 

aging. When subtracting age from 220, as suggested by 

Fox, Naughton, and Haskell (1971), predicted maximum 

heart rate was very similar to that found in both groups 

of the present study. 

There was a significant difference between the 

trained and untrained groups in resting heart rate. It 

would appear that the bradycardia seen in the trained 

group was influenced by training. Training bradycardia 

is still not completely understood (Shepard, 1972). 

Basic to it, however, is an increase in stroke volume. 

Stroke volume is increased partly because of a greater 

central blood volume, perhaps greater cardiac contrac.:... 

tility, and by increased tone of the veins of the legs 

(Astrand & Rodahl, 1977; Lamb, 1978; Shepard, 1972). 

Additionally, it is generally believed that bradycardia 

is effected through an alteration in the balance of 

sympathetic and parasympathetic discharge (Shepard, 

19 72) • 
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Conclusion 

Based upon the findings of this study, it appears 

that middle-aged women who have undertaken a relatively 

heavy training program can achieve a higher degree of 

cardiorespiratory fitness than has generally been 

believed possible. Middle-aged women can attain a level 

of fitness comparable to less-trained younger women and 

comparable to. many of their less-trained male counter

parts if the women are willing to train diligently 

enough. There seems to be no reason why women should 

slow down their activity levels upon reaching middle-age. 

Indeed, it appears that by maintaining a relatively 

heavy training program, a low percent body fat, high 

maximal aerobic power, and efficient pulmonary and 

cardiac function may result. 

Recommendations for Future Studies 

For further study of the cardiorespiratory fitness 

level of trained middle-aged women, the investigator 

proposes the following recommendations. 

1. Replicate the study to include women in the 

50-60 year age bracket. 
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2. Replicate the study with untrained middle-aged 

women and periodically retest them as they train for and 

eventually run a marathon. 

3. Test the present group of trained subjects 

longitudinally. 

4. Determine anaerobic threshold using invasive 

and noninvasive techniques simultaneously. 
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35 

l' 
37 

3S 

l~ 1c:..~ 5J.7~ l9.~l 4l.J J.so 

32 1oc.s sa.2c 19.01 c7.l 3.59 
~7 ~72.9 64.90 2!.77 50.8 3.91 

41 169.6 5{.9~ 8.10 50.0 3.SS 
lS l60.l ~A.32 13.38 41.9 3.24 

4~ 1t,.l 51.:2 17.15 ~2.50 3.Gl 

'' 1~3.2 51.11 14.52 44.~0 J.86 
co 162.2 ~a.•2 7.a4 44.60 3.95 

~1 17,.1 ·~-14 14.93 41.80 3.93 

34 !78.5 f.2.25 13.C6 54.10 4.45 

31 17~.~ 5~.61 lC.l~ SJ.~ 3.S2 
•lS 1~7.i ~9.41 !!.02 44.0 3.29 

3& 1o7.7 i1.~2 !5.C1 ~6.5 4.25 
Cl 16~.6 48.30 6.8£ 45.0 l.9l 
44 !6i.8 ~4.51 l~.l~ 4E.2 3.9& 

32 !£~.c 56.72 2~.~s 4!.7 3.93 

Cl l7l.l ~9.iS 1~.74 <l.O 4.12 

l& 160.5 4~.3~ 15.23 41.80 3.S5 
~t :£!.~ 51.~5 !5.&4 4i.3o 3.53 
cJ 1•).0 t~.:s 2t.,l 4S.t~ 4.01 
~l l&~.~ ~l.~& 12.77 ~7.CO 3.84 
43 !6a.& 5~.87 15.63 c6.2o c.~9 

31 159.0 51.14 \8.60 C1.6D 3.18 
lS 15E.S ~~.17 11.5~ 4~.40 3.S3 
40 171.6 62.68 1~.21 53.10 4.09 

4~ 157.3 57.22 li.03 43.00 2.87 
34 !&l.7 51.6~ 19.99 4l.l0 4.33 

44 1G7.6 5,.93 ll.01 46.00 3.92 
~3 15~.9 ~5.1G 10.48 <0.4 3.3~ 

3~ lSS.l 5~.10 1<.36 <6.(0 3.82 
39 172.3 Sl.82 17.02 <4.70 3.83 
37 1~1.2 50.31 1J.60 43.~0 3.37 

31 160.& 51.12 13.90 , •• o 3.22 

~2 l&o.& 5~.sa 16.~0 47.40 4.14 
3~ 163.o ~l.cs 11.a2 46.10 J.&o 

32 1&G.5 51.27 lo.37 42.~ 4.01 

<4 !75.2 sa.sa 15.91 49.2 4.48 

35 163.5 5,.c, !3.70 -- 3.53 

To1ble 7 

RdW DAta for Tr~ine~ Croup 

·----------------------------··--
FEV1 MBC iUIR MIIR Hct Hb VO~ cax A':' 
(1) (l•oin-1 ) (b~) (~.m) • (mq•cn-1 ) (l•na.n-1) ;~.;.,.-t.:.n-lt(hl•it.;-I.r..in-;!.):\ vo2 :ax) 

3.08 
3.21 
2.78 

3.31 
2.7~ 

3,04 

3.00 
3.34 

3.48 
3. 8~ 
3.-&6 
2.71 

3.50 
3.:!4 

3.2S 

3.09 
3.37 
2.97 
3.22 

3.:.5 
3.29 

3.2S 
2.91 
2.90 

3.07 

2.33 
3.88 

2.67 
3.00 

3.38 
2.95 
2.87 
2.80 
3.28 
3.07 
2.43 

3.69 
2. 76 

1H 

115 

103 
129 

1:14 

.ll4 

120 

1&4 
139 
130 
135 

118 

106 

115 
147 
104 

l\8 

101 

120 

137 
117 

HO 
126 

98 

1~9 

uo 
130 

122 

136 

llS 
114 
116 

103 

97 
129 

103 

134 
136 

53 us 
us 190 
46 1GB 

:iO 160 

u 186 

41 188 

~' 176 
52 184 

54 1&2 

52 188 
69 190 
54 leB 
56 183 
63 lBS 

57 178 

67 \94 

53 168 

36 12.7 

44 H.7 

Cl 13.7 
36 12.3 

0 14.5 
.a H.O 

40 13.4 

39 13.1 

40 13.6 
41 14.3 
,:\9. 13., 

42 H.l 

39 13.4 

39 13.1 

38 13.2 

41 14.3 

u 14.7 
59 180 38 
55 168 38 

6 1.82 41 
39 178 
48 174 40 
cs l 74 39 

.ca 190 l9 

74 l!l4 41 
(6 182 39 

73 178 40 

n 1u n 
7~ 180 39 

62 190 36 

G2 174 40 
6l 176 39 

38 1" 39 
54 180 38 
57 180 44 

51 184 4l 

56 168 42 
57 173 l9 

u.s 
13.4 

14.3 
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13.1 
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13.0 
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13.0 

12.3 
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2.91 
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2.!'~ 
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3.00 
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2.97 
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2.87 

2.18 

3.08 
3.39 

2.92 

2.1i4 

2.70 

2.93 

• 3.2& 
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:.84 

2.98 

2.29 
2.96 

3.34 

3 • .U 

2.95 

50.52 

ca.&J 
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52.95 

65.24 
57.25 
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45.11 

54.86 
55.44 

60.79 
61.77 
66.73 
5~.59 

49.44 

51.41 
59.84 

58.27 
49.29 
57.50 
52.26 
42.74 

63.96 

54.26 

50.52 
51.26 
51.02 

64.97 

60.15 
48.29 
56.U 

sa.Ju 
51.06 
55.38 

65.19 

5~.33 

s'·'s 

2CLU. 

21..13 

30.51 
24.91 

2:1.36 

2i.Sl 
27.80 

33.68 

'-2.40 
2,.08 
23.119 
28.95 

27.67 

28.16 
23.67 

21.52 

26.-'l 
2i.57 
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25.16 
2:!.6"1 
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22.11 
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26.45 
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2l.29 
23.06 

26.61 

26.38 
26.77 
27.63 

28.71 
27.21 
27.,6 

3!..38 

2S.U 

2'·" 

41 

43 

s.a 
47 
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50 
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ca 
cs 
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.;] , .. 
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4C 

.u 
51 
39 
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49 

4S 

46 

4l 

u 
41 

4l 

55 
49 

49 

53" 

50 

48 
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45 

' I 
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Ac;e Ht 't\t Fat LS.'I 
Subject (::fr) (c:ol Clt9) (\) (k91 

1 

2 

l 

~ 

s 
6 

7 

a 
9 

34 173.3 57.24 27.71 40.24 
15 ltO.l ~1.1~ 20.98 C0.60 
32 l69., 68.~j 25.~0 51.eO 

ll 163.9 5(.80 20.63 43.~0 

4! 1£4.0 71.72 35.01 4S.GO 
32 163.8 57.9 24.77 43.60 

l! 161.0 58.30 27.~2 42.00 

12 1~G.u 57.34 29.26 co.2o 

37 15£.2 6~.3 2~.38 <9.EO 
10 39 161.9 5;.1o 32.Q4 37.40 
11 42 161.6 7J.oa 34.62 48.00 

FVC 
Cl) 

12 \ 44 1,3.3 S2.9C 23.68 40.10 3.74 
13 : • 3S 168.1 75.~0 3l.Ol 51.30 
14 3a 165.3 £5.70 28.!6 47.30 

15 '2 162.2 58.89 32.20 43.30 

16 39 173.7 67.10 )0.04 46.80 

17 

18 

n 
20 

2! 
22 

:u 
24 

25 
26 

27 

28 
29 

30 
Jl 

32 
33 

34 

3~ 177.( 91.60 17.45 50.00 4.)5 

lS 1~7.6 r.c.&o 26.96 47.90 

JS 

41 ~t2.l &C.~G 24.1< 4&.~0 

38 ltl.o s;.1o 22.69 <2.30 
41 1G6.C 71.90 29.15 51.70 
38 16l.~ 58.90 21.95 46.80 
l3 167.2 ,o.7o 4!.90 s2.aa 
ll 169.6 69.40 26.70 ~0.90 

35 1~8.8 52.40 22.)0 40.7~ 

41 16).~ 71.70 30.70 49.70 

ll 1r.2.2 ~<.10 25.1G 40.50 

4£ 11;.o 63.20 21.10 4&.10 

41 166.8 61.80 2~.10 43.80 
lS 17~.9 54.10 1~.90 4l.l0 

47 159.5 49.40 21.90 38.60 
35 160.9 <8.21 22.00 37.60 
42 165.5 58.41 28.03 42.04 

42 164.7 66.44 32.80 4C.65 

44 15~.7 57.32 34.10 37.80 
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3.62 

3.47 

3.67 
4.09 

5.12 

3.61 

l. 71 

3.22 
3.70 
3.25 
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3.80 
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3.28 
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2.G4 

2.74 
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Tabla 8 

Raw Data for Untrained croup 

MBC RHR MllR Hct Hb V02 cax AT 
Cl•min •ll (bpm) (bpm) \ (mq•d1-1 ) (l•min-1 1 (ml•ltg 1 .1ftin-x).'"!'(-llll~·k:-9-.-=-~x.!:.:..:.::u.n-:-. ~-~xr-:,~,~,~,:."":"._,=::-2-m->lx~):-
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90 190 
90 190 
59 175 
79 175 
72 

so 
·n 

63 

74 

74 

62 
77 

75 
68 
62 
67 
60 

79 

176 
178 
200 

185 

185 

184 
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34.81 
26.15 
27.08 
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29.53 

31.4: 

33.72 
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TRAINING HISTORY QUESTIONNAIRE AND 

INFORMED CONSENT FORl-1 



NAME 

97· 

TRAINING QUESTIONNAIRE 

AGE ----------~DATE. __________ _ 

. ____ 10 Ker _____ _ : ( Chack one) 

TRAINING HISTORY 

Number of Marathons P.un_ Date of' r~irst. ___________ _ 

Date of Most Recent ___ _ 

My best marathon time is· Date. _____ _ 

My body weight at that time' was _____ _ 

Number of 10 K's run. _________ (~ess.t·h~n five, ·more" thRn' five) 

Date of First. _________ . Date of Most Recent._·'---------

My best 10 K time is. __________ Date. ____ ,_··-·------

~ty body weight at that,time was. _______ _ 

I have been a runner for ______________ ___ years. 

J have trained seriously for-------~--- years 

What is the maximum number of miles you have ever run in one week? ____ _ 

What has 'hcen your average weekly mileage for the past six months? ____ _ 

~lhat do you consider the best part ·about your ''running life"?· What is the 

worst part? ___________ ~~----------------------------------

Jr10TIVES FOR RUNNING MARATHON __ OR 1 OK_-..-__, __ 
Please rank your motivcs--1 being the most important, 2 next in importance, etc. 

Run to win Run to set personal best time 

Run to finish (time unimpor,tant) ___ Run. to meet people and have fun 

Run to satisy ego ___ Other 

During the \'lhi t.e Rock Marathon I plan to do the following a 

Carbohydrate load before the r4ce 

Drink \\otcr during the race 

Drink sui.""lr solution during "the race 

Drink caff('ino (pre-r:lce) 

Drink cafre ina ( duriJ,g tho .race) 

Othcra (plcnsc explain) 

yes _______ no ______ _ 

yes _____ no ________ _ 

· ·yea_·_. ___ no ___ _ 

yes ___ no. __ _ 

yes_;.. __ no ______ _ 

····--· . ··---····-········---------:--·· -·--:-· ·-. ----.. 
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INFORMED CONSENT 

To evaluate cardiorespiratory parameters, each 
individual consents, voluntarily, to: 

1. Perform an exercise test. Before being 
tested, she is questioned.regarding previous health 
problems and date of last physical exam and has an 
electrocardiogram recorded (to show whether or not testing 
should proceed). She then walks ·on a treadmill, with 
speed and gradient increasing every 3 minutes, until the 
limits of fatigue and/or other symptoms are of such 
severity that she should stop the effort. The elctro
cardiogram will continue to be monitored while she is 
exercising. Expired air will be collected and oxygen 
intake determined during each minute of exercise. Risks 
of treadmill testing include fainting, abnormal blood 
pressure, weakness, local fatigue, possible muscle strain, 
and, although remote, possible heart insult. 

2. Undergo an evaluation of body fat through the 
hydrostatic technique. The subject, wearing a bathing 
suit, will sit in a tank filled with water to the subject's 
neck level. On instruction, she will blow all possible 
air out of her lungs and submerge her head in the water 
until a reading can be taken. The risk is that water 
might get into the subject's nose and/or mouth causing 
temporary discomfort. 

3. Undergo an assessment of resting respiratory 
values. The subject will do a series of inspirations 
and expirations into a mouthpiece connected to an 
electronic spirometer. The risk involved is discomfort 
due to the needle's insertion. 

Laboratory supervision by the investigation should 
protect each participant from any anticipated injuries. 

A benefit of testing is quantitative assessment 
of various parameters directly and indirectly related to 
physical fitness. Knowledge gained can facilitate 
further activity planning which requires cardiorespiratory 
function. 

Both the right to withdraw from the tests at any 
time and the right to withhold confidential information 
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without consent are assured. The welfare of each person 
will be protected. 

No medical service or·compensation is provided to 
subjects by the University as a result of injury from 
participation in research. 

Consent 

Hav..ing read the information statement and having 
had the opportunity to ask questions, I hereby willingly 
consent to be tested in this study. 

Date _______________________ Signed·----------------~----------

Time Witness· ----------------------- ---------------------------
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TEXAS WOMAN'S UNIVERSITY 
Box 23717 TWU Station 

Denton, Texas 76204 

HUMAN SUBJECTS REVIEW COMMITTEE 

Name of Investigator :--I.il.Lllp.to.u_. ______ Center : . ..Dentu.a.u.n __ _ 

Add r c s s : ..... t9.0k ... S.pJ:.iug_Y Lllky_.Rarui.__ ________ Datc:_z~-------

Denton, TX 76201____ __________________ _ 

Dear Ns 1lpt-on 

Your study entitled The Cm:dio..resp·jrntory }:i.tness revel of.,MiDdle-

has been reviewed by a committee of the Human Subjects Review. 
Committee and it appears to meet our requirements in regard 
to protection of the individual's rights. 

Please be reminded that both the University and the Depart
ment of Health, Education, and Welfare regulations typically 
require t~at signatures indicating informed consent be obtained 
from all human subjects in your studies. These are to be filed 
with the Human Subjects Review Committee. Any exception to this 
requirement is noted below. Furthermore, according to DHEW re
gulations, another review by the Committee is required i~.your 
project changes. 

Any special provisions pertaining to your study are noted 
below: 

~Add to informed consent form: No medical service or com
pensation is provided to subjects by the University as a 
result of injury from participation in research. 

___ Add to informed consent form: I UNDERSTAND THAT THE RETURN 
OF MY QUESTIONNAIRE CONSTITUTES MY INFORMED CONSENT TO ACT 
AS A SUBJECT IN THIS RESEARCH. · .. 

, The filing of signatures of subjects with the Human Subj;cts 
-------Review Committee is not required. 

___ Others 

-·. 
___ No special provisions apply. 

cc a Graduate School : 
Project Director 
Director ot School or 

Chairman of Department 

Sincerely, 

~'1~ 
Chairman, Human Subjects 

Review Committee 

at Denton 
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MEDICAL 
HISTORY 
QUEST£0f\iftlAIRE 

INSTITUTE fOR AEROBICS RESEARCH 
tUOO PRESTON ROAD 
DALLAS. TEXAS 75Zl0 

This is your medical h1nory form for your visit to The lnst1tute for AerC:t>ics Research. All informa· 
tion wilf be kept conf1dentail. The dcx:tor or exerc1se phyuologin you see at the lnst•tute w.ll u~ this 
intormatiou m his evaluation of your health. You will want to "'ake it as accur,l!e and complete as possible, 
yet free of meamnglen dt'litlls. Plc&lt t.ll out th1s form r .• uefully and thorouuhly. Then check it over to be 
sure you hlven't left out anything. 

Note: Please print all responses so that your data will ~ conlP•tible with computer storage and 
enalysis. 

... 

Name ------------------------- E11am Oat• 
______ ,19 --

_ ... 
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INSTITUTI:: FOR Ar:nOBICS RF.SEARC!i 

Patient Medical History Form ~z:~~A~~~f~T::S ~~~:3~ ,--------------------·-, 
AJIInfOtm6tion i1 pri~tl •nd conlidmti•L Pill~ Print. 

I. GENERAL INFORMATION 

n ~ :::,':~:::"~'-•_.E . .._.~..._.__.__.,__.__.---l'--1-..1~ 
¢ ..... 

~_.~~~~~~~.} 1~"~-L~~~~~~~~-L-L-4~·~~.1 ........ .... .. 
£? D•. ADDRESS 

~!:.. .. I e I . I I I I . I . ~ 
I 

" 
I ~ I . I • I .:::. 

I ~ri~I-LI-1~·~·~•~-L-L~~~~~~.L-1~· 
~ye•;JON£'"'"•t•• "·•·•·I SOCIAL SECURITY NUMBER TOOAV'S DATE 

( • __ L.._jt ~-I I I t..,r-......J- LJ.._J- I I • 

~-

DATE OF 811\TH 

... 1 ~..1.-Y 
EJ ..... ,. ..... "··· 

I I I I I I 
M'.:.t ..... W. • •• :• 

FAMILY PHYSICIAI~ 

Ot. . I 

'a' I I t e I I I I I I I I I I I 
u PHONE ................... 

"nltl...._, -''-"':-I ~'-~ ..&.1 --&-,_......._~ ........... _._......_.__._......_Lr.-'111 llnr' ~~ ( ~~ ~ -I....._...__._~ . .,.,.JI 
en• •t••• ••• c••• •••,. c••• 
lley "' Hnd a copy of your consult to your physici111? vesQ 

MARITAL STATUS 

Marrilir Q Divorced Q Wtdowed Q 
lEX I 

.. Q PRESENT AGE~ 
EDUCATION CCtleck h~hnt lewl atta•nectl 

.. 0 Grldt School Q High Scllool CJ Co!lrge Gnduatt 

Q Mior High School 

OCCUPATION 

'•' I I e I I r t I l I e I 

1!!1 .... I I I ! e 1 I 

lUPLOYER'S ADDRESS 

Q Two"'ltr Colle;e (or 4..,ur rollrge: Q Portgl'llduett School 
degrte not compleudt 

I I 

" 

FOR OFFICE US£ OI'ILY 

OCCUPCODE 0 

I.e I e e 1-LI-LI-LI_._._._.-L~-L~~-L-L-L-L~--1,_.-L-L-L~~ 

-•• - u-•• BUSINESS f'HONE 

E!J lu 1 1 1 1 1 I I 1 1 I 1 I 1 1 1 I .. I ~ I •• I I I I A I ( L.r.a-..-Y, l._.J-L-1- '-1 -'--"--":' -~· .. ,.... ..,. .... . ... ,. .... en• 
What h/art your purpowht in coming to tht lnnituttl 

~ To patticipate In 1 flsurch study. 

Q To deunnint my current levtl of physi"llltncn end to receive recommendlltionr fOf' en txarcue prooum. 

Q 01her (pleew eapl1in): I ' 

~~~~~--L-~~-L~~~~~~~~_.~--~~~-L~~~~~~-L~~~~._._~• . .J 
E!J• 

~~-~~~--L-._~-L~~~~L-~~~~~~~L-~-L-L_j~~L-L--L-L~~L-L-~~-L~--~, 

PLEASE PRINT 
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Modi~l History 

PRESENT IIISTOAV 

Olltek the b.lr. In front of tl>ose qutuions to wflich your enswer is yes. luvt others blank. 

~ 
Hn 1 d()(tor ever s.au1 that your blood pressure was too hioh or too low? 
Do yo11 tver hh•<! Nin in your heert nr d•e•t7 
Are you often bothered by 1 thumpifl9 of tht heert7 
Doe~ your hun oflen race like mad1 
Do you ever notice '""' heart beats or tkipped brats? 
Are your ankles olttn badly swollen? 
Do cold hind' or fret trouble you even in hot -tther7 
Has 1 doctor ever s.1id that you had or have t>c.oart trouble, 
~ 1bnorma: ele,trocard,ogram !ECG or EKGI. hurt attac:lc, or coronary) 

~ 
Do you suffer from frequf'nt Cfi"'IX rn •tour tc.Js7 
Do you often tr.·~e difficulty breathong) 
Do you get out of bruth long beiOtll enyone el~7 
Do you sonwtimts tet out of breath when sotting still or sleeping? 
Hat 1 doctor ever told you your choii!Uotrol level w1s high? 

eomm.nu: ~~~~~-L-L-L~~~~~~~~~~~~~~-L~~~~~~~-~~~._~~~~1 
[!!] 

I I -
[J!J 

I I .. 
I a I 

OI1 
I I 

' I . 
Do you notY hr1 01 have roo~ recently Nd: 

~ 
A chronic. ruurrtnt or mOtnong cough? 
Any fflosodt of tou9fling up ble»J7 
lncttutd 1n11;ety or dlprusron7 
ProblePis with rtcUtrtnt ftlt9Uf, trouble sleeping or incttued 
hitability7 

~ 
Migraine or rrcurrtnt hudaches7 
Swollen 01 pa:ntul kii'!H or enkles7 
Swolltn, Iliff or parnful jointtl 
Pain irt your ~s ahc.or welking ,t1oft drstlocn7 
Bade pain? 
Kidney problems such as paning stone1. burning, incruted frequency, 
decnated forte of strum of difficulty in 1t11tif'g or stopping vour ttre1m1 
Prostatr trouble lmtn onlyJ7 
Any aromun or intt,til'lltl problems such u recurrent heartburn, 
llfcrra, eottUipetion Of doarrhtl7 
Any sigt~ifoeant vition or he•ring problem7 
Ally r~et"t cNngt in a wart or mole7 
Glaucoma or inctca~td prenwe in the evesl 
E•posurt to loud ltOi~n for long periods? 

Comrneflts: · ... I I 

••• I I 

WOMEN ONLY .,_, IN following: 

Do you have any momttrual periOd problems? 
Do you have problems wnh rKUrrrnc itch•"9 or doldllfee1 · ' 
Did you h1.,. tny l•'l'ulicant chrfdbirth probfrmsl 
Oo you have any btun dotcltervea or lumpsP 
~you tomttlfftll lolf' Utone wtwn you c.ou:lh • .,..,. or ll\lllhP 

1'111,. tlvt IIUfnbtr of: Prtgnancies ~~ Living children 1..r-J First day of lett L,.......,a.~ 
ft1Cnstrual period ....... ••• •••• 

O.• of tnt ~lvie eum 1rd/01 PIC'S smear: month ~ ynr 19 Y-' ~~~~~Normal Q Abnonnll Q 
Collwnlnh: ' .. ' I I 

·-· t t 

PLEAS£ PRINT 

,. 

,HI 

· .. ' 

· .. ' 

t I u 

· .. ' 

· .. · 
I I .. 
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MD~ and WOMEN answ~:r the following: 

[----·----------fli]-· ............. IH ....... IO .. UI PO• OOOICO .... .,., •• 

. [-;:.~ ... ~ .......... ~ I ... ~~~-~--i:-·-f-:;-T::~". J. 
I • I I_,_ I I 2 • 5.J.!::~.l!..LB . .. 

Lin any pre.ocribcd nll!die,;ations you aee now takin9: 

~·.~,L'-1~'~'~1~1~-4~~··~·~·~~-L~-h~~~~~~~~~-J-~ 

,.J 

Lkt 1ny sell-prew1~ m~ocations or dietary suJ'plernenu yo~ are: now taking: 

[ill ~..I- I .. I 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I.., . 

Date of last complete rhysicl!l cxamin.1tion: •-.-.--· 19 ... o...J .,never Q can't rerr.cm!Jer 
I 

Q1.,Normerl (l Abnormal 

Iii! "'onth 'l'e•r I 
Oate of lut chnt x-r~y: Ll:.,...-_; 19 , . ..__) never 0 can't remember Q1 .. Normal Q f,IJnormal 

II I 
inonth ye., 

'I I Date of last electrocardiogram: '-•·---J 19 l"..._J ,.never Q can't rr.memi.Jcr L1~ I ,.Normal Q Abnormal 
month ve• 

Dare of last dental check·uP: l ....... J 19 L ,._J .. never Q can't remember Q: .. Normal c;-J Almnrmal .. 
month vur 

Lkt any other medical or di,gnouic tcil you have had in the past two yurs: 

[}TI ~. I I I 
I I • •• f 

£E) 
I 

I p 

I .. I I . ~.~~~~~~-~ 

~~~~~~~~~~~~~~~~~~~~~~~~·I~ 

lin h0$pitaliutions iri:luding date~ of and reasons fOf hospitllintion: 

G ~ .. ~·~ ~~·~~_.~~~-L~~._L~.~ 

~·-~·~-h~~-~~~~~~~~~~~~~~~-~~~~·_.1-h~~~~~~~ .. ' 

I I 

~·.ft·~·~~~~~~~~~~~~~~~~~_.-L~.~~~~~~~~~~ 

L·-~1-L~~~~~~L-~"~~~~~~~~~~._~~~~~~~~~~ 

Ust any drug allergin: 
~~~~_..._~~~~~~~~~~~~-L~~~~~·~' 

DB ~~~~~~~~~~~~~~~~-~~~~ 

H~ you ever had: 

Rh~urnatic F~r 

Uurt murmur 
Di~atn of d-e lfterirs 
Varico~ veins 
Arthritil of legs 0# 1rms 
Di•bctn or lbnotmal blood su~r tc:lt 
Phlebitis 
Diu inc:n or fainting spells 
C piler11v or f1U 

Stroku 
Oiphthflia 
Scarlet frvwr 
lnfectiolll monCII'UCieosis 
Anem1a 

Comrn.ntt: 
Ji 

PAST HISTORY 

PlEASE PRINT 

,. 

Thyroid problems 
rneun~onia 

Bronchitis 
Asthma 
Abnorm~l chest x·ray 
Other lung d1srasts 
Jnjuri~l to b.ck, arms, IL·gs or ioonts 
Broken bones 
J01undice or g.1llbladder problems 
Polio 
Urln<~ry tract info:ctions, kidney 'tones. 
01 prostate~ problt'ms. 
Any 11ervous or emotional probt~ms 

I I u 

· .. ' 

r;J 
Q 

[~ 

Q 
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,...----------------·----··----. 
•• ., ..... , ... , .. ,..,.,, ••Ac•a•o" or••c• vt• o..:.Lv. f 

PAti•IIIT NVM••• vntY c••• P'o•"' f'L·,,..,c t IM\Jic~l Hostory 

FATttER: 

UOTHER: 

Alive rJ 
Dttem~· LJ · 
Alive ,,LJ 

•'Deceased l~ 

FAMILY MWICAL t-IISTORV 
r--rt·-r·-,---r-r·T --J4~oJMTo .,. ·=z• 'illj 4 

J.-'-...1...-.L..-1-J • ...l....,._ - - _:LJ ... 1._. 
t . .. 

0 0 [ 1 (:-"1 don't (-: 
Current 1ge Lii.L.o..L. • .I Gener~l hnllta now:, ucc!lent , good , lair 

1 
J poor ~.J· lwow 

1
1 

c~u~· of d~~·h or rra!on 
Agr. at duth l;,-1.-l-J fur poor h•~•th uow: ~il..L.l-l ...LLJ-l • ..LJ-~1-J.....L. .I •. L ...1. 1-l-L-L-l-L •. o • .J.-J. • .J.i• i 
Current ~~ L • .1.-.!...J Grne111 httlth now: , ucellrnt 0 good [] lair 0 ponr 0 :~~~ 0 

" Caus~ of d~ath or ll:dSUn , 1 1 • 1 

Age at death t-.,J--L-1 lor poor health nuw: ~.L.L-l.J • .J_t .J...J.....J. .... L-..J..-J-l • ..a •..••• J....J . ...t..L..J-~o...J .J. .............. . 
Health · 

ED SIBLINGS: No. of brothers ';; J_J No. ors;uen l,,.t-1 Agerange '···'-'-I ii.LJ Problems: l.li I • ..:L....t . .J_.J_ L .. LJ._.L-';,-1 
~-1-L-L..I-L.l . .._: • ..L...J.._j_J_.L.t-1-L.l-L.i .• i-.1. .1 .1 _I_J_L.J._J...l-J~.l-.J •. J-J .. .l. l. I I . I .I I l I I .. '-;;-' 

@). 

FAMILIAL DISEAS[S: Ho\'1! any of your blo(ld rr!attve~ h~d ~"\' oi the lollowmg? 
Include gr~ndparents,aunts, and unclu, but nclude tousins, rciJiives by marriage, and half rtl,tives. 

~ 
Hun 111arks or urohsundc1 •gr !10 
Hi!jh blood prrcurc 
Eltvlttd tloolutrrol 
Dilbetes 
Asthma or hay r~ver 

Cornmenb; 
~ 

Con!)enital heart disuse 
Hearl Ol'~lltions · 
Glaocoma · 

· Obc~•ty (:?0 ur n~ore lbs. overweight) 
Lrultmia 01 uncer under age 60 

I I t I 1-J-1 I I I t I I p I t I I ~· 
OTHER HEART DISEASES RISK FACTORS 

SMOKING 
Have you em smoked cigarettes, cigars or 1 pipt? 

If 110, skip lo Diu sect•o:r. " 
yes Q 

Do you smoh pw..e.ttl,·?, yes ~ 1 no Q 
If yoa did or do smoh cigarettes, hcw1 many ptr day? L.L J 
If yov did or do smokt cil)ars, ho""' meny per day? t."~ 
If you did or do smoke 1 pi"'· how many pipefuls pe: day? t.'~ •.• ; 

II youllevr quit smol'ng, when wo:H it? ~.~.;.! .,19 lw.:;j 

DIET 

Wllet do you consider a1ood weight for yo111salf? t., • .._._) pounds 

no Q 

A¥youstartad: ( . .!-_! 
Age you uartrd: ~:..._1 
Age you stilted: L? _j 

·;:--' 

Whet Is the most you "•vt evtr wti2httl? (intludil\g ""''" pregn-ntl ~-~ lbs. 

tol.:..t. N L... • ! ,.... 0 . 11b A 21 "'"'11"1: OW .._._. ua. nt ~ lljO i ii.1.....J...-' S. t age 

AI whauve? l" J. _i yrs. 

l...L.....J._jlbt. .. 
••ber of meals you usually tat per d~. LJ 
AwrJ911111mber of eggs you usually tll~~tr wtek: i ,;-l_j (Do not count those in cooking and baking, calr.ts, castetolrs, tlt.l 

N•rnbtr of timu per week you usually tal: 

lttf t,.._! 
POll L.LJ -

Fish L"'.J 
FO*I ~j 

N11111btr of MmntS (cups, glasses 01 cl'ntain~tsl per wttl you usuelty consume of: 

Hom~nilld (~~a hole) milk t ;/·.I 
SUI. fnon·latJ milk LLJ 
Two perttnl f2% fatl nullt 1"" ,__j 

Do you mr d1i11k alcoholic btvtrll,lel? ytl 0 .. no D 
.. 0 

H yes, trtll1t is '"ur IPPIOJirnatt inll\t of "''" bf!vt:r~s? ·' s ~~.· .. -• o§•,••n 

Har.f Liquor y 0 
'"! 

Dmerts 

f rrnth fried foods 

8UIIIfllllll 

lu (ictd or hot) 

Colin 

AI lilY time ill lht p1:1 *Crt you t htayY drinhr lconsun~tion of I ot. ol hard liquor per day or morel~ 

t--11ra: ~;4-'-'-'- ...r..-&-J...L. I I I I I 

PU.ASE PRINT 

-~. 

Lw 
H 

L;...L-J 

1-L...J .. 
!,_W 

w .. 

I I •• 

110 0 
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EX£RCISE 

liD 
An you cur~nlly invclvtd 1n 1 rcgul~r tlrrtise 11111gr~n:!, yu Ll no rJ 

no 0 Do you rrgJI~rly "'"k or run oo•e tJr more moles rontinc;ous!y? yn y 
If yrs, avtuge no. ol miln YI•U tOVI:I Pf'l worlou111r cliy: L.1 .• 1.! .L •. J miles 

. don~ know C) . 
W1111 is 'WOiil tvflage time Jltr m.lr' •-~-I. . .J :~, minutn: s~runds 

Do you pratlret weighlloltt119 or humt calisthenic,~' 111 Q no (~ 
don't knuw Q 

Arr you now involved in the 1\crul-itt progr•"!! yes r:;1 no Q 
II yn. your Mil~ AtiOitics roinll per wed.: 1~-:~ 

Have youlabn in lhr put 6 mnnths: 0 U minute lUI Q 1.5 mile 0 neither 

If yn, your rnile~ in 1Z minutes: 'i .. ~L._j or your lim11 lor 1.5 miles: ~ J minutes: seconds 
Do you frequently plrlicipatr in tomp~titivt sp;;ls? yes 0 no 0 "'' 

If yes, "'hid1 one or ones? 
.. I I 

0 Golf 0 8owt.ng 0 Tennis 0 Handball 

Q Ba~kttball g Volleyb1ll Q football (}Baseball 
f;J 01htr 1,,-L., 1 ..... -·-·--'- ,__, __ ..._._ , __ ..._._ _ _._-') 

Average numb11 of times''"' month :.u.! J 
Ia which olthc lollowi11g hogh sthool or college ""'riles dod ynu plthtip3te? 

Q None Q football ~) Bult.etball l~ Bauball 

r;;J Track ~_,Swimming Q Tennis [,-}Wrestling 
£1 Other t,.&....&. _ . ..__ ............ -L-1.-J-.t ..... .,L_.__ ... ~ .......... ,_,__...;rj 

Ia wflich ollht following high school or college llhlrtics did you urn 1 nrsirv leiter? 

Q No:tt · 0 Fontball 0 83\kcrball [1 Sr.eball 

0 Trtck 9 St~~timming lj Tennis ·t;;J Wrestling 
OOthe'r I 1 • 1 1 ·-L-~-_.I ... t..•--•-.L....L...L.L~__.... .... .J .. .. .. 

Wlluacciwily or activitlf'Swoulc' yt'u p1rler in 1 ret;ultr e\trtll1 pr~ram tor yourself? 

Q Vlllki!lg tAd/Of running S Bitycliorg loutdcors) 

(;J Stltiorwy tuM•ng [j Sllll!lnary tythng 

~ Jumpint rope Q Haflllball, blsbtb1ll or squash 

0 Olhtr L~-'--'--'--'-...&.--'--L-...J..-L-~J- .t~._,_J - .. -COINIItnll: 1
00 

1 1 1 1 1 1 • 1 1 1 

.. I l 

0 Soccer 

[~Tuck 

Q Soccer 

P, Goll 

[I Sotcer 
!I 
0Goll .. 
0Swimming 

lJ Tennis 

~ .. • 
···' 

Explain 1ftJ oltltuigniliUAI medrcal problems that you tc.nsidel important lor us to knew: 

[~il 

[!_!] 

(TjJ 

E'!J 

[[!] 

[1 .. ~ I 

l~.u 

I II I I . 
I • I 
I 

h I 

l.-

I .. I 

I .. I 
I I . 
I I .. 
I I . 
I I .. 

I I I I 

'-·~-

~ 

__._ ..... I I 1
11

f 

~ ......_ .&.....-~.--'-· I 

I I I 

~...1-....j'--l.....l-..J.I~ 

._~~~-L~~~~--'~-~ 

t t I I I '••' 

~~~~J~~~~I._.L.~~ 

'u' 
• •• J 

'··' 
~ .. · 

I .. ~~~~~~~ .. ~~~~~~~~~~~~ 
I .. I ~ .. ' 
I I . 

PUAS£ PRINT 
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INH>m.1f:D CONSENT fOR EXERCISE TESliNG 

INST!TUfF FOI~ l•t::HOIJICS RESEARCH 
12200 PIH.~H"JN AOAO 
DALLAS, 1T X AS 7 52 30 

Tho undersigned hereby vol.mt:.rily consents to cnrpuc in a maximum cxcrciso test to determine 
maximum oxyg~!t intake .l~HI c~rrJ;ovasr.ular function. Tho t~!>t will bt> monitored continuously 
by an clc:ctrocmdiugr:un rccmdintl <;nd. oscillo!>c:ojlC. This test will facilitate evnluation of cardi· 
opulmo0<1ry functton and a~5i>t th~ physici:m or uxercisf. physiologist in prescribing or evaluating 
cxcrciso programs. It is my lltldCn!anding that I will be questioned and examined by a physician 
prior to taking the test and will be givlln a tC5tin:J clecttocnrdiogram to cx'clude contraindications 
to such testing. 

Exercise testing will be performed by running, w~lking, swimming or riding a bicycle, with the 
workload incrr.~:tsing every fcv: r1linutes until fittiuuo or brcalhlcnness or other symptorns dictf'te 
cessation of th'.l tu~t. Blood pressure and el(!ctroc<trdiogram will bEl monitored by a phy~ician or 
\raint:d exercise physiologiu. In the latter case, a phy:.ician will be readily available in case of 
emergency. 

There exists the possibility that certain channcs may occur during the progress of the test. These 
dlango~s could include abnormi"JI h·~art beats. ~bnor11101l blood pressure and in rare instances a 
.,heart attack", Profcssion.31 care: in selection and supervision of individuals provides appropriate 
precaution against such problems. 

The benefits of such tcstina ~re th'! scientific ilSSP.ssment of working capacity and the clinical 
appraisal of health hazards which will facilit,l\e prescription of conditioning-rehabilitative exer· 
cise. Rr:cords will be held in strict crmfidence from non-medical people (such as employers and 
iluurance a9entsl uO'lless consent is obtamed. The welfare of persons being tested is safl•!Juilrdcd 
by profcnional care and by the availability of emergency trcatr:nent should it be necessary. 

Finally, I permit recistration uf my name for possible lollow·up purposes in the future. 

Further, the undersigned rclca~cs and dischargtls the Institute for Aerobics Research, its officers, 
egenu, staff, faculty, physicians, technicians and :my others connected therewith from all claims 
or damages whatsoever that the undersigned or his representatives may have arising from, or 
lncidont to this test. 

Signed: 

Witness: .. 
Date: -----------------------------

Physician or Exercise Physiologist Supervising Test: ----------------

_,. 



· REFERENCES 

Akgun, N, Tartaroglu, N., Durusoy, F., & Kocaturk, E. 
The relationship betw~en the.changes in physical 
fitness and in total blood volume in subjects having 
regular and measured training. Jou·rnal of Sports 
Medicine and Physical Fitness, 1974, 14, · 73-77. 

American Heart Association. Recommendations for human 
blood pressure determination· by sphygmomanometers, 
1980. 

Astrand, I. Aerobic work capacity in men and women with 
special reference to age. Acta Physiologica 
Scandinavica, 1960, ~, (Suppl. 169). 

Astrand, P. 0., & Rodahl, K. Textbook of work physiology. 
New York: McGraw-Hill Book Co., 1977. 

Barras, J. B. Changes in specific physiological 
parameters in middle-aged women a·fter participation 
in an 3 week aerobically ~rescribed exercise program. 
Unpublished master's thes~s, University of Oklahoma, 
1976. 

Bell, J., & Cowan, G. s. M. Low blood hematocrits in 
male army volunteers during basic training. New 
England Journal of Medicine, 1978, 299, 491. 

Binstock, R. H. & Shanas, E. Handbook of aging and the 
social sciences. New York: Van Nostrand Reinhold 
Co., 1976. 

Brown, B. A. Hematology: Principles and procedures. 
Philadelphia: Lea & Febiger, 1976. 

Brown, B. S., Moore, G. C., Kew, C. K., & Phelps, R. E. 
Physiological and hematological changes among 
basketball players during preseason. Research 
Quarterly, 1974, ~' 257-262. 

Brozek, J., Grande, F., Anderson, J. T., & Keys, A. 
Densitometric analysis of body composition: Revision 
of some quantitative assumptions. Annals New York 
Academy of Science, 1963, 110, 113-140. 

109 



110 

Cherniack, R. M., & Raber, M. D. Normal standards for 
ventilatory function using an automated wedge 
spirometer •. · American· Revi·ew· o·f Re·s·pir·at·o·ry Diseases, 
1972, 106, 38- 6. 

Comroe, J. H., Forster, R. E., Dubois, A. B., Broscoe, 
W. A., & Carlsen, E. The lung. Chicago: Year Book 
Medical Publishers, Inc., 1974. 

Consolazio, C. F., Johnson, R. E., & Pecora, L. J. 
Physiological measurements. of metabolic functions in 
man. New York: McGraw-H1ll Book Co., 1963. 

Cooper, K. H. The aerobics way. 
& Co . , Inc • , 19 7 7 • 

New York: M. Evans 

Costill, D. L., Bowers, R., & Kammer, w. F. Skinfold 
estimates of body fat among marathon runners. 
Medicine and Science in Sports, 1972, ~' 93-95. 

Costill, D. L., Thomason, H., & Roberts, E. Fractional 
utilization of the aerobic capacity during distance 
running. Medicine and Science.in Sports, 1973, ~' 
248-252. 

Cotes, J. E. Lung function. Oxford: Blackwell 
Scientific Publicat1ons, 1979. 

Curtis, L. R. & Otte, J. Feminine and fit. Salt Lake 
City, Utah: Hawkes Publishing Inc., 1975. 

Daniels, J., Krahenbuhl, G., Foster, c., Gilbert, ·J., 
& Daniels, s. Aerobic responses of female distance 
runners to submaximal and maximal exercise. Annals of 
New York Academy of Sciences, 1977, 301, 726-733. 

Davies, c. T. M., & Thompson, M. W. Aerobic performance 
of female marathon and male ultrarnarathon athletes. 
European Journal of Applied Physiology, 1979, 41, 
233-245. 

Davis, J. A., Frank, M. H., Whipp, B. J., & Wasserman, K. 
Anaerobic threshold alterations caused by endurance 
training in middle-aged men. Journal of Applied 
Physiology, 1979, ~' 1039-1046. 



111 

Dehn, H. H., & Bruce, R. A. Longitudinal variations 
in maximal oxygen intake with age and activity. 
Journal of Appl·ied Phys·iology, 19 72, 3 3, 80 5-812. 

deVries, H. A. Physiology o.f exercise. Dubuque, Iowa: 
Wm. C. Brown Co., 1974. 

Doan, A. E., Peterson, D. R., Blackmon, J. R., & Bruce, 
R. A. Myocardial ischemia after maximal exercise in 
healthy men: A method for detecting potential 
coronary heart disease. American· Hear·t· Journal, 1965,. 
69, 11-21. 

Downie, N. M., & Heath, R. w. Basic statistical methods. 
New York: Harper & Row, Publ~shers, 1974. 

Dressendorfer, R. H., Smith, J. L., Merrill, J., Catlin, 
M. J., Carmichael, F., Goodfliesh, R., Borysyk, L., 
Gordan, s., & Timmis, G. c. Quantification of 
exercise responses at anaerobic threshold in healthy 
men: Relation to prescribed training heart rate. 
Medicine & Science in Sports and Exercise, 19 81, 13, 
79. 

Drinkwater, B. L., Horvath, S. M., & Wells, C. L. 
Aerobic power of females, ages 10 to 68. Journal of 
Gerontology, 1975, 30, 385-394. 

Durnin, J. v. G. A., & Wor.mersley, J. Body fat assessed 
from total body density and its estimation from 
skinfold thickness; Measurements on 481 men and 
women aged from 16 to 72 years. British Journal of 
Nutrition, 1974, ~' 77-92. 

Ekblom, B. Effect of physical training on oxygen 
transport system in man. Acta Physiologica 
Scandanavica, 1969, (Suppl. 328). 

Fox, E. L. Sports physiology. Philadelphia: w. B. 
Saunders Co., 1979. 

Fox, s. M., Naughton, J. P., & Haskell, W. L. Physical 
activity and the prevention of coronary heart disease. 
Annals of Clinical Research, 1971., ~' 404-432. 

Getchell, L. H., Kirkendall, D., & Robbins, G. Prediction 
of maximal oxygen uptake in young adult women 
joggers. Research Quarterly, 1977, 48, 61-67. 



11'2 

Getchell, L. H., & Moore, J. C. Physical training: 
Comparative responses of middle-aged· adults. A·rchi ves 
of Physical· Medicine· ·and "Rehabili't·ation, 1975, 56, 
250-254. 

Goldman, H. I., & Becklake, M. R. Respiratory function 
tests: Normal values at median altitudes and the 
prediction of riormal results. Ame·rtc·rut Review of 
Tuberculoses, 1959, 79,· 457-567. 

Hagan, R. D. , & Gettman, L. R. ·p-ulmonary vent·ilation and 
the determination of l"ac·t·a·t·e thre·shold "during 
incremental-load work. Unpublished paper, 1980. 

Hagberg, J. M., Coyle, E. F., Miller, J. M., Carroll, 
J. E., & Martin, W. H. Ventilatory threshold without 
increasing blood lactic acid levels in McArdle's 
disease patients--anaerobic threshold? Medicine & 
Science in Sport·s and Exercise, 19 81, ·13, 115. 

Hermansen, L., & Anderson, K. L. Aerobic work capacity 
in young Norweigian men and women. Journal of Applied 
Physiology, 1965, ~' 425-431. 

Higdon, H. Fitness after forty. Mountain View, Ca.: 
World Publications, 1977. 

Jackson, A. s., Pollock, M. L., & Ward, A. Generalized 
equations for predicting body dehsity of women. 
Medicine & Science in Sports and Exercise, 1980, 12, 
175-182. 

Jordan, D. B. Analysis of exercise stress test responses 
of adult women marathon runners. Journal of Sports 
Medicine, 1977, !2, 59-64. 

Kavanagh, T., & Shepard, R. J. The effects of continued 
training on the aging process. Annals of New York 
Academy of Sciences, 1977, 301, 656-670. 

Keys, A., & Brozek, J. Body fat in adult man. 
Physiological Review, 1953, 33, 245-325. 

Kory, R. c., Callahan, R., Boren, H. G., & Syner, J. C. 
The Veterans Administration-Army cooperative study of 
pulmonary function: I. Clinical spirometry in normal 
men. American Journal of Medicine, 1961, 30, 243-259. 



113 

Kuscsik, N. The history of women's participation in t:he 
marathon. Annals of New York Academy o·f Sciences, 
1977, 301, 862-876. 

Lamb, D. R. Physiology of exercise: Responses and 
adaptations. New York: Macm~llan Publ~shing Co., 
Inc., 1978. 

Lindall, A., Medin, A., & Grismer, J. T. A reevaluation 
of normal pulmonary function measurements in the adult 
female. American· Review of 'Re·spirato·ry Disease, 196 7, 
95, 1061-1075. 

Lindemann, R., Ekanger, R., & Opstad, P. K. Hematological 
changes in normal men during prolonged severe exercise. 
The New England Journal of Medicine, 1978, 299, 1191-
1192. 

Martin, B. J., & Stager, J. M. Ventilatory endurance in 
athletes and nonathletes. Medicine and Science in 
Sports and Exercise, 1981, 13, 21-26. 

Morris, J. F., Koski, A., & Johnson, L. C. Spirometric 
standards for healthy non-smoking adults. American 
Review of Respiratory Disease, 1971, 103, 57-67. 

Naimark, A., Wasserman, K., & Mcilroy, M. B. Continuous 
measurement of ventilatory exchange ratio during 
exercise. Journal of Applied Physiology, 1964, ~, 
644-652. 

Needham, C. D., Rogan, M. C., & McDonald, I. Norman 
standards for lung volumes, intrapulmonary gas mixing, 
and maximum breathing capacity. Thorax, 1954, ~, 
313-325. 

Novak, L. P., Hyatt, R. E., & Alexander, J. F. Body 
composition and physiologic function of athletes. 
Journal of the American Medical Association, 1968, 
205, 764-770. 

Patton, R. w., Heffner, K., Baun, w., Ayres, J., Gettman, 
L., & Raven, P. Heart rate as a predictor of 
anaerobic threshold ~n runners and nonrunners. 
UnpUbl~shed paper, 1979. 



114 

Plowman, s.,~ Drinkwater, B. L. I & Horvath, s. M. Age 
and aerobic power in women: A longitudinal study. 
Journal of Gerontolo·gy, 1979, "34, 512-520. 

Pollock, M. L. Submaximal and maximal working capacity 
of elite distance runners. Part I: · Cardiorespiratory 
aspects. Ann·a·l·s ·of• N"eW York A"c"ademy· b"f" sc·i·ences I 
1977, 301, 310-322. 

Pollock, M. L., Gettman, ·L. R., Jackson, A., Ayres, J., 
vlard, A., & Linnerud, A. c. Body composition of 
elite class distance runners. Annal·s ·o·f New· York 
Academy of Sciences, 1977, 3·01, 361-370. 

Profant, G. R., Early, R. G., Nilson, K. L., Kusumi, F., 
Hofer, V., & Bruce, R. A. Response to maximal exercise 
in heal thy middle-aged women. ·Journa·l· o·f· "Applied 
Physiology, 1972, ~' 595-599. 

Puhl, J. L., & Runyan, ~\T. S. Hematological variations 
during aerobic training of college women. Research 
Quarterly for Exercise ·and Sport, 1980, 51, 533-541. 

Radomski, M. W., Sabiston, B. H., & Isoard, P. 
Development of "sports anemia" in physically fit men 
after daily sustained submaximal exercise. Aviation, 
Space, and Environmental Medicine, 19 80, 51, 41-45. 

Raven, P. B. Pulmonary function of elite distance 
runners. Annals of New York Academy of Sciences, 
1977, 301, 371-381. 

Raven, P. B., Drinkwater, B. L., & Horvath, S. M. 
Cardiovascular responses of young female track 
athletes during exercise~ Medicine and Science in 
Sports, 1972, !' 205-209. 

Runyan, w. s., & Puhl, J. Relationships between selected 
blood indices and competitive performance in college 
women cross-country runners. Journal of· Sports 
Medicine, 1980, ~' 207-212. 

Rupp, J. c. Anaerobic threshold measures: Variance 
between method and sex. Medicine and Science in 
Sports and Exercise, 1981, 13, 69. 



115 

Senay, L. C., & Kok, R. Effects of training and heat 
acclimatization on blood plasma contents of 
exercising man. Jou·rna1 of Applied Physiology, 1977, 
il, 591-599. 

Shepard, R. J. Alive man! The physiology of physical 
activity. Springfield, Il.: Charles C. Thomas 
Publ1shers, 1972. 

Sloan, A. W., Burt, J. J., & Blyth, c. s. Estimation of 
body fat in young women. Journal' of Applied Physiology, 
1962, 17, 967-970. 

Sucec, A. A. Horizontal treadmill protocol for concurrent 
determination of VO max and anaerobic threshold for 
male and female disfance runners. Medic·ine and Science 
in Sports and Exercise, 1981, 13, 6 • 

Upton, S. J. Unpublished data, 1980. 

l.Voigt, A. E., Bruce, R. A., Kusumi, F., Pettet, G., 
Wilson, K., Whitkanack, s., & Tapia, J. Longitudinal 
variations in maximal-exercise performance of healthy, 
sedentary middle-aged women. Journal of Sports 
Medicine, 1975, 15, 323-327. 

vJasserman, K., Whipp, B. J., Koyal, S. N., & Beaver, 
w. L. Anaerobic threshold and respiratory gas exchange 
during exercise. Journal of Applied Physiology, 
1973, ~, 236-243. 

Wells, c. L., Muchabac, L. H., & Krahenbuhl, G. S. Body 
composition and aerobic requirements of male and 
female. AAHPERD Abstracts of Research Papers, 1980, 22 
(Abstract) • 

Wilmore, J. H. The use of actual, predicted and constant 
residual volumes in the assessment of body composition 
by underwater weighing. Medicine & Science in Sports, 
1969, !_, 87-90. 

vlilmore, J. H., & Brown, C. H. Physiological profiles 
of women distance runners. Medicine and Science in 
Sports, 1974, ~, 178-181. 



116 

Wood, P. D., .Haskell, w. L., Stern, M. P., Lewis, s., 
& Perry, C. Plasma lipoprotein distributions in 
male and female ruriners.· Annals of New York Academy 
of Sciences, 1977, 301, 726-733. 


	Copyright Statementr1
	1981UptonOCR
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124


