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ABSTRACT 

The purpose of this study was to find what factors were 

significant predictors of menstrual irregularity in young 

female track athletes. Thirty-four female track athletes 

with an age range of 18-22 years served as the subjects for 

the study. In order to qualify for the study, subjects must 

have been involved in competitive track for at least the last 

two years and have never taken oral contraceptives. The 

hypothetical predictors included in the model were: (1) 

percent body fat, (2) iron intake in mg per kg of body 

weight, (3) calcium intake in mg, (4) percent body fat 

intake, and (5) menarche age. The results of a maximum R

square and stepwise regression analysis showed that percent 

body fat and iron intake together accounted for 56% of the 

variance in menstrual cycles (adjusted R-square = .56). A 

backwards elimination procedure reported that calcium intake, 

percent fat intake, and menarche age accounted for only 1.68% 

of the variance in menstrual cycles when these three 

variables were removed from the models (adjusted Partial R

square = .0168). A one-way ANOVA for the variables percent 

body fat between menstrual cycle groups (amenorrheic 0-5 

cycles a year, oligomenorrheic 6-11 cycles a year and 

eumenorrheic 12 cycles a year) showed a significant 
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difference between groups. Newman Keuls Post Hoc Test showed 

the difference to be between the irregular (amenorrheic) and 

regular (eumenorrheic) and between the irregular 

(oligomenorrheic) and regular (eurnenorrheic) group. 

Additional analysis indicated the same pattern of results 

between the three groups for iron intake (measured in mg per 

kg of body weight). It was concluded that low percent body 

fat and low iron intake levels are the two strongest 

contributors to menstrual irregularity in young female track 

athletes. 
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CHAPTER I 

INTRODUCTION 

Over the past decade, the number of women who 

participate in regular vigorous exercise has increased 

dramatically to an estimated seven million (Markey, 1987). 

Every year more and more women push themselves to compete at 

elite and Olympic levels. These women commit themselves to 

strenuous training schedules and strict nutritional practices 

in order to be successful at this level of competition. The 

physical and psychological stress that accompanies this level 

of competition has been linked to changes in percent body 

fat, body weight, and menstrual regularity (Gwen, 1983). It 

has been noted that relatively small changes in menstrual 

regularity affect the maintenance of bone composition that 

can lead to stress fractures (Worthen & Yankiowitz, 1978). 

The causes of menstrual disorders have been studied in 

diverse athletic populations, but the two primary groups that 

have been researched are ballet dancers and runners. The 

typical menstrual cycles that have been researched are 

defined as follows: a normal menstrual cycle duration of 25-

38 days is classified as eumenorrheic, an irregular menstrual 

cycle with a duration of 39-90 days is classified as 

oligomenorrheic (Loucks, 1990), and ceasing to have a 

1 



2 

menstrual cycle for a twelve-month period has been classified 

as amenorrheic (Drinkwater, 1984). However, Brooks-Gunn, 

Warren, and Hamilton (1987) have classified ballet dancers as 

amenorrheic if they missed five consecutive menstrual cycles 

in a year. Brooks-Gunn, Warren, and Hamilton (1987) 

associated ballet dancers who had eating problems and a low 

percentage of body fat and body weight with amenorrhea. 

Bullen et al. (1985) identified the initiation of 

strenuous training with oligomenorrhea and amenorrhea in 

previously untrained women. Other studies have documented 

that a high volume of aerobic training can disrupt the 

menstrual cycle {Loucks, 1990). An increased incidence of 

stress fractures and musculoskeletal injuries have been 

documented in runners who have irregular menstrual cycles 

(Lloyd et al., 1986). The longer and faster that females run 

seems to be related to a higher incidence of amenorrhea 

(Redwine, 1980). In addition low body fat levels in runners 

can result in menstrual abnormalities (Frisch, 1974). A 

lower than normal body weight was observed in women with 

oligomenorrhea and amenorrhea (Dale, Gerlach, and Wilhite, 

1979) . Some of the nutritional patterns of amenorrheic 

runners are restricted calorie intake, a lower fat intake, 

supplementation of iron and lower zinc levels (Deuster et 

al. , 1986) . 



Few studies have been done to assess menstrual 

irregularities in young (16-22 years) track athletes. Even 

fewer studies have been done in this population of athletes 

that assessed percent body fat by hydrostatic weighing. 

Hydrostatic weighing, which takes into account residual 

volume, has been documented as the "gold standard" to 

assessing body fat (Katch, 1969). The traditional method of 

assessing body fat through skinfold measurements is more 

prone to error because it does not take residual volume into 

account (Katch, 1969). 

It has been mentioned that an athletic lifestyle and 

inadequate caloric intake can cause nutrition related 

problems that can limit athletic performance, cause menstrual 

irregularity and negatively affect growth and health. 

(Benardot, 1991). Examining young track athletes, 

nutritional practices, caloric expenditure, percent body fat, 

and menstrual history will aid in documenting the factors 

that contribute to menstrual irregularity. Knowing the 

factors that contribute to menstrual irregularities in female 

track athletes will help athletes and their coaches to 

identify the positive and negative behavior patterns of young 

female track athletes. This information will help guide the 

athlete to a healthier life style during their athletic 
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career and enable them to make positive changes for the 

future. 

Statement of Problem 

The purpose of this study was to determine what factors 

contribute to the menstrual irregularity in female track 

athletes. Once significant predictors have been established 

these factors will be examined among menstrual cycle groups. 

The three groups are: Amenorrheic (0-5 cycles a year), 

Oligomenorrheic (6-11 cycles a year), and Eumenorrheic (12 

cycles a year). The independent variables that were studied 

include: (1) percent body fat, (2) three day nutritional 

assessment which will provide knowledge of the athletes' fat 

intake, iron intake, calcium intake, and daily caloric 

intake, (3) 24 hour energy expenditure, and (4) age of 

menarche. 

Hypothesis 

1. Null Hypothesis: 

There will be no significant predictors of menstrual 

cycles for female track athletes. 

2. True Hypothesis: 

Significant predictors of menstrual cycles for female 

track athletes will be percent body fat, ratio of caloric 
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intake/caloric expenditure, iron intake in mg per kg of body 

weight, fat intake, calcium intake in mg, and menarche age. 

There will be difference between menstrual cycle groups 

(amenorrheic, oligomenorrheic and eumenorrheic} for any 

significant predictors found. 

0Derational Definitions 

For the purpose of clarification, the following 

definitions of terms are given. 

Amenorrhea. Five or less menstrual cycles in a year. 

Caloric EAQenditure. The total amount of calories 

expended in a 24-hour period derived from the subject's 

record including basal metabolism. 

Eumenorrhea. Twelve menstrual cycles in a year. 

Fat Intake. The subject's average fat intake in a 

percentage of the total calorie intake derived from the 

three-day nutritional analysis. 

Iron Intake. The subject's average iron intake in mg 

per kg of their body weight, derived from the three-day 

nutritional analysis. 

Lohman Formula. The formula used for young females to 

calculate percentage of body fat from hydrostatic weighing. 

Menstrual Irregularity. Term which will be used to 

incorporate amenorrhea and oligomenorrhea. 
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Oligomenorrhea. Six to eleven menstrual cycles in a 

year. 

Percent Body Fat. The method of assessing percent body 

fat as determined by hydrostatic weighing. 

Total Caloric Intake. The subject's total average 

calorie intake per day based on the three-day nutritional 

analysis. 

Assumptions. Limitations. and Delimitations 

This study will make the following assumptions. 

1. The subjects will be, at the time of the data 

collection, involved in training for track competitions. 

2. The subjects will answer the questionnaire honestly and 

to the best of their ability. 

3. The data of the nutritional analysis will be recorded 

honestly by each subject. 

This study will have the following limitations. 

1. The actual training of these track athletes will not be 

observed by the researcher. 

2. The nutritional analysis data will be obtained from 

information recorded from a self-report by each subject 

individually. 

3. Energy expenditure data will be computed from self

recorded activities. 
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This study will be subject to the following 

delimitations. 
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1. Participation will be limited to high school and college 

track athletes within the west Texas area. 

2. The percentage of body fat will be measured by 

hydrostatic underwater weighing. 

3. The subjects will be female with a competitive track 

background of at least the last two years. 

Significance of the Study 

Amenorrhea and oligomenorrhea are menstrual disorders 

that are present in many female athletes. An increased 

incidence of stress fractures and musculoskeletal injuries 

has been linked to athletes with menstrual irregularity. 

This study will investigate the predictors of menstrual 

irregularity in female track athletes. Factors which will be 

investigated as hypothetical predictors are: the ratio of 

total caloric intake/total caloric expenditure, percentage of 

fat intake, iron intake in mg per kg of body weight, calcium 

intake in mg, menarche age, and percent body fat. 

The results of this proposed study would be useful to 

athletes, coaches and any professionals involved in the 

health care field. With the knowledge of factors which 

account for variance in menstrual cycles, positive behavior 



modification changes could be made towards a healthier 

lifestyle. 
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CHAPTER II 

REVIEW OF LITERATURE 

Hypothetical predictors of menstrual irregularity 

(independent variables) investigated in this study were 

percent body fat, iron intake in mg per kg of body weight, 

percent fat intake, the ratio of total caloric intake/total 

caloric expenditure, menarche age, and calcium intake in mg. 

The review of literature discusses these independent 

variables and others such as low body weight, a loss of six 

to ten pounds, low protein intake, a low resting metabolic 

rate, and anorexia nervosa that have been related to 

menstrual irregularity in female athletes. 

Training 

Strenuous training schedules, low body weight, and low 

body fat levels have been associated with menstrual 

irregularities. Bullen et al. (1985) conducted a study to 

determine if eight weeks of strenuous noncompetitive exercise 

would induce menstrual disorders that are similar to those 

seen in athletes. The researchers also investigated if a 

weight loss program in conjunction with an exercise program 

would increase the incidence of menstrual disorders in 

previously untrained women. Twenty-eight untrained college 
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women with normal menstrual cycles participated in the study, 

16 were put on a weight reduction program and 12 were not put 

on a weight maintenance program. The weight reduction 

program consisted of a loss of .45 Kilograms of weight per 

week. All 28 subjects were expected to run four miles a day 

and increase their mileage by one and one-half miles per week 

until they reached a distance of 10 miles a day. The 

subjects were also to engage in three and one-half hours of 

moderate intensity sports each day. Each subject kept a 

menstrual calendar, and logs of her running distance. Four 

subjects in the weight maintenance group continued to have 

normal menstrual cycles during the eight weeks of exercise. 

All of the other subjects in weight maintenance and weight 

reduction groups showed some changes in their menstrual 

cycles. The most important change was an increased length in 

time between the menstrual cycles. This problem of increased 

time between menstrual cycles is defined as oligomenorrhea 

and amenorrhea, the incidence of amenorrhea occurred more in 

the weight loss group. It can be concluded from this study 

that the menstrual disorders oligomenorrhea and amenorrhea 

are a result of strenuous exercise and weight reduction. Six 

months after this study was conducted and all exercise 

programs were terminated all of the subject's menstrual 

cycles returned to normal. The investigators concluded that 



the initiation of a strenuous exercise program and weight 

loss leads to menstrual abnormalities. 

11 

Lutter and Cushman (1982) conducted a study to see if 

there was a correlation between training mileage, and body 

weight in runners with menstrual abnormalities. A 

questionnaire was distributed to women running in the Boston 

Marathon and the Minneapolis-St. Paul Bonne Bell 10K race. 

The questionnaire assessed running, menstrual and 

contraceptive history and personal background. Runners who 

presently used oral contraceptives were eliminated from the 

study. 

The eumenorrheic runners, 69% of the total subject 

population, were classified as having a menstrual cycle of 35 

days or less. These women ran four to six days a week, and 

the majority ran less than 30 miles a week and were 

classified in a medium body weight class. Only 28% of these 

women reported losing 10 pounds or more since they began 

running. 

The oligomenorrheic runners, 19% of the total subject 

population, were classified as having menstrual cycles with a 

duration of more than 35 days. These runners were younger; 

they ran more frequently, they weighed less, and logged more 

mileage than the eumenorrheic group. This group also had 
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more runners who had lost 10 pounds or more since they began 

running. 

The amenorrheic runners, three percent of the total 

subject population, were the youngest of all groups; they 

trained daily logging mileage of more than so miles a week, 

and they weighed the least of all the groups. The majority 

of these runners had lost 10 or more pounds since they began 

running. Low body weight, increased mileage and frequency of 

training, and a loss of 10 pounds or more were all associated 

with menstrual irregularities. 

Dale, Gerlach, and Wilhite {1979} conducted a study to 

look at the characteristics of long distance runners and what 

characteristics related to menstrual abnormalities in 

runners. There were three subject groups: runners, joggers, 

and a control group. The runners ran more than 30 miles a 

week combining slow endurance workouts with speed work. The 

joggers ran five to thirty miles a week at a slow and easy 

pace. Subjects answered a questionnaire concerning age, 

height, weight, occupation, education, past and present 

sports participation, training schedules, weight changes, 

contraceptive history, and menstrual data. Each subject's 

body density was estimated by using the nomogram of Sloan and 

weir. The sites measured were the triceps and suprailiac. 

The percent body fat was determined by the Siri formula. The 
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running group lost more weight than the joggers or control 

group after the initiation of their training programs. They 

also had the lowest percentage of body fat of the three 

groups. The age of menarche was relatively the same 

throughout all groups. The highest incidence of amenorrhea 

(zero-five menses a year) was 24% in the running group. 

Oligomenorrheic (six-nine menses a year) was present in 10% 

of the runners. In the joggers' group, there was a 14% 

incidence of amenorrhea compared to no amenorrhea in the 

control group. The joggers had a lower body weight than the 

controls, and the joggers lost weight after the initiation of 

their training. It can be concluded from this study that 

menstrual abnormalities are related to a lower than normal 

body weight, a loss of six pounds or more since the 

initiation of their training, a lower than normal percentage 

of body fat and a training schedule with a high mileage. 

In summary, research shows that there is a higher 

incidence of menstrual abnormalities in the runners who run 

so miles or more a week. These are usually the runners who 

are of a competitive nature and low body weight. The 

research has not clearly defined if these women are a lower 

body weight because of their intense training schedules or 

some other predisposed factor. 
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Nutrition 

Strict nutritional practices, such as restricted caloric 

intake and inadequate protein and iron intake, have been 

associated with menstrual irregularities in athletes. 

Calabrese et al. (1983) conducted a study to document the 

menstrual patterns, nutritional habits, and body composition 

of 34 classical ballet dancers. Classical ballet dancers who 

were training 34 to 40 hours per week were surveyed. Each 

dancer was personally interviewed about her menstrual 

patterns. The dancers recorded their food, drink, and 

nutritional supplements for three days during a typical 

rehearsal week. The dancer's body composition was assessed 

by hydrostatic weighing and the dancer's residual volumes 

were estimated by the Wilmore method. The average age of the 

menarche for these dancers was 14.3 years. Amenorrhea was 

experienced by 15 of the 34 dancers. Menstrual 

irregularities were reported by 17 of the 34 dancers. The 

nutritional surveys showed that the dancers' caloric intake 

was 71.6% of the RDA, but their protein intake was 99% of the 

RDA. The mean percent of body fat for these dancers was 

16.9%. It is unclear why menstrual dysfunctions are common 

among these athletes. It is possible that the dysfunctions 

could be associated with a strenuous training schedule, a low 

percent body fat and restricted caloric intake. 
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A study to document eating problems in amenorrheic 

ballet dancers was administered by Brooks-Gunn (1987). The 

subjects consisted of 55 white dancers ranging in age from 19 

to 35. These ballet dancers had all danced professionally 

for at least eight years. The dancer's menstrual history was 

assessed by a questionnaire. Dancers who had missed five 

consecutive periods in the last year were considered 

amenorrheic. The dancers' eating problems were assessed by 

EAT-26 eating problem scale. The subjects were asked if they 

had ever had anorexia nervosa or bulimia. The height and 

weight of each dancer was recorded. Results indicated that 

the mean weight was 12.2% below ideal. Amenorrhea existed in 

19% of the 55 ballet dancers. One-half of the amenorrheic 

dancers reported having an eating problem. The restricted 

nutritional intake seen in the dancers with anorexia nervosa 

in combination with the below normal body weight of the 

subjects could be contributing factors to amenorrhea is this 

group. 

Clark, Nelson, and Evens (1988) conducted a study to 

assess if nutritional practices of elite female runners were 

related to those runners being amenorrheic. There were 100 

elite female runners who answered a questionnaire concerning 

red meat intake, use of vitamin and mineral supplements, and 

normal daily caloric intake. Out of the 100 elite female 
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athletes surveyed, 46% of the runners ate no beef, pork, or 

lamb; 61% of these athletes were amenorrheic. The elite 

runners who were menstruating normally ingested seven red 

meat meals a month. A vitamin supplement was taken by 71% of 

the amenorrheic runners. The amenorrheic runners also tended 

to eat 300-500 calories less than the normal menstruating 

runners per day. It can be concluded from this study that 

inadequate iron intake, and restricted calorie intake are 

associated with amenorrhea in female runners. 

Walberg and Johnston (1991) conducted a study to obtain 

information about eating behavior and menstrual function of 

females who weight train for general fitness and females who 

have competed in a body building competition. A group of 103 

female weight lifters and 92 control women answered a 

questionnaire concerning menstrual function, eating behavior 

and attitudes including the Eating Disorder Inventory. The 

menstrual dysfunction oligomenorrhea was defined as a 

menstrual cycle with a duration of 36-89 days as opposed to a 

normal cycle of 28 days. Amenorrhea was defined as no 

menstrual cycle in the last 12 months. 

The female weight lifting subjects were divided into two 

groups, the competitive group, with 12 subjects, and the 

noncompetitive group, with 89 subjects, and the control group 

with 92 subjects. A 64-item forced choice questionnaire, 



17 

including weight training patterns, menstrual patterns, 

attitudes towards one's body and diet behavior, was given to 

all of the subjects. In the competitive group, 86% of the 

women reported being either oligomenorrheic or amenorrheic. 

The noncompetitive and control groups reported 30% and 13% 

being either oligomenorrheic or amenorrheic, respectively. 

The competitive group reported more uncontrollable urges to 

eat, eating until becoming physically ill, being terrified of 

becoming fat, and being obsessed with food. A little over 

40% of the competitive group and 17% of the noncompetitive 

group reported having had anorexia nervosa. The competitive 

group had the lowest body fat levels, and the noncompetitive 

body fat levels were lower than the control levels. These 

data suggest that women who are involved in competitive 

weight lifting are more likely to have a history of anorexia 

nervosa and eating behaviors and attitudes that are 

associated with disorder syndromes. It may be concluded that 

low body fat levels in combination with unusual eating habits 

could be associated with menstrual dysfunction. 

Myerson et al. {1991) designed a study to try to show 

that factors such as metabolic rate and dietary habits are 

more common in amenorrheic than eumenorrheic runners. The 

subjects for this study had to meet the following criteria: 

they had to be competitive runners between the ages of 18 and 
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34, running at least 64 kilometers a week, training six to 

seven days a week, and not using oral contraceptives. They 

also had to have maintained a stable weight for the last six 

months. Of the subjects, seven were classified as 

amenorrheic, no menstrual bleeding for the last six months, 

10 were eumenorrheic, and ten sedentary control subjects, 

with a regular cycle duration of 25 to 42 days. Percentage 

of body fat was measured by hydrostatic weighing. Dietary 

intake was recorded on a seven-day diet diary, the incidence 

of anorexia and bulimia were examined. Maximal oxygen 

consumption was measured by a graded exercise test on a motor 

driven treadmill. Prior to testing, resting metabolic rate 

was measured for a six-minute period after the subject had 

rested for 30 minutes. A second measurement was taken thirty 

minutes later and averaged with the first value. Amenorrheic 

and eumenorrheic runners were similar in weight, percent body 

fat, best 10K times, years running, and maximal oxygen 

consumption. The amenorrheic runners scored higher on a 

scale of aberrant eating patterns. The resting metabolic 

rate for amenorrheic athletes was lower than the eumenorrheic 

athletes resting metabolic rates. It could be concluded that 

the amenorrheic runners had a lower resting metabolic rate 

and a higher incidence of abnormal eating patterns than 

eumenorrheic athletes. 
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This literature points toward nutritional problems, 

restricted calorie intake, insufficient iron intake, anorexia 

nervosa and bulimia as all being possible causes of menstrual 

abnormalities. These abnormal nutritional practices could be 

a result of the athletes training schedules. The lower body 

weight seen in these athletes could result from these 

nutritional practices. 

Delayed Menarche 

Delayed menarche is another factor which may be related 

to menstrual irregularity. A study by Cavanaugh, Kanonchoff, 

and Bartels {1989) was conducted to look at how pretraining 

menstrual patterns, percentage of body fat, body weight, 

trait anxiety, curiosity, and anger related to age at 

menarche. The data were then to be researched further to 

assess which combination of these factors could best explain 

menstrual dysfunction in athletic and non-athletic women. 

The subjects {age 17 to 24 years) consisted of 161 female 

athletes {golf, tennis, swimming, fencing, hockey, 

basketball, volleyball, crew, gymnastics, softball, track, 

and ballet) and 65 control women. The subjects answered a 

questionnaire to assess menstrual and training histories, age 

of menarche, height, weight, and history of oral 

contraceptives use. A normal menstrual cycle was classified 
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as a duration of 21-42 days; an irregular cycle was 

classified as a duration of 43-180 days, and the most severe 

irregular cycle (amenorrheic) was classified as a duration of 

more than 180 days. Percentage of body fat was measured by 

densitometric technique. Personality characteristics were 

measured by the Spielberg State-Trait Personality Inventory. 

The mean age of menarche of the athletes was 13.2 ± 1.4 years 

compared to 12.6 ± 1.1 years for the control subjects. The 

controls were not measured for percentage of body fat. The 

athlete's percent body fat was 18.2 ± 4.2%. Thirty-nine 

percent of athletes started training before menarche. The 

average age of menarche for these athletes was 13.7 ± 1.5 

years. Seventy-eight percent of the athletes had regular 

menstrual cycles; 22% of the athletes had irregular cycles. 

In the control subjects 92% had regular cycles and 8% had 

irregular cycles. The athletes with the highest anxiety 

scores and lowest anger scores tended to have more irregular 

menstrual cycles. 

Frisch et al. (1981) conducted a study to determine if 

there was a relationship between delayed menarche and 

amenorrhea in college athletes, and how onset of training at 

an early age related to menstrual irregularities. The 

subjects consisted of 21 swimmers, 17 runners and 10 

controls. All of the subjects answered a questionnaire 
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regarding age of menarche, history of menstrual patterns, 

medical history, and duration and intensity of training. 'rhe 

subjects recorded food and drink intake for seven days. 

Percentage of body fat was measured by ultrasound. It was 

stated that 18 of the athletes began training before 

menarche. Their average age of menarche was 15.1 ± .05 

years. The 20 athletes who began training after menarche had 

an average age of 12.8 ± .02 years for their menarche. Of 

the 18 premenarche trained athletes, 61.1% had irregular 

(oligomenorrheic) menstrual cycles, 22.3% had irregular 

(amenorrheic) menstrual cycles, and 16.6% had regular 

menstrual cycles. Out of the 20 postmenarche trained 

athletes 40% had irregular (oligomenorrheic) menstrual 

cycles. None were amenorrheic and 60% had regular cycles. 

Thirteen of the premenarche trained athletes ate fewer 

calories as compared to the 11 postmenarche trained athletes. 

Baker, Mathur, Kirk, and Williamson (1981) conducted a 

study to correlate amenorrhea with menarche age, mileage and 

parity. The subjects consisted of 23 healthy white women 

ages 18-42 who had normal menstrual cycles prior to running. 

The subjects ran from 10 to 70 miles a week for a period of 

one to ten years. Percentage of body fat was determined by 

skinfold testing. Of the 23 runners, 39% were amenorrheic. 

The runners that were amenorrheic had an average body fat of 
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14.1 ± 1.2%. The runners with regular menstrual cycles had 

an average body fat of 17.7 ± .8%. The age of menarche in 

the amenorrheic runners was 13.8 ± .OS years compared to 12.2 

± .03 years in the regular menstrual group. The results from 

this study suggest that younger runners, runners with a later 

age of menarche, and runners with a lower percentage of body 

fat have a higher incidence of amenorrhea. 

Throughout the literature it has not been clearly stated 

that a late age of menarche is directly related to menstrual 

irregularities in athletes. A late age of menarche may 

result from intense prernenarche training. Based on these 

studies, athletic training is a possible cause of menstrual 

disturbances, particularly of athletes who started their 

training before menarche. Restricted caloric intake in 

prernenarche training could also be a contributing factor to 

menstrual disturbances. 

Injuries and Menstrual Cycles 

Athletes who have menstrual irregularities may be more 

predisposed to injuries. Stress fractures and lower levels 

of bone density tend to be more frequent in athletes with 

oligomenorrhea and amenorrhea. Barrow and Saha (1988} 

conducted a study to investigate the incidence of stress 

fractures seen in competitive female long distance runners 
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and how the incidence of stress fractures related to 

menstrual history. A questionnaire concerning running 

practices, menstrual history, contraceptive history, stress 

fractures, physical characteristics, and eating behavior was 

completed by track athletes who ran distances of 800 meters 

or longer. Half of the runners surveyed had some type of 

menstrual irregularity. 

37% of all the runners. 

Stress fractures were reported in 

The runners were classified by their 

menstrual cycles: very irregular (zero to five menses a 

year), irregular (six to nine menses a year), and regular (10 

to 13 menses a year) . The very irregular runners tended to 

weigh the least, and run more miles per week. A stress 

fracture was reported by 49% of the runners, eating 

disorders, such as anorexia or bulimia, were reported by 47% 

of the runners. The irregular group reported a 39% incidence 

of stress fractures, and 29% of the regular group reported 

stress fractures. This study suggested that changes in the 

menstrual cycle affect the maintenance of bone composition 

because there is a decrease in the level of estrogen. This 

might help to explain why women with very irregular menstrual 

cycles have the highest incidence of stress fractures. The 

large number of eating disorders and increased mileage that 

are seen in these athletes could also be contributing factors 

to menstrual irregularity and stress fractures. 
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Lloyd et al. (1986) examined the relationship between 

musculoskeletal injuries and abnormal menstrual patterns. A 

questionnaire was circulated to recreational runners 

collecting information on the runners' health, menstrual 

histories, running histories, and type/extent of injuries. 

The mean age of the female athletes surveyed was 20 to 33 

years old. The frequency of stress fractures in women with 

irregular menstrual patterns was nearly four times greater 

than in women with normal menstrual patterns. To test this 

finding further, the same researchers reviewed the medical 

records of 207 female collegiate athletes and found that bone 

fractures occurred in 24% of the athletes with irregular 

menstrual patterns and in 9% of the athletes who had normal 

menstrual patterns or were taking oral contraceptives. The 

investigators concluded that female athletes who have 

irregular menstrual patterns have a greater chance of 

sustaining some type of musculoskeletal injury than female 

athletes who have normal menstrual patterns. 

To closely look at the relationship between bone mineral 

density and menstrual history of active running females, 

Drinkwater, Bruerner, and Chesnut (1990) studied 97 active 

women age 18-38 who exercised at least four days a week for 

45 minutes a day, and who were not using oral contraceptives. 

A questionnaire assessed each runner's menstrual history and 
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level of physical activity. Dual-photon absorptimetry was 

used to measure bone mass at five sites, menstrual status was 

assessed by blood samples, percentage body fat was measured 

by skinfold calipers in five sites. Sixty-four percent of 

the 97 women were amenorrheic, 14% were oligomenorrheic, and 

22% had normal menstrual cycles. The amenorrheic women had 

lower vertebral bone density levels than the oligomenorrheic 

and regular menstruating women. The data from this study 

suggests that women who have a lower than normal body weight 

and are amenorrheic or oligomenorrheic report a higher 

incidence of lower vertebral bone density. 

Summary 

In the literature, the following factors have been 

hypothesized to be correlated with menstrual irregularity: 

low body weight, weight loss of six to ten pounds, a 

strenuous exercise schedule, restricted nutritional intake, 

inadequate iron intake, low percent body fat, eating 

disorders, low resting metabolic rate, a late age of 

menarche, and an increased incidence of stress fractures. 

Runners, ballet dancers, and weight lifters have served as 

the population for research in this area. The attempt of 

this study is to further investigate hypothetical factors 

based on the review of literature and to evaluate the 



contribution of each factor in the menstrual cycles of high 

school and college track athletes. 
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CHAPTER III 

METHODOLOGY 

The purpose of this study was to determine what factors 

account for menstrual irregularity in female track athletes. 

The hypothetical predictors of menstrual irregularity that 

were examined were: {1) percent body fat, {2) the ratio of 

the athletes total caloric intake over their total caloric 

expenditure, {3) iron intake in mg per kg of body weight, {4) 

percent fat intake, {5) calcium intake in mg, and {6) the age 

of menarche. Significant predictors of menstrual 

irregularity will be compared between three different 

menstrual cycle groups. The three groups were: {1) 

amenorrheic {O-S cycles per year); oligomenorrheic {6-11 

cycles per year); and eumenorrheic {12 cycles per year). 

Demographic data included: {1) the athletes body weight in 

kg and {2) the age of the track athlete. 

Subject Profiles 

Fifty-eight female track athletes answered a 

questionnaire concerning their menstrual and competitive 

track histories. From these athletes thirty-four high school 

and college track athletes from the West Texas area served as 

subjects. Their age range was from 16 to 22 years. In order 
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to be a participant in this study the subjects were required 

to sign a human consent form as approved by the Institutional 

Review Board for Texas Tech University (Appendix A) . To be 

eligible for the study, subjects were not presently taking or 

had ever taken oral contraceptives and they must have been 

involved in competitive track for at least the last two 

years. 

Testing Instrumentation 

All subjects were required to fill out a questionnaire 

(Appendix B). Each track athlete's nutritional habits were 

reported on a 3-day dietary record (Appendix C) of all food, 

drinks, and supplements. This information was interpreted 

using Hoeger's (1992) Computer Software. Each subject's 

energy output (Appendix D) activities were recorded over a 24 

hour period. The subjects surface area, Basal Metabolic Rate 

(BMR) and energy expenditure were then calculated using 

information from a human energy expenditure by Passmore and 

Durin (1955) (Appendix D). Each track athlete's percentage 

of body fat was measured by hydrostatic underwater weighing. 

Residual lung volume was estimated by a closed-circuit oxygen 

dilution method and a Collins 9-1 spirometer (Wilmore, 1969). 

Body density was calculated using the Goldman and Buskirck 
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(1961) formula. The percentage of body fat was derived from 

body density by the Loman equation (Appendix E) • 

Statistical Procedure 

Descriptive statistics were used to describe the 

demographics of this population. A multiple regression 

analysis was used to determine the predictors of menstrual 

irregularity. The criterion variable was number of menstrual 

cycles a year. The hypothetical predictors which are 

included in the model were: percentage of body fat, iron 

intake in mg per kg of body weight, calcium intake in mg, 

percent fat intake, and menarche age. According to Hinke, 

Wiensrna, and Jurs (1988) a correlation of .5-.7 is considered 

a moderate-high correlation. Based on this reference, a 

correlation from .5-.59 was considered moderate, and a 

correlation from .6-.7 was considered high. Therefore, 

variables which had a high correlation were not included in 

the model. All predictors included in the model were 

analyzed using Pearson's correlation coefficient. The 

Stepwise multiple regression technique was used to build the 

model which could account for the most variance in menstrual 

cycles. The Backwards elimination technique was used to find 

the least significant predictors of menstrual cycles. When 

significant predictors were found a one-way ANOVA between 
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menstrual cycle groups was used to examine if the predictor 

variable was different among menstrual cycle groups. The 

three menstrual cycle groups were: (1) amenorrheic (0-5 

cycles a year), (2) oligomenorrheic (6-11 cycles a year), and 

(3) eumenorrheic (12 cycles a year). Newman Keuls Post Hoc 

Test was run to find where the difference between menstrual 

cycle groups was. 



CHAPTER IV 

STATISTICS AND RESULTS 

Statistical Analysis 

The purpose of this study was to determine the 

significant predictors of menstrual cycles in young female 

track athletes. Hypothesized predictors of menstrual cycles 

that were examined were: (l) percent body fat; (2) the ratio 

of caloric intake/caloric expenditure; (3) the athletes iron 

intake in mg per kg of body weight; (4) the athletes calcium 

intake in mg; (5) menarche age; and (6) percentage of fat 

intake in the diet. 

Results 

The means, standard deviations, minimum and maximum 

values for each hypothetical predictor variable are listed in 

Table 1. 

The results of the Pearson correlation coefficient 

indicated a high correlation (r = .653) between percent body 

fat and caloric intake/caloric expenditure. There was also a 

high correlation (r = .683) between the ratio of iron intake 

in mg per kg of body weight and caloric intake/caloric 

expenditure. Thus, because caloric intake was highly 
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Table 1. Demographic data for the subjects (N = 34). 

Standard 
Mean Deviation Minimum Maximum 

Age 17.58 1.539 16 22 

Percent 
body fat .1973 .0547 .10 .29 

caloric intake/ 
caloric expenditure . 7882 .2565 .34 1.1 

Menarche 
age 12.50 1.187 09 15 

Iron intake in 
mg per kg of 
body weight .2384 .1164 .06 .54 

Calcium 
intake in mg 777.7 .1164 .0687 .5415 

Body weight 
in kg 56.28 6.28 47.27 70.45 

Percent fat 
intake .2955 . 07 07 .12 .43 

correlated with percent body fat and iron intake, this 

variable was not included in the model (see Table 2). 

Using the Backward regression analysis, with all 

variables left in the model and percent fat intake removed, 

the Adjusted R-square was still .5562; percent fat intake 

only contributed .18% to the model (Partial R-square = 

.0018). Menarche age only contributed 1.12% to the model 



Table 2. Results of the Pearson Correlation. 

Percent 
body fat 

Caloric 
intake/ 
caloric 
expenditure 

Percent fat 
intake 

Menarche age 

Iron intake in 
mg per kg of 
body weight 

Percent 
Body: Fat 

1.00 
0.09 

Caloric 
Intake/ 
Caloric 
Expendi-

ture 

.653 

.0001 

1.000 
.00 

Percent 
Fat Menarche 

Intake Age 

.557 -.394 

.0006 .0211 

.5879 -.1028 

.0003 .5627 

1.000 -.2435 
.00 .1652 

1.000 
.00 
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Iron 
Intake 
in mg 

per kg Calcium 
of Body Intake 
Weight in rng 

.526 . 3887 

.0014 .0231 

.6834 . 5740 

.001 .0004 

. 47 6 .4625 

.0044 .0059 

-.0616 -.0108 
.7293 .9516 

1.000 .5811 
.00 .0003 

Calcium intake 1.00 
in mg .00 

(Partial R-square = .0112). Calcium intake in mg only 

contributed 1.27% to the model (Partial R-square = .0127). 

Because of their low contribution to the variance, these 

three variables were removed from the model. Results of the 

Backward Elimination Technique can be found in Appendix F. 

The Stepwise selection procedure was performed to 

determine the number of predictors which should be retained 
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in the regression analysis. Percent body fat and iron intake 

in mg per kg of body weight accounted for 56% of the variance 

in the number of menstrual cycles per year (Adjusted R-square 

= .5593). Results of the Stepwise regression analysis can be 

found in Appendix G. 

Analysis of variance for percent body fat and iron 

intake across the three menstrual groups indicated a 

significant difference between menstrual cycle groups for 

percentage body fat, F(2,31) = 27.26, p < .0001 and iron 

intake in mg per kg of body weight F(2,31) = 13.13, p < .001. 

Newman Keuls Post Hoc test showed the difference for 

both percent body fat and iron intake in mg per kg of body 

weight to be between the irregular (amenorrheic) and regular 

(eumenorrheic) and between the irregular (oligomenorrheic) 

and regular (eumenorrheic) group. 

Graphic illustrations of the means are displayed in 

figures 1 and 2 for the significant predictors of menstrual 

cycles. 

Figure 1 displays the means of percent body fat for the 

three menstrual cycle groups. 
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Figure 1. Percent body fat and menstrual cycles. 

Figure 2 display s the means of iron intake in mg per kg 

of body weight for the three menstrual cycle groups. 
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CHAPTER V 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

summary 

The purpose of this study was to determine what 

variables account for menstrual irregularity in female track 

athletes. The following variables were examined: percent 

body fat, iron intake in mg per kg of body weight, calcium 

intake in mg, percent fat intake, the ratio of caloric 

intake/caloric expenditure, and menarche age. Analysis 

revealed the best predictor for the number of menstrual 

cycles, to be percent body fat, and iron intake in mg per kg 

of body weight. Results of the present study indicated that 

calcium intake in mg, percent fat intake, and menarche age 

did not contribute significantly to menstrual irregularity. 

Percent Body Fat 

Frisch (1974) stated that after the age of 16 at least 

22% body fat is necessary to maintain normal menstrual 

cycles. It has been documented that low body fat is 

associated with alteration in estrogen metabolism (Fishman, 

Boyar, & Hellman, 1975). In the human female adipose tissue 

of the breasts, abdomen, omentum, and fatty morrow of the 

long bones converts androgen to estrogen (Frisch, 1981) . 
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Since adipose tissue is a source of extragonadal estrogen one 

can conclude that athletes with low body fat levels also have 

lower estrogen levels which in turn could be one reason why 

menstrual irregularities are experienced in these athletes. 

The athletes in this study with irregular menstrual cycles 

all had body fat levels lower than 22%. This supports 

Frisch's (1974) findings, that at least 22% body fat is 

needed to maintain a normal menstrual cycle. The mean 

percent body fat for the amenorrheic group was 13.7% and for 

the oligomenorrheic group it was 15.6%. These mean body fat 

percentages are low, and they could possibly be low enough to 

be har.m£ul to the athletes. Hoeger (1992) states that 

10-12 % body fat is essential for women. This body fat is 

needed to convert endrogens to estrogens to carry fat soluble 

vitamins (Frisch, 1981) . The population of athletes in the 

present study were young (18-22) so there is reason to 

believe that as these athletes grow older and their training 

becomes more intense, there body fat levels will drop even 

lower. It has been stated that the peak incidence of stress 

fractures occurs between the ages of 18-25 during the 

transformation of circunferential lamallar bone to osteonal 

bone (Barrow & Saha, 1988) . These athletes with menstrual 

irregularity, who already have decreased estrogen levels are 

increasing their chances of obtaining stress fractures. 
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Based on these findings and those of Loucks (1985) one could 

conclude that inadequate levels of body fat (under 22%) is 

insufficient to execute the process of estrogen metabolism 

required for the maintenance of normal menstrual cycles. 

Iron 

Deuster (1986) stated that deficiencies or excesses of 

specific nutrients can alter endocrine function by modifying 

the metabolism of a variety of hormones including estradiol 

and prolactin. Inappropriate levels of hormones may alter 

menstrual cycles (Deuster, 1986). There were lower iron 

intake levels in the athletes with irregular (amenorrheic and 

oligomenorrheic) menstrual cycles than the eumenorrheic or 

regular menstruating athletes. The mean iron intake for the 

amenorrheic group was seven mg. For the oligomenorrheic 

group the mean iron intake was nine. The eumenorrheic group 

was the only group which met the recommended dietary 

allowance for iron intake which is 18 mg for women (Hoeger, 

1992). Calabrese et al. (1983) stated that menstrual 

irregularities could be associated with strenuous training, 

low percent body fat and some type of nutritional deficiency. 

This nutritional deficiency could possibly be inadequate iron 

intake. In 1988, Clark, Nelson and Evens associated 

inadequate iron intake and restricted caloric intake with 
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amenorrhea in female runners. One could conclude that a 

deficiency of the nutrient iron may alter endocrine function 

which in turn could alter hormone levels resulting in 

menstrual irregularity. 

Descriptive Variables 

When examining the group means for the variables, 

calcium intake in mg, percent fat intake in the diet, and the 

ratio of caloric intake/caloric expenditure, the irregular 

groups amenorrheic and oligomenorrheic have lower values than 

the regular eumenorrheic group. It is also apparent that the 

mean menarche age for the irregular groups was older. 

There was a moderate correlation between the variable 

caloric intake/caloric expenditure and the variables percent 

fat intake and calcium intake. There was a high correlation 

between the variable caloric intake/caloric expenditure and 

the variables percent body fat and iron intake in mg per kg 

of body weight. Because of these moderate and high 

correlations it can not be concluded that percent fat intake, 

calcium intake in mg and the caloric intake/caloric 

expenditure do not have any effect on menstrual irregularity. 

Previous research has linked restricted caloric intake 

to menstrual irregularity (Benardot, 1991; Calabrese, et al., 

1983). Restricted caloric intake, and low body fat levels 
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could be related. Athletes who are restricting their caloric 

intake to lose weight could also be losing body fat. 

Nutritional deficiencies such as low calcium and percent fat 

intake could be associated with inadequate caloric intake. 

Markey (1987) stated that persons with nutritional 

deficiencies may not have the building blocks for the 

osteoblast to create new bone. Stress fractures could be a 

result of inadequate caloric intake in combination with low 

body fat levels. 

Baker, Mathur, Kirk and Williamson (1982) associated an 

older age of menarche, and low body fat levels with runners 

who were amenorrheic. An older age of menarche has not been 

directly related to menstrual irregularities. However, a 

later age of menarche may be related to intense premenarche 

training which in turn could be related to low body fat 

levels. Frisch (1974) stated that before the age of 16 at 

least 17% body fat is necessary for menarche. 

Conclusions 

The results of this study warrant the following 

conclusions. 

1. The most important predictor of menstrual 

irregularities is percent body fat. This agrees with 

Frisch's (1974) findings . However, many studies have 



associated low percent body fat in combination with other 

factors as the causes of menstrual irregularities. 
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2. The best predictor model for the criterion 

variable, number of menstrual cycles, was the two-variable 

model, the subject's percent body fat and iron intake in mg 

per kg of body weight. This finding is unique in the sense 

that to date no research links only percent body fat and iron 

intake in mg per kg of body weight as a combined cause of 

menstrual irregularities in track athletes. 

3. There was a significant difference in the predictor 

variable, percent body fat, between the amenorrheic (0-5 

cycles per year), oligomenorrheic (6-11 cycles per year), and 

the eumenorrheic (12 cycles per year} group. Newman Keuls 

Post Hoc Test revealed the difference to be between the 

eumenorrheic and the amenorrheic groups and between the 

eumenorrheic and oligomenorrheic groups. Throughout the 

literature amenorrheic athletes have been documented as 

having the lowest levels of body fat as compared to 

oligomenorrheic and eumenorrheic athletes. The 

oligomenorrheic athletes have been documented as having lower 

body fat levels than the eumenorrheic athletes (Brooks-Gunn, 

warren & Hamilton, 1987; Dale, Gerlach, & Wilhite, 1979; 

Walberg & Johnston, 1991; Myerson et al., 1991}. 
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4. There was a significant difference in the predictor 

variable, the ratio of iron intake in mg per kg of body 

weight between the amenorrheic (0-5 ~Jcles per year), 

oligomenorrheic (6-11 cycles per year), and the eumenorrheic 

(12 cycles per year) group. Newman Keuls Post Hoc Test 

revealed the differences to be between the eumenorrheic and 

amenorrheic groups and between the eumenorrheic and 

oligomenorrheic groups. 

Recommendations 

Based on the findings of the study, recommendations 

include the following. 

1. A Probit analysis should be used to estimate the 

influences of the predictor variables on the probability of 

menstrual cycle irregularity. 

2. This type of study should be carried out on other 

populations of female athletes especially those with a low 

caloric intake as compared to a high caloric expenditure. 

3. This type of study should be done which compares 

stress fractures among the three menstrual cycle groups 

(amenorrheic, oligomenorrheic, and eumenorrheic). 
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APPENDIX A 

CONSENT FORM 

I hereby give my consent for my participation in the project 
entitled, "Factors which affect the menstrual cycle in female track 
athletes. "I understand that the persons responsible for this 
project are Dr. Robert, Ph.D.; Dr. Bobo, Ph.D.; and Angela McTee, 
B.S. Angela McTee can be contacted at 742-3333 or 796-1660. The 
investigators have explained that this study's purpose is to 
investigate the factors which affect the menstrual cycle in female 
athletes. The authorized representatives have explained the 
procedure as follows: Participation will involve completion of 
three day dietary history, completion of a questionnaire, 
completion of a 24 hour energy expenditure questionnaire, and 
participation in hydrostatic weighing. Possible risks include the 
discomfort of holding one's breath while being under water during 
the hydrostatic weighing procedure. 

It has further been explained to me that the total duration of my 
participation will be the three days that I record my dietary 
practices and a 15 minute session when I will be hydrostatically 
weighed. I also understand that only the investigators will have 
access to the records and/or data collected for this study and that 
all data associated with this study will remain strictly 
confidential. 

If this research project causes any physical injury to participants 
in this project, treatment is not necessarily available at Texas 
Tech University or the Student Health Care Center, nor is there 
necessarily any insurance carried by the University or its 
personnel to cover any such injury. Financial compensation for any 
such injury must be provided through the participant's own 
insurance program. 

I understand that I may not derive therapeutic treatment from 
participation in this study. I understand that I may discontinue 
my participation at any time I choose without penalty. 

Signature of Subject ________________________ __ Date. __________ __ 

Signature of Parent/Guardian or Authorized Representative 

(If required) ____________________________________________________ ___ 

Signature of Project Director or his Authorized 

Representative ________________________________________________________ _ 

signature of Witness or Oral Presentation: 
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APPENDIX B 

QUESTIONNAIRE 

1. What is your height? 

2. What is your weight? 

3. Have you lost 5 or more pounds since you began competing 
as a track athlete? 

4. How many years have you been involved in competitive 
track? 

5. List any other sports or physical activities that you 
are presently involved in. 

6. List the track events you compete in, and how long you 
have competed in each one. 

7. What event is your specialty? 

8. List any injuries you have had or presently have that 
are related to your participation in track. 

9. Are you now or have you ever taken oral contraceptives? 
If so, please explain when and how long you took them. 

10. How many menstrual periods do you have in a year? 

11. How many days of menstrual bleeding do you experience 
per menstrual cycle? 

12. Do you experience menstrual bleeding every month? 

13. What is the average duration (length in number of days) 
from the beginning of one menstrual cycle to the 
beginning of your next menstrual cycle? 

14. would you classify your menstrual cycle as regular or 
irregular? 
Please explain why? 

15. How old were you when you first began menstruation? 

16. Have you ever had or presently have anorexia nervosa or 
bulimia? 
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APPENDIX D 

INSTRUCTIONS FOR ENERGY EXPENDITURE DATA 

1. Have the subject fill out the clock time, total minutes, 
and ACTIVITY SHEET. 

2. Give the subjects the ENERGY OUTPUT. This sheet 
describes how the different energy levels are defined. 

3. Calculate the subjects' surface area by using their 
height, weight and scale on. 

4. Take the subjects' SURFACE AREA and multiply it by the 
number that corresponds with the subjects' ages. Then 
multiply this number by 24. This number is the 
subjects• Basal Metabolism Rate (the number of calories 
needed daily to stay alive) . 

5. Take the information that you obtain from the clock 
time, total minutes, and activity sheet, and calculate 
it on FINAL DATA SHEET. This will give you the 
subjects' energy needs for muscular activities. Add the 
subjects' BMR plus the energy needs for muscular 
activities. Take 10% of this total. This is the 
subject's SDE (energy needed to digest and metabolize 
food). Add the subjects' BMR, energy needs for muscular 
activities and SDE. This will give you the subjects' 
total energy needs for 24 hours. 
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ENERGY OUTPUT LEVELS 

Energy level (a) Sleep or lying still, relaxed: 0.000 
kcal/min. 

51 

Energy level (b) Sitting or standing still, activities like 
sewing, writing, or eating: 0.010 
kcal/min. 

Energy level (c) Very light activity, includes driving a 
car, walking at moderate speed on level 
ground: 0.020 kcal/min. 

Energy level (d) Light exercise, includes light house work, 
such as sweeping the floor, walking at a 
moderate speed on level ground carrying 
books: 0.025 kcal/min. 

Energy level (e) Moderate exercise includes, fast walking, 
dancing, bicycling at a moderate speed: 
0.040 kcal/min. 

Energy level (f) Heavy exercise, activities such as fast 
dancing, walking at almost a run, fast 
uphill walking: 0.070 kcal/min. 

Energy level (g) Severe exercise, includes running and 
tennis: 0.110 kcal/min. 

Energy level (h) Very severe exercise, includes wrestling, 
rowing, boxing, racing: 0.140 kcal/min. 

Passmore, R. & Durin, J. v. G. A. (1955). Human energy 
expenditure. Physiological Reviews, 15, 801-840. 
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ACTIVITY SHEET 

CLOCK TIME TOTAL MINUTES ACTIVITY A B c D B p G H 

TOTAL 
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Figure D.1. Chart for determination of surface area. A line 
is drawn between height (5 feet 3 inches ) and 
weight (110 pounds) to yield 1.5 square meters 
as the surface area (Boothby, w. M., Berkson, 
J., & Dunn, L. H. (1936). Studies of energy of 
normal individuals: A standard for basal 
metabolism, with a nomogram for clinical 
application. American Journal of Physiology, 
ll.6., 168 - 484). 
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Table D.1. Basal Metabolic Rate 

AGE KCAL/SQM/HR 

15 38.3 

16 37.2 

17 36.4 

18 35.8 

19 35.4 

20 35.3 

21 35.2 

22 35.2 

23 35.2 

24 35.1 

25 35.1 

26 35.0 

27 35.0 

28 35.0 

29 35.0 

30 35.0 

*These surface areas are for females only (Boothby, w. M., 
Berkson, J., & Dunn, L. H. (1936}. Studies of energy of 
normal individuals: A standard for basal metabolism, with a 
nomogram for clinical application. Affierican Journal of 
Pbysiology, ~' 168-484}. 



FINAL DATA SHEET 

TOTAL E COST 
ENERGY LEVEL TOTAL MINS ENERGY COST PER KG 

A X .000 

B X .010 

c X .020 

D X .025 

E X .040 

F X . 070 

G X .110 

H X .140 

SUBTOTAL 140 

TOTAL KCAL/KG/24 HOURS 

MULTIPLE BY BODY WEIGHT (KG) TO ARRIVE AT THE 
TOTAL ENERGY SPENT ON ACTIVITIES FOR THE DAY. 

Passmore, R. & Durin, J. V. G. A. (1955). Human energy 
expenditure. Physiological Reviews, 35, 801-840. 
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APPENDIX E 

HYDROSTATIC WEIGHING PROCEDURE 

DMA 

1. Body weight in air 

2. Total weight in water 

3. Tare weight 

4. Net weight (2-3) 

5. Temperature of water 

6. Density of water 

7. Vital Capacity (VC =Deflection 
on Collins (rnm X 20.73 

8. Correction factor X vc
corrected vital capacity 

9. Estimated Residual Volume 
[VC X .24 (males) vc x .28 (females)] 

10. GI Tract Dead Space (100 ml) 

11. Total Residual Volume (9 + 10) 

BODY WEIGHTair 

~s 

~s 

~s 

~s 

ml 

ml 

ml 

ml 

ml 

FORMULA 

BODY DENSITY = 
(BODY WTair - Net WTwater) T t l R 'd l V 1 - o a es1 ua o ume 

Density of Water 

hma ( f 1 ) % F -- s~g9 - 4.65 x 100 Lo n young ema es = at 

Fox, E. L., Bowers, R. w. & Foss, M. L. (1989). ~ 
physiological basis of physical education and athletics. 
(4th ed.). Iowa: wm. c. Brown Publishers. 
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Table E. 1. Water Density (Dw) for various water 
temperataures 

Water Temperature (C) Water Density (g/cc) 

4 1.00000 
10 0.99973 
15 0.99913 
20 0.99823 
25 0. 99707 
26 0.99681 
27 0.99654 
28 0.99626 

29 0.99595 

30 0.99567 

31 0.99537 

32 0.99505 

33 0.99473 

34 0.99440 

35 0.99406 

36 0.99371 

37 0.99336 

38 0.99299 

39 0.99262 

40 0.99224 
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physiological basis of pbysical education and athletics. 
(4th ed.). Iowa: Wm. C. Brown Publishers. 



APPENDIX F 

RESULTS OF BACKWARD ELMINATION 

Table F.1. Results of Backward Elimination. 

Degrees of Partial Adjusted F Signifi-
Steps Freedom R- SQJJare R-SQJJare Ratio cance 

Percent 
fat intake 4 .0018 .5562 11.3 .0001 
removed 

Menarche 
age removed 3 .0112 . 5587 14.9 .0001 

Calcium 
intake in mg 2 .0127 .5593 21.9 .0001 
removed 
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APPENDIX G 

STEPWISE SELECTION 

Table G.1. Results of Stepwise Procedure 

Degrees of Adjusted F 
variable Freedom R-square Ratio Significance 

Percent 1 .5183 36.51 .0001 
Body Fat 

Iron intake 2 .5593 21.95 .0001 
in rng per kg 
of body weight 
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