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RECREATION, AND DANCE Texas Woman's University, Denton, Texas 

A. Uhlir 
Institutional Representative 

GARBE, K.C. Potential for Osteoporosis In Selected Dancers. Ph.D in Health 
Education, 1990, 138 pp. (R. Tandy) 

Eating attitudes, serum estradiol concentration, and bone mineral density were 

determined for 24 contemporary college dancers and 32 nonexercising control 

subjects. All subjects were nonsmoking, white females, not currently taking 

prescribed medication, and had no prior eating disorders. Data were collected 

using the following : a bone scan, a seven milliliter blood sample, the Eating 

Disorder Inventory, the Bioelectrical Impedance Analys_is machine, an activity 

level/menstrual status questionnaire, a three day diet record, and a 

demographic data form. The subjects were similiar in age, age at menarche, 

and menstrual periods per year. The major differences between the groups 

were that the dancers were taller, leaner, and weighed less than the controls. 

There was no significant difference in serum estradiol concentration between 

the groups. Bone mineral density scores were simili;u for the dancers and 

controls at two radial sites. No significant difference was found between the 

groups on seven of eight' subscales of the Eating Disorder Index. A significant 

difference (p<.01) was found between the dan~ers and controls on the 

Interpersonal Distrust subscale. A negative correlation (r= -.321, Q. =.04) 
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was found between serum estradiol concentration and the radial 1/10th site. No 

correlation was found between serum estradiol concentration and the radial 1 /3 

site. 
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CHAPTER I 

INTRODUCTION 

Rationale for the Study 

Osteoporosis has been defined as a decrease in the amount of bone, 

leading to fractures (Riggs & Melton, 1986), but the exact etiology of this 

disease is unknown (Lindsey, 1989). It is recognized as a multifactorial disease 

which results in reduced trabecular bone density and decreased bone mineral 

mass (Cook et al., 1987; Riggs & Melton, 1986). Osteoporosis has become a 

public health problem because of its associated fractures. In the United States 

alone, 1.3 mi llion fractures per year have been linked directly to osteoporosis 

(National Osteoporosis Foundation, 1989). The health care cost lor fractures 

caused by osteoporosis has been estimated to be 7.3 billion dollars in 1984 for 

proximal femur fractures and 140 million dollars per year for Calles' fractures 

(National Osteoporosis Foundation, 1989). 

The recent finding of low bone mass in amenorrheic runners and 

dancers, below the age of 35, has created great concern (Drinkwater et al., 

1984; Warren, Brooks-Gunn, Hamilton, Warren, & Hamilton, 1986). In 
'-

regularly-menstruating females, bone mass has been shown to increase until 

the age of 30 (Riggs & Mel~on, 1986). In addition, the mechanical stressing of 

the bone through exercise has been shown to increase bone mass (Aloia, 

1981 ). However, research on some very lean, ahlenorrheic athletes shows that 

the bone mineral content of these athletes is similar to postmenopausal women 

susceptible to osteoporosis (Drinkwater et al., 1984). Secondary amenorrhea 
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has been noted with the highest prevalence in distance runners, gymnasts, and 

ballet dancers (Baker, Mathur, Kirk, & Williamson, 1981; Calabrese, et al., 1983; 

Warren, 1980). The reason for the increased prevalence of amenorrhea and 

loss of bone mineral mass despite continual weight-bearing exercise has not 

been explained (Nelson et al., 1986). Although the loss of bone due to short

term amenorrhea may be reversible, long-term consequences presently are not 

known (Drinkwater, Nilson, Ott, & Chestnut, 1986). 

In modern sports competition, athletes are under tremendous pressure to 

increase their perf.ormances. The stress of improving one's physical 

capabilities has forced some athletes to go to extraordinary lengths to decrease 

their body fat. Many of these athletes are resorting to unhealthy eating practices 

which commonly result in eating disorders (Gadpaille, Sanborn,'& Wagner, 

1987). Eating disorders are found more frequently in gymnasts and dancers 

than in other athletes (Rosen, McKeag, Hough, & Curley, 1986). Athletes with 

amenorrhea and inadequate food habits may be predisposed to reduced bone 

mineral content (Nelson et al., 1986). 

Osteoporosis research has dealt mainly with postmenopausal women, 

anorectic women, and amenorrheic runners (Cook et al., 1987). The menstrual 

status, estrogen levels, eating attitudes, and bone mineral densities of dancers, 

aged 18 to 35 years, were. investigated to determine whether these athletes are 

at risk for developing osteoporosis. Bone loss is one of the few risk factors for 

fractures that can be manipulated into mid-life to achieve fracture reduction 

later; therefore, it is imperative that bone loss be prevented in young people 

(National Osteoporosis Foundation, 1989). 
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Statement of the Problem 

The problem of the study was to determine if there is a difference 

between dancers and nonexercising females in eating attitudes, serum 

estradiol concentration, and bone density. An additional problem was to 

determine if there is a correlation between serum estradiol concentration and 

bone density. The subjects were students at Texas Woman's University (TWU). 

and the University of North Texas (UNT) in Denton, Texas, in the spring of 1990. 

Purpose of the Study 

The purpose of the study was to compare the eating attitude scores, 

serum estradiol concentration, and bone density in selected female dancers 

and nonexercising females, and to investigate the relationship between serum 

est radio I concentration and bone density. 

Null Hypotheses 

The fo.llowing null hypotheses were tested at the .05 level of significance: 

1. There is no significant difference in the serum estradiol concentration 

between feniale dancers and nonexercising females. 

2. There is no significant difference in any of the eating attitude subscale 

scores between female dancers and nonexercising females. 
\. 

3. There is no significant difference in the bone mineral densities 

between female dancers and nonexercising females. 

4. There is no correlation between serum estradiol concentration and 

bone mineral density. 

Definitions 

The following terms were defined for the purpose of this study: 



1. Anorexia Neryosa. A psychological disorder characterized by a 

relentless pursuit of a thin body size. It is often considered a disorder of eating 

(Garfinkel & Garner, 1982). 
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2. Athletic Amenorrhea. A condition in which an athlete has had three 

or fewer menstrual periods per year with no menstrual periods in the six months 

immediately preceding the study (Sanborn, Martin, & Wagner, 1982). 

3. Bone Mineral Density. Bone mineral content and mass of the bone, 

as measured by the single photon absorptiometer (Mazess, Barden, Vetter, 

& Ettinger, 1989). 

4. Contemporary Collegiate Dancer. A dancer, enrolled in at least one 

90-minute daily technique course in a college or university dance department , 

who rehearsed at least two hours a day, and performed different· types of 

dances ( i.e. jazz, modern, ballet, tap) in a minimum of two collegiate events 

during the spring of 1990. 

5. Cortjcal Bone. A type of dense bone which forms the outer wall of all 

bones and comprises about three-fourths of the total skeletal mass. The bulk of 

cortical bone is found in the long bones of the appendicular skeleton (Parfitt, 

1987). 

6. Eatjng Attitudes. Attitudes which are related to symptoms of anorexia 

and bulimia, as measured.by the Eating Disorder Inventory (Psychological 

Assessment Resources, 1990). 

7. EstradjoL A steroid produced by the ovaries and possessing 

estrogenic properties (Thomas, 1985). 
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8. Regu!ar!y Menstruating. A condition in which a female has twelve 

periods per year each at 28± 5 days with an average duration of three to seven 

days (Sanborn et al., 1982). 

9. Trabecular Bone. A type of porous bone, which is found mainly in the 

ends of long bones and in the bones of the axial skeleton, and makes up 

approximately one-fourth of total skeletal mass (Parfitt, 1987). 

Delimitations 

Delimitations set for selection of subjects to participate in this study were 

as follows: 

(a) white, nonsmoking female, age 18 to 35; 

(b) Texas Woman's University (TWU) or the University of North Texas 

(UNT) student as of spring 1990 who had not used oral contraceptives within 

the last six months; 

.(c) no prior history of eating disorders; and 

(d) not taking prescribed medication for the time period of data 

collection. 

An additional delimitation for the control subjects was exercising less than 

twenty minutes, for fewer than three times a week. 

Limitations 

The major limitations of this study were: 

(a) the accuracy of information by subjects on instruments of self-report; 

(b) the accuracy and precision of the densitometer; and, 

(c) the accuracy and reliability of bone measurements by those 

performing the bone density analysis. 



CHAPTER II 

REVIEW OF THE LITERATURE 

The review of literature is presented in three sections. In the first section, 

nutrition and eating attitudes of dancers and young female athletes are 

addressed. This review is fundamental to the understanding of nutritional 

habits and practices of young women who may be at risk for premature bone 

loss. Menstrual status and menstrual history of athletes and dancers is 

presented next. The final section is concerned with the measurement of bone 

mineral content and density among athletes and dancers. 

Nutrition and Eating Attitudes 

The review of literature in the area of nutrition and eating 'attitudes 

indicated that certain female athletes may be prone to eating problems and 

undernutrition. Dancers are expected to be thin (Bonbright, 1989; Hanna, 

1988) and the results of research have found that the percent body fat of 

dancers fell below the norm for females which is 26 to 28% (Chmelar, Fitt, 

Schultz, Ruhling, & Shepard, 1988; Evans, Tiburzi, & Norton, 1985). The 

psychological profile of a dancer and the standards set by many dance 
\. 

companies seem to contribute to the finding that dancers are at higher risk for 

reporting eating disorders than the general population (Hamilton, Brooks-Gunn, 

& Warren, 1985). The method of choice for reducing weight for dancers seems 

to be caloric restriction (Bonbright, 1989; Braiste·d, Mellen, Gong, & Irwin, 1985; 

Druss, 1979; Hamilton, Brooks-Gunn, & Warren, 1986; Peterson, 1982). 

Consequently, the nutritional habits and eating practices of dancers determined 
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that these dancers were deficient in water consumption and in the 

Recommended Dietary Allowances (RDA) for vitamins, minerals, and calories 

(Bonbright, 1989; Chmelar, et al., 1988; Hamilton et al., 1986). 

Eating Disorders Among Athletes. 

A great demand is placed on athletes to continually increase their 

performance and physical capability. Dieting and weight control frequently are 

emphasized as means for athletes to optimize their performance (Bonbright, 

1989; Hami lton et al., 1985; Hanna, 1988). According to the findings of a study 

of 182 female college athletes, 32% practiced pathogenic weight-control 

behaviors in order to reduce body fat (Rosen et al., 1986). Pathogenic 

weight-control behavior was defined as self-induced vomiting, binging more 

than twice a week, and the use of laxatives, diet pills, and/or diuretics daily for 

one month (Rosen et al., 1986). Among gymnasts and distance runners, the 

percentage who engaged in pathogenic weight-control behaviors was found to 

be 74% and 47%, respectively (Rosen et al., 1986). 

Body Image Among Athletes. 

7 

In a study by Pasman and Thompson (1988), body image and eating 

disturbance were evaluated in male and female cont!ols, obligatory 

weightlifters, and obligatory runners. In this study four instruments were used. 

A 21-item Obligatory Exercise Questionnaire (OEQ) was used to assess 

exercise addication or obligatory exercise. behavior. The maximum score is 84 

and the minimum score is 21. The criteria for participation in this study was that 

the athletes had to score a 50 or higher and the controls had to score 40 or less 

on the OEQ. The adjustable light beam apparatus was used to assess the 
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accuracy of body size. This apparatus requires the subject to self-adjust a 

beam of light projected onto a wall to match their own estimation of their body 

size. The Drive for Thinness and Bulimia subscales of the Eating Disorder 

Inventory (EDI) were used to determine the level of eating disturbance. The 

Body Dissatisfaction subscale of the EDI and the Physical Appearance 

subscale of the Body Self Relations Questionnaire were used to measure body 

satisfaction. The results were that female controls and female runners were 

more dissatisfied with their bodies than were males, with the exception of 

female weightlifters. There was no difference in body dissatisfaction scores 

between male and female weightlifters. In this study, runners and male and 

female weightlifters exhibited a significantly greater number of eating 

disturbances than did controls and females evidenced a significantly greater 

number of eating disturbances than did males (L2<.001 ). The exercise groups 

had higher numbers of eating disturbances on a measure of anorectic 

tendencies but not on the measure for bulimic behaviors. The findings of this 

study partially support the theory that obligatory athletes (addicted to exercise) 

and individuals with eating disorders exhibit some similiarities. 

Body Composition of Dancers. 

Vincent (1981) suggested that the physical appearances of dancers are 

subject to extreme scrutiny and Bonbright (1989) and Hanna (1988) found that 

contemporary dancers are expected to be thin. In a review of the 

anthropometric literature on female dancers, by° Chmelar et al. (1988), the 

average weight of a dancer was found to be 112 pounds. This is comparable to 

gymnasts and middle distance runners but lower than all other female athletes 



who range in weight from 124 to 178 pounds (Chmelar et al., 1988). Low 

weight found in dancers has been reported to range from 6% to 12% below 

ideal weight fo r height (Calabrese & Kirkendall, 1983; Garner, Olmsted, Polivy, 

& Garfinkel, 1984; Hamilton et al., 1985). 
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The average amount of body fat is approximately 26 to 28% for most 

young women; but among dancers, gymnasts, distance runners, and 

cross-country skiers the amount has been found to be less than 10% (Smith, 

1980). The percent body fat of dancers reported in mean values, using a 

variety of techniques, ranged from 12.9% to 22.4% (Chmelar et al., 1988; 

Clarkson, Freedson, Keller, Carney, & Skrinar, 1985; Evans et al., 1985). 

According to Fleck (1983), studies using the hydrostatic weighing technique 

have found the percent body fat of elite female athletes to range from 10.7% to 

22.2%. Comparing dancers to female college students, Evans et al. (1985) 

found ~ancers to be significantly lighter in body weight and leaner in body 

density, and to have significantly less body fat. A study by Chmelar et al. (1988) 

compared the body composition of professional ballet dancers, professional 

modern dancers, university ballet dancers, and university modern dancers. · All 

dancers were found to be similiar in height, fat free weight, and total weight. 
'-

Body compostion was measured using the Sinning equations for density, lean 

body mass, and percent fat , as well as the Bioelectrical Impedance Analysis 

machine (R. J. L. Systems, 1987). The he_ight in inches, total weight in pounds, 

and fat free weight in pounds for the professional ballet dancers were 65.9, 

119.4, and 19.1, and 63.7, 114.9, and 100.7 for the professional modern 

dancers. 
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Socjocu!tural Influences and Eating Disorders of Dancers. 

The demand for extreme leanness imposed on the ballerinas of modern 

society has evolved primarily over the last thirty years and did not characterize 

classical ballet during its preceding 400-year history (Bonbright, 1989). 

Classical ballet is basically an anaerobic discipline in which weight control is 

primarily achieved through a strict regimen of dieting (Calabrese & Kirkendall, 

1983). Dancers are placed under extreme stress to achieve the ultra-slim body 

type and they become extremely conscious of these requirements at a very 

young age (Hanna, 1989). 

In many ballet companies, the choreographer/artistic director has great 

control over the dancer and considers the dancer an expendable commodity 

(Hanna, 1988). This ballet company mentality encourages prolonged 

psychological immaturity and dependency on the company; thereby making 

dancers prone to abusing their bodies (Hanna, 1988). According to Hanna 

(1988), the dancer gains a sense of self-mastery through being in charge of her 

own body. 

Ballet dancers comprised the highest risk group for the development of 

serious eating disorders among athletes (Anderson, 1985). The incidence of 

self-reported anorexia nervosa ran as high as 7% in professional dance 

schools in Europe and North America (Anderson, 1985). Studies using an 

eating problems scale, EAT-26, by Garner. and Garfinkel (1980) and Hamilton et 

al. (1985) found anorexia nervosa in 5% and 22% of female ballet dancers, 

respectively. Higher incidences have been reported in women performing in 

national rather than regional companies. 
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The resu lts of the study by Hamilton et al. (1985) suggested that 

professional dancers are at a much higher risk for reporting eating disorders 

than adolescent dance students or nonathletic women. In the study by Hamilton 

et al. (1985), 68% of the dancers performed in a professional ballet company 

while the remainder performed in regional companies. Twenty-two percent of 

the professional dancers reported having had anorexia nervosa while none of 

the dancers in the regional companies reported having had anorexia nervosa. 

Twenty percent of both groups reported having had bulimia. The incidence of 

self-reported anorexia nervosa was three times higher in members of national 

dance companies than dance students (Garner & Garfinkel, 1980). 

Dancers often exhibit a general psychological profile which may put them 

at risk for eating disorders (Hamilton et al., 1985). Those characteristics which 

are common among dancers and are thought to be associated with eating 

disorde_rs are: (a) perfectionism, (b) a great desire to achieve, (c) compliance, 

(d) dieting, (e) fear of becoming fat, and (f) high levels of activity (Bruch, 1978; 

Vincent, 1981). According to Garner and Garfinkel (1980), the dancers in 

competitive companies who showed the highest incidence of self-reported 

anorexia nervosa demonstrated more positive body images than dancers in the 

regional, less competitive companies. This finding suggested that 

psychological profiles are only part of the problem leading to the incidence of 

eating disorders in dancers. Hamilton et aL (1985) suggested that the high 

standards and general ethos of the competitive companies also appear to play 

a part in the development of anorectic behavior. 

In a study of 25 dancers in a national company and 25 dancers in a 
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regional company, Homek (1984) found that national dance companies had 

more rigid standards for thinness, expected their dancers to diet more 

frequently, and required more hours of exercise per week. From these data, 

Hamilton et al. (1985) suggested that excessive dieting and activity levels may 

play an important role in the emergence of anorexia nervosa; however, body 

concerns are not the sole factor in the development of eating disorders. 

Sociocultural factors such as the level of competition and socioeconomic status 

were found to influence the incidence of self-reported eating disorders among 

dancers (Hami lton et al., 1985). 

Nutritional Intake of Dancers. 

Dancers with the desire to achieve ultra-slim figures often chose 

to minimize caloric intake, increase caloric expenditure through additional 

activity, or a combination of both. Dancers listed "weight and diet" as 

param0.unt concerns and typically restricted their intake of calories (Bonbright, 

1989; Braisted, et al., 1985; Hamilton et al., 1986; Peterson, 1982). Dancers 

frequently practiced abnormal eating patterns and often ingested fewer than 

1,000 calories per day despite excessive exercise (Druss, 1979; Peterson, 

1982). 

In a study of the nutritional habits of 25 professional female ballet 

dancers, Calabrese et al. (1983) found that 10 da·ncers ingested less than 66% 

of the Recommended Dietary Allowance (RDA) for calories, and five dancers 

ingested less than 50% of the RDA for calories. The female dancers were also 

found to consume foods low in energy and nutritive density, and exhibited a 

significant degree of food binging. 
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Braisted et al. (1985) studied the dietary practices and beliefs about 

nutrition of 45 female ballet dancers and 44 sedentary control subjects, ages 12 

to 21. A higher proportion of dancers reported binge eating, had a distorted 

body image, were more than 20% below ideal weight, and were amenorrheic 

(fewer than 5 menses per year) than control subjects. Eating behaviors found 

among the ballet dancers included fasting, binging, and selective food 

restriction. 

Bonbright (1989) studied the nutritional behaviors of 32 elite female 

ballet dancers, ages 15 to 18 years. The dancers tended to consume foods low 

in energy value and nutritional density for both water- and fat-soluble vitamins 

and minerals. Thirty-one subjects fell below the RDAs for vitamin D and 

magnesium; 30 subjects were deficient in calcium; 28 subjects exhibited 

deficiencies for iron; and 25 subjects were deficient in phosphorous. 

~esults from a 24 hour nutritional survey, mentrual status questionnaire, 

and questionnaire concerning eating problems (EAT-26), conducted on 19 

professional dancers, supported the theory that concerns about weight manifest 

themselves in dancers' eating behaviors a·nd nutritional habits (Hamilton et al., 

1986). Six of 19 dancers ingested a caloric amount less than 66% of the RDA. 
\, 

It was reported that the diets of dancers appeared to be low in nutritional 

density, with the majority of dancers deficient in the RDA for calcium, iron, and 

niacin. The results of the eating problems questionnaire revealed that eight 

dancers were terrified of being fat and consumed significantly less protein, fat, 

iron, and niacin. They also scored high for eating, Oral Control (a subscale of 

the EAT-26), the total EAT-26 score, and had bulimic tendencies. The dancers 
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obsessed with thoughts of food (.n = 5) consumed less protein, iron, niacin, and 

fat, and had higher scores in Oral Control than dancers who did not have 

obsessive thoughts of food. Dancers who were 4 to 10% below their ideal 

weight consumed fewer calories (67% of the RDA) than the thinner dancers 

who were 11 to 21 % below their ideal weight (115% of the RDA). Dancers who 

were 4 to 10% below their ideal weight consumed less carbohydrates, iron, 

niacin, phosphorous, and potassium than their lighter counterparts. These 

heavier dancers tended to diet more, consumed fewer calories, and practiced 

stricter diet behaviors than lighter dancers. Nine of the 19 dancers reported 

menstrual irregularity as defined by skipped menstrual cycles (n = 7) and 

amenorrhea (n = 2, missed five or more consecutive menstrual cycles). 

Hamilton et al. (1986) concluded that, in this group of dancers, menstrual 

irregularity and decreased caloric intake were found to be influenced by high 

scores ~n the EAT-26, heavier body weights, and anorectic behaviors. 

A study of 9 professional ballet dancers, 9 professional modern dancers, 

1 O university ballet dancers, and 11 university modern dancers, aged 18 to 35 

years, reported subjects relying heavily on low calorie diet drinks and coffee for 

hydration rather than water (Chmelar et al., 1988). Twenty-one of the dancers 

studied were estimated to have poor water intake habits as compared to their 

caffeine and alcohol consumption. 

Menstrual Status and Menstrual History 

Female athletes achieve menarche at a later age than nonexercising 

females (Frisch et al., 1981; Howat, Carbo, Mills, & Wozniak, 1989; Malina, 

Spirduso, Tate, & Baylor, 1978). Extremely thin ballet dancers with unusual 
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eating habits and high activity levels also were found to have a high incidence 

of delayed menarche (Frisch, Wyshak, & Vincent, 1980; Warren, 1980). The 

etiology of this delay is not clear but several theories have been proposed: 

early training (Cohen, Kim, May, Jr., & Ertel, 1982; Frisch et al., 1981 ); excessive 

training (Frisch et al., 1981 ); low body weight (Frisch et al., 1980); or the 

possibility that there is a predisposition for late maturers to go into ballet 

(Calabrese et al., 1983). 

In a study of 38 college swimmers and runners, Frisch et al. (1981) 

reported the average age at menarche to be 13.9 ± 0.3 years as compared with 

12. 7 ± 0. 7 years for the control subjects. Athletes were divided into those who 

began training before menarche (.a.= 18) and those who began training after 

menarche (n = 20). The mean menarcheal age of the postmenarche-trained 

athletes was 12.8 ± 0.2 years. The mean menarcheal age of athletes whose 

training began before menarche was 15.1 ± 0.5 years. Frisch et al. (1981) 

suggested that intense physical activity does delay menarche. An additional 

finding of this study, which may be linked to the causation of menarche delay, 

was a significantly lower intake of calories, protein, fat, and calcium for the 

athletes whose training began before menarche. 

A study of the menstrual status of 29 female dancers during their first year 

at a professional ballet school confirmed findings of the delay of menarche 

among dancers (Abraham, Beaumont, Fraser, & Llewellyn-Jones, 1982). The 

mean age of the dancers was 16.8 ± 0.8 years. Four students had not yet 

menstruated and of the 25 remaining, the mean age of menarche was 

14.8 ± 1.2 years. 
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Frisch et al. (1980) studied 89 female ballet dancers with a mean age of 

menarche of 16.8 ± 0.2 years. Twenty of the dancers reported primary 

amenorrhea (menses has never occurred) and the 69 remaining dancers 

reported a mean menarcheal age of 13. 7 ± 0.1 years. The authors suggested 

that the excessive physical training and low food intake typical of ballet dancers 

cause thinness that delays menarche. 

Thirty-two professional full-time female ballet dancers were studied by 

means of a gynecological questionnaire (Cohen et al., 1982). Forty-seven 

percent of these dancers experienced delayed menarche, which was defined 

as menarche after age 16. Dancers in this study experienced a far greater 

incidence of total menstrual dysfunction manifested by primary amenorrhea, 

secondary amenorrhea, and oligomenorrhea than did control subjects. 

Brooks-Gunn, Warren, & Hamilton (1987), in their study of 55 

professi9nal classical ballet dancers, reported the mean age of menarche to be 

14.3 years. Fifty-six percent of the dancers began menstruating at age 14 or 

later. Those dancers with delayed menarche were more likely to be 

oligomenorrheic (missing 1 to 4 menstrual cycles per year) than those dancers 

who had reached menarche at an earlier age (76% vs. 38%, x2 = 7.96, Q.<0.01 ). 
\. 

Brooks-Gunn et al. (1987) suggested that these dancers may be more at risk for 

exercise induced menstrual. irregularities than dancers who reached menarche 

at an earlier age. 

Calabrese et al. (1983) studied the menstrual patterns of 29 professional 

ballet dancers and five elite ballet students on scholarship, all of whom trained 

between 30 and 40 hours per week. The mean age of menarche was 14.3 



years. From this research, the authors suggested that late maturers 

experiencing delayed menarche may be predisposed to excel in ballet. 

Calabrese et al. (1983) pointed out that their data could not support any of the 

other theories concerning delayed menarche. 

Amenorrhea in Athletes. 

17 

The etiology of amenorrhea remains unclear (Loucks & Horvath, 1985; 

Olson, 1986). Athletic amenorrhea is a subject of controversy among 

investigators theorizing as to the causation of this phenomena. Some 

researchers claim that the incidence of amenorrhea in athletes is as much as 20 

times greater while other researchers report the incidence among the general 

population is no different than the incidence among athletes (Loucks & Horvath, 

1985). Secondary amenorrhea among female athletes ranged from 3.4 to 43 % 

(Rosen et al., 1986). Amenorrhea in athletes typically develops during periods 

of intense physical training and remits when athletes are given prolonged rest 

periods (Jacobs, 1982). The prevalence of amenorrhea in collegiate runners 

increased as training mileage increased (Sanborn et al., 1982). In this portion 

of the literature review, the incidence of amenorrhea among athletes and 

dancers is investigated, and some of the studies suppo __ rting several theories 

associated with its possible cause are presented. 

Dieting and eating problems have been suggested to be causal factors in 

the development of amenorrhea in athletes .(Brooks-Gunn et al., 1987; 

Gadpaille et al., 1987; Warren, 1983). Limited data have been reported on the 

diets of amenorrheic athletes and thus the association of athletic amenorrhea 

with diet is only speculative at this time (Loucks & Horvath, 1985). 
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Howat et al. (1989) studied the dietary patterns of gymnasts (n = 9), a 

weightlifter, and nonathletes (n = 10). Athletes were grouped according to 

menstrual status as either regularly-menstruating (n = 5) or 

oligomenorrheic/amenorrheic (n = 5). The oligomenorrheic/amenorrheic 

subjects had expressed menstrual dysfunction from 6 months to 2 years. No 

significant difference was found in the nutrient and energy intake by group. The 

regularly-menstruating athletes and oligomenorrheic/amenorrheic athletes 

reported ranges in energy intake of 1,828 to 2,876 kilocalories, and 1,049 to 

2,557 kilocalories, respectively. Based on their research results, Howat et al. 

(1989) concluded that diet is not a factor in menstrual status. 

Gadpaille et al. (1987} studied 13 amenorrheic and 19 

regularly-menstruating runners with mean ages of 25.5 years and 28.8 years, 

respectively. They reported a high incidence in major affective disorders (85%) 

and eating disorders (62%) among the amenorrheic group. Among the 

regularly menstruating group, there were no eating disorders or major affective 

disorders. Their data suggested that there is a relationship between athletic 

amenorrhea, major affective disorders, and eating disorders in runners. 

Brooks-Gunn et al. (1987} studied 55 profession~! ballet dancers ranging 

in age from 19 to 35 years. Based on their results, they suggested that 

restricted nutritional intake and self-reported anorexia nervosa may be an 

important consideration in the manifestation _of amenorrhea in dancers. It was 

pointed out that, in this study, eating problems were not the sole determinants of 

amenorrhea. The authors suggested that researchers consider the association 

of amenorrhea, leanness, and eating behaviors when studying athletic 
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amenorrhea. 

Calabrese et al. (1983) studied the nutritional habits, percent body fat, 

and menstrual status of 29 professional classical ballet dancers and 5 ballet 

dance scholarship students. Body fat was assessed by the hydrostatic 

weighing method and the average percent body fat was found to be 16.9%. 

During a typical rehearsal week, 46% of the dancers took in less than 66% of 

the RDA calories. Fifteen had secondary amenorrhea (absence of menses for 

greater than 90 days), 17 had irregular menses (menses occuring at intervals 

greater than 35 days but less than 90 days), and 11 cited menstrual 

abnormalities stemming directly from dancing (only menstruated on vacations, 

no menses during heavy rehearsal). Although the link between eating 

behaviors and amenorrhea was not addressed, it was suggested that factors 

other than body composition are involved in the etiology of menstrual 

dysfunction in athletes. 

Researchers have studied the effects of exercise and exercise intensity 

on the menstrual cycle. The theory that exercise may be a sole cause for 

amenorrhea in athletes remains controversial. 

In a study of the prevalence of amenorrhea in elite runners, swimmers, 
\. 

and cyclists, Sanborn et al. (1982) found that, in runners, the intensity of training 

was positively correlated with the prevalence of amenorrhea. Amenorrhea was 

evident in 43% of the women running more than 70 miles per week. There was 

no relationship between training and amenorrhea for swimmers and cyclists. 

Baker et al. (1981) and Speroff and Redwine (1980) found no correlation 

between mileage run and amenorrhea. The runners in both studies ran a 
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limited number of miles per week. In the study by Speroff and Redwine (1980) 

few women ran more than 20 miles per week. Women ran between 1 o and 70 

miles per week in the study by Baker et al. (1981 ). 

In a study of 15 dancers, aged 13 to 15 years, Warren (1980) observed 

that the onset of menarche followed a decrease in exercise or a forced rest of at 

least two months. When the dancers resumed strenuous exercise, amenorrhea 

once again occurred in 11 of the dancers despite no change in diet or weight. 

Abraham et al. (1982) further supported the theory that physical exercise 

was the reason for delay in menstruation. Only two of 21 dancers failed to show 

the return of menses when given periods of rest longer than four weeks. On 

joining the professional ballet school, 38% had secondary amenorrhea and, 

after 12 months of ballet training, 69% had secondary amenorrhea. This 

increase in secondary amenorrhea had occurred despite the maintenance of 

similiar pody weights over the 12 months studied. 

Critical fat Theory. 

The most commonly tested hypothesis relating to the causation of athletic 

amenorrhea has been low body fat (Sanborn, Albrecht, & Wagner, 1987). 

There has been much controversy in existing research concerning whether the 
\. 

percentage of body fat is a clear indicator of menstrual status (Sinning & Little, 

1987). The critical fat hypothesis developed by Frisch and McArthur (1974) 

suggested that an absolute amount of fat is i_mportant for the onset and 

maintenance of the menstrual cycle. Frisch et al. (1981) proposed that total 

body fat must reach 17% of the total body weight before menarche occurs and, 

in order to maintain a regular menstrual cycle, total body fat should remain at 
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approximately 22% of the total body weight. In a study by Sanborn et al. (1987), 

the data collected on distance runners does not support the critical fat 

hypothesis. Sinning and Little (1987) reviewed 16 studies which supported this 

theory and 10 studies which did not support the critical fat theory. Based on the 

research cited above, the association between amenorrhea and low body fat 

among ballet dancers remains unclear. 

To support the critical fat theory, Frisch et al. (1980) studied 89 dancers 

and found those with amenorrhea or with irregular cycles to be leaner than 

dancers reporting regular cycles. All dancers in the group reported weights in 

the low range of weight for height. The 20 dancers reporting primary 

amenorrhea were significantly leaner than all other dancers. Sixty-six percent 

reported irregular menstrual cycles (intervals between menstruation of more 

than 38 days but less than 3 months). 

Sanborn et al. (1987) studied the percentage of body fat in 14 distance 

runners. Seven were regularly-menstruating (12 menstrual periods per year at 

intervals of 26.5 ± 1.0 days with a duration of 4.1 ± 0.4 days) and seven runners 

gynecologically evaluated as athletic amenorrheic (menses absent for 1 to 1 O 

years). Both groups of runners were similiar in weight, height, age, 

menearcheal age, and training. Maximum oxygen uptake, measured by a 

treadmill test, was similiar in both groups. The percent body fat for the 

regularly-menstruating athletes (17.4 ± 1.2 %) was similiar to the amenorrheic 

athletes (17.7 ± 2.1 %). From their data, Sanborn et al. (1987) refuted the 

hypothesis that low body fat causes athletic amenorrhea. 
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Calabrese et al. (1983) studied 29 professional classical ballet dancers 

who danced for approximatley 40 hours a week and 5 scholarship students who 

took 20 or more 90-minute dance classes a week. Despite the low percent 

body fat reported, 16.9%, no statistical correlation could be found between 

reported menstrual abnormalities and percent body fat. 

Ouellette, Macvicar, and Harlan (1986) studied the relationship between 

menstrual patterns and the percentage of body fat among 25 college athletes 

and 41 nonathletic college women. The athletes competed in a wide variety of 

sports. The mean body fat percentages for athletes was 16.5% and 21.0% for 

controls. Despite the significant differences found in body fat percentages 

between athletes and controls, no relationship could be found between the 

percentage of body fat and menstrual cycle length. The authors suggested that 

the role of body fat cannot be isolated from other variables in the determination 

of menstrual abnormalities. 

Despite intensive study, the etiology of athletic amenorrhea remains 

elusive. Many theories abound but specific causation has not been proven. 

Bone Mineral Density and Osteoporosis 

Maximum bone mass seems to depend on: (a) h~rmones, (b) genetics, 

(c) the level of physical activity, and (d) diet (Birge & Dalsky, 1989; National 

Institutes of Health, 1986). During the first decade after menopause, the loss of 

estrogen accelerates the loss of bone (Richelson, Wahner, Melton, & Riggs, 

1984; Silverberg & Lindsay, 1987). The most important risk factors for 

osteoporosis appear to be menopause and aging (Riggs, 1989). The use of 

estrogen replacement therapy to slow the rate of bone loss has both risks and 
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benefits and, to date, there is little that can be done to deter the effects of aging 

(Barrett-Conner, 1989). In this portion of the literature review two factors 

considered to affect bone density in women, estrogen levels and 

weight-bearing exercises, were investigated. 

Bone Loss in Amenorrheic Athletes. 

Amenorrhea, once thought to be a harmless side effect of intense 

physical training, has been recognized as a possible contributer to the 

development of osteoporosis (Drinkwater et al., 1984; Lindberg et al., 1984; 

Marcus et al., 1985). Accelerated lumbar bone loss, measured by dual photon 

absorptimetry, has been associated with the hypoestrogenic state in 

amenorrheic athletes (Drinkwater et al., 1984). Plasma estrogen levels were 

found to be lower in amenorrheic than in regularly-menstruating athletes 

(Drinkwater et al., 1984). Olson (1986), found a positive correlation between 

plasma estradiol and lumbar bone mineral density, which indicated the 

importance of estrogen in the maintenance of bone density. The deficiency of 

estrogen has been reported to be one of the most significant factors in the 

decline of bone mass (Mishell, 1987). Nelson et al. (1986) and Drinkwater et al. 

(1984) both found amenorrheic athletes to have bone d~nsity values of women 

older by 1 o years and 26 years, respectively. Research studies emphasizing 

bone loss and amenorrhea in young female athletes and dancers are 

presented in this portion of the literature review. 

The incidence of skeletal aberrations associated with hypoestrogenic 

blood levels was examined in a study of 75 professional ballet dancers, ages 

18 to 36 years (Warren et al., 1986). Ten dancers had their endocrine status 
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evaluated longitudinally by vaginal smears and blood draws. Seven of the 1 o 

dancers showed hypoestrogenism indicated by vaginal smears that showed 

marked atrophy and the remaining three had a lack of withdrawal bleeding after 

the administration of progesterone. Thirty-three dancers had blood samples 

drawn on a one time basis and the levels of both the N-terminal-specific 

molecule (16.4 ± 5.8 pg/ml) and the C-terminal midmolecule (159.1 ± 45.5 

pg/ml) of the parathyroid were found to be normal (normal ranges are 11 pg/ml 

to 24 pg/ml and 50 pg/ml to 330 pg/ml, respectively). 

Dancers with a delay in menarche (14 years or older) were found to be at 

risk for the development of scoliosis and fractures. There was a significant 

correlation between the age at menarche and the prevalence of scoliosis 

(r = 0.025, ll<0.03) and as the age of menarche increased so did the risk of 

scoliosis and fractures. Scoliosis and fractures were confirmed by a bone scan 

or an x-ray. The dancers with scoliosis reported a higher incidence and a 

longer duration of secondary amenorrhea (absence of a menses for 5 or more 

months) than the dancers who did not have scoliosis (11.4± 18.4 vs. 4.1 ± 7.4 

months; ll<0.05). For this sample, the incidence of fractures was 61 % and 24% 

for scoliosis. The mean age at menarche for dancers wa~ 14.5 ± 2.1 years, 

which is above the mean of 12.9 ± 0.1 years reported nationally (Frisch & 

Revelle, 1971 ). Warren et al: (1986) suggested that inadequate calcification 

and skeletal stability during adolescence may cause scoliosis and fractures. 

Prolonged hypoestrogenism, reflected by a delay in menarche and prolonged 

periods of amenorrhea, may predispose ballet dancers to skeletal injuries and 

abnormalities (Warren et al., 1986). 



Howat et al. (1989) studied the influence of body fat, diet, menstrual 

status, and activity upon the bone density of females, aged 18 to 26 years. 

Subjects were divided into three different groups: (a) regularly menstruating 

controls (n = 10), (b) regularly-menstruating athletes (n = 5), and 
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(c) oligomenorrheic/amenorrheic athletes (n = 5). The 

oligomenorrheic/amenorrheic athletes had esperienced menstrual dysfunction 

from 6 months to 2 years. Bone mineral density (BMD) of the lumbar spine was 

measured by the dual photon absorptiometry technique. No significant 

difference was found in the mean bone mineral density scores for the 

oligomenorrheic/amenorrheic athletes and regularly-menstruating controls 

(1.17 ± 0.03; 1.20 ± 0.08 gm/cm2). The regularly-menstruating athletes had 

significantly higher mean BMD scores than did the other two groups (Q.<0.1 ). 

From the results from this study, these researchers confirmed previous findings 

that activity may strengthen bone in women with normal menses. Howat et al. 

(1989) indicated that, despite high activity levels, menstrual dysfunction may 

contribute to lower bone mineral density . 

Marcus et al. (1985) studied the influence of activity and menstrual 

function upon the bone mass of 17 elite female runners. __ Runners were divided 

into those with regular menses (11 or 12 menses per year) since menarche 

(n=6), and those who experienced secondary amenorrhea (no menses for 1 to 

7 years) (n=11 ). Age-matched subjects comprised the control group. Skeletal 

assessment was done of the vertebrae (trabecular bone) by computed 

tomography (CT), and of the radius (cortical bone) by the single photon 

absorptiometry technique (SPA). The BMD of the radius was found to be 
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similiar in all groups (amenorrheic runners = 0.694 ± 0.01 gm/cm2; 

regularly-menstruating runners = 0. 72 ± 0.01 gm/cm2; controls = o. 71 ± 0.01 

gm/cm2). The amenorrheic runners reported lower vertebral BMD scores 

(151 ± 8 mg/cm3) than the regularly-menstruating runners (182 ± 5 mg/cm3; 

Q<0.02) and the control subjects (166 ± 4 mg/cm3; Q<0.05). These scores were 

higher than those for runners with secondary amenorrhea who were less 

physically active (121 ± 6.9 mg/cm3; 12<0.05). Runners with amenorrhea 

reported more fractures due to running than did regularly-menstruating women. 

Blood samples were taken from all subjects at one time during the early 

follicular phase of the regularly-menstruating women and at any time for the 

amenorrheic women. Plasma estradiol was measured by radioimmunoassay. 

Plasma estradiol was higher in the regularly-menstruating women (92.5 ± 27.4 

pg/ml; Q<0.01) than in the amenorrheic women (36.3 ± 3.5 pg/ml; 12<0.01 ). 

Marcus. et al. (1985) suggested that running may deter the adverse effects of 

low estrogen upon trabecular bone. Radial density did not appear to be 

affected by amenorrhea. 

Lloyd et al. (1986) performed a retrospective study to determine the 

relationship of menstrual status and musculoskeletal inju!ies in women athletes. 

Three populations were studied: (a) college athletes (n = 207), (b) participants 

in a local race (n = 100), and ·(c) participants in a national running race 

(n = 267). Among the college athletes, the incidence of stress fractures among 

the oligomenorrheic women (irregular or absent menses for a minimum of 12 

months) was approximatley four times that of those who were 
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regularly-menstruating (15% vs. 4%; g,<0.05). When all fractures were 

compared, 25 % of the college athletes with oligomenorrhea or amenorrhea 

experienced fractures while only 9% of those who had regular menses did. All 

fractures were confirmed by the records of x-rays taken. 

Twenty-eight runners who ran 20 miles or more a week were studied by 

Nelson et al. (1986) to determine the relationship between diet, amenorrhea, 

and bone loss. Eleven of the subjects had experienced secondary amenorrhea 

for more than 12 months concurrently and 17 were categorized as regularly

menstruating. The mean ages for the amenorrheic and regularly-menstruating 

runners were 25.2 years and 29.2 years, respectively. Blood samples were 

drawn every 60 minutes for 4 hours via flexible butterfly catheter placed in an 

antecubital vein and stored at -20 degree centigrade for radioimmunoassay of 

estradiol.Three-day dietary records (2 week days, 1 weekend day) were kept 

and an?ilyzed. Bone mineral density of the lumbar region was measured by the 

dual photon absorptiomentry (DPA) technique and of the radius by the SPA 

technique. The mean estradiol levels and the BMD of the lumbar regions were 

significantly lower in the amenorrheic women than in the regularly-menstruating 

women (8.5 ± 1.88 pg/di vs. 28.60 ± 3.74 pg/di, Jl<0.001; ~ .099 ± 0.022 gm/cm2 

vs. 1.196 ± 0.025 gm/cm2, ll< 0.02}. The amenorrheic runners did not differ 

from the regularly-menstruating runners in radial BMD. Results of the dietary 

analysis were that, while the amenorrheic athletes ingested significantly lower 

amounts of calories from fat (Jl<0.005), calories from carbohydrates (Q<0.04), 

and total kilocalories (Jl<0.02), both groups reported ingesting above the RDA 

for calcium (regularly-menstruating = 1150 ± 117 mg/day; 
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mg/day; amenorrheic = 886 ± 312 mg/day). Nelson et al. (1986) suggested that 

an abnormally low intake of food and amenorrhea in athletes may lead to a 

reduction in the bone mineral content in trabecular bone. 

Cook et al. (1987) examined the menstrual histories and bone mineral 

content of 36 women runners with a mean age of 28.3 years. Nineteen 

oligomenorrheic (absence of menstruation for longer than three months) and 17 

regularly-menstruating subjects comprised the two groups studied. Bone 

mineral measurements of the lumbar vertebrae were made using the DPA. 

Participants gave a blood sample for blood chemistry analysis and submitted a 

three day dietary record for nutrition analysis. The authors reported that the 

oliogmenorrheic athletes had significantly lower bone mineral content than the 

regularly-menstruating athletes (Jl<0.01 ). Blood chemistry profiles and nutrition 

data did not differ between the groups. 

. Drinkwater et al. (1984) studied the BMD, estradiol, training mileage, and 

dietary records of 14 amenorrheic (no more than one menstruation in the 

preceding 12 months) and 14 regularly-menstruating athletes. Eleven of the 

subjects in each group were runners while the remaining subjects were crew 

members. The two groups were similiar in percentage ~ody fat, age at 

menarche, and frequency and duration of training. The major difference 

between the groups was that amenorrheic runners ran 41.8 miles per week 

compared with 24.9 miles run per week by the regularly-menstruating group. 

Bone mass was measured by the SPA and DPA at the distal radius and lumbar 

vertebrae, respectively. Vertebral BMD was significantly higher in the 

regularly-menstruating athletes than the amenorrheic group (1.30 ± 0.03 
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gm/cm2 vs. 1.12 ± 0.04 gm/cm2; Q.<0.01) buy,o significant difference was found 

in the radial BMD of either group (0.53 ± 0.02 gm/cm2 vs. 0.54 ± 0.01 gm/cm2). 

Although the average chronological age of the subjects was approximately 25 

years, Drinkwater et al. (1984) reported the average BMD of the amenorrheic 

athletes was equivalent to women the age of 51.2 years. Radioimmunoassay 

was used to analysis the serum estradiol concentration of each subject. A lower 

mean estradiol concentration was found among the amenorrheic group than the 

regularly-menstruating athletes (38.58 ± 7.03 pg/ml vs. 106.99 ± 9.80 pg/ml; 

Q.<0.01 ). No significant difference was found in the nutrient content in the diet 

of either group. From these results, the authors concluded that amenorrhea is 

related to lower vertebral BMD in athletes. 

The results from a study by Cann, Martin, Genant, and Jaffe (1984) 

further supported the possibility that premenopausal amenorrheic women may 

be at greater risk for premature bone loss than regularly-menstruating women. 

Computed tomography was used to measure the vertebral mineral density and 

SPA was used to measure bone mass in the radii and metacarpals of 38 

amenorrheic women, 16 to 49 years old. The results were a decreased spine 

mineral content (22 % to 29%) and a slight decrease in __ the metacarpal bone 

mineral content from age-matched controls. Cann et al. (1984) confirmed that 

women with amenorrhea tended to have a decrease in bone mass. They -
suggested that, when these women exercised extensively, they were at greater 

risk for developing stress fractures during exercise and osteoporotic fractures 

later in life than those sedentary, regularly-menstruating women. 

Linnell, Stager, Blue, Oyster, and Robertshaw (1984) suggested that 
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amenorrhea, independent of body compostion, was not related to bone mineral 

content in female runners. Ten amenorrheic runners, 12 runners with regular 

menstrual cycles, and 15 nonathletic women with regular menstrual cycles were 

studied. Subjects were measured with regard to body fatness (hydrostatic 

weighing), bone mineral content of the radius (SPA), training mileage, and a 

diet history evaluating only calcium and phosphorus. The two groups of 

runners reported no significant difference in average weekly mileage, body 

fatness, or average daily intake of calcium and phosphorus. The mean bone 

mineral content was similiar in all three groups. The amenorrheic runners 

showed a significant difference between body fatness and bone mineral content 

(r = 0.77). Linnell et al. (1984) suggested that amenorrhea, in combination with 

a low percent body fat, may predispose athletes to reduced bone mass. 

In a unique one year follow-up study, Drinkwater et al. (1986) 

inve~tigated the bone mineral density of amenorrheic athletes who had 

regained menses after a prolonged rest period. Seven of the original 14 

subjects had regained their menses after the initial study, and two remained 

amenorrheic. The other five could not participate in the second study. Seven 

regularly-menstruating athletes from the original study ~ere matched with the 

seven who had regained their menses. Bone mineral density was measured at 

the distal radius using the SPA and at the lumbar region using the DPA. Only 

slight, but significant, increases in the radial .BMD were found in both groups. 

There was a significant increase in the vertebral BMD of the group who had 

regained menses (+ 6.3%) but relatively little change was noted in the BMD of 

the regularly-menstruating women. The two athletes, who had remained 
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amenorrheic, continued to lose bone (- 3.4%). Drinkwater et al. (1986) 

concluded, "that resumption of menses was the primary factor for the significant 

increase in the vertebral BMD of the formerly amenorrheic athletes" (p.380). 

Exercise and Bone Loss. 

Physical activity, with a weight-bearing component, appears to maintain 

bone mass, and skeletal integrity, and to determine peak bone mass (Aloia, 

1981; Birge & Dalsky, 1989; Smith, Reddan, & Smith, 1981 ). Once osteoporotic 

fractures occur to the spine, little can be done to reverse the damage (Smith 

& Gilligan, 1989). Prevention is the best course of action to battle osteoporosis 

(Korcok, 1982). Weight-bearing exercise has been suggested to help prevent 

osteoporosis and its related fractures (Lane et al., 1986; Montoya, 1984; Smith, 

1982). 

Jacobson, Beaver, Grubb, Taft, and Talmage (1984) evaluated the effects 

of e~ercise on bone in women aged 18 to 70 years. Subjects were divided into 

three groups: (a) intercollegiate athletes, 11 tennis players and 23 swimmers; 

(b) 86 older athletic women, aged 23 to 75 years, who exercised three times a 

week, 8 months a year, for a minimum of 3 years; and (c) age-matched controls 

who were sedentary. The SPA was used to assess bo~e density in the radial 

1/10th site and metatarsus. Bone density was assessed using a modified 

procedure in which measurements were made at the site at which the radius 

and ulna are separated by 5 millimeters while the forearm was held in a nuetral 

or slightly pronated position. DPA was used to measure bone density in the 

lumbar spine of each subject. The authors reported the bone content of the 

radius and metatarsus was higher in the intercollegiate athletes than the 
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controls (radius = 1.015 ± .16 vs. 0.869 ± .16 gm/cm2; ~<0.001; 

metatarsus= 0.628 ± .26 vs. 0.512 ± .13 gm/cm2; ~< 0.001 ). Tennis players 

were the only group who showed a significantly higher lumbar spine density 

than the controls (1.505 ± .37 vs. 1.356 ± .49 gm/cm2; ~<0.02). The mean bone 

density values were significantly higher for the older athletic women than the 

controls, particularly those older than age 55 (0.975 ±_ .24 gm/cm2 vs. 

0.790 ± .12 gm/cm2; Jl<0.001 ). The authors reported that women who 

exercised regularly had elevated bone mineral density and they suggested that 

a regular exercise program is important to build and maintain bone mass. 

Oyster, Morton, and Linnell (1984) compared the degree of osteoporosis 

in a group of postmenopausal women who had been physically active 

throughout their lives, with women who had always been sedentary. Forty 

women between the ages of 60 and 69 years were studied to determine the 

relati_onship between physical activity level and the cortical diameter of bone 

(an indication of osteoporosis). The physical activity level of each participant 

was ascertained through a detailed physical activity profile which included daily 

living activities, recreational pursuits, and planned physical fitness participation 

over a three day period. Cortical diameter was measur~d by radiographs taken 

of the second metacarpal of the nondominant hand. Cortical diameters were 

significantly wider (1 = 2. 77) ·which indicated that there was less osteoporosis 

evident in the physically active women, which suggested that exercise can act 

as a retardant to osteoporosis. An additional finding was that the 1 O women 

with the largest cortical diameters (less osteoporosis) were significantly heavier 
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than the 10 women with the smallest cortical diameters (1 = 3.02). While the 

authors maintained that physical activity has positive effects on osteoporosis, 

they suggested that other variables, such as weight and the degree of 

weight-bearing activity, also should be considered. 

Dalsky et al. (1988) further demonstrated the effect of physical activity on 

bone mineral content in a study of 35 postmenopausal women, 55 to 70 years 

old. Approximately half the subjects participated in weight-bearing exercises 

(walking, joggi"ng, stair climbing) for 50 to 60 minutes, three times weekly. The 

other half of the subjects were sedentary controls. All participants were given 

1500 mg of calcium daily. Supplements contained 325 mg elemental calcium 

carbonate per tablet. A significant increase in bone mineral content above 

baseline in the exercising group was found (5.2%; J:2<0.05) and this increase 

was maintained over 22 months of training (6.1 %; J:2<0.05). Bone mineral 

cont~nt began to decrease when the weight-bearing exercises were reduced, 

even when the ingestion of calcium was the same. Dalsky et al. (1988) 

suggested that weight-bearing exercise may be an effective prescription for 

postmenopausal women with low bone mass. 

The effects of moderate to intense exercise on bone in premenopausal 
'-

women, 30 to 49 years old, was investigated by Brewer, Meyer, Keele, Upton, 

and Hagan (1983). Forty-two marathon runners and 38 sedentary controls 

were tested by x-ray, Joyce-Loebl microdensitometer, and SPA. The mean 

bone density of the os calcis was higher for controls (0.252 ± 0.004 mm Al/mm 

bone-1 vs. 0.236 ± 0.004 mm Al/mm bone-1; J:2<0.001) and since this group was 

significantly heavier, the authors suggested that this measurement is 
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weight dependent. The mean bone mineral content and bone density of the 

radii were greater in the runners (0.905 ± 0.014 gm/cm-1 vs. 0.864 ± 0.015 

gm/cm-1; ~<0.05). This group seemed to maintain their bone mass longer at 

the radius, a site frequently fractured in the postmenopausal years. Brewer et 

al. (1983) suggested that moderate to intense physical exercise may enhance 

bone mineralization in the premenopausal woman. 

Physical exercise is noninvasive, relatively inexpensive, and applicable 

to all ages. Studies which supported the hypothesis that physical activity of the 

weight-bearing type may deter involutional bone loss in postmenopausal 

women have been relatively consistent (Aloia, Cohn, Ostuni, Cane, & Ellis, 

1978; LaPorte & Black-Sandler, 1984; Smith & Reddan, 1981 ). 



CHAPTER Ill 

METHODOLOGY 

An investigation was conducted to determine eating attitudes, serum 

estrodiol concentration, and bone mineral density among contemporary 

collegiate dancers and nonexercising females. The data were collected using 

the following means: a single photon absorptiometer, a seven milliliter blood 

sample, the Eating Disorder Inventory (EDI), an activity level and menstrual 

status questionnaire, a three day diet record, the Bioelectrical Impedance 

Analysis machine, and a demographic data form. 

Subject Selection 

Permission to conduct the study was obtained from the Graauate School 

of Texas Woman's University (TWU). The TWU Human Subjects Review 

Committee granted permission to collect data for this study using human 

participants (see Appendix A). 

Each participant in the study received an individual verbal and written 

presentation of what the study entailed. Before testing, each subject signed the 

Human Consent Form, developed by this researcher, thereby indicating an 
\. 

understanding of the study and a willingness to participate (see Appendix B). 

Participants were also inforfTled that their responses to the questionnaires and 

all data collected would be kept confidential. Group data were used; therefore, 

an individual response could not be identified. Data were coded for the 

purpose of statistical analysis and to maintain the anonymity of each subject. 

35 



36 

The population consisted of two groups: dancers and nonexercising 

controls. The dancers selected met the following criteria: (a) nonsmoking white 

female, (b) between the ages of 18 and 35 years, (c) enrolled in at least one 

90-minute daily technique course in a college or university, (d) rehearsed at 

least two hours a day, (e) performed different types of dances in a minimum of 

two collegiate events during the spring of 1990, (f) not using hormonal therapy 

for a minimum of six months prior to the beginning of this study, (g) currently not 

using hormonal therapy, and (h) currently not taking any other prescribed 

medication. The nonexercising females (control group) were selected using the 

same criteria listed above with the exception of activity level. The control group 

exercised for less than twenty minutes, three or fewer times a week. 

The sample for dancers in this study was drawn through the convenience 

technique from the total number of dancers available in the spring semester, 

1990, dance classes at Texas Woman's University and the University of North 

Texas. Posters were displayed and oral presentations were made in 1 O dance 

classes. Approximately 155 dancers were invited to participate in the study. 

Fifty-three indicated an interest but only 28 met the established criteria. The 

majority of the control group sample also was drawn th~ough the convenience 

technique. Oral presentations were made to approximately 75 elementary 

education majors who were·taking the "Health Promotion for the Child" course 

offered in the TWU Department of Health Studies inviting participation in the 

study. There was once again limited interest and so the remaining participants 

for the control group, primarily biology majors, were recruited by word of mouth. 

Twenty-four dancers and 32 controls comprised the study sample groups. 



Setting. 

The majority of the testing was designated to take place at two specific 

sites. All blood samples were obtained by registered nurses at the TWU 

Student Health Services. The bone scan and questionnaires were 

administered in the Bone Laboratory located in the TWU Department of 

Nutrition and Food Sciences at Texas Woman's University. 

Data Collection 
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Six instruments were used in this study. They were: (a) a demographic 

data form, {b) a menstrual status/activity pattern form, (c) the Eating Disorder 

Inventory, {d) single photon absorptiometer, (e) a three day diet record, and 

(f) Bioelectrical Impedance Analysis machine. Further information was obtained 

on serum estradiol concentration from a blood draw 

Demographic Form and Menstrual Status/Activity Questionnaire. 

A general description of the sample and organizational information for 

testing was obtained through the use of the Demographic Data Fo·rm 

(see Appendix C). The second instrument, the Menstrual Status/Activity Pattern 

Questionnaire, was designed to obtain information on the following (a) age, 

{b) weight, (c) mentrual history, (d) intake of medication, __ (e) family menstrual 

history, (f) history of broken bones, (g) activity patterns, (h) age at menarche, 

and {h) prior pregnancies and outcomes (see Appendices D and E). 

Eating Disorder Inventory Questionnaire. 

The third instrument, developed by Garner and Olmsted (1984), was the 

Eating Disorder Inventory (EDI) questionnaire. (The EDI is copyrighted and 

does not appear in an appendix.) Permission to use the Eating Disorder 
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Inventory for testing was granted from the Psychological Assessment 

Resources, Incorporation. The EDI is a 64-item, self-report instrument designed 

to assess a number of psychological and behavioral traits common in anorexia 

nervosa and bulimia. Responses on the EDI are scored on the six-point Likert 

scale consisting of the following possible choices: (a) always, (b) usually, (c) 

often, (d) sometimes, (e) rarely, and (f) never. The development of the EDI was 

based on the growing recognition that eating disorders are multidimensional 

with considerable psychological variability. Based on the assumption that 

conventional tests have not adequately addressed characteristics observed 

clinically, the EDI was designed to obtain more precise measurements of the 

psychological traits common to eating disorder patients. Although not 

suggested for use as a diagnostic instrument, the EDI can be useful as an aid in 

research, as a screening tool, and as a supplement to clinical judgements 

(Garner & Olmsted, 1984). 

The EDI may be used as a screening instrument in nonclinical 

populations to identify those who are preoccupied with weight and those who 

have serious ego deficits. High scores on the Drive for Thinness, Bulimia, and 

Body Dissatisfaction subscales indicate preoccupation ~ith weight and high 

scores on the Ineffectiveness, Perfectionism, Interpersonal Distrust, 

lnteroceptive Awareness, and Maturity Fears subscales indicate a possible ego 

deficit (Garner & Olmsted, 1984). The EDI is an instrument which assesses the 

cognitive and behavioral characteristics of anorexia nervosa rather than the 

symptomatic behaviors (Raciti & Norcross, 1987). Subjects who score at or 

above the mean for anorectic patients on all subscales may be at risk for 
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developing anorexia nervosa (Garner & Olmsted, 1984). 

The EDI consists of eight subscales measuring (a) Drive for Thinness, 

(b) Bulimia, (c) Body Dissatisfaction, (d) Ineffectiveness, (e) Perfectionism, 

(f) Interpersonal Distrust, (g) lnteroceptive Awareness, and (h) Maturity Fears 

(Garner & Olmsted, 1984). Drive for Thinness has been described as a cardinal 

feature of anorexia nervosa (Bruch, 1978; Strober, 1983; Thompson 

& Schwartz, 1982). A fear of weight gain as well as a wish to lose weight is 

reflected by the items in this subscale (Garner & Olmsted, 1984 ). 

Bulimia indicates uncontrollable overeating followed by the impulse to 

engage in self-induced vomiting (Garner & Olmsted, 1984). Bulimia has been 

found in women with no prior history of anorexia nervosa (Garner, Garfinkel, 

& O'Shaughnessy, 1985; Johnson, Stuckey, Lewis, & Schwartz, 1983; Pyle, 

Mitchell, & Eckert, 1981 ). Studies have found that bulimia is relatively common 

in college women (Hart & Ollendick, 1985; Holmi, Falk, & Schwartz, 1981; Pyle 

et al., 1983). This subscale measures bulimic tendencies. 

The Body Dissatisfaction subscale reflects the belief that certain body 

parts (hips, thighs, buttocks) have become too large (Garner & Olmsted, 1984). 

This is associated with an increased proportion of fat. ~ieting in anorexia 

nervosa has been suggested to be the response to dissatisfaction with pubertal 

fat increase and the symbotic meaning that is associated with puberty 

(Crisp, 1980). 

lnneffectiveness has been described as the fundamental disturbance in 

anorexia nervosa (Wingate & Christie, 1978). Feelings of general inadequacy, 

insecurity, worthlessness, and the feeling of not being in control of one's life are 
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assessed in this category (Garner & Olmsted, 1984). It has been suggested that 

ineffectiveness also includes a negative self-concept (Garner, Garfinkel, 

& Bemis, 1982). 

The Perfectionism subscale measures an excessive expectation of 

oneself to obtain superior achievement. To further substantiate our culture's 

emphasis on success, the families of anorexics have been described as highly 

achievement-oriented (Garner et al., 1982; Kalucy, Crisp, & Harding, 1977). 

The Interpersonal Distrust subscale measures a reluctance to form close 

relationships, feelings of alienation, and the inability to feel comfortable 

expressing one's emotions (Garner & Olmsted, 1984). Interpersonal distrust 

has been identified as an important factor in the development and maintenance 

of anorexia nervosa (Selvini-Palazzoli, 1978; Story, 1977; Strober, 1981 ). 

The lnteroceptive Awareness subscales measures a lack of confidence 

to recognize and accurately identify emotions or sensations of satiety or hunger 

(Garner & Olmsted, 1984). Garfinkel and Garner (1982) have suggested that 

interoceptive labelling is fundamental to anorexia nervosa and there is some 

empirical support for the existence of deficits in this area. 

The Maturity Fears subscale measures the desir~ to retreat to one's 

childhood when the demands of adulthood are perceived as overwhelming 

(Garner & Olmsted, 1984 ). -Crisp (1980) has suggested that avoidance of 

psychological maturity is the central psycho_pathology of anorexia nervosa. 

Two groups of female subjects participated in the validation of the EDI 

instrument (Garfinkel & Garner, 1982). As indicated in Appendix F, the criterion 

group (AN) consisted of 155 females who met the diagnostic criteria for 
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anorexia nervosa and were at various st~ges of treatment. The comparison 

group (FC) consisted of 271 female college students. Cronbach alpha reliability 

coefficients ranged from . 72 to .92 (Garfinkel & Garner, 1982). 

Criterion-referenced validity was established by comparing 49 anorexic 

patients' responses on the EDI to the psychological profiles of each one 

determined by one psychologist and one psychiatrist who were familiar with 

each case (Garner, Olmsted, & Polivy, 1983). 

Toner, Garfinkel, and Garner (1986), in a follow-up study of 55 former 

anorexia nervosa patients, demonstrated that the EDI scores were consistent 

with clinician ratings. Further criterion validity was provided by Johnson and 

Flach (1985) when they compared 105 bulimia nervosa patients to 86 college 

women. A final study by Olmsted and Garner (1986) provided criterion validity 

for the EDI by showing that target groups were differentiated from one another. 

As indicated in Appendix G, convergent and discriminant validity were 

determined for subsamples of anorexia nervosa patients (Garner et al., 1983). 

Since several subscales of the EDI overlap with several pschological tests, 

correlations were made for the anorexic group between EDI subscales and the 

following tests measuring (a) anorexic attitudes (EAT, Qarner & Garfinkel, 

1979), (b) locus of control (Reid & Ware, 1973), (c) overall body dissatisfaction 

(Berscheid, Waister, & Hohrnstedt, 1973), (d) restraint (Herman & Polivy, 1975), 

(e) self-control (Reid & Ware, 1973), (f) depression (Beck, 1978), and 

(g) feelings of inadequacy (Jamis & Field, 1959). 
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Single Photon Absorptiometer. 

The Norland-Cameron Bone Mineral Analyzer, Model 178, was used 

initially for testing. Due to unforeseen machine malfunction, Model 178 was 

abandoned and the Norland Densitometer, Model 2780, was used to complete 

the study. Model 2780 was calibrated using the phanthom from the original 

instrument, Model 178. 

The Norland Densitometer is an automated instrument for the 

determination of bone mineral content in-vivo. The procedure consisted of 

passing a collimated beam of monoenergetic photons through the soft tissue 

and bone (Norland Corporation, 1983). This was the noninvasive single photon 

absorptiometry technique. The isotope, lodine-125, was used as the energy 

source. 

The 1-125 source is passed below the bone, while a sodium iodide 

detector, coupled to the source, passed above the bone. Radiation is emitted 

during this procedure but the radiation dose to the subject is small and highly 

localized. The densitometer exposes a section of tissue to radiation that is 

approximately five millimeters wide and three centimeters long. The radiation 

dose rate with a new 200mCi source of 1-125 is appro __ ximately 9mR per second 

(Norland, 1983). According to Norland (1983): 

a crude comparison can be made by comparing the relative radiation 

fields, exposure times, the areas exposed, and then deriving for 

comparison an ionization index for a typical radiograph and for a typical 

bone mineral analysis. If such a comparison is constructed, the 

"ionization dose" due to a set of four scans of the patient will be found to 
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be about 1/100 of the dose delivered to a patient for a radiograph of the 

forearm (p. 67). 

The precision of the Densitometer when performing a single scan elicits 

a standard deviation of± 0.006 gm/cm on the adult radii (Norland, 1983). For 

accuracy, Norland (1983) stated the "agreement between different instruments 

scanning the same bone will be better than one percent" (p. 2). 

The bone scans were performed in a secluded area of the TWU Bone 

Laboratory. The sites measured were the distal 1/3 and 1/10 of the radius of the 

nondominant arm. A ruler was used to measure the length of each subject's 

radius, and the sites to be measured by the densitometer were mathematically 

calculated and marked. The subject's arm was placed on the machine and four 

scans were done on each subject. The average of the four scan measurements 

was used to determine the final score. The entire bone mineral analysis 

procedure took approximately ten minutes. A certified bone technician, and the 

trained investigator performed the majority of the individual scans. Two 

additional lab technicians were trained to perform the remainder of the bone 

scans. 

Three Pay Dietary Record. 

The Three Day Diet Record was used to record all food and drink 

consumed within a 72-hour period. The form used was a modification of the 

Three Day Diet Record used by the TWU Nutrition Counseling Center. All 

nutritional consumption was recorded for two weekdays and one weekend day. 

Subjects were given instructions on the appropriate way to fill out the form and 

were asked to return the completed Three Day Diet Records by mail or to their 
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class instructor. 

The Three Day Diet Records were hand coded and analyzed by 

computer using The Ohio State University Nutrient Data Base in the Osunut 

program (Ohio State Hospitals, 1985). The Digital Equipment Corporation 

(DECsystem 2050) mainframe computer at Texas Woman's University was 

used to generate the data. Dietary intakes were calculated for total kilocalories, 

grams of protein, carbohydrate, fat, alcohol, and milligrams of calcium, 

phosphorus, and magnesium. The percentages of total kilocalories were also 

determined from protein, carbohydrate, fat, and alcohol. 

Blood Draw. 

Each subject was instructed to monitor her menstrual cycle. Seven or 8 

days after her menstrual cycle began, she was instructed to go to the TWU 

Student Health Services. A 7 milliliter blood sample was drawn from an 

antecubital vein into two tubes containing EDTA. The blood was centrifuged 

and the plasma stored at -20 degrees Centigrade at the TWU Student Health 

Services. The serum was analyzed for estradiol (E2) concentration by 

radioimmunoassay ([RIA] Diagnostic Products Corporation, 1989). 

Body Composition. 

All subjects were weighed twice on a Detecto scale and the average of 

the two values was reported. The height of each subject was measured twice 

using a standard yardstick and the average of two values was reported. A Body 

Mass Index (BMI), a measure which uses weight (kg) and height (cm2) to 

indicate body fatness, was determined. A BMI greater than 34 for women is 

considered obese (Guthrie, 1986). 
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The percent of body fat was determined by the Bioelectrical Impedance 

Analysis machine (R. J . L. Systems, 1987). This machine uses a method that is 

noninvasive and based on the principle that the electrical conductivity of 

extracellular fluid and lean tissue is far greater than that of fat. Age, height, 

weight, and activity level were entered into the computer. Then each subject 

assumed the supine position on a mat and electrodes were placed on the 

subject's right foot and right hand. The procedure took approximately 1 Oto 15 

seconds to provide a computer print-out of the subject's body composition. 

Each subject went through this procedure twice and the average of the two 

values was reported. 

Treatment of Data 

Simple descriptive statistics were used to analyze central tendency and 

variability for the demographic data and nutrient intakes of the dancers and 

controls. A Student's 1 test was used to analyze the differences between 

dancers and controls on each of the following variables: serum estradiol 

concentration, EDI scores, and bone mineral density. The Pearson's product 

moment correlation test was used to determine the possible relationship 

between serum estradiol concentration and bone den-?ity. The .05 alpha level 

was used to determine statistical significances of the analysis. 



CHAPTER IV 

PRESENTATION AND ANALYSIS OF THE DATA 

The investigation was designed to compare the eating attitude scores, 

serum estradiol concentration, and bone density in selected female dancers 

and nonexercising females. Also, the relationship between serum estradiol 

concentration and bone density was determined. 

Descriptive statistics were computed on demographic data and nutrient 

intake of the dancers and controls. The 1 test was used to analyze the mean 

data from the Eating Disorder Index, bone density scores, and serum estradiol 

concentration. Pearson's product moment correlation was used to examine a 

possible relationship between serum estradiol level and bone density. The 

results are presented in two sections: (a) Description of the Subjects, and 

(b) Analysis of the Data. 

Description of the Subjects 

The final sample was comprised of 24 dancers and 32 controls drawn 

from a population of white, nonsmoking, female college students (TWU or UNT), 

aged 18 to 35 years, all of whom had not used oral contraceptives within the 

last 6 months, were not on prescribed medication, and had no prior history of 

eating disorders. The dancers rehearsed for a minimum of 1 O to 12 hours a 

week, and were taking a 90-minute technique class in the TWU or UNT dance 

department on a daily basis. The controls were· classified as nonexercisers 
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because they must have exercised less than 20 minutes, three or fewer times a 

week. The subjects are described in Table 1 according to age, height, weight, 

body mass index (BMI), percentage of fat, age at menarche, and menstrual 

periods per year. 

As shown in Table 1, the mean age of the dancers and controls was 

similiar. The dancers showed a mean age of 23.1 years, and the controls' 

mean age was 24.5 years. The dancers were taller than the controls by 4.1 

centimeters. The range of height was also greater for the dancers at 27.9 

centimeters compared to a range of 22.9 centimeters for the controls. 

Body weight, BMI, and estimated percentage of fat were all greater for the 

controls than for the dancers. The mean weight for the controls was 59.8 

kilograms and the mean weight for the dancers was 58.0 kilograms. The 

greater variability in weight was found among the controls with a range of 42.3 

kilograms compared to a range of 17.8 kilograms for the dancers. 

As indicated in Table 1, the controls showed a mean BMI score of 22.9 

and the dancers showed a mean BMI score of 21.1. Again, the greater 

variability was found among the controls with a range of 13.8 compared to a 

range of 11 for the dancers. There were no subjects !n the study who scored a 

34 or higher on the BMI. 

Estimated percentage of fat was greater in the controls than the dancers 

with scores of 28.5 and 25.1, respectively. The greater variability was shown in 

the controls with a range of 24 compared to a range of 12 for the dancers. 

The age at menarche was similiar in both groups. The dancers reached 

menarche at a mean value of 13.2 years and the controls reached menarche at 
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a mean value of 12.8 years. The greater variability was shown in the controls 

with a range of 7 years compared to the dancers with a range of 3.5 years. 

The final variable in Table 1 is menstrual periods per year. Again, the 

results were similiar for both groups. The mean scores were 11. 7 for the 

dancers and 12.1 for the controls. The dancers showed the greater variability in 

the range score with a seven compared to a four for the controls. 

Table 1 

Demographic Variables 

Variables 

Age (yrs) 

Dancers 

Controls 

Height (cm) 

Dancers 

Controls 

Weight (kg) 

Dancers 

Controls 

Range 

16 
(19-35) 

16 
(18-34) 

27.9 
(152.4-180.3) 

22.9 
(148.6-171.5) 

17.8 
( 48.6-66.4) 

42.3 
( 44.5-86.8) 

M 

23.1 4.4 0.9 

24.5 4.4 0.8 

166.5 6.6 1.3 

162.4 1.1 

58.0 4.9 1.0 

59.8 10.4 1.8 

(table continues) 
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Table 1 (continued) 

Variables Range M ~ SEM 

Body Mass Index (kg/cm2) 

Dancers 11.0 21.1 2.2 0.4 
(17.6-28.6) 

Controls 13.8 22.9 3.7 0.7 
(17.5-31.3) 

Body Fat(%) 

Dancers 12 25.1 3.8 0.8 
(19-31) 

Controls 24 28.5 5.7 1.0 
(13-37) 

Age at 
Menarche (yrs) 

Dancers 3.5 13.2 1.0 0.2 
(11.5-15.0) 

Controls 7.0 12.8 1.5 0.3 
(9.0-16.0) 

Periods 
Per Year 

Dancers 7 11.7 1.4 0.3 

(7-1_4) 

Controls 4 12.1 .64 0.1 

(10-14) 
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In Table 2 the descriptive statistics for the daily kilocalorie, and the daily 

grams of protein, fat, carbohydrate, and alcohol consumed are shown. 

Eighteen dancers and 23 controls completed the three day dietary record. The 

mean daily kilocalorie consumption was similiar for both groups. The dancers 

mean daily kilocalorie consumption was slightly higher by 36.4 kilocalories than 

the controls. 

Dancers consumed less prate.in a_nd fat but had a greater variability in the 

range of scores than the controls. The mean protein intake of dancers was 60.1 

grams compared to 62.2 grams for the controls. The dancers showed a much 

greater variability in fat intake (grams) with a range of 108.5 compared to the 

range of 92.3 for the controls. 

Carbohydrate and alcohol intake was greater for dancers than for the 

controls. The dancers consumed a mean value of 254.2 grams of 

carbohydrates compared to the 241 .8 grams of carbohydrates consumed by the 

controls. The mean daily alcohol consumption for the dancers (7.5 grams) was 

much greater than the mean daily consumption for the controls (.71 grams). 

Seven dancers and two controls consumed alcohol within the three day dietary 

assessment period. 
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Table 2 

Averag~ Dail:i KiloQalQri~ 1 En~rg:i N~trienti ang AIQQhQI Intake~ 

Variables Range M .5E.M 

Kilocalories (kcal/day) 

Dancers 1699.0 1862.5 492.2 116.0 
(1056.0-2755.0) 

Controls 1937.0 1826.1 518.2 108.1 
(809.0-2746.0) 

Protein (g) 

Dancers 67.2 60.1 18.3 4.3 
(29.1-96.3) 

Controls 58.5 62.2 14.3 2.9 
(32.5-91.0) 

Fat (g) 

Dancers 108.5 64.5 26.7 6.3 
(29.0-137.5) 

Controls 92.3 67.6 22.7 4.6 
(36.0-128.3) 

Carbohydrate (g) 

Dancers 214.7 254.2 69.9 16.5 

(153.3-368.0) 

Controls 338.2 241.8 79.0 16.1 

(81.4-419.6) 

(table continues) 



Table 2 (continued) 

Variables Range M fill SEM 

Alcohol (g) 

Dancers 38.7 7.5 13.3 3.1 
(0-38.7) 

Controls 9.6 .71 2.4 4.9 
(0-9.6) 

In Table 3 the average daily percentage of the RDA and the percentage of 

kilocalories consumed as protein, fat, carbohydrate, and alcohol are shown. 

Mean scores for the average daily percentage of the RDA were similiar. Both 

dancers and controls were below the RDA for total kilocalories by 9.8% and 

11.1 %, respectively. 
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The dancers showed a mean score of 13.5 % and the controls showed a 

slightly higher mean score of 14.2% of their daily total kilocalorie intake as 

protein. The greater variability was shown by the controls with a range of 13.4% 

compared to the range of 11.2% shown by the dancers. The mean value of 

daily percentage of fat in the diet for the controls was __ higher (34.3) than the 

dancers (30. 7). The mean value of daily percentage of carbohydrate intake 

was similiar in both groups. The percentage of alcohol consumed by the 

dancers was approximately 1 o times greater th~n the alcohol consumed by the 

controls with the greater variability among dancers. The dancers showed a 

mean value of 2. 75% compared with the controls who showed a mean value of 

29%. 
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Table 3 

Av~rag~ Dail~ P~rQ~ntag~ Qf RDA and KilQQalQri~s CQnsymeg A~ 
ECQ1~io. Ea1. CatbQb~dra1~. and Al~QbQI 

Variables Range M SJl £EM 

RDA(%) 

Dancers 88.0 90.2 23.5 5.40 
(50.0-138.0) 

Controls 98.0 88.9 25.1 5.20 
(39.0-137.0) 

Protein (%) 

Dancers 11.2 13.5 3.3 0.77 
(8.5-19.7) 

Controls 13.6 14.2 3.5 0.73 
(9.2-22.8) 

Fat(%) 

Dancers 26 30.7 7.3 1.70 
(19.0-45.0) 

Controls 28.7 34.3 6.5 1.40 
(18.8-47.5) 

Carbohydrates (%) 

Dancers 34.5 55.0 8.1 1.90 

(40.5-75.0) 

Controls 29.0 53-.9 6.8 1.4 

(40.0-69.0) 

(table continues) 



Table 3 (continued) 

Variables 

Alcohol(%) 

Dancers 

Controls 

Range 

13.7 
(0-13.7) 

3.4 
(0-3.4) 
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M 

2.75 4.8 1.10 

0.29 .92 0.19 

In Table 4 the subjects' intake of calcium, vitamin D, phosphorus, 

magnesium, and iron are described. The mean calcium consumption (without 

the use of supplements) for both groups was below the RDA of 800 milligrams 

per day (mg/day) recommended for women 25 years and older -and well below 

the 1200 mg/day recommended for 11 to 24 year olds (National Research 

Council, 1989). The dancers had a mean daily intake of 696.4 milligrams and 

the controls had a mean daily intake of 757.3 milligrams. The greater variability 

was found in the controls with a range of 1376.1 milligrams compared to the 

range of 734.4 milligrams for the dancers. 

The mean value for Vitamin D intake by both dancers and controls was 

below the RDA of 200 to 400 lnternation Units (IU) per day (Wardlaw & lnsel, 

1990). The controls had ~ greater mean value than the dancers, 138.0 IU to · 

68.1 IU, respectively. 

The RDA for phosphorus is the same as for ·calcium for the women in this 

study of 800 mg/day for women 25 years old and older and 1 ,200 mg/day for 11 

to 24 year olds (National Research Council, 1989). Both groups met the RDA 

for phosphorus. The dancers' mean value was 889.3 mg/day which was lower 
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than the mean value of 963.3 mg/day for the controls. The greater variability 

was found in the dancers with a range of 1583.3 milligrams compared to a 

range of 1070.9 milligrams for the controls. 

Mean magnesium consumption for both groups was about 50% of the RDA 

of 280 mg/day (National Research Council, 1989). The mean value for dancers 

and controls was 159.5 mg/day and 150.0 mg/day, respectively. 

The RDA for iron for adult women is 15 mg/day. The mean value (without 

the use of supplements) for the dancers, 15.4 mg/day, met the RDA but the 

mean value for the controls (without the use of supplements) was less at 12.2 

mg/day. Although the dancers met the RDA as a group, they showed the 

greater variability with a range of 22.2 milligrams compared to the range of 16.5 

milligrams for the controls. 

Table 4 

Average Dail~ Intake of Calcium 1 Vitamin D1 PhosghQrusl Magne~ium, 
and Iron 

Variables Range M fill ~ 

Calcium (mg) 

Dancers 734.4 696.4 23'"1.0 54.5 

(351 .8-1086.2) 

Controls 1376.1 757.3 353.7 73.7 

(49.1-1425.2) 

(table continues) 
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Table 4 (continued) 

Variables Range M 

Vitamin D (IU) 

Dancers 341.7 68.1 95.8 22.6 
(0-341. 7) 

Controls 395.9 138.0 135.9 28.3 
(.4-396.3) 

Phosphorus (mg) 

Dancers 1583.8 889.3 374.6 88.3 
(293.5-1877.3) 

Controls 1070.9 963.5 316.8 . 66.1 
(458.8-1529.7) 

Magnesium (mg) 

Dancers 241.7 159.5 60.0 14.1 
(47.5-289.2) 

Controls 243.3 150.0 65.2 13.6 
(53.1-296.4) 

Iron (mg) 

Dancers 22.2 15.4 10.4 2.4 

(5.9-28.1) 

Control 16.5 12.2 4.6 1.0 

(6.1-22.6) 

Analysis of Data 

A Student's 1 test was used to compare dancers and controls on Eating 

Disorder Inventory (EDI) scores, bone density, and serum estradiol 
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concentration. The difference between means was tested using the 1 test 

independent samples program (Elzey, 1987). The results of the Eating Disorder 

Index are revealed in Table 5. The following mean scores for the subjects were 

compared to the mean scores for females diagnosed with anorexia nervosa 

(AN) and the mean scores for female college students (FC)(Garner & Olmsted, 

1984). 

The dancers' mean score of 6.0 and the controls' mean score of 4.8 on 

the Drive for Thinness subscale were not significantly different (J;l=.59). The 

dancers scored above the FC of 5.1 ± 5.5 but below the AN of 13.8 ± 6.1. 

Controls were below the mean FC score. The range was similar for both 

dancers and controls, 18.0 and 20.0, respectively. Both groups scored below 

the FC of 1 . 7 ± 3.1 and the AN of 8.1 ± 6.3 on the Bulimia subscale. Dancers 

showed a mean of 1.0 with a range of 4.0. The controls showed a mean of 1.5 

with a range of 17.0. These scores were not significantly different (g, = .51 ). 

Both groups exhibited dissatisfaction with their bodies beyond the mean 

score for the female college student. The dancers and controls scored above 

the FC of 9. 7 ± 8.1 on the Body Dissatisfaction subscale but below the AN 

15.5 ± 7.8. Scores were not significantly different (.Q. ~ .58) at 10.2 and 12.2 for 

dancers and controls, respectively. Again, the greater variability was found in 

the controls with a range ·of 27.0 compared to a range of 21.0 for the dancers. 

The mean score for FC was 2.3 ± 3.8 and for AN was 12.1 ± 8.6 on the 

Ineffectiveness subscale. Dancers and controls scored below the means for 

both FC and AN with mean scores of 1.4 and 1. 7, respectively. These scores 

were not significantly different (J;l=.64). The ranges were similar for dancers and 
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controls. 

The scores of 6.5 for the dancers and 6.3 for the controls on the 

Perfectionism scale closely approximated the mean FC score of 6.4 ± 4.3 and 

were not significantly different {g,=.86). Both dancers and controls scored below 

the AN of 8.6 ± 5.3. 

The dancers and controls showed a significant difference {.Q<.01) on the 

Interpersonal Distrust subscale. The dancers' mean value was 1.2 and the 

controls' mean value was 2.8. The greater variability was found among the 

controls with a range of 11.0 compared to the range of 4.0 for the dancers. The 

controls scored above the mean FC of 2.4 ± 3.0 but below the AN of 6.4 ± 4.9. 

The mean lnteroceptive Awareness scores were not significantly different 

{.Q=.67) between the dancers and controls. The dancers' mean score was 2.0 

and the controls' mean score was 2.5. Also, the variability for both groups was 

similiar. The dancers' range was 14.0 while the range for the controls was 18.0. 

The mean scores for AN and FC on the Maturity Fears subscale were 5.6 

± 5.8 and 2.2 ± 2.5. The scores for dancers and controls were not significantly 

different {Q = .06). The dancers' mean value was 1.8 with a range of 6.0 and the 

controls' mean value was 1.0 with a range of 4.0. B~th groups were below the 

mean scores for AN and FC. 

The total scores on the EDI for dancers and controls were not 

significantly different {g, = . 73). The dancers' mean score was 30.5 and the 

controls' mean score was 32.5. The greater variability was found in the control 

group with a range of 97.0 compared to a range of 69.0 for the dancers. 

Overall, both groups of subjects in the study were similiar on all eight 
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subscales of the EDI. A significant difference between the dancers and controls 

was found on only one subscale, Interpersonal Distrust. The dancers scored 

higher than the controls on the subscales of: Drive for Thinness, Perfectionism, 

and Maturity Fears. Both groups scored above the mean value for FC on the 

Drive for Thinness scale. The controls scored above the mean value for FC on 

the Bulimia, Ineffectiveness, and Interpersonal Distrust scales. Both groups 

scored below the mean value for FC on Body Dissatisfaction, Perfectionism, 

lnteroceptive Awareness, and Maturity Fears. Neither group scored above the 

mean value for AN on any subscale. This indicates that, as a group, neither the 

dancers or controls in this study were at risk for anorexia nervosa. 

Table 5 

Eating Disorder Index 

Variables Range M ~ 

Drive for Thinness .59 

Dancers 18 6.0 5.9 1.2 
(0-18) 

Controls 20 4.8 5.5 .98 
(0-20) 

FC (college females)* 5.1 5.5 

AN (anorectics)* 13.8 6.1 

(table continues) 
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Table 5 (continued) 

Variables Range M £Q SEM 

Bulimia .51 

Dancers 4 1.0 1.4 .29 
(0-4) 

Controls 17 1.5 3.2 .57 
(0-17) 

FC (college females)* 1.7 3.1 

AN (anorectics)* 8.1 6.3 

Body 
Dissatisfaction .58 

Dancers 21 10.2 6.1 1.2 
(0-21) 

Controls 27 12.2 9.3 1.7 
(0-27) 

FC (college females)* 9.7 8.1 

AN (anorectics)* 15.5 7.8 

Ineffectiveness .64 

Dancers 9 1.4 2.2 ~ .44 
(0-9) 

Controls · 11 1.7 2.7 .47 
(0-11) 

FC (college females)* 2.3 3.8 

AN (anorectic)* 12.1 8.6 

(table continues) 
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Table 5 (continued) 

Variables Range M fill SEM 

Perfectionism .86 

Dancers 15 6.5 4.6 .95 
(0-15) 

Controls 17 6.3 4.8 .86 
(0-17) 

FC (college females)* 6.4 4.3 

AN (anorectics)* 8.6 5.3 

Interpersonal 
Distrust jl<.01 

Dancers 4 1.2 1.3 .27 
(0-4) 

Controls 1 1 2.8 2.9 .51 
(0-11) 

FC (college females)* 2.4 3.0 

AN (anorectics)* 6.4 4.9 

lnteroceptive 
.67 Awareness 

Dancers 14 2.0 3.1 .64 

(0-14) 

Controls 18 2.5 4.4 .78 

(0-18) 

FC (college females)* 2.3 3.6 

AN (anorectics)* 11.4 7.0 

(table continues) 
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Table 5 (coninued) 

Variables Range M .5.Q SEM 

Maturity Fears .06 

Dancers 6 1.8 1.7 .35 
(0-6) 

Controls 4 1.0 1.1 .20 
(0-4) 

FC (college females)* 2.2 2.5 

AN (anorectics)* 5.6 5.8 

Total Score .73 

Dancers 69 30.5 17.0 3.5 
(8-77) 

Controls 97 32.5 22.9 4.0 
(2-99) 

*Note. From Eating Disorder Inventory Manual (Appendix A-2) by Garner 
and Olmsted, 1984. 

The results of the radial density and serum estradiol concentration for 

dancers and controls are shown in Table 6. The mean bone density scores 
... 

were not significantly different at the 1 /1 O site (Q. = .25) or the 1 /3 site (Q. = . 72). 

The mean score for the GOntrols at the 1/1 O site was .508 mg/cm2 and the 

dancers' mean score at the 1 /1 o site was .488 mg/cm2. The dancers' mean 

bone score at the 1 /3 site was . 70 mg/cm2 com.pared to .69 mg/cm2 for the 

contro ls. The norm for females, aged 20 to 39 years, at the 1 /3 radial site 

ranges between .706 mg/cm2 and .719 mg/cm2 (Mazess & Cameron, 1975). 

Both groups were below the normal bone value for their age group. A distal 
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radial density (1/10 site) score below .325 mg/cm2 indicates the need for further 

bone testing (Jacobson et al., 1984). Only one dancer and two controls scored 

below a .400 mg/cm2 at the 1/10th site. No subject scored below a .325 

mg/cm2. The mean serum estradiol concentration scores were not statistically 

significant (Jl = .87). The controls' mean score for serum estradiol concentration 

was 63.9 pg/ml with a range of 168 pg/ml and the dancers' mean score for 

serum estradiol concentration was 61.3 pg/ml with a range of 236.4 pg/ml. The 

result of the Pearson's product moment correlation between the radial 1/10th 

site and serum estradiol concentration was r = -.321, J2 =.04. The result of the 

Pearson product moment correlation between the radial 1 /3 site and serum 

estradiol concentration was r = .02, J2 = .89. 

Table 6 

BQn~ Min~ral Den~it~ ang Serum E~trsQiQI QQnQ~ntratiQn 

Variables Range M fill .s.E.M 

Bone 1/10th Site .25 

Dancers .247 .488 .063 .013 
(.390-.637) 

.062 .011 Controls .258 .508 
(.347-.605) 

Bone 113rd Site .72 

Dancers .330 .697 .064 .013 
(.508-.838) 

Controls .233 .692 .049 .012 

(.552-. 785) 

(table continues) 
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Table 6 (Continued) 

Variables Range M 

Estradiol 
Concentration .87 

Dancers 236.4 61.3 55.0 13.8 
(10-246.4) 

Controls 168 63.9 50.8 9.3 
(10-178) 



CHAPTER V 

SUMMARY, FINDINGS, DISCUSSION, CONCLUSION, AND 
RECOMMENDATIONS 

Summary 

The purpose of this study was to compare the eating attitude scores, 

serum estradiol concentration, and bone density of selected female dancers to 

nonexercising females. The purpose was also to investigate the relationship 

between serum estradiol concentration and bone density in selected female 

dancers and nonexercising controls. 

The literature is replete with discussions of bone mineral density among 

runners, serum estradiol concentrations among athletes, and the effects of diet 

on bone mineral densities of athletes. However, a review of literature indicated 

a lack of any research study investigating the eating attitudes, bone mineral 

density, and serum estradiol concentration among contemporary dancers. 

The study involved 24 contemporary female dancers and 32 

nonexercisi ng female controls, between the ages of 18 and 35, attending one of 

the two universities in Denton, Texas. All subjects were nonsmoking, white 

females, not currently taking prescribed medication and with no prior eating 

disorders. No subject was taking an oral contraceptive within the 6 months 

preceedi ng the study. 

Participants in this study completed a demographic data form, a three 

day dietary record form , and the Eating Disorder Inventory (EDI). A bone scan, 

65 



66 

body composition analysis, and a blood draw were performed on the subjects. 

Subjects' age, age at menarche, and menstrual periods per year were recorded 

on the demographic data form. The nutrient intake of both groups was studied 

through the use of three day dietary records. Eighteen dancers and 23 controls 

completed this portion of the study. The EDI, an instrument used to assess 

eating attitudes and the risk of developing anorexia nervosa, was completed by 

all subjects. Bone mineral density was measured at two sites in the radius of 

each subject. Body composition was assessed by the Bioelectrical Impedance 

Analysis (BIA) machine. Height was measured in centimeters and weight was 

measured by a standard laboratory scale. Blood samples were also drawn 

during the follicular phase to determine serum estradiol concentration. 

Forty-five subjects complied with the blood donation requirement of this study. 

Findings 

The following hypotheses were tested at the .05 level of significance: 

1. There is no significant difference in the serum estradiol concentration 

between female dancers and nonexercising females. This hypothesis was 

accepted. 

2. There is no significant difference in any of the eating attitude scores 

between female dancers and nonexercising females. Both groups were similiar 

on seven of the eight subscales. The significant difference (p<.01) found 

between the dancers and controls on the Interpersonal Distrust subscale led to 

the rejection of this hypothesis. No anorexia nervosa tendencies were found for 

either group. 
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3. There is no significant difference in the bone mineral densities 

between female dancers and minimally exercising females. This hypothesis 

was accepted. 

4. There is no correlation between serum estradiol concentration and 

bone mineral density among selected female dancers and nonexercising 

females. This hypothesis was rejected. 

The subjects were similiar in age, age at menarche, and menstrual 

periods per year. The major differences between the groups were that the 

dancers were taller, leaner, and weighed less than the controls. 

Dancers ingested more kilocalories, grams of carbohydrates, and grams 

of alcohol but less protein and fat than the controls. Dancers drank 1 O times 

more alcohol than the controls. Both groups consumed below the RDA for 

kilocalories and below the recommended amount of percentage of 

carbohydrates in their diets. The percentage of fat in the diets of both groups 

was above the recommended maximum. The dancers and controls did not 

meet the RDAs for calcium, vitamin D, and magnesium. The dancers met the 

RDA for phosphorus and iron but the controls met the RDA for phosphorus only. 

Discussion 

The findings of similiar bone density, EDI scores, and a significant 

negative correlation between serum estradiol concentration and radial bone 

density at the 1/10th site were unexpected. A?cording to studies done 

previously on dancers, a low bone mass and an increased incidence of eating 

disorders should have been found (Brooks-Gunn et al., 1986; Calabrese et al., 

1983; Hamilton et al. , 1985;). One possible explanation may be average 
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percentage of body fat, average weight, average BMI scores, and the 

regularly-menstruating status of the dancers found in this study. Another reason 

may be the single blood sample drawn which does not represent the history of 

the subject's menstrual status. A final suggestion for these unexpected results 

may be the difficulty in determining the turnover in trabecular bone at the radial 

site using only a single photon absorptiometer (Drinkwater et al. 1984; Linnell, 

et al., 1984). 

The contemporary college dancers in this study were lighter in body 

weight and had less body fat than the nonexercising female college students. 

These findings coincide with the results from research conducted by Evans et 

al. {1985) and Cohen et al. (1982). For the dancers in this study, the estimated 

percentage of fat, using the bioelectrical impedance analysis machine, was 

25.1%. 

In studies of college dance majors, with similiar mean practice times to 

those dancers in this study, the percentage of body fat was assessed using a 

combination of the hydrostatic weighing technique and measuring skinfold 

thickness with a Lange skinfold caliper (Evans et al., 1985; Rosentswieg & Tate, 

1979). The dancers' mean percentage of fat in this ~tudy, 25.1 %, was similiar to 

the value reported by Rosentswieg and Tate (1979), 25.4%, but slightly higher 

than the 22.4% reported·by Evans et al. (1985). However, the percentage of 

body fat of dance majors was higher than the professional ballet dancers' 

percentage of body fat reported by Calabrese et al. (1983) and Rosentswieg 

and Tate (1979) of 16.9% and 16.4%, respectively. 
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The serum estradiol concentration of the dancers and controls in the 

study was not significantly different. This finding was not surprising since the 

menstrual status of both groups was similiar. Studies by Marcus et al. (1985), 

Nelson et al. (1986), Cann et al. (1984), and Drinkwater et al. (1984) found the 

serum estradiol concentrations significantly lower among amenorrheic females 

than regularly-menstruating females. An initial intent for this study was to 

compare regular and amenorrheic dancers. However, none of the subjects who 

agreed to participate was amenorrheic. 

Estrogen metabolism may be adversely affected if an individual's body 

fat percentage falls below a critical level. The average percentage of body fat 

found in these dancers and controls may be associated with regular 

menstruation if one believes in the critical fat theory (Frisch et al., 1980). 

Nelson et al. (1986) studied regularly-menstruating runners in the early 

follicular phase of their menstrual cycle (days 5 to 7 after the first day of 

menstrual bleeding). Blood was drawn from each subject every 60 minutes for 

4 hours and serum estradiol concentration was determined by 

radioimmunoassay. The mean serum estradiol concentration of the 

regularly-menstruating runners was 28.60 ± 3.74 pg~ml which was lower than 

the mean serum estradiol concentration for the dancers and controls in this 

study (61.3 pg/ml and 63.9 pg/ml, respectively). The one time blood draw may 

be a possible explanation for the differences in. serum estradiol concentration 

values between the two studies. Another possibility for the difference in serum 

estradiol concentrations may include the fact that, although subjects were 

instructed to give blood on day 7 or day 8 after the first day of their menstrual 
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period, it was impossible to control for the specific day or time of day in which 

the subjects gave their blood. 

The finding of similiar bone density values for the dancers and controls 

was not surprising when the similiar percentage of body fat, similiar menstrual 

status, and similiar serum estradiol concentration values are considered. 

Drinkwater et al. (1984), Cann et al. (1984), and Nelson et al. (1-986) studied the 

bone status among amenorrheic and regularly-menstruating women. The 

amenorrheic women had lower vertebral bone mineral density values than the 

regularly-menstruating women. Radioimmunoassay confirmed a lower mean 

serum estradiol concentration among amenorrheic subjects than the 

regularly-menstruating subjects in all three studies. The menstrual status and 

low serum estradiol concentration seemed to be important in the finding of low 

bone density among the amenorrheic subjects. 

The findings from this study suggest that exercise does not impact the 

trabecular bone metabolism at the radial site. The similiar bone density values 

for the subjects was surprising if activity level is considered. It had been 

hypothesized that the difference in activity level between the two groups would 

have had an impact on bone density values. Weigh!-bearing activity has been 

shown to increase lumbar bone mineral density (Brewer et al., 1983; Dalsky et 

al., 1988). Jacobson et al. (1984) compared bone density of athletic women 

and age-matched nonexercising women .. The results were an increase in bone 

mineral content in swimmers and tennis players at the mid-and distal radial site 

measured by a single photon absorptiometer. 



71 

Amenorrheic and regularly-menstruating women runners were studied 

by Nelson et al. (1 986) and Drinkwater et al. (1984) using both the single and 

dual photon absorptiometers. No differences were found in radial bone density 

using the single photon absorptiometer but significant differences were found in 

spine density using the dual photon absorptiometer. The single photon 

densitometer was the only available instrument for this study and perhaps the 

use of a dual photon absorptimetry machine or dual energy x-ray 

absorptiometer cou ld have produced different results. 

It had been hypothesized that the difference in activity level between the 

two groups would have an impact on bone density values. The finding from this 

study suggest that exercise does not impact the trabecular bone metabolism at 

the radial site. 

Both groups were below the normal value for radial bone mineral density 

at the 1 /3 site. However, neither group had a mean value that indicated a risk 

for fracture. One reason for low bone mineral density may be the low intake of 

calcium by the dancers and controls since menstrual status and physical activity 

did not appear to affect bone density. Calcium consumption was 696 mg/day 

for the dancers and 757 mg/day for the controls. Bo!h groups did not meet the 

RDA of 800 to 1,200 mg/day for their age group. 

The significant negative correlation between serum estradiol 

concentration and bone mineral density at the radial 1 /1 O site was confounding. 

In a study by Nelson et al. (1986), bone mineral density was positively 

correlated with serum estradiol concentration. However, in a study by 

Drinkwater et al. (1984) , neither the mean or peak serum estradiol 
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concentration values were significantly correlated with bone mineral density at 

the radius or lumbar vertebrae. The low but significant negative correlation 

found in this study is probably explained by sampling estradiol only once during 

the follicular phase. 

The range of serum estradiol concentration in the blood of a women in 

her childbearing years is a function of her location in her menstrual cycle 

(Guyton, 1989). The normal range of serum estradiol concentration for adult 

females is 10 to 200 pg/ml in the follicular phase (Diagnostic Products 

Corporation, 1989). The wide range in serum estradiol concentration found 

among the subjects in this study is expected when compared with the normal 

values. 

Another suggestion for the negative correlation between serum estradiol 

concentration and bone density at the radial 1 /1 0 site is that the distal site of the 

radius contains more trabecular bone than the 1/3 site and is the first to show 

bone loss. This wou ld indicate a positive correlation and not a negative 

correlation. This puzzling finding may be due to the small sample size. Sixteen 

dancers and 29 controls were able to complete both the blood donation and 

bone scans. 

The results of the EDI were unexpected. The literature on ballet dancers 

who performed at the national level indicated that they exhibited ego deficits 

and poor eating habits. Hamilton et al. (1985) _and Brooks-Gunn et al. (1986) 

studied dancers who performed in regional and national ballet companies. 

Dancers who reported anorexia nervosa scored higher on the EAT-26 (an 

eating disorders questionnaire) than the nonanorectics. They suggested that 
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the level of competition is related to high EAT-26 scores and to self-reported 

anorexia. The absence of similiar findings for the dancers in this study may be 

due to their being contemporary college dancers who perform a variety of 

dance styles and are not subject to such high performance standards as those 

competing at the national level. 

Dancers and controls had similiar scores on seven of the eight subscales 

of the EDI. The controls had a higher mean score than the dancers on the 

Interpersonal Distrust subscale. This indicated that the controls were less likely 

to form close relationships, had greater feelings of alienation, and were less 

comfortable expressing their emotions compared to the dancers. The 

significant difference on the Interpersonal Distrust subscale may have been an 

artifact of a small sample size. 

The results of the three day dietary records indicated poor eating habits 

among the female college students. This information may be valuable for 

programatic considerations with regard to females attending TWU and UNT. 

Both dancers and controls were deficient in various nutritional practices. Most 

notably, both groups fell below the RDA for kilocalories consumption and 

calcium intake. The implications of these data sugg~st the need for nutrition 

education. However, nutritional knowledge was not ascertained in this study. 

The nutritional vafues of regularly-menstruating gymnasts from a study by 

Howat et al. (1989), were compared with ·the d~ncers in this study. The 

gymnasts' protein intake was similiar, 61.0 grams, their fat intake was higher, 

83.0 grams, and their carbohydrate intake was lower, 220.0 grams compared 

with the dancers' intake of 60.1, 64.5, and 254.2, respectively .. A three-day 



74 

nutritional study of 25 professional ballet dancers by Calabrese et al. (1983), 

found the mean daily intake of protein, fat, and carbohydrate to be 47.4 grams, 

52.3 grams, and 168.4 grams, respectively. Dancers in this study ingested a 

mean protein intake of 60.1 grams, a mean fat intake of 64.5 grams, and a mean 

carbohydrate intake of 254.2 grams. The mean daily kilocalorie intake of the 

contemporary college dancers in this study, 1862.5 kilocalories, was higher 

than the professional ballet dancers, 1 ,358.0 kilocalories, but lower than the 

gymnasts, 1,933.0 kilocalories. All of the values from the professional dancers 

were lower than the contemporary college dancers in this study. 

The dancers in this study consumed approximately 10 times the amount 

of alcohol than the controls. The mean daily alcohol consumption for the 

dancers was 7.5 grams compared with .71 grams of alcohol consumed by the 

controls. In a study by Howat et al. (1989), the mean daily alcohol consumption 

for gymnasts was found to be .98 grams. The strenuous practice routines and 

stress of performing well may be possible reasons for the greater consumption 

of alcohol by the dancers. This is an area that needs further investigation in 

order to determine the explanation for alcohol consumption by these dancers. 

The stringent criteria for selection to participat~ in this study may have 

caused some of the confounding findings as a result of a limited sample size. It 

would appear that many ·college women are using oral contraceptives and, 

consequently, were not eligible to participate in this study. The other 

delimitations of race, age, and smoking habits also restricted the eligibility of the 

participants. An interesting speculation for the small amount of volunteer 

dancers is that those women who were amenorrheic and/or had tendencies 
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toward anorexia nervosa or other eating disorders were not willing to disclose 

any personal information about themselves. 

Conclusion 

There was no significant mean difference between dancers and controls, 

on measures for serum estradiol concentration, bone density, and seven of the 

eight subscales for the EDI. A low, but unexpected, negative correlation was 

found between serum estradiol concentration and the radial 1 /1 O site. 

Recommendations 

Further investigation is necessary to determine the effects of eating 

attitudes, serum estradiol concentration, and energy intakes upon the bone 

mineral density of women; ages 18-35. The following studies are 

recommended: 

1. Replicate this study using a dual energy x-ray absorptiometer and 

measure radial, lumbar, femur, and total bone density. 

2. Investigate the incidence of amenorrhea in the general university 

population and solicit amenorrheic subjects to study. 

3. Substitute athletes from various sports for dancers. 

4. Conduct a similiar study involving dancers __ under the age of 18. 

5. Conduct a study in which calcium intake is a variable to be controlled. 

6. Conduct a study in which the EDI is used to compare the eating 

attitude scores of women attending a predomi~antly unisex university to women 

attending a coeducational universtiy. 
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5uco11c.Js whilo your woiglll Is bol11g rood . 
nisks: Thero are no physlologlcal risks of u11dorwaler wolghlng es tho subject mny corno 

up rrorn being submerged al any limo belora tho signal Is given. There may be a psychologlcol 

risk lor anyone who loels uncomlorlabla In tho wator. 

8 o o c D c nslly ..I.c.s.J 
You will have your lorearm bone density measured by Mr. William Slovor, o reglslored 

technician, who has been doing bone scans lor ovor 30 years. You will not feol pnln or nny olher 
sensation. /\ bon8 scan will bo takon of your non-dominant arm. You ~Ill bo sonlod wltll your 
arm placed on a tablo and your arm will bo surrounded by a water bog. The enllre procedure 

will lake approximately 15 rnl11ulos. 
nisks: Tho only risk Is tho oxposure to a minima l amount ol rndlnllon. llio nrnounl Is lo~s 

than 5111'1 which Is rar lo:;s than tho 1oornn or e chest x-ray ond tho GOOmn °1 " lumbar x-rny. 
Tha rr3cJiaIion cxposuro Is equivalonl to tho normal amount of radiation reco!vod hom \he sun In 

lour days ol daily activities_. 
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Bene lits 
There will bo no cost to you, and following the completlon of the study, you will have lhe 

rcsulls or lhe study and your Individual results (height, weight, body composition, serum 
eslradiol level, nulrilional evalualion, and bor::!e density value). ' • .. 
No medical servlco or compensallon Is provided lo subjects by the university as a result or 
injury from participallon In research. 

I hereby aulhorizo William Slover and other qualUlod personnel lo perform tho above 
procedures. Tho procedures, risks, and benerils have been explained lo me by Kathio C. Garbo. 
II you have any quostions, please do not hesitate lo call Kathie Garbe (phone: 898-2843) or Dr. 
Charlolle (Barnuy) Sanborn (898-2596). 

An ollor to answer all of my quoslions regarding the study has boen made. U allernallva 
procedures are morn advanlageous to me, they have been explained. A descrlpllon or the possible 
allondant discomfort and risks reasonably expected have been discussed wllh me. I undersland 
lilat I may terminat,3 my parlicipallon In the study al any time. 

Subject's Signature Date 

WilnE/SS Date 
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APPENDIX C 

DEMOGRAPHIC DATA FORM 



Name 

Ad cJrcss 

l'hunc 

M~1jur 

GENERAL INFORMATION 

( ll ) _________ ""'-'-'--'---------

___________ Year in school 

Social Security Number 

To whal cllrnic/1 acial group <lo you belong? (Circle appropriate lellcr) 
a. Chicano/Mexican-American b. Other Hispanic c. Dlack,Non-I li~panic 
d. Whilc,Noa-llispanic c. Asian f. Other .Minority 

Please list the times that you ore most available: 
Mon I.ll.Q..s. ~ Thurs Erl 

7 -0 ,. 

u ·9 

9 -10 

1 0 · 1 1 

1 1 · 1 2 

1 2 - I 

1 -2 

2 -3 

'-

3 -4 -
4 .5 
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APPENDIX D 

MENSTRUAL STATUS/ACTIVITY 

QUESTIONNAIRE FOR CONTROLS 



MENSTnUAL STATUS 

Somo lomalos hav~, mont,ual lrreoularlly. To lnvostlgato this condlllon, we ere esklno you lo 

cornolctc 1111s aucslloonalro os hoaoslly 03 possible Your Jdool!ly wlll racnolo conlldeol!al 
·I 

Date ol birlh 
Weight: ___ _ 

What was Illa cJato of your last 
How many rnonslrunl porlods 
do you havo a year? __ . __ 

111cnstrual period? ____ _ 

Al what age cJid you start menstruating? 
Use 1/2 if known (e.g. 12 1/2) ___ _ 

Have you ever loken birth 
control pllls7 · 

Havo you ever boon preonant7_yes _no 
If yes, indicate Illa number of pregnancies 
lllat were: _full term (0-9 mo.) 

___premature 

_yos _no 
If yes, ere you curronlly 
laking birth control pllls? 

_yos _no: 

__ miscarrlago/aborllon 
Uno, when did you stop? 

Do you lake any medication? __ yes __ no II yes, ploaso llst._· _______ _ 

Al what age did your mother slarl menslruallng? 

Al what ayo did >·our slster(s) slarl monstruallno? ____________ _ 

Have you over b1oke11 any bones?____ Or had n slross rracturo? ____ _ 
Hov: 0110117 __ If yos. ploase list what bonos and how lnjurod: ____________ _ 

Cllcck tho category which bosl doscribos your moostrual hlstor~ during tho IC?llowl11g yo01s: 
' . 

/\qo 10-15 

Age 16·20 
Ago 21-25 

Aye 26-30 
Age 31•35 

Regular Irregular Vory Irregular /\bsonl 
4-1 O porlods/yr 1 ·J periods/yr 

Acllvlly Potlorns 
Arc you cuirenlly Involved in a regular exerclso program? __ yes __ no t 
For tho aclivilios )'OU parllclpalo In rogularly. osllmate lhe numbor of hours a wook you pond 
doing each: '-

Acti·..-ily Hours por wook/dislance /\ctlvlly Hours por woek/dlstonca 
b.,1!ik C Iha II rar.QW?Jbau... _________ _ 
l.c..Q111Jis..s ______________ v_._o~ll~ey'n.allL __________ _ 

~J_i~Jhl training · callslhonlcs 
..ilimc..Q.nerobics wa~.\L ___________ _ 
.t.vnninq blcycllna 
S\'Jimming 0U10r: 
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APPENDIX E 

MENSTRUAL STATUS/ACTIVITY 

QUESTIONNAIRE FOR DANCERS 



MENSTRU
1
AL STATUS 

Sor110 lcmalos have montrual lrrooularlly. To lnvastloolo lhls pllonornono11, v.o era nskh1Q you to 
cornplctn 111's quc!illonnalr o 05 honestly os posslblo. Your ldontlly will remain conlldonllal. 

Dale or birlh 

Wllat was tho cJalo of your last 
rnonstrual porlod? _ ___ _ 

Al what age did you s lart monstruatlno? 
Uso 1/2 if known (e.g. 12 1/2) ___ _ 

Have you ever bmm pre gnant? __ yes no 
If yes, indicale tho number of pregnancies 
\hat were: ___ lull term (8·9 mo.) 

___premature 
___ miscarriage/abortion 

Weicht: ___ _ 

How many monslrunl porlods 
do you have a year? ___ _ 

Have you ever taken birth 
control pills 7 

_yes _no 
If yes, ere you curre11lly 
taking birth control pllls? 

_yes no 
II no, when did you ~lop? 

Do you lake any rnedica llon? __ yes __ no If yes, please list·,__ _______ _ 

At what aoa did your molhor slarl menstruallnc? 

At what aoo did ,our sls tar (s) slarl monslruallno7 _____________ _ 

Have you over broken any bones?____ Or had a slross fmcluro7 ____ _ 
How oltcn? __ If yes , ploaso llsl what bonos and how Injured: ____________ _ 

Chock Ille CiJlcgory which best dascribos your monstruol history durl110 tho following yoors: 

Reg ular Irregular Vory Irregular 
4-1 O porlods/yr 1-3 periods/yr 

/\bso11t 

Ago 1Q.15 
A90 1 G-20 
Ago 21.25 
Age 26-30 
Age 31-35 

Activ i ty Pnl\orns 

Answer lllo lollowinq ques tions for IN SE/\SON (wl1on you oro ocllvoly rellonrslng loac.llno up 
10 8 

pc:rlorr11a11cc) and Or-F SEA SON (wllon you aro taking class nnd not porlormlng): 

tv1cmslrual Cyclo IN SE.i\SO'J CffSEJ\SCN 

Do you have nwns lrual periods __yos _no 
_ · yes _no 

Length: /I o f d[\ys be twee n each porlod 
Flow: II of days o f you r p e rl.od 
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Activity 
'"I SE.A.SQ\I 

How many day.s a week do you rehearse 
as a perforrner(not as a choreographer) _____ _ 

How many bQJ.l!.S a week do you rehearse 
as a performer(not as a choreographer) ____ _ 

Dance Technique Class 
Days/week 
Hours/weEJk 

Aerobic Dance Class 
Days/week 
Hours/week 

Theraban Workout 
Days/week 
Hours/week 

Weights (free, nautilus, etc.) 
Days/week 
Hours/week 

Running 
Miles/wool< 
Pace/mile 
Hours/week 
Days/week 
Mon ths/y•~ ar 

Swimming 
Miles/woe!, 
Hours/week 
Days/woek 
Months/year 

Cycling 
Miles/wook 
Hours/we el< 
Days/wool< 
Mon tlls/y~J ar 

OFFSEASC:N 

Please list anr other physical activ ities that you may engage In. Be as specific as possible in 
terms or the limn spen t a t these activities: 
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APPENDIX F 

VALIDATION MEASURES 

OF THE EDI 



Criterion Validity: Correlations of Anorexia (AN) Patients' (N=49) Subscale 

Scores with Clinicians' Rating 
(Garner, Olmsted, & Polivy, 1983). 

SUBSCALE 

Drive for Thinness 

Bulimia 

Body Dissatisfaction 

Ineffectiveness 

Perfectionism 

Interpersonal Distrust 

lnteroceptive Awareness 

Maturity Fears 

*All correlations significant (p<.001 ). 
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CLINICIAN 
RATING 

.53 

.57 

.44 

.68 

.47 

.56 

.51 

.43 



APPENDIX G 

CORRELATIONS BETWEEN EDI SUBSCALES 

AND OTHER PSYCHOMETRIC INSTRUMENTS 



Convergent and Discriminant Validity: Correlations between Subscales 

and other Psychometric Instruments for AN Patients 
(Garner & Olmsted, 1984) 

MEASURES (N) DT B 8D p 10 IA MF 

EAT 134 .71* .17 .51 * .46* .42* .28* .48* .25 

Restraint 123 .48* .47* .31* .26 .29 .11 .29 .07 

Body Dissatisfaction 120 .19 .09 .26 .16 .15 .12 .19 .06 

Feeling/ Inadequacy 128 .38* .20 .48* .73* .32* .49* .39* .40* 

Locus of Control 133 .27 .24 .27 .42* .17 .23 .22 .17 

Depression 140 .45* .06 .42* .59* --.43* .41 * .56* .43* 

*p<.0001 for each comparison 
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APPENDIX H 

DEMOGRAPHICS OF DANCERS: RAW DATA 



Demographics - Dancers - Raw Data 

SUBJECTS AGE wr HT BMI %FAT AGEAT PERIODS 
yrs kg cm k/cm2 BEi MENARCHE per yr 

sv 3894 27 66.4 152.4 28.6 31 11.5 13 

RR 3967 20 55.5 163.8 23.2 27 12.0 12 

MW3918 27 61.8 180.3 19.0 19 13.0 12 

KD 3953 20 53.5 154.9 22.3 31 13.0 12 

DG 3926 20 57.3 163.8 21.4 24 13.0 12 

KC 3969 21 60.0 172.7 20.1 24 14.5 14 

BC 3955 22 64.5 170.2 22.3 27 12.0 12 

KW3960 20 60.9 167.6 21.7 27 13.5 12 

LK 3964 20 60.9 167.6 21.7 25 13.0 12 

JM 3961 19 55.9 165.1 20.5 25 12.0 11 

AM 3916 20 55.5 162.6 21.0 26 13.0 11 

RD 3964 20 52.7 163.8 18.3 25 14.0 9 

BW3889 25 62.3 167.6 22.2 27 13.0 12 

VS 3924 20 62.7 165.1 23.0 30 

KW3920 19 66.4 177.8 21.0 29 -- 13.0 13 

WF 3958 20 55.5 171 .5 18.8 28 13.5 12 

SE 3957 23 56.8 170.2 19.6 24 12.5 12 

RG 3968 20 54.1 158.8 21.5 27 14.0 10 

SC 3921 32 58.6 171.5 19.9 19 12.0 12 

LA 3943 50.5 157.5 21.0 20 14.0 12 
29 

(table continues) 
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Demographics - Dancers - Raw Data (continued) 

SUBJECTS AGE wr HT BMI %FAT AGE AT PERIODS 
yrs kg cm k/cm2 BEi MENARCHE per yr 

ss 3965 27 56.4 166.4 20.7 22 15.0 12 

KS 3962 23 52.7 165.1 19.3 27 15.0 12 

LS 3939 23 62.7 172.7 21.0 19 13.0 7 

GZ 3929 35 48.6 166.4 17.6 19 14.0 12 

WT= Weight 

HT= Height 

BMI = Body Mass Index 



APPENDIX I 

DEMOGRAPHICS OF CONTROLS: RAW DATA 



Demographics - Controls - Raw Data 

SUBJECTS AGE wr HT BMI %FAT AGE AT PERIODS 
yrs kg cm wcm2 BEi MENARCHE per yr 

cc 3999 23 70.9 157.5 28.9 35 12.0 11 

EH 3946 22 58.2 171.5 19.8 26 14.0 12 

MF 3948 30 63.2 160.0 24.7 32 14.0 12 

sv 3896 27 74.1 160 28.9 34 13.0 12 

MS 3938 23 76.8 167.6 27.3 37 9.0 12 

MB 3937 29 45.5 154.9 19.0 26 15.0 12 

LS 3928 33 86.8 166.4 31.3 35 12.0 12 

EF 3959 22 65.9 163.8 24.6 32 15.0 

LG 3895 22 60.9 170.2 21.0 13 13.0 12 

KG 3963 23 62.3 167.6 22.2 30 13.0 14 

KN 3947 20 60.9 167.6 21.7 28 12.0 

DG 3932 27 53.2 154.9 22.2 31 13.5 10 

CL 3909 26 62.7 163.8 23.4 27 11.0 12 

BC 3930 30 67.3 167.6 24.0 29 12.5 12 

JD 3952 19 54.1 158.8 21.5 28 12.0 12 

PR 3941 30 45.5 149.9 20.2 28 13.5 12 

ML 3890 25 77.3 163.8 28.8 34 13.0 12 

SM 3919 29 54.5 167.6 19.4 21 11.5 13 

SW 3927 19 65.5 165.1 24.0 34 12.0 12 

AH 3949 21 55.5 152.4 23.9 34 12.0 12 

(table continues) 
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Demographic - Controls - Raw Data (continued) 

SUBJECTS AGE wr HT BMI %FAT AGE AT PERIODS 
yrs kg cm k/cm2 BEi MENARCHE per yr 

TR 3950 22 49.1 148.6 22.2 35 13.0 12 

HG 3954 18 72.3 158.8 28.7 36 11.5 13 

MP 3913 21 59.5 171.5 20.2 23 14.0 12 

BS 3907 30 53.7 165.1 19.7 25 15.0 12 

DS 3942 21 44.5 153.7 18.8 24 11.0 12 

JB 3940 21 50.0 161.3 19.2 25 12.0 12 

VL 3944 20 49.5 157.5 19.1 28 13.0 12 

YA 3923 25 49.5 167.6 21.2 16.0 11 

MP 3913 34 51.8 160.0 20.2 19 15.0 13 

TS 3948 19 45.5 161 .3 17.5 28 11 .5 12 

HH 3915 26 60.5 167.6 21.5 19 13.0 12 

JW 3917 28 56.8 166.4 20.5 26 12.5 12 

WT= Weight 

HT= Height 

BMI -= Body Mass Index 



APPENDIX J 

EATING DISORDER INDEX SCORES 

FOR DANCERS: RAW DATA 



Eating Disorder Index - Dancers - Raw Data 

SUBJECTS DT B BD p ID IA MF TOTAL 

sv 3894 0 0 6 0 4 0 0 1 17 

RR 3967 16 4 19 4 12 2 14 6 77 

MW3918 9 0 9 4 7 3 3 1 36 

KD 3953 7 3 21 3 4 2 5 1 51 

DG 3926 9 1 17 0 6 0 1 0 34 

KC 3969 9 0 20 3 15 3 2 5 57 

BC 3955 1 2 4 0 0 0 0 1 8 

KW3960 3 1 8 1 3 3 6 3 28 

LK 3964 0 0 3 0 2 4 0 2 11 

JM 3961 2 1 5 3 11 0 1 1 24 

AM 3916 15 0 13 2 7 0 3 0 40 

RD 3964 16 0 16 0 13 0 3 1 49 

BW3889 5 0 17 0 14 0 0 0 36 

VS 3924 2 0 10 0 6 3 0 3 24 

KW3920 9 4 14 2 2 0 1 2 34 

WF 3958 18 0 10 0 0 1 4 0 33 

SE 3957 7 0 5 0 15 0 0 1 28 

AG 3968 0 0 6 0 3. 0 0 3 12 

SC 3921 0 0 9 0 2 0 0 3 14 

(table continues) 
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Eating Disorder Index - Dancers - Raw Data (continued) 

SUBJECTS DT B BD p ID IA MF TOTAL 

LA 3943 1 0 9 0 3 2 0 1 16 

ss 3965 12 3 16 2 8 2 4 0 47 

KS 3962 4 2 7 0 8 2 1 0 24 

LS 3939 0 3 1 9 5 1 1 5 25 

GZ 3929 0 0 0 0 6 0 0 2 8 

DT = Drive for Thinness 

B = Bulimia 

BD = Body Dissatisfaction 

= Ineffectiveness 

p =Perfectionism 

ID = Interpersonal Distrust 

IA = lnteroceptive Awareness 

MF = Maturity Fears 



APPENDIX K 

EATING DISORDER INDEX SCORES 

FOR CONTROLS: RAW DATA 



Eating Disorder Index - Controls - Raw Data 

SUBJECTS DT B BO p ID IA MF TOTAL 

cc 3999 11 0 27 1 7 1 1 3 51 

EH 3946 0 0 0 1 3 1 1 2 8 

MF 3948 6 0 21 1 4 0 0 0 32 

sv 3896 6 1 17 0 7 0 0 1 32 

MS 3938 3 0 25 0 2 9 1 1 41 

MB 3937 1 0 0 0 0 0 0 4 5 

LS 3928 12 3 23 1 9 1 2 0 51 

EF 3959 17 17 21 6 17 3 18 0 99 

LG 3895 20 4 14 7 3 6 14 0 68 

KG 3963 3 2 8 1 13 0 0 0 27 

KN 3947 3 0 5 1 11 2 2 2 26 

DG 3932 1 0 1 1 2 5 5 2 17 

CL 3909 2 1 10 1 15 2 3 2 36 

BC 3930 0 0 7 0 5 2 0 0 14 

JD 3952 3 0 6 3 0 4 \. 1 0 17 

PR 3941 0 0 5 0 4 0 0 0 9 

ML 3890 6 0 12 0 0 3 1 0 22 

SM 3919 3 2 13 6 5 4 0 1 34 

SW 3927 10 0 14 0 7 0 1 1 33 

(tables continues) 
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Eating Disorder Index - Controls - Raw Data (continued) 

SUBJECTS DT B BD p ID IA MF TOTAL 

AH 3949 7 4 27 0 13 4 0 2 57 

TR 3950 0 0 15 0 12 3 0 0 30 

HG 3954 12 3 27 11 7 4 10 1 75 

MP 3913 0 0 4 0 10 3 2 3 18 

BS 3907 0 0 4 0 6 0 0 1 11 

DS 3942 0 1 0 2 3 1 0 2 9 

JB 3940 0 0 1 1 0 0 0 0 2 

VL 3944 1 3 15 3 9 5 2 2 40 

YA 3923 2 0 14 6 0 11 11 2 46 

MP 3913 1 0 0 0 5 6 0 1 13 

TS 3948 8 1 21 0 14 8 2 0 54 

HH 3915 0 0 1 0 6 0 0 0 7 

JW 3917 14 6 26 1 2 3 3 0 55 

DT = Drive for Thinness 

B = Bulimia 

BD = Body Dissatisfaction 

= Ineffectiveness 

p =Perfectionism 

ID ;::: Interpersonal Distrust 

IA = lnteroceptiv~ Awareness 

MF = Maturity Fears 



APPENDIX L 

AVERAGE PERCENTAGE OF DAILY 

NUTRITIONAL INTAKE 

FOR DANCERS: RAW DATA 



Average Percentage of Daily Intake - Dancers - Raw Data 

SUBJECTS CHO FAT PROTEIN ALCOHOL TOTAL RDA 

sv 3894 68.22 24.07 9.690 0 107 

RR 3967 54.04 28.25 10.45 8.59 130 

MW 3918 60.10 24.98 16.32 0 118 

KD 3953 59.44 28.99 12.95 0 50 

DG 3926 56.36 28.77 14.57 0 103 

KC 3969 

BC 3955 48.24 29.94 14.43 10.85 89 

KW3960 47.08 39.58 13.89 0 79 

LK 3964 59.99 28.98 12.09 0 71 

JM 3961 52.71 39.40 11.73 0 118 

AM 3916 51.89 30.90 17.68 0 91 

RD 3964 74.97 19.00 8.470 3.73 65 

BW3889 40.42 41.11 19.68 0 76 

VS 3924 

KW3920 

WF 3958 51.44 23.91 9.470 13.66 94 

SE 3957 

RG 3968 55.20 34.66 11.17 0 83 

SC 3921 57.24 19.73 13.27 11.51 68 

LA 3943 46.33 44.94 18.9 .93 138 

ss 3965 

(table continues) 
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Average Percentage of Daily Intake - Dancers - Raw Data (continued) 

SUBJECTS CHO 

KS 3962 56.37 

LS 3939 49.39 

GZ 3929 

CHO = Carbohydrate 

FAT 

29.05 

35.95 

PROTEIN 

12.09 

16.34 

TOTAL RDA = Recommended Dietary Allowance 

ALCOHOL 

.14 

0 

TOTAL RDA 

72 

75 
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APPENDIX M 

AVERAGE PERCENTAGE OF DAILY 

NUTRITIONAL INTAKE 

FOR CONTROLS: RAW DATA 



Average Percentage of Daily Intake - Controls - Raw Data 

SUBJECTS CHO FAT PROTEIN ALCOHOL TOTALRDA 

cc 3999 61.13 30.28 9.240 0 137 

EH 3946 

MF 3948 

sv 3896 61.79 28.81 15.13 0 87 

MS 3938 

MB 3937 57.79 29.76 13.32 0 119 

LS 3928 46.94 30.02 22.67 0 54 

EF 3959 

LG 3895 40.25 46.29 16.10 0 39 

KG 3963 53.75 33.97 12.62 0 79 

KN 3947 59.76 33.36 13.76 0 76 

DG 3932 54.30 31.20 17.76 0 64 

CL 3909 

BC 3930 

JD 3952 47.96 35.11 18.74 0 79 

PR 3941 

ML 3890 54.12 37.56 9.95 0 103 

SM 3919 52.28 33.41 14.83 0 75 

SW 3927 53.72 35.83 12.61 0 85 

AH 3949 

TR 3950 43.44 21.31 0 42 
43.96 

(table continues) 
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Average Percentage of Daily Intake - Controls - Raw Data (continued) 

SUBJECTS CHO FAT PROTEIN ALCOHOL TOTAL RDA 

HG 3954 52.54 37.40 11.12 0 89 

MP 3913 60.25 26.32 16.02 0 79 

BS 3907 52.49 34.86 14.41 0 126 

OS 3942 49.82 37.34 14.52 0 110 

JB 3940 69.17 18.81 10.70 3.36 95 

VL 3944 45.22 47.52 10.44 0 116 

YA 3923 47.31 41.94 11.78 2.98 86 

MP 3913 58.63 34.11 10.80 0 104 

TS 3948 57.19 31.24 15.20 0 109 

HH 3915 59.23 29.51 13.78 0 92 

JW 3917 

CHO = Carbohydrate 

TOTAL RDA= Recommended Dietary Allowances 



APPENDIX N 

AVERAGE DAILY NUTRITIONAL 

INTAKE FOR DANCERS: RAW DATA 



Average Daily Intake - Dancers - Raw Data 

SUBJECTS CHO FAT PRO ALC IRON CAL PHOS VITO MAGN 
(g) (g) (g) (g) (mg) (mg) (mg) (IU) {mg) 

sv 3894 51.58 57.0 363.33 0 9.34 667.32 749.58 0 159.54 

RR 3967 71.1 8 85.50 368.0 33.44 12.63 575.20 944.69 10.59 166.19 

MW3918 96.35 65.53 354.80 0 26.11 1086.20 1436.89 35.03 289.16 

KD 3953 34.1 8 34.01 156.89 0 7.700 351.76 619.13 0 119.48 

DG 3926 78.82 69.19 304.93 0 45.95 785.94 965.41 41.36 174.44 

KC 3969 

BC 3955 67.01 61 .83 224.12 28.80 9.250 863.79 1004.45 139.57 130.11 

KW3960 57.95 73.40 196.47 0 28.18 808.56 994.27 271.64 167.75 

LK 3964 44.83 47.76 222.48 0 8.070 678.60 1008.59 81.92 136.49 

JM 3961 72.85 108.73 327.29 0 20.15 1061 .50 1132.78 68.57 280.38 

AM 3916 74.90 65.95 249.13 0 19.28 1020.68 1161.63 341.68 231.72 

RD 3964 29. 11 29.02 257.61 7.33 5.890 423.05 417.22 0 97.87 

BW 3889 74.64 69.30 153.31 0 9.650 631.74 810.06 15.13 155.27 

VS 3924 

KW 3920 

WF 3958 46.95 52.71 255.20 38.71 13.96 462.89 757.11 0 179.31 

SE 3957 

RG 3968 48.57 66.97 240.02 0 7.760 .672.63 563.83 20.49 103.26 

SC 3921 44.87 29.66 193.60 22.25 9.080 404.74 632.10 89.76 161.80 

LA 3943 72. 12 137.51 318.97 3.66 24.65 901.06 1877.31 66.70 129.91 

(table continues) 
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Average Daily Intake - Dancers - Raw Data (continued) 

SUBJECTS CHO FAT PRO ALC IRON CAL PHOS VITD MAGN 
(g) (g) (g) (g) (mg) (mg) (mg) (IU) (mg) 

ss 3965 

KS 3962 43.80 46.78 204.25 .29 7.87 427.18 293.50 0 47.5 

LS 3939 61.40 60.02 185.55 0 11.92 712.48 639.21 44.13 140.52 

GZ 3929 

CHO = Carbohydrate 

PRO = Protein 

ALC = Alcohol 

CAL = Calcium 

PHOS = Phosphorus 

VITO = Vitamin D 

MAGN = Magnesium 



APPENDIX 0 

AVERAGE DAILY NUTRITIONAL 

INTAKE FOR CONTROLS: RAW DATA 



Average Daily Intake - Controls - Raw Data 

SUBJECTS CHO FAT PRO ALC IRON CAL PHOS VITO MAGN 
(g) (g) (g) (g) (mg) (mg) (mg) (IU) (mg) 

cc 3999 63.42 92.36 419.59 0 15.79 1425.19 1453.03 394.70 159.55 

EH 3946 

MF 3948 

sv 3896 65.94 55.83 269.38 0 8.750 679.95 826.75 75.01 163.61 

MS 3938 

MB3937 79.17 78.60 343.37 0 16.88 770.94 1350.48 247.60 133.05 

LS 3928 61.14 35.97 126.58 0 6.630 617.08 836.69 64.72 82.66 

EF 3959 78.60 46.30 208.15 0 9.680 701.54 973.06 20.33 35.66 

LG 3895 32.50 41.62 81.42 0 6.070 512.53 651.65 50.00 137.40 

KG 3963 50.01 59.84 213.02 0 7.750 566.98 660.49 27.06 53.13 

KN 3947 55.20 59.48 219.66 0 10.00 584.44 840.06 79.12 144.04 

DG 3932 50.24 44.21 173.12 0 8.800 433.53 671.42 33.33 136.66 

CL 3909 

BC 3930 

JD 3952 78.01 65.00 199.63 0 9.000 980.39 1134.99 .40 124.01 

PR 3941 

ML 3890 51.23 86.00 279.00 0 8.19 1189.35 1125.25 186.50 88.46 

SM 3919 55.56 55.62 195.83 0 12.12 967.89 699.61 696.26 89.81 

SW 3927 55.96 70.70 238.50 0 22.55 49.10 1039.68 354.18 208.37 

AH 3949 

TR 3950 47.00 42.53 96.84 0 7.160 351.28 458.76 104.17 108.64 

(table continues) 
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Average Daily Intake - Controls - Raw Data (continued) 

SUBJECTS CHO FAT 
(g) (g) 

HG 3954 51.77 77.41 

MP 3913 66.13 48.28 

BS 390 91.00 97.82 

DS 3942 83.60 95.60 

JB 3940 55.91 41.83 

VL 3944 63.40 128.30 

YA 3923 50.76 80.33 

MP 3913 56.04 78.70 

TS 3948 87.22 79.69 

HH 3915 63.10 60.01 

JW 3917 

CHO = Carbohydrate 

PRO = Protein 

ALC = Alcohol 

CAL = Calcium 

PHOS = Phosphorus 

VITO = Vitamin D 

MAGN = Magnesium 

PRO ALC IRON 
(g) (g) (mg) 

244.69 0 12.52 

248.67 0 11.14 

331.38 0 11.60 

287.00 0 14.27 

346.08 9.6 9.970 

274.72 0 12.75 

203.91 7.32 21.34 

304.36 0 13.68 

228.32 0 19.63 

271.04 0 13.51 
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CAL PHOS VITO MAGN 
(mg) (mg) (IU) (mg) 

767.37 554.30 15.25 61.35 

409.51 728.22 4.20 167.38 

1288.59 1513.21 321.94 270.4 

1263.80 1529.67 303.04 197.62 

435.85 810.50 33.35 80.81 

1028.01 1054.90 104.97 213.06 

568.89 832.13 149.28 130.47 

1096.0 1316.83 .64 296.47 

479.66 838.24 219.21 154.00 

952.48 1234.53 7.96 249.08 



APPENDIX P 

BONE DENSITY FOR DANCERS: 

RAW DATA 



Bone Scan - Dancers - Raw Data 

SUBJECTS 1/10 SITE 1/3 SITE 

sv 3894 .508 .724 

RR 3967 .484 .727 

MW 3918 .425 .745 

KD 3953 .443 .668 

DG 3926 .527 .727 

KC 3969 .525 .757 

BC 3955 .581 .714 

KW 3960 .428 .701 

LK 3964 .637 .838 

JM 3961 .471 .664 . 

AM 3916 .418 .707 

RD 3964 .390 .647 

BW 3889 .545 .685 

vs 3924 .439 .508 

KW 3920 .428 .701 

WF 3958 .545 .719 

SE 3957 .584 .818 

RG 3968 .508 .647 

SC 3921 .433 .684 

LA 3943 .475 .679 

ss 3965 .461 .663 

(table continues) 
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Bone Scan - Dancers - Raw Data (contined) 

SUBJECTS 

KS 3962 

LS 3939 

GZ 3929 

1/10 SITE 

.456 

.520 

1/3 SITE 

.672 

.666 

.693 
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APPENDIX Q 

BONE DENSITY FOR CONTROLS: 

RAW DATA 



Bone Scan - Controls - Raw Data 

SUBJECTS 1/10 SITE 1/3 SITE 

cc 3999 .504 .653 

EH 3946 .474 .735 

MF 3948 .633 

sv 3896 .550 .729 

MS 3938 .366 .722 

MB3937 .441 .682 

LS 3928 .605 .712 

EF 3959 .575 .736 

LG 3895 .489 .694 

KG 3963 .563 .741 

KN 3947 .541 .724 

DG 3932 .585 .713 

CL 3909 .682 

BC 3930 .573 .736 

JD 3952 .455 .635 

PR 3941 .436 .669 

ML 3890 .569 .785 

SM 3919 .534 .754 

SW 3927 .347 .657 

AH 3949 .569 .671 

(table continues) 
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Bone Scan - Controls - Raw Data (contined) 

SUBJECTS 1/10 SITE 1/3 SITE 

TR 3950 .539 .650 

HG 3954 .517 .697 

MP 3913 .524 .700 

BS 3907 .490 .685 

DS 3942 .483 .618 

JB 3940 .478 .552 

VL 3944 .527 .616 

YA 3923 .544 .691 

MP 3913 . 524 .700 . 

TS 3948 .442 .672 

HH 3915 .467 · .732 

JW3917 .531 .753 



APPENDIX R 

ESTRADIOL SCORES FOR DANCERS: 

RAW DATA 



Serum Estradiol Concentration- Dancers-Raw Data 

SUBJECTS PG/ML 

sv 3894 

RR 3967 

MW 3918 

KD 3953 

DG 3926 

KC 3969 

BC 3955 

KW3960 

LK 3964 

JM 3961 

AM 3916 

RD 3964 

BW3889 

vs 3924 

KW3920 

WF 3958 

SE 3957 

RG 3968 

SC 3921 

LA 3943 

ss 3965 

KS 3962 

LS 3939 

GZ 3929 
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33.17 

52.67 

47.05 

10.00 

46.96 

27.98 

45.44 

246.42 

63.58 

36.86 

26.92 

31.32 

79.75 

66.40 

113.66 

52.59 



APPENDIX S 

ESTRADIOL SCORES FOR CONTROLS: 

RAW DATA 



Serum Estradiol Concentration-Controls-Raw Data 

SUBJECTS PG/ML 

cc 3999 10.00 

EH 3946 161.14 

MF 3948 

sv 3896 96.23 

MS 3938 65.55 

MB 3937 157.73 

LS 3928 101.37 

EF 3959 17.00 

LG 3895 68.38 

KG 3963 24.73 

KN 3947 

DG 3932 29.24 

CL 3909 69.92 

BC 3930 26.22 

JD 3952 30.79 

PR 3941 154.59 

ML 3890 56.05 

SM 3919 
141.03 

SW 3927 
28.72 

AH 3949 
42.54 

TR 3950 

HG 3954 
22.37 

(table continues) 
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Serum Estradiol Concentration-Controls-Raw Data (continued) 

SUBJECTS PG/ML 

MP 3913 10.00 

BS 3907 98.07 

OS 3942 24.30 

JB 3940 50.66 

VL 3944 34.50 

YA 3923 10.00 

MP 3913 54.92 

TS 3948 61.96 

HH 3915 177.96 

JW 3917 80.84 




