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ABSTRACT 

Specific dietary intakes were compared by menstrual 
status among endurance-trained athletes categorized as 
either eumenorrheic (EU) (N = 11), oligomenorrheic (OL) 
(N = 4) or amenorrheic (AM) (N = 5). It was hypothesized 
that nutrient intakes among endurance-trained women 
would be significantly different based on menstrual 
status. 

No significant differences in nutrient intakes were 
found among groups. The OL and the AM groups were 
significantly (p£.05) younger than the EU group and the 
AM group had a significantly higher percent body fat 
when estimated by hydrostatic weighing (PFHW) than the 
EU group. Further comparisons of nutrient intakes were 
made between EU (N = 10) and AM (N = 4) runners. Zinc 
intake was significantly lower in the AM runners as 
compared to the EU runners. The AM runners were also 
significantly younger and had significantly higher PFHW 
than the EU runners. 

Nutrient intakes between runners (N = 11) and 
cyclists (N = 4) were also compared. The cyclists' 
kcalorie, carbohydrate and zinc intakes were 
significantly higher than the runners.' In conclusion, 
energy nutrient intakes appeared to not be significant 
factors in menstrual status. However, zinc intake was 
significantly lower (p£.05) in AM runners as compared to 
EU runners. 
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CHAPTER ONE 

INTRODUCTION 

Concurrent with women's increased participation in 

endurance activities is the increased prevalence of 

oligomenorrhea and secondary amenorrhea. Oligomenorrhea 

(OL) refers to irregular menstrual cycles of varying 

lengths, usually ranging from 36-90 days. Secondary 

amenorrhea (AM) is a condition where normal menstrual 

cycles are absent over an extended period of time, 

typically 90 days or more. This type of amenorrhea is 

distinguishable from primary amenorrhea, which refers to 

unestablished menstrual cycles in adolescent girls. 

When OL or AM are associated with physical training, 

they are often referred to as "athletic oligomenorrhea" 

or "athletic amenorrhea." It is not known whether or not 

athletic OL or AM have actually increased in prevalence 

with increased physical training among women, or if 

there is just a greater awareness of a pre-existing 

condition. Nevertheless, athletic OL and AM have been 

widely investigated in exercise physiology over the last 

two decades. 

The etiology of athletic OL and AM and their 

significance for women's health have yet to be 

determined. Several questions have arisen with the 

identification of athletic OL/AM as a distinct 
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physiological occurence among female athletes. As 

investigations into this subject continue, further 

questions are elicited. At present, investigators seem 

to be investigating the following questions: 

(1) Exactly what are oligomenorrhea and secondary 

amenorrhea? Definite criteria for defining OL or AM are 

presently lacking and are further complicated by the 

fact that a consistent distinction has not been made 

between the two. Table 1 summarizes the overlapping 

criteria for OL and/or AM described in several previous 

studies. Criteria for AM (absence of menses) range from 

three to twelve months, while criteria for OL range from 

having cycles greater than two months apart to 2-3 

menses per year. One study (14) chose to group OL and AM 

together and set the criterion at no menses during the 

previous three months or four or less menses over the 

previous year. As evident from Table 1, what one study 

describes as OL (56), another would describe as AM (49). 

The criteria among past studies vary depending on the 

nature of the study and the investigators' points of 

view. At best, OL can be described as irregular 

menstrual cycles and secondary AM as a lack of menses 

over a specified amount of time. 

(2) Can the prevalence of oligomenorrhea/amenorrhea 

within a population be determined? Table 2 summarizes 

the prevalence of OL and AM reported in various surveys 
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TABLE 1. SUMMARY OF CRITERIA FOR OLIGOMENORRHEA AND 
AMENORRHEA 

Ref s. 
Athletic 

Population 
Criteria* 

(8) Runners 
A - <_3 menses/yr and ̂ 1 within 

6 mo prior. 

(13) Dancers 

A - No menses >90 days. 
0 - Intervals >35 days, but <90 

days. 

,(14 ) 
College 
Varsity 

A/O - No menses 3 mo prior or 
£4 menses one year prior. 

(20) Runners A - No menses previous 12 mons. 

(24) Runners 
A - < 2  menses previous year and 

no menses 3 mo prior. 

(47) Swimmers O - Menses J>2 mo apart. 

(48) Runners A - No menses 1-10 years. 

(49) Runners A - <.3 menses/yr. 

(50) Runners A - No menses >_4 mo prior. 

(56) Runners 
A - 0-1 menses/yr. 
O - 2-3 menses/yr. 

(57) Runners 
A - No menses 6 mo prior. 
O - 1 cycle within previous 3 mo 

and decreasing cycles over yr. 

* A = amenorrhea, O = oligomenorrhea 
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TABLE 2. SUMMARY OF REPORTED PREVALENCES FOR 
OLIGOMENORRHEA AND AMENORRHEA 

Ref s. 
Athletic 

Population 

Prevalence 
Ref s. 

Athletic 
Population 

Amenorrhea Oligomenorrhea 

(4) Runners 
N = 23 39% 

(13) Dancers 
N = 34 44% 52% 

(16) 

Runners 
(>30 miles/wk) 

N = 90 
(5-30 miles/wk) 

N = 24 

24% 

14% 

10% 

9% 

(24) 

Olympic 
Marathon 
Runners 
N = 67 

19% 

(49) 

Runners 
N = 237 

Swimmers and 
Cyclists 
N = 230 

26% 

12% 

(54) 
Runners 
N = 872 5.3% 

(57) 
Runners 
N = 77 5% 45% 
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among athletic populations. Among runners, the 

prevalence of AM ranges from 5% to 39% and for OL, the 

range is 9% to 45%. The variation in prevalence among 

these surveys may be due to heterogeneity of subject 

groups, differences in subject pool size, and/or 

differences in the criteria established for OL/AM. 

Collectively, these surveys suggest that the prevalence 

of OL/AM is greater among endurance-trained women than 

sedentary women. 

(3) Do adverse effects exist that may be related to 

athletic oligomenorrhea/amenorrhea and if so, are they 

long term? Of current concern is the correlation between 

bone mineral loss and amenorrhea (19,38). It has been 

suggested that low levels of estrogen, associated with 

menopause and oophrectomy, can lead to accelerated bone 

loss (23,29). Furthermore, when comparing amenorrheic 

runners (AR) to eumenorrheic runners (ER), the 

amenorrheics have a lower bone mineral content (BMC) at 

the lumbar spine, along with a hyposecretion of 

estrogenic hormones (19,20,38,41). So far, no published 

studies have compared BMC of oligomenorrheic runners to 

that of ER or AR. 

The long-term adverse effects cannot be accurately 

predicted, but the possible existence of these effects 

is a legitimate concern. Lindberg et al. (33), found 

that a 43% reduction in the running mileage of AR was 
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associated with increased BMC and resumption of 

menstrual cycles. It would seem that the low BMC 

associated with athletic AM is reversible as long as the 

chances of reversing AM are present. This is an area of 

research that deserves more attention before any 

conclusions can be made. 

(4) What are the physiological causes of athletic 

oligomenorrhea/amenorrhea? As of now, no direct cause 

and effect has been firmly established for physical 

training and the inducement of OL/AM. Unfortunately, 

much of the research attempting to find a cause has 

either focused specifically on AM or has grouped AM and 

OL together. Furthermore, OL has not been studied 

independently of AM. When reviewing studies, it may be 

necessary to separate those concerned only with AM from 

those which group OL and AM together. 

Several factors, however, are thought to be 

associated with AM or menstrual disorders (Table 3). A 

major factor linked to the etiology of primary and 

secondary amenorrhea has been body composition, or more 

specifically, body fat content. Frisch and McArthur's 

data (22) , derived from undernourished women and women 

with anorexia nervosa, suggest that amenorrhea may 

result from a loss of body weight ranging from 10-15% of 

normal weight for height. The teleological explanation 

is that a minimum level of stored fat is necessary for 



TABLE 3. POPULAR THEORIES FOR THE ETIOLOGY OF 
ATHLETIC OLIGOMENORRHEA/AMENORRHEA 

Body compos i t ion (22) 

Energy drain (58) 

Psychological stress (36) 

Diet (17) 

Reproductive maturity (4) 

Training regimen (47) 

Multiple factors (27) 

(Ref) 
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the maintenance of the menstrual cycle. This concept 

prompted the evaluation of the body compositions among 

various amenorrheic/oligomenorrheic athletes. Based on 

observations from various studies (4,19,48), Frisch's 

critical weight theory has not been supported. 

Specifically, the relative body fat content of 

amenorrheic and eumenorrheic athletes, matched for 

training, were not significantly different. 

Related to the "critical weight" hypothesis is the 

theory that negative energy balance, or energy drain, 

leads to delayed menarche and disruption of normal 

menstrual cycles in adults. Warren (58) suggests that 

delayed menarche and secondary amenorrhea may be 

necessary adaptations to the large metabolic demands of 

chronic endurance exercise. 

The effects of mainourishment (severe negative 

energy balance) on the female reproductive system have 

been well documented (59). Documentation of these 

effects have led to further research looking 

specifically at diet (28). For example, the vegetarian 

diet, which typically is relatively low in fat, seems to 

play a role in the disruption of normal menstrual cycles 

(28,43). Also, mild dieting (800 - 1000 kcalories/day) 

has been thought to interfere with gonadal steroid 

production, thus resulting in menstrual cycle 
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disturbances (44). These data have established a 

possible relationship between quality of diet and AM/OL. 

Purpose and Hypotheses 

The purpose of this study was to compare the 

nutrient intakes among eumenorrheic (EU), 

oligomenorrheic (OL) and amenorrheic (AM) 

endurance-trained runners and cyclists. It was 

hypothesized that nutrient intakes among 

endurance-trained women of different menstrual status 

would be significantly different. Specifically, when 

comparing nutrient intakes and body composition of EU 

athletes versus AM athletes with similar levels of 

training intensity, the AM group would have: 1) a 

similar total caloric intake, 2) a lower fat intake, 3) 

a higher percent intake of carbohydrates and a lower 

percent intake of fat, and 4) a similar body weight and 

percent body fat. Furthermore, the type of endurance 

training was considered by comparing the body 

composition and diets of runners versus cyclists. 

Scope 

The subjects were initially grouped according to 

menstrual status. The AM group consisted of five women 

runners and cyclists having two or fewer periods over 

the previous year and no periods for at least two months 

prior to the study. The OL group consisted of four 
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runners and cyclists having a maximum of nine periods 

over the previous year with average cycle lengths 

greater than 36 days, but less than 60 days. The EU 

group consisted of 11 runners and cyclists having had no 

disruptions in their menstual cycles (lasting 20-34 

days) for at least one year prior to the study and 

throughout the study. Two of the AM subjects were taking 

oral contraceptives during the study. All OL and AM 

subjects were nulliparous, while six of the EU had been 

pregnant in the past. None of the subjects had been 

pregnant or lactating during the previous year. 

Subjects' ages were between 18.5 and 40.2 years. With 

the exception of one, all subjects either were running 

at least 25 miles/week or cycling at least 150 

miles/week. The subject who did not meet the criteria 

for running or cycling was an oligomenorrheic college 

varsity high jumper. 

Percent body fat was estimated from body density 

measurements derived from skinfolds and hydrostatic 

weighing. Dietary assessments were completed by three or 

four 24-hour recalls per subject via telephone 

interviews. Analyses of average daily intakes of macro-

and micronutrients were determined by computer software 

(Nutritionist III). 



20 

Limitations 

The population studied proved to be less homogenous 

than preferred. Wide variability for several variables 

existed among subjects. In addition, the total number of 

subjects (N=20) limited the statistical power of the 

results. 

Dietary assessment was limited to what the subject 

was willing and able to recall. To minimize this, it was 

conveyed to each subject that her diet was not being 

judged, but rather, observed by the investigator. 

Furthermore, diet analyses were limited to the 

information available on foods and their contents. 

Oftentimes, substitutions were made. For instance, 

spinach noodles would be replaced by regular noodles. 

For some foods (i.e. cold cereals) the manufacturer's 

nutrient information was used. 

Even when diet was carefully analyzed in detail, at 

best, only comparisons of dietary components among 

athletes of varying menstrual statuses could be made. A 

cause-effect relationship between diet and an athlete's 

menstrual cycle could not be made. Any observed 

relationship may have been consequential to other 

factors, such as training intensity or reproductive 

maturity. While controlling for such factors is ideal, * 

subject variability could not be avoided in this study. 
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S iqni f icance 

The importance of establishing a physiological cause 

for athletic OL/AM is implied when trying to answer the 

many questions that have come about by this phenomenon. 

Once the cause or causes is/are pinpointed, many of the 

questions discussed can be answered; particularly, 

whether or not athletic OL/AM is detrimental to a 

woman's health. If it is, and we know the cause, then 

the next step would be to alleviate or negate the 

adverse effect(s) without having to compromise the 

positive effects of training. 

Definition of Terms 

While the terms "athletic oligomenorrhea" and 

"athletic amenorrhea" are used for this study, they do 

not imply a cause and effect relationship between 

physical activity and menstrual status, but acknowledge 

the relatively high prevalence of menstrual cycle 

disruptions among endurance-trained athletes. 

For this study, athletic amenorrhea was defined as 

having two or fewer periods over the previous year and 

no menses for at least two months prior to the study. 

Athletic oligomenorrhea was defined for those having had 

a maximum of nine periods over the previous year and an 

average cycle length greater than 36 days, but less than 

60 days. Athletes who had no disruptions in their 
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menstrual cycles (length from 20 to 34 days) for at 

least one year prior to the study, and throughout the 

study, were classified as eumenorrheics. 
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CHAPTER TW0 

REVIEW OF LITERATURE 

Although athletic oligomenorrhea/amenorrhea has 

received a great deal of attention, much uncertainty 

exists when trying to identify specific physiological 

causes. This is due in part to inconsistent criteria for 

defining the conditions, variability in study designs, 

and difficulties in controlling all the relevant 

variables. The purpose of this study was to compare 

nutrient intakes among amenorrheic, oligomenorrheic and 

eumenorrheic runners and cyclists. The type of endurance 

training was also considered by comparing the body 

composition and nutrient intakes of runners verses 

cyclists. Further comparisons of nutrient intakes were 

made between eumenorrheic and amenorrheic runners. 

Athletic Amenorrhea and Hypothalamic-Chronic Anovulation 

Amenorrhea is the result of a hormonal disruption 

in the central nervous system-hypothalamic-pituitary-

ovarian axis. Of the proposed etiologies for athletic 

oligomenorrhea/amenorrhea, hypothaiamic-chronic 

anovulation (H-CA) is most often cited. H-CA is a 

disruption of the CNS-hypothalamic axis which results in 

abnormal gonadotropin-releasing hormone (GnRH) secretion 

from the hypothalamus. GnRH stimulation of the pituitary 
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is necessary for the release of the gonadotropins (i.e. 

luteinizing hormone (LH) and foilicle-stimulatincj 

hormone (FSH)). In turn, LH stimulates ovarian estrogen 

production and secretion. Likewise, estrogens affect 

GnRH and gonadotropin release via positive and negative 

feedback. Figure la illustrates a simplified version of 

the sequence of events occuring within the 

CNS-hypothalamus-pituitary-ovarian axis. 

Indicators for H-CA are the low circulating levels 

of LH and estrogen. Figure 1(b and c) illustrates how a 

block at the suprahypothalamic or hypothalamic level can 

affect circulating LH and estrogen levels. The immediate 

result of a block at either level is the inability of 

the hypothalamus to release GnRH. Thus, pituitary LH 

release is not stimulated and LH circulating levels 

remain low, ultimately resulting in decreased ovarian 

estrogen production. 

This functional disorder of the hypothalamus is 

implicated in studies that describe abnormal 

gonadotropin responses to exogenous (GnRH) stimulation 

(56,61). LH response to either a single 100-ug bolus 

(61) or a graded dose, ranging from 2.5 to 25 ug (56) of 

GnRH, was exaggerated in those athletes with severe 

oligomenorrhea or secondary amenorrhea. This response 

indicates that the pituitary, in terms of its ability to 

produce and release LH, is intact and that the lower 
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than normal basal levels of LH implies an alteration in 

hypothalamic GnRH production or secretion. 

Cumming, Vickovic, Wall and Fluker (15) devised a 

study to determine whether or not a high volume of 

endurance activity could have an inhibitory effect on 

the hypothalamic-pituitary axis of normally menstruating 

athletes. Pulse frequency and amplitude of LH secretion 

were found to be significantly lower in eumenorrheic 

runners than in sedentary controls. Cumming and 

co-workers suggested that amenorrhea may occur in 

susceptible individuals via an inhibition of the 

GnRH-gonadotropin axis. 

Boyden et al. (7) placed joggers on a training 

program that progressively led them to a 

50-mile-per-week running regimen. A 100-ug bolus of GnRH 

was given intravenously at the beginning of training, 

and when subjects were running 30 and 50 miles/week. The 

LH response in these runners progressively declined from 

the beginning of the training program, suggesting an 

impairment of pituitary gonadotropin response to GnRH. 

However, the origin of the impairment, either pituitary 

or hypothalamic, could not be determined. 

In an attempt to determine whether or not altered 

GnRH secretion is of hypothalamic or pituitary origin, 

Todoroff, Wilkinson and Bonen (55) placed ovarectimized 
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rats on a strenuous and prolonged exercise program 

(running four days per week for six weeks). When the 

trained rats were given estradiol benzoate or 

progesterone, the steroid-induced release of LH and FSH 

was enhanced, but the pituitary response to an injection 

of GnRH was unaffected. The authors suggest that the 

steroid-induced gonadotropin surge is of hypothalamic 

origin. One explanation given is that training increases 

the releasable pool of hypothalamic GnRH by either 

inhibiting its release or increasing its biosynthesis. 

The exact mechanism for this is unknown. 

H-CA is a condition in psychogenic anovulation, 

which is commonly seen in anorexia nervosa (40). To 

determine whether or not athletic AM is distinct from 

psychogenic AM, Dixon et al. (18) injected naloxone 

(intravenous infusion at 1.6 mg/hr for 4 hours), an 

opiate antagonist, into AM runners. Above normal basal 

levels of B-endorphins (endogenous opioids) have been 

observed in women who exercise regularly (39). 

B-endorphins, secreted from higher brain centers, are 

thought to inhibit GnRH release from the hypothalamus 

(45). When given naloxone injections, women with 

psychogenic AM have demonstrated increased LH pulse 

amplitudes (45). This response indicates that opiate 

inhibition of GnRH release is blocked by naloxone and 

results in GnRH stimulation of pituitary LH release. 



28 

Dixon and co-workers did not see an LH response in AM 

runners and concluded that athletic AM is distinct from 

psychogenic AM (18). 

Schwartz et al. (50) compared the LH and estrogen 

(estrone and estradiol) levels of AM runners to those of 

women with psychogenic AM. The AM runners had higher LH 

levels than the psychogenic AM subjects, but had similar 

estrogen levels. Schwartz and co-workers concluded that 

the AM runners did not exhibit hypothalamic-chronic 

anovulation, unlike the women with psychogenic AM. 

While evidence for H-CA (that which may be distinct 

from psychogenic AM) in amenorrheic athletes prevails, 

the disrupting factor (s) remain(s) unknown. Diet, body 

composition, training intensity and energy drain have 

all been implicated as possible factors for amenorrhea 

in athletes (17,22,47,58). However, relating these 

factors to a mechanism for H-CA is difficult, and thus 

far only two explanations have been proposed. Related to 

body composition is the fact that adipose tissue is a 

known site for interconversions of sex steroids (52). 

Therefore, body fat can have an impact on estradiol 

metabolism. Indeed, patients with anorexia nervosa have 

been found to produce greater amounts of catechol 

estrogens than that of controls (21). When body fat 

decreases, a shift occurs from 16-hydroxylation to 

2-hydroxylation of estrogens; the effect being an 



29 

increased catechol estrogen production (1). Catechol 

estrogens have a direct effect on catecholamine 

neurotransmitters which in turn may alter hypothalamic 

secretion of GnRH (5). The second proposed mechanism for 

amenorrhea is the above normal levels of endogenous 

opioids observed in athletes (39) and their subsequent 

inhibition of the hypothalamic release of GnRH (45). 

Body Composition 

A popular theory for explaining primary and 

secondary amenorrhea has been the "critical weight" 

hypothesis (22). The contention is that a minimum level 

of stored, easily mobilized energy is necessary for 

normal ovulation and menstruation. Specifically, 17% 

body fat is needed to initiate menarche and 22% to 

sustain menstrual cycling thereafter. 

To date, total body fat has been the variable most 

often examined when considering stored fat and its 

relationship to the menstrual cycle. However, while 

Brownell, Nelson-Steen and Wilmore (9) favor body fat as 

the regulating factor for the menstrual cycle, they 

suggest that specific fat stores are the key, rather 

than total body fat. 

Warren et al. (60) studied the pituitary response 

to exogenous GnRH in patients having amenorrhea 

associated with self-imposed weight loss. The 
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gonadotropic response to GnRH was low and the amount of 

responsiveness seemed to be related to body weight (the 

lower the body weight, the less the response). Also, it 

was observed that weight gain in these patients 

correlated with an improved LH response to GnRH. Though 

Warren and co-workers observed body composition changes 

in these patients, changes were not quantitatively 

related to body fat stores. 

Typically, endurance athletes have less body fat 

and body weight than their sedentary counterparts. With 

the higher prevalence of secondary amenorrhea and 

oligomenorrhea among endurance athletes, researchers 

have been prompted to investigate the relationship of 

body composition to the incidence of 

amenorrhea/oligomenorrhea among athletes. Conflicting 

data exist because of variable subject criteria and body 

composition measurement techniques. For example, in many 

cases where body fat levels of oligomenorrheic and/or 

amenorrheic athletes have been compared to that of 

eumenorrheic athletes, the amenorrheics1 body fat values 

have been found to be significantly lower (14,24,50). 

However, a different method for estimating body fat was 

incorporated for each study (i.e. two skinfold sites 

(14), hydrostatic weighing (24), and three skinfold 

sites (50). Other studies (17,19,36,48), which found no 

significant differences, used the hydrostatic weighing 
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method. Furthermore, it has been reported that while 

some athletes with lower than 22% body fat remain cyclic 

(4), some amenorrheic athletes have body fat levels 

higher than 22% (48). Thus, the relationship between 

body composition and oligomenorrhea/amenorrhea remains 

unclear. 

Training Intensity 

Physical training (versus a sedentary lifestyle) 

and the degree to which one trains have been thought to 

be linked to menstrual status. Litt and Glader (34) 

compared several variables between athletic and 

nonathletic anorexic patients. The patients who 

successfully completed a weight rehabilitation program 

attained target weights based on body fat contents of 

17% to 20%. Forty-three percent of the athletic patients 

and 50% of the non-athletic patients resumed menses. 

Interestingly, the athletic patients began menstruating 

4.6 months (mean value) after weight rehabilitation, as 

opposed to 1.8 months for the non-athletic patients. 

Furthermore, amenorrhea in the athletic patients existed 

for a longer average period of time before weight loss 

(5.1 months vs. 2.2 months for the non-athletic 

patients). These data suggest that athletes with 

anorexia nervosa have longer disruptions of menstrual 

function than do sedentary patients. 
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Russell, Mitchell, Musey and Collins (47) grouped 

subjects either as high intensity swimmers (all of whom 

were oligomenorrheic during the training season), 

normally menstruating runners (25 to 30 miles/week), or 

normally menstruating controls. It was observed that 

percent body fat and weight loss among swimmers and 

runners were not significant factors in oligomenorrhea 

or amenorrhea. Rather, training intensity appeared to be 

associated with the cessation of menses. 

The above cited studies are limited in that 

training intensity and athletic activity were 

arbitrarily selected. Training intensity, per se, is 

impossible to measure short of measuring all training 

and metabolic variables involved (i.e. mileage, pace, 

energy expenditure). The best design for examining the 

impact of training intensity on the occurence of 

oligomenorrhea/amenorrhea is a well-controlled 

prospective training study. Two such studies exist. In 

the first, Boyden et al. (7), progressively increased 

subjects' weekly running mileage to 50 miles/week and 

then had them maintain this level for two weeks. Of the 

19 subjects, four noticed irregular cycle lengths and 18 

noticed menstrual changes, such as a decrease in blood 

volume and/or number of days of blood loss. Along with 

these obvious changes was impairment of LH and FSH 
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responses to exogenous GnRH. No significant changes in 

body composition occured throughout this study. 

A similar study (11) consisted of two consecutive 

running programs, each spanning two menstrual cycles. By 

the fifth week of training, subjects were expected to 

run ten miles per day. Subjects were divided into weight 

maintenance and weight loss groups. Normalcy of the 

menstrual cycles and changes in gonadotropins and sex 

steroid excretion measured during the training sessions 

were compared to a control cycle established with a 

biphasic temperature curve. Hormonal abnormalities were 

evident in 89% of all subjects, but were more common 

among the weight loss group. This study suggests that 

exercise of sufficient intensity, particularly with 

weight loss, may have the potential to induce changes in 

menstrual function. 

In order to determine if training intensity per se, 

can induce oligomenorrhea/amenorrhea in a certain 

percentage of athletes, other variables (i.e. menstrual 

history, diet, body composition) must be controlled. 

Unfortunately, such a study would be virtually 

impossible with humans, thus the degree to which 

training intensity affects menstrual functioning may 

never be accurately determined. 
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Diet and Reproductive Functioning 

Undernutrition is known to affect normal menstrual 

functioning, as demonstrated by self-induced starvation 

in anorexia nervosa (59). The most obvious physiological 

change occuring with starvation is rapid weight loss. 

The caloric demands of chronic endurance exercise is 

capable of creating an energy imbalance, also resulting 

in weight loss. It has been suggested that caloric 

deficiency (energy drain) may induce menstrual 

dysfunction in athletes (16,58). The effects are thought 

to be similar to those from undernutrition. 

To further investigate diet effects on menstrual 

functioning, mild dieting (800-1000 kcal/day) over a 

six-week period was imposed on nine subjects (44). Three 

of the subjects stopped ovulating while demonstrating 

low blood estradiol levels and normal LH secretion. 

Average weight loss for all nine subjects was six to 

eight kilograms over the six-week period. It was 

concluded that mild dieting interferes with follicle 

development and ovarian estradiol production prior to 

impairment of gonadotropin release (that which is seen 

in severe dieting cases). 

Schweiger et al. (51) placed 22 women on a 1000 

kcal per day high-carbohydrate, vegetarian diet for one 

menstrual cycle. The women lost an average 5% of body 
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weight over the dieting cycle. During the diet phase, 

women age 19-24 years exhibited a greater frequency of 

disturbed menstrual cycles, relative to women age 25-30 

years. For both age groups, the luteal phase shortened 

and the area under the progesterone curve diminished. 

Luteal phase defects, it would seem from Schweiger's 

data, can be induced by intermittent dieting without a 

significant loss of weight. 

Quality of diet, in terms of specific components, 

has been implicated as a possible cause for disruption 

of the menstrual cycle via changes in secretion rates 

and circulating levels of various reproductive hormones. 

Carotenemia, an abnormally high level of plasma 

carotene, has been associated with hypothalamic-chronic 

anovulation. When Kemmann, Pasquale and Skaf (31) 

modified the diets of amenorrheic patients with 

carotenemia (in order to decrease their serum carotene 

levels), the patients' menstrual cycles were 

reestablished. In addition, lower than normal levels of 

LH and FSH, (which would implicate hypothalamic 

amenorrhea) were present in Kemmann's subjects before 

diet modification, 

The vegetarian diet has been examined for its 

effect on reproductive functioning. Pirke et al. (43), 

placed women on either a vegetarian diet or a 

non-vegetarian diet. Caloric intake was similar between 
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groups (vegetarian=2052 +_ 499, non-vegetarian=2029 +_ 

253). Significantly lower protein and higher 

carbohydrate intakes were found for the vegetarian 

group, but both groups lost an average one kilogram body 

weight per week. Significantly lower estadiol, 

progesterone, and LH levels were observed in the 

vegetarian group during the dieting period relative to 

the control period. Seven of the nine women placed on 

the vegetarian diet became anovulatory. The 

non-vegetarian group exhibited no significant reductions 

in hormone concentrations, however, two of the 

non-vegetarian subjects did stop ovulating while 

dieting. Pirke and coworkers suggest that the type of 

diet used to lose weight may be a determinant for 

hypothalamic-chronic anovulation. 

Armstrong et al. (3), in studying the diets of 

vegetarian and non-vegetarian post-menopausal women, 

found that the vegetarian women had lower total urinary 

estrogen levels, the difference between groups mainly 

due to lower estradiol excretion. It was suggested that 

this may be the result of lower production of estrogens 

or a change in the metabolism of estrogens. Sex hormone 

binding globulin (SHBG) was also found to be higher in 

the vegetarian women. High SHBG reduce the estrogen 

available for binding to target tissue receptors. 
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Decreases in the pituitary response to GnRH, as 

well as decreases in the episodic release of LH, have 

also been documented in Caucasian women placed on a 

vegetarian diet (28). Likewise, a "Western" diet 

increased the duration of the follicular phase in Black, 

South African women. The greatest differences between 

vegetarian and "Western" diets are the higher fat and 

lower carbohydrate intakes of the Western diet. 

The effect of a vegetarian diet on estrogen 

metabolism has been investigated (25,26). Both studies 

found fecal excretion of estrogen to be greater and 

plasma estrogen to be lower in vegetarian women relative 

to their non-vegetarian counterparts. A suggested 

mechanism is that increased dietary fiber, typical of 

the vegetarian diet, decreases enterohepatic circulation 

of estrogen. Another possibility is that high fiber 

intake decreases fecal B-glucoronidase activity, 

resulting in increased estrogen excretion. 

The relationship of diet to age of menarche in 230 

well-nourished (with respect to average intake of 

calories and thirteen nutrients) girls was investigated 

(32). Meat intake was found to be highly associated with 

age of menarche, in that the girls who ate meat 

regularly began menarche six months earlier than the 

girls who were vegetarian. The girls who did eat meat 

also had a higher average intake of protein, 
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carbohydrate, fat and kcalories as compared to the 

intakes for the entire group. Furthermore, those who ate 

meat analogues (i.e. nuts, legumes) on average began 

menarche nine months later than those who did not. In 

addition, relatively high intakes of carbohydrates, 

thiamine and iron were significantly associated with a 

greater age of menarche. It was suggested that a 

vegetarian diet can be an important factor in retarding 

the onset of menarche among well-nourished girls. 

Diet and the 01igomenorrheic/Amenorrheic Athlete 

Clearly, diet plays a role in normal reproductive 

functioning. But how significant is the role of diet to 

the endurance athlete with respect to maintenance of her 

menstrual cycle? Several studies have analyzed and 

compared the diets, specifically the macronutrient 

intakes, of amenorrheic athletes to that of eumenorrheic 

athletes. Table 4 provides a summary of the findings 

from some of these studies. Only a few significant 

differences were found among the studies, but kcalories 

were consistently lower for the amenorrheic groups. 

Breummer and Drinkwater (10), also found that 47% of the 

eumenorrheic athletes versus only 14% of the amenorrheic 

athletes, ate red meat, thus further implicating the 

vegetarian diet. Similarly, in comparing the diets of 

eumenorrheic and amenorrheic women, Brooks, Sanborn, 
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TABLE 4. SUMMARY OF ENERGY NUTRIENT INTAKES FOR 
EUMENORRHEIC AND AMENORRHEIC ATHLETES 

Ref s. Kcal 
Pro 
(g) 

CHO 
(g) 

Fat 
(g) 

Method 

: i o ) if 
AM 1676** 51** 

3-day : i o ) if 

EU 1923 68 

record 

(17) 

AM 
2151 

± 236 
74 

± 10 
323* 

67** 
± 11 •3-day 

(17) 

EU 
2489 

± 132 
81 

± 5 
330* 

97 
± 8 

record 

( 19) 

AM 1622 
± 145 

66 
± 7 

222 
± 20 

57 
± 8 3-day 

( 19) 

EU 1965 
± 98 

67 
± 7 

255 
± 15 

79 
± 8 

history 

(38) 

AM 1272 
db 136 

49 
± 7 3-day 

(38) 

EU 1715 
± 281 

72 
± 8 

record 

(41) 

AM 
1730** 

± 152 
42 

± 7 
196** 

± 17 
64* 

3-day 
(41) 

EU 2250 
± 141 

55 
± 7  

263 
± 18 

84* 
history 

(46) 

AM 
1763 

± 204 
106* 216* 53* 

diet (46) 

EU 
1978 

± 177 
99* 297* 44* 

history 

*Grams calculated from relative distribution of macro-
nutrients given in study 

**Significantly different (p<^.05) from EU 
KSEM values not available 
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Albrecht and Wagner (8) found that 82% of the 

amenorrheics and 13% of the eumenorrheics were 

vegetarian (consuming less than 200gm of meat/week). Fat 

intake was significantly lower in the amenorrheic group 

(AM 68 +_ 8 gm/day vs. EU 98 _+ 11 gm/day) . Kcalorie, 

carbohydrate, and fiber intakes were similar between 

groups. 

In addition to measuring and comparing 

macronutrients and relating this to menstrual status, 

some of the studies summarized in Table 4 measured 

micronutrient intake. Richards et al (46), using 

carotene as an index for hypothalamic amenorrhea, 

matched the percent body fat and running mileage of 

amenorrheic runners to that of eumenorrheic runners. 

They concluded that amenorrhea did not correlate with 

hyper-carotenemia in these particular runners. 

Deuster et al. (17), measured and compared several 

diet variables in eumenorrheic and amenorrheic runners 

matched for percent body fat and training distance. The 

following were significantly different: fat (AM 67.0 +_ 

10.5 gm/day vs. EU 97.0 +_ 7.5 gm/day), saturated fat (AM 

21.4 + 3.9 gm/day vs. EU 32.1 + 2.4 gm/day), and zinc 

(AM 10.9 +_ 2.4 mg/day vs EU 15.4 +_ 2.3 mg/day) . They 

also noticed that vitamin A intake was higher in the 

amenorrheic group and that three of the 12 amenorrheic 

runners consumed over 30,000 IU/day, mostly in the form 
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of carotene. It was suggested that although excessive 

carotene intake alone is unlikely to cause amenorrhea in 

athletes, excessive carotene may induce metabolic 

alterations leading to menstrual disturbances. Another 

consideration was that fat intake may be involved with 

estrogen metabolism. Lastly, there is evidence that zinc 

is involved in the function of human reproduction, 

though little is known about its exact role (2). No 

relationship between zinc and amenorrhea has been 

determined. 

The diet of the oligomenorrheic/amenorrheic athlete 

has not been thoroughly investigated. The reliability 

and validity of the various dietary assessments must be 

considered when analyzing the existing reports, 

especially since many assessment methods have been 

utilized. At best, these studies further implicate diet 

as a factor in menstrual functioning of athletes. There 

is an obvious need to continue investigating the quality 

of women athletes' diets. 

Summary 

Thus far, diet, low body fat storage and training 

intensity have been associated with athletic 

oligomenorrhea/amenorrhea (17,22,47). Furthermore, it 

has been suggested that athletic 

oligomenorrhea/amenorrhea is a distinct entity from 
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other types of oligomenorrhea/amenorrhea (18,50). 

Repeated evidence does suggest that athletic amenorrhea 

is due to hypothalamic dysfunction as demonstrated by 

atypical gonadotropin responses to exogenous GnRH 

(56,61). 

The "critical weight" hypothesis has been a popular 

one for explaining amenorrhea in athletes (22) , though 

it has been disputed (4,19,48). Training intensity has 

been thought to be a significant factor in the 

initiation of menstrual cycle disruptions, although 

intensity is a difficult variable to measure (47). 

More recently, investigators have studied diet and 

its association with athletic oligomenorrhea/amenorrhea 

(8,10,17,46). The amenorrheic athlete's diet has been 

repeatedly shown to be different from that of the 

eumenorrheic athlete, however, well-controlled studies 

are necessary before the role of dietary factors in the 

etiology of athletic oligomenorrhea/amenorrhea can be 

determined. 
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CHAPTER THREE 

METHODS 

The purpose of this study was to compare nutrient 

intakes among eumenorrheic (EU) , oligomenorrheic (OL), 

and amenorrheic (AM) endurance-trained runners and 

cyclists. It was hypothesized that certain aspects of 

diet may be significantly different among runners and 

cyclists with different menstrual statuses. In addition, 

the type of endurance-training was considered by 

comparing body composition and nutrient intakes of 

runners versus cyclists. Lastly, a comparison of EU and 

AM runners was made to further investigate the 

relationship between specific nutrient intakes and 

menstrual status. 

Research Design and Sample Selection 

This study was a descriptive 3X2 factorial 

design for comparing specific variables between groups 

of women athletes classified by menstrual status (EU, 

OL, and AM), and by training (runners and cyclists). 

Variables investigated were age, training intensity, 

menstrual history and status, body composition, and 

intakes of selected macro- and micronutrients. 

Twenty women volunteered for this study. Each was 

selected based on her training, age, and menstrual 
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history and status. No subject had been pregnant or 

lactating for at least one year prior to the study. 

Subjects were between the ages of 18.5-40.2 years. With 

the exception of one (an oligomenorrheic college varsity 

high jumper), subjects were running 25 miles or more per 

week or cycling 150 miles or more per week. 

Every subject completed a consent form and 

questionnaires pertaining to training, menstrual, and 

diet histories (Appendix A). All subjects recalled three 

or four randomly selected days of food intake in 

telephone interviews, and had body weight, skinfolds, 

and body density measured in the Body Composition 

Laboratory of the Department of Exercise and Sport 

Sciences at The University of Arizona. 

Criteria for Subject Classification 

Menstrual Status. Subjects were considered EU, OL or AM 

based on information obtained by questionnaire (Appendix 

A). EU subjects (N = 11) were those having had regular 

menstrual cycles, varying in length of 20-34 days, for 

at least one year prior to and throughout the study. OL 

subjects (N = 4) were those having between 7-9 periods 

over the previous year and average cycle lengths greater 

than 36 but less than 60 days. AM subjects (N = 5) were 

those having had two or fewer periods over the previous 

year and no period for at least two months prior to the 
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study. Each group consisted of runners and cyclists. Six 

EU subjects had previous pregnancies. Two AM subjects 

were taking oral contraceptives at the time of the 

study. 

Training. Information on weekly mileage was gathered by 

questionnaire (Appendix A) and from this, subjects were 

classified as runners (N = 15), cyclists (N = 4) or 

other (N = 1). Some subjects trained in both running and 

cycling, but since they met the criteria for runners, 

they were classified as such. The subject who was 

neither a runner nor a cyclist was an oligomenorrheic 

college varsity high jumper. 

Training intensity (TI) was estimated from weekly 

mileage. For those subjects that both cycled and ran, 

miles run, multiplied by five, were added to their miles 

cycled. Based on total mileage, subjects were classified 

as high (>300 miles/wk), medium (200-299 miles/wk) or 

low (<200 miles/wk). TI was assigned a numerical value 

and mean values for groups were compared. 

Data Collection 

Body Composition. Each subject spent one and a half to 

two hours in the Body Composition Laboratory. Dry body 

weight (BWa) was measured in kilograms by an Accu-Weigh 

beam scale to the nearest 100 grams. Percent body fat 
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(BF) and fat-free body (FFB) were estimated by both 

three skinfolds and hydrostatic weighing. 

Skinfolds. Triceps, suprailiac, and thigh skinfold 

sites were measured with a Harpenden caliper (Appendix 

B). Each site was measured once and then repeated two 

more times with the average calculated and used in a 

generalized body density (BD) equation for women (30): 

BD = 1.099421 - 0. 0009929 (Xa) + 0.0000023 (Xa)2 -
0.0001392(Xb) 

Xa = Sum of triceps, thigh, and suprailium skinfolds. 
Xb = Age in years 

Percent body fat (BF) was derived by the following 

equat ion (53): 

Percent fat = [ 4.95/BD - 4.50] x 100 

Hydrostatic weighing. Subjects were asked to 

refrain from exercise and eating during the three hours 

prior to the laboratory visit. To avoid dehydration, 

subjects were asked to drink a normal amount of water 

during that time. The system utilized allowed for 

simultaneous measurement of underwater weight (BWw) and 

nitrogen equilibration (for estimating residual lung 

volume (RV)) using the oxygen rebreathing method (35). 

This allowed for a more accurate estimation of BD by 

correcting for RV. BWw and nitrogen equilibration were 

measured at least three times in succession while the 
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subject remained in the weighing tank. Subjects were 

given a noseclip and mouthpiece, and were asked to 

exhale as much as possible. Immediately following 

exhalation, subjects leaned forward until completely 

submerged while kneeling on the weighing platform. 

During this time, BWw was measured to the nearest 10 

grams. Subjects then emerged and began breathing through 

the mouthpiece while nitrogen equilibration was recorded 

to the nearest 0.5%. 

The average values for BWw and RV were used to 

estimate BD. Gastro-intestinal tract gas volume (GIV) 

was estimated at 100 ml and held constant. The following 

equation was used to determine body density (35): 

DB = BWa/(BWa - BWw/density of water) - (RV + GIV) 

BWa = Dry body weight 
BWw = underwater body weight 

Dietary Assessment. During the laboratory visit for body 

composition assessments, a food frequency questionnaire 

was completed by each subject (Appendix A). This 

information became a guide for the investigator when 

receiving recalls from subjects. The questionnaire also 

gave information on red meat, poultry, and seafood 

consumption. Instructions and visual aides (measuring a 

subject's typical helping for a food or drink item) were 

given so subjects could best estimate intakes without 
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actual measurement. It was clearly explained that diet 

was not being judged, but only observed. 

Subjects were instructed not to change their diet 

or training for the four weeks following the lab visit, 

during which time recall interviews would be given on 

random days. Subjects were asked to not record their 

diet at any time. Interviews were conducted without 

subjects' prior knowledge of when they would take place. 

To obtain subjects' food intake, the random repeat 

24-hour recall method was utilized via telephone 

interview (6). Subjects were interviewed three or four 

times over a four-week period to obtain the previous 

day's intake. It was the intent of the investigator to 

gather four recalls from each subject, but due to 

extenuating circumstances (e.g. subject moving away), 

three days were obtained for four subjects. One weekend 

day was included for all recalls. 

Once diet recalls were completed, foods were 

entered into the Nutritionist III diet program and 

average daily intake for nutrients were obtained. Due to 

the limited data base, substitutions were made for some 

foods and the manufacturer's label information was 

necessary for others. 
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Data Analysis 

Significant differences in body composition, 

training intensity, menstrual history and selected diet 

components among groups were determined either by the 

student t-test (p£.05), or by analysis of variance and 

the post-hoc Duncan's Test (p£.05). Analysis of variance 

tested for significant differences among EU, OL and AM 

groups, regardless of training mode, while Student 

t-tests were used to compare runners versus cyclists, 

regardless of menstrual status, and EU versus AM 

runners. Mean values (X) and the standard error of the 

mean (SEM) were calculated for each variable. 
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CHAPTER FOUR 

RESULTS 

The purpose of this study was to compare specific 

nutrient intakes among amenorrheic (AM), oligomenorrheic 

(OL) and eumenorrheic (EU) runners and cyclists. It was 

hypothesized that certain aspects of diet would be 

significantly different among endurance-trained athletes 

based on menstrual status. In addition, a comparison of 

EU and AM runners was conducted to further investigate 

the relationship between specific nutrient intakes and 

menstrual status. The type of endurance training was 

also considered along with the body composition and 

nutrient intakes of runners versus cyclists. 

Comparisons By Menstrual Status 

Characterisitics (Table 5). Age, training, menstrual 

history and selected body composition variables were 

compared among the eumenorrheic (EU), oligomenorrheic 

(OL) and amenorrheic (AM) groups. Analysis of variance 

and the Duncan's post-hoc test were used to determine 

significant differences among groups (p£.05). When 

compared to the EU group, the OL and AM groups were 

significantly younger in age. Cycling mileage was 

significantly different between the OL and AM groups, 

with the AM cycling the least. The difference in cycling 



TABLE 5. CHARACTERISTICS OF EUMENORRHEIC, OLIGOMENORRHEA AND AMENORRHEIC 
GROUPS 

Characteristics Eumenorrheic 
N = 11 

Oligomenorrheic 
N = 4 

Amenorrheic 
N = 5 

Age (yrs) 31.8 ± 1.4 
(25.2 - 40.2) 

23.8 ± 3.4* 
(18.4 - 33.5) 

24.9 ± 3.0* 
(19.0 - 32.7) 

Run mileage/wk 37.9 ± 5.6 
(0.0 - 70.0) 

13.1 ± 9.5 
(0.0 - 40.0) 

38.0 ± 12.5 
(0.0 - 70.0) 

Cycle mileage/wk 73 ± 20 
(0 - 200) 

169 ± 64 
(0 - 300) 

30 ± 30** 
(0 - 150) 

Training intensity* 8.2 ± 0.2 
(7.0 - 9.0) 

8.3 ± 0.5 
(7.0 - 9.0) 

7.8 ± 0.5 
(7.0 - 9.0) 

Age of menarche (yrs) 14.6 ± 1.4 
(11.0 - 28.0) 

15.1 ± 0.7 
(14.0 - 17.0) 

14.2 ± 1.1 
(13.0 - 18.5) 

Menstrual cycle length 
(days) 

26.0 ± 1.2 
(20 - 34) 

42.0 ± 2.5 
(37 - 47) 

Number of periods/yr 13.0 ± 0.6 
(11 - 18) 

8.0 ± 0.5 
(7 - 9) 

1.0 ± 0.5 
(0 - 2) 

Height (kg) 53.1 ± 1.4 
(47.8 - 62.0) 

59.7 ± 2.7 
(52.1 - 63.7) 

54.1 ± 3.8 
(40.3 - 61.2) 

Percent body fat 
(skinfolds) 

14.3 ± 0.8 
(8.8 - 18.8) 

16.2 ± 2.8 
(11.8 - 23.7) 

14.3 ± 1.5 
(11.8 - 19.2) 

Percent body fat 
(hydrostatic weighing) 

16.2 ± 1.0 
(11.2 - 23.7) 

20.5 ± 1.9 
(17.8 - 25.9) 

22.4 ± 2.0* 
(16.9 - 28.3) 

Fat-free body (kg) 
(skinfolds) 

45.5 ± 1.1 
(41.4 - 52.0) 

49.9 ± 1.7 
(45.7 - 52.7) 

46.3 ± 3.1 
(35.5 - 50.0) 

Fat-free body (kg) 
(hydrostatic weighing) 

44.5 ± 1.2 
(41.0 - 51.3) 

47.7 ± 1.7 
(42.8 - 50.7) 

42.1 ± 3.4 
(30.3 - 49.5) 

Mean value ± SEM (Range) 
*Significantly different (p<^.05) from the EU group u1 
**Significantly different (D<^05) from the OT. group 1-1 

* 7=low (<200 miles/wk) , 8=medium (200-299 miles/wk) , 9=high (2:300 miles/wk) 
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mileage was a reflection of the training mode 

predominant within each group (Table 6). 

Percent body fat estimations from hydrostatic 

weighing were significantly higher in the AM group than 

estimations of the EU group. When estimated by 

skinfolds, similar values for percent body fat were 

found in all three groups. 

A gross estimation for training intensity (TI) was 

made to categorize subjects into a high, medium, or low 

TI group (Table 6). Total mileage for each subject was 

determined by adding run mileage multiplied by five to 

cycle mileage. Inevitably, athletes training in both 

running and cycling fell mainly into the high TI group. 

Thirty-six percent (N = 4) of the EU were at a high TI, 

while 18.2% (N = 2) were low. Sixty percent (N = 3) and 

40% (N = 2) of the AM were at the low and high TI's, 

respectively. When using the numerical values of low=7, 

medium=8, high=9, no significant differences were found 

among EU, OL and AM groups. 

Diet. Based on analysis of variance, no significant 

differences were found among groups in energy nutrient 

intakes (kcalories: EU = 2097 +_ 217, OL=1956 +_ 196, 

AM=1941 + 304; protein (gm): EU=74.6 + 9.0, OL=73.9 + 

I.8, AM=63.2 + 10.0; fat (gm): EU=74.0 + 11.7, OL=61.0 + 

II.0, AM=77.7 9.8; carbohydrates (gm) : 



TABLE 6. CATEGORIZATION OF SUBJECTS BY TRAINING AND 
MENSTRUAL STATUS 

Training 
Intensity* 

Training 
Mode 

EU 
(N = 11) 

OL 
(N = 4) 

AM 
(N = 5) 

Run 1 0 2 

High 
Cycle 0 1 0 

Run/Cycle 3 1 0 

Run 3 0 0 

Medium Cycle 1 1 0 

Run/Cycle 1 0 0 

Run 2 J** 2 

Low Cycle 0 0 1 

Run/Cycle 0 0 0 

* Criteria for TI: High (2.300 miles/wk), Med (20U -
mile/wk), low (<200 miles/wk) 

** College varsity high jumper 
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EU = 292 + 29, 0L = 292 + 43, AM=259 + 51) (Figure 2). 

Although both the OL and AM groups had lower kcal 

intakes, the AM consumed less protein and carbohydrate, 

and the OL consumed the least amount of fat, these 

differences were not statistically significant. A wide 

variability of kcalorie and protein intakes did exist 

within the EU (kcalorie: 944-3391, protein (gm): 

24.0-115.0) and the AM groups (kcalories: 1292-2947, 

protein (gm): 47.1-102.0) which may have contributed to 

the similar mean values found between groups. Power 

calculations estimated power to be less than 11% when 

comparing the EU1s energy nutrient intakes to that of 

the AM's (with respect to kcalories, protein and 

carbohydrates) and the OL's (with respect to kcalories 

and fat). No significant differences in intakes were 

found when related to body weight and fat-free body. 

Relative distributions of protein, carbohydrate and 

fat intakes (Figure 3) were similar, although the AM 

group had a higher proportion of fat (36 +_ 2.6% ) in 

their diet relative to the OL and EU diets (27 +_ 3.5 % 

and 29 + 3.3 %, respectively). 

Mean values for kcalorie and protein intakes of the 

three groups were compared to their RDA values 

(kcalories=36.7 kcal/kg body weight, based on the 

recommended value of 2000 kcalories for an adult female 

weighing 120 lbs (54.5 kg); protein=0.8 gm/kg body 
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weight). All three groups had an average protein intake 

above the RDA (EU=1.4 + 0.2 gms/kg, 0L=1.2 +0.1 gm/kg, 

AM=1.2 + 0.2 gm/kg). Regarding kcalorie intakes, only 

the EU group fell above the RDA (39.7 +_ 4.4 kcal/kg) . 

Average kcalorie intakes for the other groups were below 

the RDA (OL=33.1 + 4.1 Kcal/kg, AM=35.5 + 3.9 kcal/kg). 

Based on a food frequency survey completed by each 

subject, it was determined that 50% of all subjects 

consumed no red meat and 70% consumed red meat less than 

four times per month. The distribution of these subjects 

among subject groups was 73% of EU, 100% of OL and 40% 

of AM. Two of the EU subjects and one OL subject 

consumed no red meat, poultry or seafood. 

Other nutrient intakes were similar among groups 

(Table 7), with the average iron and calcium intakes 

being above RDA values (18 mg and 800 mg, respectively) 

for all three groups. The mean values for vitamin A 

intake varied considerably, with the AM showing the 

highest mean intake. However, no significant differences 

were found due to the variability of vitamin A intake 

within groups. All subjects, except for one amenorrheic, 

had an average vitamin A intake greater than the RDA 

value of 4000 IU. The AMs tended to have a lower zinc 

intake than the OLs and EUs. However, average zinc 

intake for all groups fell below the RDA of 15.0 mg. 



TABLE 7. OTHER NUTRIENT INTAKES FOR EUMENORRHEIC, OLIGOMENORRHEIC, 
AND AMENORRHEIC GROUPS 

Nutrients 
EU 

(N = 11) 
OL 

(N = 4) 
AM 

(N = 5) 

Iron (mg)** 29.6 ± 5.1 
(11.4 - 64.4) 

24.2 ± 8.3 
(11.7 - 48.5) 

19.3 ± 5.2 
(11.0 - 38.8) 

Zinc (mg)** 
8.7 ± 1.1 

(3.0 - 16.8) 
8.3 ± 1.3 

(6.0 - 11.8) 
5.7 ± 1.4 

(3.2 - 11.0) 

Calcium (mg)** 1001 ± 128 
(292 - 1454) 

1183 ± 120 
(842 - 1360) 

1134 ± 397 
(469 - 2646) 

Vitamin A (IU)** 11010 ± 1630 
(4877 - 20693) 

8889 ± 2087 
(4413 - 14298) 

21933 ± 12840 
(3212 - 70111) 

Linoleic acid (gm) 
7.6 ± 1.3 

(2.4 - 14.4) 
6.2 ± 1.8 

(3.2 - 10.7) 
7.6 ± 2.5 

(3.3 - 16.1) 

Saturated fat (gm) 
23.3 ± 3.9 

(0.5 - 43.3) 
15.3 ± 1.4 

(12.0 - 17.7) 
22.2 ± 5.1 

(11.4 - 37.6) 

Crude fiber (gm) 7.0 ± 0.9 
(2.2 - 12.7) 

6.3 ± 1.5 
(3.0 - 9.8) 

6.3 ± 2.1 
(2.6 - 13.9) 

Dietary fiber (gm) 20.4 ± 2.6 
(3.9 - 37.1) 

21.8 ± 4.8 
(10.5 - 33.3) 

21.1 ± 2.2 
(12.2 - 41.3) 

Mean values ± SEM (Range) 
** RDA: Iron=18.0 mg, Siinc=15.0 mg, Calcium=800 mg, Vitamin A=4000IU 
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Comparisons of Eumenorrheic and Amenorrheic Runners 

Characteristics (Table 8). Age, training, menstrual 

history and selected body composition variables were 

compared and analyzed by student t-tests. The AM runners 

were significantly (p£.05) younger in age and higher in 

percent body fat, as estimated by hydrostatic weighing, 

than the EU runners. When estimated by skinfolds, 

percent body fat was similar for both groups. Running 

mileage, though not significantly different, was 

slightly higher in the AM group; however, TI was similar 

for both groups. Within each group, subject 

distributions by TI were EU:low = 2, medium = 4, high = 

4; AM:low = 1, medium = 1, high = 2. 

Diet. With the exception of fat, energy nutrient intakes 

tended to be lower in the AM runners, but not 

significantly different from the EU runners (kcalories: 

EU=1968 + 193, AM=1690 + 220; protein (gm): EU=70.6 + 

8.9, AM=53.5 + 3.0; fat (gm): EU=67.3 + 10.5, AM=71.2 + 

9.5; carbohydrates (gm) : EU = 279 +_ 28, AM=221 + 44) 

(Figure 4). Power calculations for mean differences 

estimated power to be less than 25% for protein and 

carbohydrate intakes, less than 15% for kcalorie intakes 

and less than 5% for fat intakes. Intakes of protein, 

carbohydrate and fat, relative to total intake, were 

similar (Figure 5). 
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TABLE 8. CHARACTERISTICS OF EUMENORRHEIC AND 
AMENORRHEIC RUNNERS 

Characteristics 
Eumenorrheic 

(N = 10) 
Amenorrheic 

(N = 4) 

Age (yrs) 
32.4 ± 1.4 

(26.1 - 40.2) 
25.7 ± 3.8* 

(19.0 - 32.7) 

Run mileage/wk 
41.7 ± 4.6 

(27.5 - 70.0) 
47.5 ± 10.5 

(25.0 - 70.0) 

Training intensity*! 
8.2 ± 0.0 

(7.0 - 9.0) 
8.0 ± 0.3 

(7.0 - 9.0) 

Age of menarche (yrs) 
14.6 ± 1.5 

(11.0 - 28.0) 
14.5 ± 1.4 

(13.0 - 18.5) 

Menstrual cycle length 
(days) 

26.0 ± 1.3 
(20 - 34) 

Number of periods/yr 
13.0 ± 0.6 
(10 - 18) 

1.0 ± 0.5 
(0 - 2) 

Weight (kg) 
53.3 ± 1.6 

(47.8 - 62.0) 
52.3 ± 4.5 

(40.3 - 59.6) 

Percent body fat 
(skinfolds) 

14.9 ± 0.6 
(12.6 - 18.8) 

14.9 ± 1.7 
(11.8 - 19.2) 

Percent body fat 
(hydrostatic weighing) 

16.8 ± 1.0 
(11.9 - 23.7) 

22.6 ± 2.5* 
(16.9 - 28.3) 

Fat-free body (kg) 
(skinfolds) 

45.3 ± 1.2 
(41.4 - 52.0) 

44.3 ± 3.2 
(35.5 - 50.0) 

Fat-free body (kg) 
(hydrostatic weighing) 

44.4 ± 1.3 
(39.9 - 51.3) 

40.6 ± 4.0 
(30.3 - 49.5i 

Mean value ± SEM (Range) 
*Significantly different (p<_.05) from EU runners 
KRefer to Table 6 
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EUMENORRHEIC VS AMENORRHEIC 
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No significant differences were found when relating 

intakes to body weight and fat-free body. 

When comparing mean values for kcalorie intakes of 

the two groups to the RDA value (36.7 kcal/kg body 

weight), the AM runners' value fell below the RDA (32.3 

+2.8 kcal/kg) while the EU runners' value was above the 

RDA (37.1 +_ 3.8 kcal/kg). Mean values for protein 

intakes for both groups were above the RDA value of 0.8 

gm/kg body weight (EU = 1.3 +_ 0.2 gm/kg, AM=1.0 + 0.1 

gm/kg). 

Eighty percent of the EU runners and 50% of the AM 

runners consumed red meat less than four times per 

month. Twenty percent of the EU runners consumed no 

poultry, seafood or red meat. Only 30% of the EU runners 

consumed red meat as often as 1-5 times weekly. 

With the exception of zinc intake, no significant 

differences were observed in other nutrient intakes 

(Table 9). While the AM runners consumed less (p<^05) 

zinc than the EU runners, average intakes for both 

groups were below the RDA of 15.0 mg. Because of the low 

mean values for both groups, the percent of food items 

consumed not analyzed for zinc was determined for each 

subject. The mean percent value was 21.2 + 2.9% for the 

EU group and 26.4 + 13.2. These values were not 

significantly different (p£.05). RDAs for iron and 

calcium (18.0 mg and 800 my, respectively) were 



TABLE 9. OTHER NUTRIENT INTAKES FOR EUMENORRHEIC AND 
AMENORRHEIC RUNNERS 

Nutrients 
Eumenorrhe ic 

(N = 10) 
Amenorrheic 

(N = 4) 

Iron (mg)** 
28.5 ± 5.4 

(11.4 - 64.4) 
18.9 ± 6.7 

(11.0 - 38.8) 

Zinc (mg)** 
7.9 ± 0.9 

(3.0 - 12.3) 
4.3 ± 0.5* 

(3.2 - 5.4) 

Calcium (mg)** 
957 ± 132 

(292 - 1773) 
1119 ± 512 

(469 - 2646) 

Vitamin A (IU)** 
L1331 ± 1767 

(4877 - 20693) 
26128 ± 15666 

(3212 - 70111) 

Linoleic acid (gm) 
7.3 ± 1.4 

(2.4 - 14.4) 
6.7 ± 3.2 

(3.3 - 16.1) 

Saturated fat (gm) 
21.3 ± 3.8 

(0.5 - 40.4) 
20.2 ± 6.0 

(11.4 - 37.6) 

Crude fiber (gm) 
7.0 ± 1.0 

(2.2 - 12.7) 
6.6 ± 2.7 

(2.6 - 13.9) 

Dietary fiber (gm) 
20.0 ± 2.9 

(3.9 - 37.1) 
22.0 ± 6.6 

(12.2 - 41.3) 

Mean value ± SEM (Range) 
*Significanf.Iy different (p£.05) from eumenorrheic runners 
**RDA: Iron=18.0mg, 7.inc=15 .Omg, Oalc ium=800mg, Vitamin A=4000IU 
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adequately met in both groups. Mean vitamin A intake was 

higher for the AM group, but variability was large for 

both groups. Only one subject had a vitamin A intake 

below the RDA of 4000 IU. Saturated fat, linoleic acid 

and fiber intakes were also similar. 

Comparisons By Training Mode (Runners vs Cyclists) 

Characteristics (Table 10). Age, training intensity, 

menstrual history and selected body composition 

variables of runners (R) and cyclists (C), regardless of 

menstrual status, were compared by student t-tests. The 

only statistical difference (p£.05) was in age, with the 

cyclists being younger than the runners. Although the 

number of periods per year were similar, three of the 

four cyclists were either oligomenorrheic (N = 2) or 

amenorrheic (N = 1). Four of the 15 runners were 

amenorrheic and one was oligomenorrheic. TI, estimated 

as previously described, was similar between groups. The 

women who trained in both running and cycling were 

classified as runners since they all met the running 

criteria for the study. Body and fat-free body weights 

of the cyclists were higher than, but not significantly 

different from, the runners. 

Diet. Analyses by student t-test resulted in the 

cyclists having significantly (p£.05) higher kcal and 
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TABLE 10. CHARACTERISTICS OF RUNNERS AND CYCLISTS 

Characteristics 
Runners 
(N = 15) 

Cyclists 
(N = 4) 

Age (yrs) 
30.7 ± 1.5 

(19.0 - 40.2) 
22.6 ± 0.9* 

(20.8 - 25.2) 

Run mileaqe/wk 
43.1 ± 4.0 

(25.0 - 70.0) 

Cycle mileage/wk 
219 ± 31 

(150 - 300) 

Training intensity* 
8.2 ± 0.2 

(7.0 - 9.0) 
8.0 ± 0.4 

(7.0 - 9.0) 

Age of menarche (yrs) 
14.6 ± 1.1 

(11.0 - 28.0) 
14.0 ± 0.4 

(13.0 - 15.0) 

Number of periods/yr 
9.1 ± 1.4 
(0 - 18) 

7.5 ± 2.1 
(2 - 12) 

Weight (kg) 
53.7 ± 1.6 

(40.3 - 63.4) 
57.1 ± 3.2 

(51.2 - 63.7) 

Percent body fat 
(skinfolds) 

15.0 ± 0.6 
(11.8 - 19.2) 

14.1 ± 3.3 
(8.8 - 23.7) 

Percent body fat 
(hydrostatic weighing) 

18.5 ± 1.1 
(11.9 - 28.3) 

19.2 ± 3.1 
(11.2 - 25.9) 

Fat-free body (kg) 
(skinfolds) 

45.6 ± 1.2 
(35.5 - 52.6) 

48.8 ± 1.8 
(45.7 - 54.0) 

Fat-free body (kg) 
(hydrostatic weighing) 

43.7 dfc 1.4 
(30.3 - 51.3) 

45.9 ± 1.1 
(42.8 - 47.9) 

Mean value ± SEM (Range) 
*Significantly different (p<^05) from runners 
URefer to Table 6 
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carbohydrate intakes than the runners (kcalories: 

R=1911+ 14 2, C=2631 + 330; carbohydrates (gm): R=265+ 

23, C=378 +_ 35) (Figure 6). Protein and fat intakes were 

also higher in the cyclists, but these differences were 

not significant (protein (gm) : R=66.0 ;+ 6.2, C=91.5 + 

10.2; fat (gm): R=69.9 + 7.4, C=89.4 + 21.0). In 

relative terms, the distributions of protein, 

carbohydrate (CHO) and fat intakes were similar between 

groups (Protein: R=13.5 ;+ 1.1%, C=13.8 + 0.9%; Fat: 

R=31.3 + 2.7% C=29.0 + 3.7%; CHO: R=54.7 + 3.0%; C=57.5 

+ 4.1%) . 

The cyclists' average kcalorie intake relative to 

body weight (47.0 +_ 7.4 kcal/kg body weight) was well 

above the RDA value of 36.7 kcal/kg, while the runners' 

fell below the RDA (35.7 + 2.7 kcal/kg). Both cyclists' 

and runners' mean values for protein intake were above 

the RDA of 0.8 gm/kg body weight (R=1.2 + 0.7 gm/kg, 

C=1.6 +_ 0.2 gm/kg). 

Two of the cyclists consumed no red meat and 

consumed poultry and seafood less than four times per 

month. The other two consumed red meat, poultry and 

seafood on a regular basis. Ten of the runners consumed 

no red meat, while three of those ten consumed no 

poultry or seafood as well. Six runners consumed red 

meat 1-5 times weekly and the remaining three consumed 

red meat less than four times monthly. 
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With respect to other nutrient intakes, zinc intake 

was significantly (p£.05) higher in the cyclists, but 

below the RDA of 15.0 mg (Table 11). Saturated fat and 

linoleic acid intakes were also higher but not 

significant. The average iron and calcium intakes of 

both groups were similar and above their respective RDA 

values (18.0 mg and 800 mg). Fiber intakes were also 

similar. Vitamin A intake was higher in the runners, but 

due to large variability within the group, this value 

was not significantly different from that of the 

cyclists. 



TABLE 11. OTHER NUTRIENT INTAKES FOR RUNNERS AND CYCLISTS 

Nutrients 
Runners 

(N = 15) 
Cyclists 
(N = 4) 

Iron (mq)** 25.4 ± 4.1 
(11.0 - 64.4) 

31.8 ± 7.8 
(16.2 - 48.5) 

Zinc (mg)** 6.8 ± 0.7 
(3.0 - 12.3) 

12.0 ± 3.5* 
(8.4 - 16.8) 

Calcium (mg)** 992 ± 151 
(292 - 2646) 

1297 ± 63 
(1189 - 1444) 

Vitamin A (IU)** 15475 ± 4283 
(3212 - 70111) 

6164 ± 818 
(4413 - 7797) 

Linoleic acid (gm) 7.4 ± 1.2 
(3.3 - 16.1) 

8.0 ± 1.8 
(3.2 - 11.0) 

Saturated fat (gm) 20.5 ± 2.9 
(0.5 - 40.4) 

27.1 ± 6.2 
(17.2 - 43.3) 

Crude fiber (gm) 7.1 ± 1.0 
(2.2 - 13.9) 

6.2 ± 0.6 
(5.0 - 7.4) 

Dietary fiber (gm) 21.4 ± 2.6 
(3.9'- 41.3) 

21.5 ± 1.8 
(17.5 - 25.2) 

Mean value ± SEM (kange) 
*Significantly different (p<^05) from runners 
**RDA: Iron=18.0mg, Zinc=15.0mg, Calcium=800mq, Vitamin A=4000IU 
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CHAPTER FIVE 

DISCUSSION 

The purpose of this study was to investigate and 

compare specific nutrient intakes among eumenorrheic 

(EU), oligomenorrheic (OL), and amenorrheic (AM) 

endurance-trained runners and cyclists. Several 

variables, including body composition, training 

intensity and menstrual history were controlled between 

groups. In addition, comparisons were made between EU 

and AM runners. It was hypothesized that selected 

dietary factors would be significantly different among 

endurance-trained athletes based on menstrual status. 

Specifically, AM athletes would have kcalorie intakes 

similar to the EU athletes', and the AM athletes would 

consume less fat and more carbohydrate than the EU 

athletes. Body composition, training intensity and 

nutrient intakes were also compared in runners versus 

cyclists. 

Comparison By Menstrual Status 

Characteristics. Comparisons of body composition, 

training, menstrual history, and diet among EU, OL and 

AM subjects yielded significant differences in age and 

percent body fat (as estimated by hydrostatic weighing). 
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Specifically, the OLs and AMs were significantly younger 

than the EUs and the AMs had a significantly higher 

estimated percent body fat than the EU group (Table 5). 

Reproductive maturity has been considered as a 

possible predisposing factor for athletic OL and AM. 

Baker et al. (4) observed a 66.6% prevalence of 

amenorrhea in 12 runners under the age of 30, while only 

9% of 11 runners over 30 years of age were AM. Age of 

menarche was significantly higher in the AM group (13.8 

+_ 0.5 yrs) than the EU group (12.2 +_ 0.3 yrs) . Also, a 

higher prevalence of amenorrhea in nulliparous runners 

relative to parous runners has been reported (16, 50). 

Baker et al. also observed a 46.6% prevalence of 

amenorrhea in 15 nulliparous runners and a 25.0% 

prevalence in eight parous runners. Furthermore, AM 

subjects were younger (24 + 1.7 yrs) than the EU 

subjects (31.4 +_ 1.3 yrs). Speroff et al. (54) found 

more than 60% of 53 AM runners to be under the age of 

25, as compared to less than 40% of the EU runners. 

Similar observations were made in this study. 

Indeed, the AM and OL groups were significantly younger 

(p£.05) than the EU group (Table 5). For 10 subjects 

below the age of 30, the prevalence of amenorrhea and 

oligomenorrhea was 30% each, while 20% and 10% of 10 

subjects over 30 years of age were AM and OL, 
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respectively. Six EU subjects had previous pregnancies 

while all OL and AM subjects were nulliparous. 

Therefore, it could be argued, based on parity and age, 

that the EU subjects exhibited overall greater 

reproductive maturity than the OL and AM subjects. 

Though age of menarche (AOM) was similar among all 

groups, one EU subject reported her AOM as 28 years. Two 

EU subjects had been AM for a period of 2-3 years in the 

past (one associated her amenorrhea with psychological 

stress, the other with being anorexic during that time) 

and one reported being OL for one year (during 

collegiate gymnastics competition). All EU subjects 

reported having regular cycles for at least the past two 

years. Three of the four OL subjects reported having 

always been irregular in their menstrual cycles, while 

the other OL subject had been previously AM for two 

years. With the exception of one, all AM subjects 

reported always having had irregular or no menstrual 

cycles off and on for several years. 

Data from this study suggest that history of 

menstrual irregularity and nulliparity are more common 

among OL and AM subjects than among EU subjects. Age, 

parity, AOM and past menstrual irregularites function in 

determining reproductive maturity of athletes. Perhaps 

quantifying these functions can determine the degree of 
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reproductive maturity in an athlete and whether or not 

the athlete is predisposed to amenorrhea or 

oligomenorrhea. 

Training, as compared to a sedentary lifestyle, has 

been thought to have a significant impact on menstrual 

status. Specifically, the amount of exercise or training 

appears to be the critical factor in menstrual 

disturbances. For example, Russell et al. (47) observed 

that while oligomenorrhea was evident in swimmers during 

training, all resumed normal cycles when training was 

reduced. Among runners, the distance run/week has been 

associated with the occurence of amenorrhea. Lutter et 

al. (37) found 61.5% of AM runners (N = 13) were running 

more than 80.4 km/wk compared to 10.1% of cyclic runners 

(N = 266). 

Mileage run or cycled did not seem to relate to 

menstrual status in this study. When strictly 

considering run or cycle mileage, six ELJ subjects ran 

greater distances than two AM runners and one OL runner. 

Four EUs and one OL subject trained in both running and 

cycling. The greatest cycling mileage occured in two OL 

cyclists and the least mileage with an AM cyclist. 

Training mileage varied enough among subjects within 

each group to result in mean values being similar 
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between groups. Also, mileage was estimated based on 

self-reported mileages (Table 6). 

Percent body fat (BF), estimated from hydrostatic 

weighing, was higher in the AM group than the EU group. 

Bone mineral content (BMC) of AM athletes has been shown 

to be lower than EU athletes' BMC (19,20,38,41). It has 

been hypothesized that lower than normal BMC can 

possibly lead to overestimations in BF derived from 

hydrostatic weighing (12). Thus, the BF values derived 

from the hydrostatic weighing method may have been 

overestimated in the AM group. 

Menstrual disruptions have been associated with low 

body fat and it is thought that a specific amount of 

stored body fat is necessary to maintain normal 

menstrual cycles (22). Carlberg et al. (14) measured 

body weight (BW) and estimated the body fat (BF) of OL 

and AM athletes by hydrostatic weighing and compared 

their values to EU athletes. The OL and AM athletes had 

significantly lower percent BF and BW. In contrast, 

Sanborn et al. (49) found no significant differences in 

percent BF (estimated from hydrostatic weighing) and BW 

between EU and AM marathon runners. 

Schwartz et al. (50) found AM runners to have a 

significantly lower percent BF than the EU runners when 

estimated by skinfolds. In this study, percent BF 
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estimated by skinfolds was similar between EU, OL and AM 

athletes (Table 5). The similarity is not unlike that 

found by Baker et al. (4), when EU and AM runners were 

compared. Also, BF mean values for groups in this study 

as well as in Baker's were well below the hypothesized 

22% critical value (22). 

For this study, BF and fat-free body (estimated by 

skinfolds), and BW were all similar among groups (Table 

5). Thus, it is believed that body composition was 

adequately controlled for further comparisons. 

Diet. Although no significant differences were found in 

nutrient intakes among groups, the AM and OL tended to 

consume fewer kcalories than the EU group (Figure 2). 

Also, the AM group consumed lower amounts of protein and 

carbohydrate, but greater amounts of fat. These 

observations were consistent when intakes were expressed 

either in absolute amounts, or in amounts relative to 

fat-free body (FFB) as estimated by skinfolds or body 

weight (BW) . Lower kcalorie and protein intakes have 

been previously reported in AM subjects (Table 4). 

However, only two studies (10,41) found a significant 

difference in kcalorie intakes. 

When comparing the average protein intakes relative 

to body weight to the RDA value of 0.8 gm/kg, all groups 
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had intakes above the RDA. With the exception of three 

subjects (two EU and one OL), all subjects had protein 

intakes greater than the RDA. Assuming these 

endurance-trained athletes are not in need of greater 

quantities of protein than their sedentary counterparts, 

it is doubtful that the OL and AM subjects were lacking 

adequate protein in their diet. 

Average kcalorie intakes for the AM and the OL 

groups did fall below the RDA, calculated to be 36.7 

kcal/kg body weight. It cannot be determined whether or 

not these subjects were receiving less than adequate 

kcalories or that the EU subjects were receiving above 

adequate kcalories. Future studies should include 

extensive measurements including energy expenditure, 

energy intake and changes in body composition over a 

length of time. 

In contrast to the present study, lower fat intakes 

have been reported (8,10,17,19) in AM subjects. Three of 

these studies reported significant differences 

(8,10,17). A higher incidence of vegetarianism has also 

been reported among AM runners as compared to EU runners 

(8,10). In this study, vegetarianism was more common 

among the EU and OL groups than in the AM group. Also, 

the OL group consumed the least amount of fat and red 

meat, suggesting that low fat intake may be related more 
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to irregular menstrual cycles, rather than cessation of 

menstruation. In order to clarify this, future 

investigations should distinguish between OL versus AM 

subjects when comparing diets. Thus far, no other study 

has compared the diets of AM and OL athletes. 

All three groups had iron and calcium intakes 

higher than the RDA (Figure 4). Supplementation was not 

uncommon among subjects (eight supplemented with iron, 

ranging from 15 mg to 50 mg, and four with calcium, 

ranging from 170 mg to 2000 mg). Zinc intake was lowest 

in the AM group, but was not significant. While the 

specific role of zinc in menstrual disturbances is not 

known, zinc does seem to be associated with the normal 

menstrual cycle (2). Also, Vitamin A, in the form of 

B-carotene, has been implicated in hypothalamic 

amenorrhea where hypercarotenemia is evident (31). It is 

thought that B-carotene may induce metabolic changes 

that lead to menstrual disruptions. The mechanism for 

this is unknown, but B-carotene is stored in adipose 

tissue and may interfere with estrogen metabolism (17). 

Excessive B-carotene, which can be taken up by the 

ovaries, may elicit menstrual dysfunction (42). Using 

carotene as an index test for hypothalamic amenorrhea, 

Richards et al. (46) found no difference in the carotene 

levels between ovulatory and anovulatory runners. 
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Deuster et al. (17) observed vitamin A (predominantly in 

the form of B-carotene) intakes of over 30,000 IU/day in 

three of 12 AM runners and a mean intake of 20,359 +_ 

7,688 IU relative to the EU's mean of 13,805 2,180 IU. 

For this study, vitamin A intake varied widely, 

especially among the AM subjects (3212 IU to 70111 IU). 

Reported high intakes of vitamin A, however, is not 

enough evidence to suggest hypercarotenemia in these 

subjects. 

Obviously, the low number of subjects and the 

variability in training intensity in the present study 

may have contributed to diet's insignificance. There 

seem to be certain trends, however, among studies that 

have compared diets of EU and AM athletes. These include 

the lower kcalorie and protein intakes among AM athletes 

relative to EU athletes. Similar trends were found in 

the present study. 

Definitive criteria for oligomenorrhea and 

amenorrhea are recommended for future studies. 

Therefore, research designs which clearly distinguish 

between oligomenorrhea and amenorrhea should be used to 

study these conditions separately. 

An athlete's menstrual status seems to be 

associated with any number or combination of factors, 

including diet, reproductive maturity, energy drain, 
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training, and body composition. An athlete's 

predisposition to amenorrhea or oligomenorrhea seems to 

be determined more by the individual rather than by a 

true cause and effect relationship between a particular 

factor such as diet and menstrual status. In order to 

examine this more closely, a homogenous population based 

on training is necessary. 

Comparisons of Eumenorrheic and Amenorrheic Runners 

Characteristics. To further investigate the possible 

relationship between diet and menstrual status, the EU 

and AM runners were compared. Results were similar to 

those found when all subjects were grouped by menstrual 

status. Specifically, the AM runners were significantly 

younger (p<_.05) and percent body fat, estimated from 

hydrostatic weighing, was significantly higher (p<_.05) 

than the EU runners'. Percent body fat estimations based 

on skinfolds, training mileage and intensity, and age of 

menarche were similar between groups (Table 8). 

Diet. Comparisons of EU versus AM runners were also 

similar to those comparisons made for all subjects. The 

AM runners consumed fewer kcalories and lower amounts of 

protein and carbohydrate, but more fat, than the EU 

runners (Figure 4). 
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Kcalorie intakes for EU and AM runners have been 

compared in the past (Table 4). Two of these studies 

(10, 41) reported significant differences in kcalorie 

intakes, with the AM runners comsuming the lesser 

amount. With the exception of one study (8), the AM 

runners' mean kcalorie intakes were always less than the 

EU runners', regardless of statistical significance. 

Studies that have compared protein intakes of EU 

and AM runners have found either similar intakes (8,19), 

or the AM's intakes to be less than, but not 

significantly different from, the EU's (17,38,41). 

Likewise, similar carbohydrate intakes have been 

observed between AM and EU runners (8,17). Yet, other 

studies have found AM runners comsuming fewer 

carbohydrates than the EU runners (19,41,46). 

Fat intakes of AM runners have been reported to be 

significantly lower than those of EU runners, (8,10,17). 

It has been suggested that consumed fat may be involved 

with the regulation of estrogen production and excretion 

(25). The vegetarian diet, characteristic of a low fat 

intake, has been implicated in menstrual disturbances, 

due to altered estrogen metabolism (3,26). Indeed, as 

mentioned earlier, a high incidence of vegetarian diets 

has been found among AM athletes (8,10). 
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In this study, no significant differences in energy 

nutrient intakes were found between AM and EU runners. 

However, the AM runners did consume fewer kcalories, 

protein and carbohydrates; trends which are consistent 

with past studies. In contrast to past studies, however, 

was the AM runners' tendency to consume more fat (71.2 + 

9.5 gm) relative to the EU1 s (67.3 +_ 10.5 gm) . This 

observation may have been due to the AM runner's low 

quality diets. AM runners consumed a smaller variety of 

foods, and ate red meat more regularly than the EU 

runners. The AM runners were also more inclined to eat 

snacks, candy and soda, rather than complete meals. Only 

one AM runner, as opposed to six EU runners, took any 

type of supplements. The EU runners were more likely to 

prepare a complete meal at least once daily since 

several of them had families and/or full-time jobs. In 

contrast, three of the four AM runners were full-time 

students, which may have contributed to their less than 

optimal dietary habits. 

Deuster et al. (17) has compared nutrient intakes 

between EU and AM runners. It was observed that due to 

supplements, the mean intakes for iron and calcium were 

above the RDA for both groups. While mean intake for 

zinc was adequate for the EU group (15#.3 + 2.3 mg) , the 

AM's intake did fall below RDA (10.9 2.4 mg) . 
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Similar observations were made in this study. Zinc 

intake for the AM runners was significantly (p£.05) 

lower than the EU runners* (Table 9). While no 

significant differences were found in the other 

nutrients, the AM runners tended to have lower (but 

adequate) iron and calcium intakes. Average vitamin A 

intake was higher in the AM group, but this was due to 

the 70111 IU daily intake of one AM subject. 

Comparison By Training Mode (Runners vs Cyclists) 

Characteristics. Both endurance-trained runners and 

cyclists participated in this study. Because of possible 

training-related differences, subjects were compared by 

training mode. The incidences of OL or AM among cyclists 

have not been investigated as extensively as in runners 

(Table 2). Of the four cyclists in this study, one was 

amenorrheic and two were oligomenorrheic. Of the 15 

runners, four were amenorrheic and one was 

oligomenorrheic. Because of the small sample size, a 

prediction for the incidence of OL or AM among runners 

or cyclists could not be made. 

The two groups were similar in TI, AOM and body 

composition; however, cyclists were significantly 

younger (p£.05) than the runners (Table 10). 

Reproductive maturity could be considered among the OL 
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and AM cyclists, but again, with only four cyclists, the 

possible relationship of age to menstrual status could 

not be made. Further investigations are needed 

concerning incidences of menstrual disturbances among 

cyclists. 

Diet. Cyclists consumed significantly (p£.05) more 

kcalories and carbohydrates and, though not significant, 

more protein and fat than the runners (Figure 6). Due to 

the rough estimation of TI, it still remains possible 

that the cyclists trained at greater intensities than 

the runners. Greater intakes of kcalories may be an 

indicator for this, but without measuring energy 

expenditure, this can only be speculated. 

Cyclists also tended to consume greater amounts of 

iron, zinc and calcium than the runners (Table 11). This 

is not surprising, when considering that cyclists also 

consumed more kcalories. Average vitamin A intake, 

however, was greater for the runners. This could be 

attributed to the few runners who consumed more than 

20,000 IU per day. 

From these data, it was concluded that the cyclists 

consumed more food than the runners, but whether or not 

this was a reflection of training mode or training 

intensity could not be determined. 
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CHAPTER SIX 

SUMMARY AND CONCLUSIONS 

This study was designed to compare specific 

nutrient intakes among eumenorrheic (EU), 

oligomenorrheic (OL) and amenorrheic (AM) 

endurance-trained runners and cyclists, controlling for 

training intensity, age of menarche, and body 

composition. Further comparisons of nutrient intakes 

between EU and AM runners were also made. It was 

hypothesized that nutrient intakes among 

endurance-trained women of different menstrual statuses 

would be significantly different. Specifically, when 

compared to EU athletes, AM athletes would have 1) a 

similar total caloric intake, 2) a lower fat intake, 3) 

a higher percent intake of carbohydrates and a lower 

percent intake of fat, and 4) a similar body weight and 

percent body fat. In addition, nutrient intakes were 

compared by training mode (runners vs cyclists) 

regardless of menstrual status. 

Diet has been previously investigated in AM and EU 

runners. To date, no studies have compared both runners 

and cyclists by menstrual status. Furthermore, no 

studies have compared the diet of OL athletes to that of 

EU and/or AM athletes. 
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Using questionnaires, information concerning 

menstrual history and status, training, and frequency of 

food intakes were obtained. Skinfolds at three sites 

(triceps, suprailiac and thigh) and hydrostatic weighing 

were used to estimate percent body fat and fat-free 

body. Three or four days of dietary intakes were 

obtained for each subject with random 24-hour recall 

telephone interviews. Dietary recalls were averaged for 

daily intakes and nutritional analyses were made on 

computer software. 

Student t-test determined significant differences 

between EU and AM runners and runners vs cyclists for 

age of menarche, training intensity, age, body 

composition, and nutrient intakes. Analysis of variance 

and Duncan's post-hoc test determined differences in 

these variables among EU, OL and AM athletes (regardless 

of training mode). 

Summary of Results 

Comparisons by menstrual status. Significant 

differences were found in age and in percent body fat 

estimated by hydrostatic weighing. The AM and OL groups 

were significantly younger than the EU group and the EU 

group had a significantly lower percent body fat than 

the AM group. A significant difference in cycling 



87 

mileage was also found between the OL and AM groups, 

with the AM group cycling fewer miles. This difference 

is a reflection of the training mode distribution in 

each group. 

When estimated by skinfolds, percent body fat and 

fat-free body, and body weight were similar between all 

groups. Age of menarche and training intensity were also 

similar among groups. 

No significant differences were found in energy 

nutrient intakes among the three groups, though the AM 

consumed the least amount of kcalories, protein and 

carbohydrates and the greatest amount of fat (Figure 2). 

The OL consumed the least amount of fat, but similar 

amounts of protein and carbohydrates relative to the EU 

group. Relative to total intake, the AM group consumed 

the greatest proportion of fat and least proportion of 

carbohydrates (Figure 3). The EU and OL were similar in 

proportional intakes of protein, carbohydrates and fat. 

Other nutrient intakes were not significantly 

different between the groups, though the AM consumed 

lesser amounts of zinc and iron than the other two 

groups (Table 7). Iron and calcium intakes were above 

RDA in all groups and intakes for these nutrients were 

similar between groups. Vitamin A intake was higher in 
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the AM group, though not significantly, due to a large 

variability of intake within the group. 

Comparisons of eumenorrheic and amenorrheic runners. The 

AM runners were found to be significantly younger than 

the EU runners and they had a significantly higher 

percent body fat, as estimated by hydrostatic weighing, 

than the EU runners (Table 8). Skinfold estimates, body 

weight, age of menarche and running mileage were similar 

between groups. 

Energy nutrient intakes were not significantly 

different between groups (Figure 7), though the AM 

runners did consume fewer kcalories, protein and 

carbohydrates than the EU runners. Proportionate to 

total kcalorie intakes, the EU runners had a greater and 

lesser intake for carbohydrates and fat, respectively, 

than the AM runners. Zinc intake was significantly 

(p£.05) lower for the AM runners (Table 11). Iron intake 

for the AM runners (though not significantly different 

and an average value greater than RDA) was less than the 

EU runners'. Calcium intake was adequate for both EU and 

AM runners. Vitamin A intake was higher for the AM 

runners, though not significant due to large variability 

within the group. 
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Comparisons by training mode (runners vs cyclists.) 

Cyclists were significantly younger than the runners. 

Body weight, percent body fat (estimated from both 

skinfolds and hydrostatic weighing), age of menarche, 

and training intensity were similar between the two 

groups. 

Cyclists consumed significantly greater (p£.05) 

amounts of kcalories and carbohydrates than the runners. 

Protein and fat intakes for the cyclists were also 

greater, but not significantly different from the 

runners. The runners' zinc intake was significantly 

lower than the cyclists. Iron and calcium intakes for 

both groups were above the RDA and similar values were 

found between groups for these nutrients. Vitamin A 

intake was higher for the runners, though not 

significantly, than the cyclists'. As with the AM 

athletes, a large variability of vitamin A intake 

existed within the group. 

Conclusions 

The data from this study suggest that selected 

nutrients in the diet are not closely associated as 

thought with the menstrual status of endurance-trained 

athletes. Furthermore, hypothesized differences in fat 

and carbohydrates between EU and AM groups were not 



90 

found. However, trends similar to past observations were 

found in that the AM group had kcalorie and protein 

intakes lower than the EU group's. Due to significant 

age differences between menstrual status groups and the 

number of past menstrual disturbances within the OL and 

AM groups, reproductive maturity and history of 

menstrual irregularity should be considered as possible 

contributors to the athletes' menstrual statuses. 

Despite lack of statistical significance among energy 

nutrient intakes, zinc intake was found to be 

significantly different between the AM and EU runners, 

with the AMs having the lowest intake. 
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APPENDIX A 

SUBJECT CONSENT FORM AND 

QUESTIONNAIRES 
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Exercise and Sport Sciences 

University of Arizona 

SUBJECT CONSENT FORM 

The Comparison of Diets between Endurance-Trained 
Amenorrheic and Eumenorrheic Women Athletes 

You are invited to participate in a research study that 
involves the comparison of nutritional status between women 
athletes who are amenorrheic and those who are eumenorrheic. 
The objectives of this tudy are to demonstrate that similar 
body composition exists and that certain aspects of diet will 
be significantly different between amenorrheic and 
eumenorrheic athletes. 

Volunteers for this study have met certain criteria which 
allows each subject to be categorized into one of two groups: 

a. amenorrheic - cessation of the menstrual cycle for 
at least the previous six months and throughout the 
study. 

b. eumenorrheic - regular menstrual cycles (25-35 days 
each) for at least one year prior to and throughout 
the study. 

You have also been selected because you belong to an 
endurance-trained group of women between the ages of 20-40 
years. Estimated number of participants is 15 for each group. 

This study consists of three parts, assessment of: (1) 
body composition, (2) diet and (3) metabolic and hormonal 
status. 

1. Body composition. All measurements will be 
performed in the body composition lab in 13 Gittings Building 
during one visit. Total time for measurements is 
approximately one hour. Three methods will be used: 

(a) Skinfolds - skinfold thickness will be measured 
at three sites on the body by using a plastic caliper. The 
caliper gently pinches the skin, however, minimal local 
irritation may occur at the sites. Three measurements at each 
site will be taken. 
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(b) Bioelectrical impedance. You will be asked to 
lie down, in a relaxed state. Two electrodes will be 
attached, one near the right hand, the other near the right 
foot. This procedure is completely painless. 

(c) Hydrostatic weighing. Your body density will 
be measured while you are fully submerged underwater. You 
will expel as much air from your lungs, submerge yourself and 
hold your breath for five seconds. This procedure is repeated 
at least three times, but no more than six. 

2. Diet. During your visit to the body composition 
lab, immediately before or after the body composition 
measurements, you will be trained for the diet assessment part 
of the study. This session will last approximately 45 
minutes. It will include an explanation of the method to be 
used, along with various tips and aids for estimating food 
portion volume and weight. 

The collection of diet information involves four 
telephone interviews between yourself and the investigator. 
During the interview, you will be asked to recall all food and 
beverage intake for the previous day. The calls will be made 
on randomly selected days, but during a time of day that best 
suits your schedule. You will not know what day you receive 
a call, however, all four calls will occur within a specified 
four-week period. Estimated time for one interview is 20 
minutes. 

3. Basal metabolic rate (BMR) and hormonal status 
measurements. These procedures will take place in the morning 
after 12 hours of fasting. You will be asked to lie down, in 
a completely relaxed state for approximately 30 minutes 
followed by breathing through a mouthpiece an additional five 
minutes. After this, a 10 ml blood sample will be drawn from 
the antecubital vein in your forearm by an experienced 
technician. This session will take place in the Human 
Performance Research Lab in 228G McKale Center and it will 
last approximately 60 minutes. 

The following risks are possible: 

(1) Some discomfort or apprehension while holding your 
breath during the unerwater weighing procedure. 

(2) Initial discomfort from the venipuncture and 
possible soreness or localized discoloration afterwards. 
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The cost to you for being a participant is no more than 
a few hours of your time and 10 ml of your blood. After you 
have successfully completed the study, I will send your body 
composition, diet and metabolic analyses to you. It may take 
several weeks for all analyses to be completed. 

I have read the preceding description and understand the 
nature of the proposd research activity in which I, 

(print), am involved. I have been 
informed of the need for the research and the risks involved 
and may withdraw from participation at any time throughout the 
course of the research activity. If injured during the course 
of this study, I understand that compensation or medical care, 
hospitalization, or time lost from work is unavailable. I 
also understand that this consent form will be filed in an 
area designated by the Human Subjects Committee with access 
restricted to the principal investigator or authorized 
representatives of the particular department. A copy of the 
consent form is available to me upon request. In addition, 
I understand that Connier Mier (326-4167) or Dr. Joy C. Bunt 
(621-4104) will provide more information whenever necessary. 

Signature of Subject 
Date 

Subject Name (print) 

I have carefully explained to the subject the nature of 
the above project. I hereby certify that to the best of my 
knowledge the subject who is signing this consent form 
understands clearly the nature, demands, benefits, and risks 
Involved in participating in this study. A medical problem 
or language or education barrier has not precluded this 
understanding. 

Investigator's Signature 
Date 

#CM:jm/TA-1:8 
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TRAINING QUESTIONNAIRE 

Name: 

Address: 

Telephone Numbers Home: Work: 

Date of Birth: 

Training History 

1. Check each endurance activity you are currently 
involved in. Running Bicycling 
Swimming 

2. What is your average weekly mileage for 
running? Bicycling? Swimming? 

3. How long have you been running at this level? 
Bicycling? Swimming? 

4. How long have you participated in running? (Not 
necessarily at the level specified above.) 
Bicycling? Swimming? 

5. Did you ever compete in any of these activities at 
the elementary school level? Junior High? 
High School? College? 
Which activity? 

Have you participated in any organized races 
involving any of the above three activities? 
If so, approximately how many races per year do you 
participate in? 

Approximately what distances make up the races you 
participate in? (Specify activity.) 

8. When is your next planned race?_ 
Distance 
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9. Are you currently competing in an intercollegiate 
sport? If so, what sport? 

10. List any other activity you participate in on a 
regular basis. 
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MENSTRUAL STATUS QUESTIONNAIRE 

1. At what age did you have your first menstrual 
period? Age in years Months 

2. Have you ever had any disruptions in your cycle? 
(Disregard pregnancies.) Explain 

3. Have you ever had a cycle lasting less than 25 
days ? 

4. What is the average length of your cycle? 

5. Have you ever taken oral contraceptives? If 
yes, when and for how long? 

6. Do you take any medication for menstrual pain? 
If yes, specify kind and dosage. 

7. Does your period affect your training in any 
way? If yes, explain. 

8. Have you ever given birth? If yes, how many? 
How old were you when you gave birth? 

9. Have you ever had any major surgery? If yes, 
explain. 

10. How many periods have you had within the last 12 
months? 

11. How long do your periods usually last? 
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12. Circle the activity level that best fits for the 
time period specified: 

Before menarche- High Normal low 

Onset of menarche- High Normal low 

During puberty- High Normal low 

Early adulthood- High Normal low 

13. When was your last period? 

Disregard the following questions if you have had no 
history of irregular menstrual cycles. 

14. If you are presently amenorrheic, is this the first 
time your cycles have stopped? If not, when were 
you amenorrheic before and for how long? 

15. Before your cycles stopped, what was the average 
length of your cycle? 

16. Did changes in cycle length occur before your cycle 
stopped completely? If yes, explain. 

17. Do you see a relationship between your training 
intensity and/or frequency and the regularity of 
your cycle? If yes, explain. 

18. Describe your cycles for the last 6 months. 
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DIET QUESTIONNAIRE 

1. Are you presently following a special diet? If 
yes, indicate type of diet. 

2. Do you take vitamin and/or mineral supplements? 
If yes, what type and dosage. 

How frequently are these taken? 

3. Do you take any other type of supplements? If 
yes, what type and dosage. 

How frequently are these taken? 

4. Are you allergic to any foods? If yes, what 
foods? 

5. Specify the type of cooking oil(s) you use on a 
regular basis. 

6. Approximately how often do you eat out? 

7. Specify the frequency that best indicates how often 
you eat the following types of meals: 

Breakfast- Daily Occasionally Never 

Lunch- Daily Occasionally Never 

Dinner- Daily Occasionally Never 
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8. For the food items listed below, specify the 
frequency that best indicates how often you eat 
that food: 

More than Daily 3-5X 1-2X Less than Never 
IX daily weekly weekly 4X monthly 

Red meat 

Poultry 

Seafood 

Cheeses 

Milk-1% 

2% 

whole 

Eggs 

Cereals-

Oat 

Bran 

Wheat 

Corn 

Other 

Breads-

White 

Bran 

Wheat 

Rye 

Other 

Rice 

Beans/ 
Legumes 

Nuts/P. 
Butter 

Alcohol 

Fruit-

Raw 

Canned 



Vegetables-

Raw 

Cooked 

Canned 

Candy 

Pastries 

Coffee-

Regular 

Decaf 

Soft Drinks-

Caff iene 

Low cal 

Tea-
Caff iene 

Herbal 

Butter 
Potatoes 

Ice cream 

Pop corn 
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APPENDIX B 

DESCRIPTION OF SKINFOLD SITES AND 

MEASUREMENT TECHNIQUES 
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Tricep. The subject's arm is relaxed and extended 
along her side. The point between the acromion and the 
olecranon processes is determined by measurement. The 
vertical fold on the posterior midline of the upper arm 
is measured by the calipers. 

Suprailium. Skinfold measurement is taken with the 
diagonal fold above the crest of the ilium at the point 
where the imaginary line would come down from the 
anterior axiliary line. The subject should be standing 
in an upright and relaxed position. 

Thigh. The point between the hip and knee joints is 
determined. At this point, a vertical fold on the 
anterior aspect of the thigh is measured with calipers. 
The subject should be standing with her weight on the 
opposite leg. 

Skinfold measurements should be unilateral and each 
site should be measured at least three times by 
measuring the three sites consecutively and repeating 
the measurements. Skinfolds should be grasped firmly by 
the thumb and index finger. The caliper should be 
perpendicular to the fold at approximately one 
centimeter from the thumb and forefinger. The caliper 
grip is thdn released so that full tension is exerted on 
the skinfold. Wait one to two seconds before reading the 
caliper dial. Read the dial to the nearest 0.5 mm. 



APPENDIX C 

SAMPLE OF AN AVERAGED DAILY INTAKE, 

AND ASSOCIATED NUTRIENT VALUES 

AND PERCENT RDA 
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SAMPLE DIET 

Food Name Serving Portion (gms) 

CEREAL-WHEAT-SHRED-BISCUIT 1 .67 ITEM 39 .3 
MILK-NONFAT-FLUID .58 CUPS 142 .9 
JAMS/PRESERVES-REGULAR .67 TSP 4 .4 
MUFFIN-ENGLISH-PLAIN .67 ITEM 37 .3 
RAISINS-SEEDLESS .67 TSP 2 .0 
BANANAS-RAW-PEELED 1 .50 ITEM 178 .5 

FIGS-RAW .67 ITEM 33 .3 

APPLES-RAW-UNPEELED .17 ITEM 23 .0 
GRAPES-RAW-EUROPEAN-TYPE .08 SERV 13 .3 
ORANGES-RAW-ALL VARIETIES .08 ITEM 10 .9 

CROISSANT-ROLL-SARA LEE .33 ITEM 8 .7 
PIZZA-CHEESE-BAKE 1 .00 SLICE 120 .0 

ARTICHOKES-BOIL-DRAIN .33 ITEM 40 .0 
POTATO-FLESH & SKIN-BAKE .33 ITEM 67 .3 
CHEESE-COTTAGE-1% LOW FAT .11 CUP 24 .9 
SAUCE-SALSA/CHILIES-CANNED 1 .17 TBL 9 .3 
ICE CREAM-VAN-HARD-10% FAT .33 CUP 44 .3 

COLA-TYPE-SODA 2 .67 FL OZ 82 .1 
ROOT BEER-SODA 4 .00 FL OZ 123 .2 
WAFFLES-ENR-HOME RECIPE .83 ITEM 62 .5 
CEREAL-RAISIN BRAN-RALSTON .50 CUP 28 .0 
CEREAL-GRAPE NUTS .08 CUP 9 .5 
CLUB SODA 2 .67 FL OZ 78 .9 
GRAPE JUICE-CAN & BOTTLE .67 FL OZ 21 .1 
MILK-NONFAT-FLUID .25 CUP 61 .3 
APPLE JUICE-CANNED/BO.TTLED .50 CUP 124 .0 
TORTILLA LG-FLOUR-NO LARD .67 ITEM 37 .9 
REFRIED BEANS-NO LARD .17 CUP 16 .6 
CHEESE-COLBY 1 .33 PIECE 37 .3 
COOKIE-FIG BAR 1 .67 ITEM 23 .3 
COLA-TYPE-SODA 4 .00 FL OZ 123 .2 
NOODLES-EGG-ENR-COOKED .67 CUP 106 .7 
SAUCE-TOMATO-ONIONS-CAN .25 CUP 61 .3 
BANANAS-RAW-PEELED .33 ITEM 39 .7 
PEARS-RAW-BARTLET-UNPEELED .33 ITEM 55 .3 
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NUTRIENT VALUES (%RDA) 

KCALORIES 2246 kc (112%) PROTEIN 71.40 Gm (162%) 

CARBOHYDRATE 397.0 Gm (  -  % )  FAT 48.30 Gm (  -  % )  

FIBER-CRUDE 7.113 Gm (  -  % )  CHOLESTEROL 187.0 Mg (  -  % )  

SATURATED FA 17.20 Gm (  -  % )  OLEIC FAT 10.90 Gm (  -  % )  

LINOLEIC FA 3.169 Gm (  -  % )  SODIUM 2889 Mg (131%) 

POTASSIUM 3442 Mg ( 92%) MAGNESIUM 375.0 Mg (125%) 

IRON 16.20 Mg ( 90%) ZINC 8.396 Mg ( 56%) 

VITAMIN A 4413 IU (110%) VITAMIN D 177.0 IU ( 89%) 

VIT. E/TOTAL 3.375 Mg (  -  % )  VITAMIN C 62.90 Mg (105%) 

THIAMIN 2.027 Mg (203%) RIBOFLAVIN 2.960 Mg (247%) 

NIACIN 28 .80 Mg (222%) VITAMIN B6 2.734 Mg (137%) 

FOLACIN 315.0 Mg ( 79%) VITAMIN B12 3.837 Mg (128%) 

PANTO-ACID 4.046 Mg ( 74%) CALCIUM 1187 Mg (148%) 

PHOSPHORUS 1396 Mg (175%) TRYPTOPHAN 734 .0 Mg (450%) 

TREONINE 2190 Mg (503%) ISOLEUCINE 2879 Mg (441%) 

LEUCINE 4476 Mg (514%) LYSINE 3019 Mg (462%) 

METHIONINE 1137 Mg (418%) CYSTINE 641.0 Mg (236%) 

PHENYL-ANINE 2736 Mg (629%) TYROSINE 1715 Mg (394%) 

VALINE 3267 Mg (429%) HISTIDINE 1394 Mg (  -  % )  

ALCOHOL 0.000 Gm (  -  % )  ASH 16.40 Gm (  -  % )  

COPPER 1.878 Mg ( 74%) MANGANESE 2.208 Mg ( 59%) 

IODINE 26.30 Ug ( 18%) MONO FAT 6.271 Gm (  -  % )  

POLY FAT 1.878 Gm (  -  % )  CAFFIENE 20.70 Mg (  -  % )  

FLOURIDE 391.0 Ug ( 14%) MOLYBDENUM 221.0 ug ( 68%) 

VITAMIN K 12.00 Ug ( 11%) SELENIUM 0.090 Mg ( 72%) 

BIOTIN 24 .70 ug ( 16%) CHLORIDE 0.000 Mg ( 0%) 

CHROMIUM 0.044 Mg ( 35%) SUGAR 130.0 Gm (  -  % )  

FIBER-DIET 23.90 Gm (  -  % )  VIT. E/AT 2.556 Mg ( 32%) 

PROTEIN: 12% CARBOHYDRATE: 69% FAT: 19% ALCOHOL: 0% 
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DENSITOMETRY DATA SHEET 

Subject: 

Number: 

Date: 

Weight (kg): 

Barometric Pressure (Torr): 

Water Temperature ( C): 

Water Density (g/cc): 

Tare Weight: 

TRIAL 1 TRIAL 2 TRIAL 3 

Volume of O2: 

Equilibrium N2: 

Initial N2: 

Vapor Pressure 

Gas Temperature: 

Underwater Weight: 

Initial N2 (Lung) : 



APPENDIX E 

SUBJECTS' RAW DATA 



TABLE A. SUBJECTS' PHYSICAL CHARACTERISTICS 

Subject 
Number 

Menstrual 
Status 

Training 
Node 

Age 
(yrs) 

Weight 
(kg) 

% Body Fat 
Skinfolds 

% Body Fat 
HW 

FFB-SF 
(kg) 

FFB-HW 
(kg) 

1 EU R 29.5 49.5 15.0 17.2 42.1 41.0 

2 EU R 26.8 58.2 16.5 11.9 48.6 51.3 
3 EU R 35.1 62.0 16.1 19.3 52.0 50.0 

4 EU R 49.1 13.9 14.8 42.3 41.8 
5 EU R 30.5 55.7 18.8 23.7 45.2 42.5 
6 EU R 33.6 50.8 12.6 15.7 44.4 42.8 
7 EU R 35.7 47.8 13.0 16.6 41.6 39.9 

8 EU R 40.2 52.9 15.2 17.4 44.9 43.7 
9 EU R 26.1 48.6 14.8 14.2 41.4 41.7 
10 EU R 33.2 58.6 13.0 16.7 51.0 48.8 

11 £U C 25.2 51.2 8.8 11.2 46.7 45.5 
12 OL R 33.5 63.4 17.0 20.1 52.6 50.7 
13 OL HJ 18.4 59.7 11.8 18.1 52.7 48.9 

14 OL C 22.5 52.1 12.2 17.8 45.7 42.8 

15 OL C 20.8 63.7 23.7 25.9 48.6 47.2 

16 AN R 19.2 58.4 19.2 28.3 47.2 41.9 

17 AN R 31.7 59.6 16.1 16.9 50.0 49.5 
18 AM R 19.0 51.0 12.6 20.3 44.6 40.7 
19 AM C 21.7 61.2 11.8 21.7 54.0 47.9 
20 AM R 32.7 40.3 11.8 24.8 35.5 30.3 

Key: EU=Eu»enorrheic; 0L=01igoaenorrheic; AM=A«enorrheic 
R=Runner; C=Cyclist; HJ=High Jumper 



TABLE B. TRAINING AND MENSTRUAL CYCLE CHARACTERISTICS 

Subject 
Number 

Menstrual 
Status 

Training 
Mode 

Weekly 
Running 
Mileage 

Weekly 
Cycling 
Mileage 

Training 
Intensity 

Age of 
Menarche 

Avg. Cycle 
Length 

Cycles 
Per Year 

1 EU R 40.0 30 M 11.0 29 12 
2 EU R 30.0 175 H 14.8 26 12 
3 EU R 70.0 100 H 28.0 24 15 
4 EU R 27.5 75 M 12.0 25 12 
5 EU R 40.0 0 M 15.0 34 11 
6 EU R 37.5 20 M 13.0 28 12 
7 EU R 32.5 0 L 12.0 21 10 
8 EU R 27.5 55 L 13.0 28 12 
9 EU R 60.0 100 H 14.5 20 18 
10 EU R 52.0 50 H 13.0 21 12 
11 EU C 0.0 200 M 14.0 30 12 
12 OL R 40.0 150 H 17.0 47 7 
13 OL HJ 12.5 0 L 14.5 38 9 
14 OL C 0.0 300 H 15.0 45 7 
15 OL C 0.0 225 H 14.0 37 9 
16 AM R 25.0 0 L 13.0 0 2 
17 AM R 35.0 0 L 13.0 0 0 
18 AM R 70.0 0 H 18.5 0 2 
19 AM C 0.0 150 L 13.0 0 2 
20 AM R 60.0 0 H 13.5 0 0 

Key: EU=Eumenorrheic; 0L=01igonenorrheic; AM=A»enorrheic 
R=Runner; C=Cyclist; HJ=High Jumper 
H=High; M=Medium; L=Low 



TABLE C. ENERGY MACRONUTRIENT INTAKES 

Subject 
Number 

Menstrual 
Status 

Training 
Mode 

Kcal Protein 
(gm) 

Fat 
(gn) 

CHO 
(g») 

% Pro % Pat % CHO 

1 EU R 1729 85.5 52.2 235 19 27 54 
2 EU R 2304 72.4 108.8 235 12 42 40 
3 EU R 1562 85.1 50.0 197 22 29 50 
4 EU R 3081 96.7 108.0 468 12 30 58 
5 EU R 1842 58.1 55.0 292 12 26 62 
6 EU R 2380 109.1 59.3 362 18 22 60 
7 EU R 1355 24.3 55.0 207 7 35 58 
8 EU R 2150 72.1 107.0 226 13 44 41 
9 EU R 944 24.0 3.7 208 10 3 87 
10 EU R 2331 78.4 73.6 358 13 28 59 
11 EU C 3391 115.0 141.7 429 13 37 50 
12 OL R 2231 70.3 90.8 306 12 35 53 
13 OL HJ 1407 76.2 41.2 189 21 26 53 
14 OL C 2248 71.3 48.3 398 12 19 69 
15 OL C 1936 77.8 63.6 276 16 29 56 
i6 AM R 1450 60.8 50.1 197 16 30 53 
17 AM R 2291 47.1 88.8 347 8 34 58 
18 AM R 1727 50.2 85.4 197 11 44 45 
19 AM C 2947 102.0 104.0 410 14 31 55 
20 AM R 1292 55.7 60.3 143 17 41 43 

Key: EU=Eu«enorrheic; 0L=01igomenorrheic; AM=Amenorrheic 
R=Runner; C=Cyclist; HJ=High Jumper 



TABLE D. OTHER NUTRIENT INTAKES 

Number 
Menstrual 
Status 

Training 
Mode 

Iron 
(mg) 

Zinc 
(mg) 

Calcium 
(mg) 

Vit. A 
(IU) 

Linoleic 
Acid 
(ga) 

Saturated 
Fat 
(gm) 

Crude 
Fiber 
(gm) 

Dietary 
Fiber 
(gm) 

1 EU R 13.7 6.5 1454* 9554 14.4 11.5 4.7' 18. J 
2 EU R 11.8 5.9 772 7341 12.8 40.4 5.2 13.4 
3 EU R 42.1* 9.3 977 7037 6.2 17.9 4.7 15.2 

4 EU R 34.6* 12.3 1773 12617 4.5 26.3 12.7 37.1 
5 EU R 35.2* 6.4 738 7756 4.3 15.0 6.2 20.6 
6 EU R 64.4* 10.7 722 4877 5.0 17.3 5.5 19.7 
7 EU R 36.5* 3.0 292 7836 4.9 22.1 2.2 3.9 
8 EU R 16.2 9.2 1139 20693 12.8 38.2 7.3 23.5 
9 EU R 11.4 7.2 746* 19174 2.4 0.5 10.9 17.8 

10 EU R 18.7 8.1 953 16425 5.4 23.4 10.3 30.1 
11 EU C 41.4* 16.8 1444* 7797 10.8 43.3 7.4 25.2 
12 OL R 20.2 6.0 842 14298 10.7 14.4 9.8 33.3 

13 OL HJ 11.7 6.9 1339 9555 3.7 12.0 3.0 10.5 

14 OL C 16.2 8.4 1189 4413 3.2 17.2 7.1 23.9 
15 OL C 48.5* 11.8 1360 7291 7.1 17.7 5.2 19.5 

16 AM R 38.8* 5.4 704 3212 3.8 11.4 2.6 15.3 

17 AM R 14.0 4.4 469 70111 3.7 37.6 13.9 41.3 

18 AM R 11.9 3.2 656 4114 16.1 18.7 2.9 12.2 

19 AM C 20.9 11.0 1194 5154 11.0 30.3 5.0 17.5 

20 AM i R 11.0 4.3 2646* 27075 3.3 13.1 | 7.1 19.3 | 

Key: EU=Eumenorrheic; 0L=01igomenorrheic; AM=Anenorrheic 
R=Runner; C=Cyclist; HJ=High Jumper 

*Value includes supplement use 



TABLE E. ENERGY NUTRIENT INTAKES RELATIVE TO BODY 
WEIGHT* AND FAT-FREE BODY* 

Subject 
Number 

Menstrual 
Status 

Training 
Mode 

Kcal/ 
BW** 

Kcal/ 
FFB 

Protein/ 
BW** 

Protein/ 
FFB 

Fat/ 
BW 

Fat/ 
FFB 

CHO/ 
BW 

CHO/ 
FFB 

1 EU R 34.9 41.1 1.73 2.03 1.05 1.24 4.75 5.59 

2 EU R 39.6 47.4 1.24 1.49 1.87 2.12 4.04 4.84 
3 EU R 25.2 30.0 1.37 1.64 0.81 1.00 3.18 3.79 

4 EU R 62.8 72.9 1.97 2.29 2.20 2.55 9.53 11.07 

5 EU R 33.1 40.7 1.04 1.28 0.99 1.22 5.24 6.46 
6 EU R 46.9 53.6 2.15 2.45 1.17 1.34 7.13 8.15 

7 EU R 28.4 32.6 0.51 0.58 1.15 1.32 4.33 4.98 

8 EU R 40.6 47.9 1.36 1.61 2.02 2.39 4.27 5.04 

9 EU R 19.4 22.8 0.49 0.58 0.08 0.09 4.28 5.02 

10 EU R 39.8 45.7 1.34 1.54 1.26 1.44 6.11 7.02 

11 EU C 66.2 72.6 2.25 2.46 2.77 3.03 8.38 9.19 

12 OL R 35.2 42.4 1.11 1.34 1.43 1.73 4.83 5.82 

13 OL HJ 23.6 26.7 1.28 1.45 0.69 0.78 3.17 3.59 

14 OL C 43.2 49.1 1.37 1.56 0.93 1.06 7.64 8.70 

15 OL C 30.3 39.8 1.22 1.60 1.00 1.31 4.33 5.68 

16 AM R 24.8 30.7 1.04 1.29 0.86 1.06 3.37 4.17 

17 AH R 38.4 45.8 0.79 0.94 1.49 1.78 5.82 6.94 

18 AN R 33.9 38.7 0.98 1.13 1.67 1.92 3.86 4.42 

19 AM C 48.2 54.6 1.67 1.89 1.70 1.93 6.70 7.60 

20 AM R 32.1 36.4 1.38 1.57 1.50 1.70 3.55 4.02 

Key: EU=Eu»enorrheic; 0L=01igomenorrhea; AM=Aaenorrheic 
R=Runner; C=Cyclist; HJ=High Jumper 
CHO=Carbohydrate; BW=Body weight (kg); FFB=Fat-free body (kg) 

*Estimated by skinfolds 
**RDA: kcalorie=36.7/kg BW (actual RDA is 2000kcal for a 120 lb woman.) 

protein=0.8gm/kg BW 
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