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-(5) INTRODUCTION
Highly trained female athletes may experience loss of menses because of their participation in
intense phyéical activity. 7Previ‘ous cross;sectional research has shown that wbmen with exgrcise—
induced ménsti'ual irregularities have a signiﬁcantly higher frequency of stress fractures and low
“bone mass than normally menstruating controls. Longitudinal studies suggest that these womeﬁ
are losing bone mass over time. Low serum estrogen levels are believed to be a principal cause
of the bone loss. If so, re—estétblishing normal estrogen levels in these women should prevent or
 retard bone loss and decrease the incidence of stress fracture. This study is a two-year
randomized trial of the effect of oral contraceptives on bone mass and stress fracture incidence
among 150 female cross country runners in the age range 18-25 years. The Coordinatihg Center
is at Stanfofd University and bone mass is being measured at five sites: the Massachusetts
Gene}'al Hospital, the Uﬁiversity of California Los Angeles, the University of Michigan, Stanford
| University/Palo Alto VA Medical Center, and the Helen Hayes Hospital in West Haverstraw,

NY. Athletes are being recruited from the areas around these five clinical sites.

(6) BODY
Below we summarize (a) our progress through year 4, (b) the status of recruitment as of the end

of yeaf 4, and (c) our plans for completing the study.

(a) Progress through year 4 (excluding recruitment, which will be described under [b] below):

As of the time of this writing (October 2002), 133 runners have been randomized, 79 have
completed their first year follow-up visits, and 46 have had both follow-up visits and have thus

‘completed the study protocol. Another 4 have been screened and their clinic visits are pending.




| Eight have withdrawn from the stﬁdy. During year 4 specifically, 32 new runners were recruited

and randomized, 25 attended their first follow-up visit, and 30 completed the étudy.

During year 3 we had submitted a manuscript, Disordered Eating, Menstrual Irregularity, and
Bone Mineral Density in Female Runners, to Medicine and Science in Sports ;md Exercise.
During year 4 it was revised in response to reviewers’ comments. The results are summarized
below under Key Research Accomplishments. During yezir 4, another papér, Dietary Protein
Intake and Bone Mineral Dénsity in Young Femaie Distance Runners, was prepared from
baseline data on the (inverse) relationship between protein intake and bone mineral density‘ A

draft of the abstract is attached.

As in our previous annual progress reports, our main problems have been slow recruitment and

- long delays in obtaining IRB approval when we have tried to expand our recruitment strategies.

During the first year of the study, recruitment was our biggesf problem. First we added the
Helen Hayes Hospital in West Haverstraw, NY, to our clinical sites. Then we revised our
recruitment methods and éxpanded the scope of the study eligibility to include nén-collegiate
highly competitive runners in the age range 18-25 years. Although difficulty in recruitment has
to some extent continued to slow us down, our main problem since the first yéar has been the
length of time it has taken td work out wording of the informed consent form that is mutually

agreeable to the Army IRB and the IRBs at our clinical sites.

During year 2 of the study, athletes recruited during the first year were followed,' additional

runners were recruited, and, after lengthy negotiations, the Army and Helen Hayes Hospital IRBs




agreéd upbn a consent form. Negotiations with the Army ahd UCLA IRBs regarding the UCLA

informed consent form for non-collegiate runners were begun.

Not until August of 2001 near the end of the third year of the study did the Army and UCLA
IRBs reach agreement on the wording of all components of the informéd consent form‘ for non-
collegiate runners in the Los Angeles area. Since then we have established ptocedures for
having the participants seen by a physician at UCLA and have been actively recruiting non-
collegiate runners. However, new glitches developed during year 4, and additional
IRB/recruitment issues have again delayed recniitment. First, in our recruitment éf “non-
collegiaté” runners in Los Angeles from road races, websites, and other such Sources, we
realized that several of the potential paﬁicipants were in /fact collegiate runners who had been
recruited through means other than their colleges and whose colleges were not part of our study. ‘
Although the Stanford consent form allowed this, the UCLA consent form did not. Upon

~ notification of this discrepancy, the UCLA IRB gave approval for changes in the title and
wording of their consént form to permit enrollment of these runners, provided these runnefs were
éleared for eligibility by the study physician at UCLA‘ "Howe\}er, the Army IRB’s permission‘
was also needed. Unfortunately, at about this same time (May, 2002), we learne(i that the

~ Principal Investigator at the Massachusetts General Hospital (MGH) had neglected to obtain
annual approval of the protocol and consent form. We immediately suspended all \operations at
the MGH and notified the Army IRB. The Army IRB withheld approval of the changes in the
UCLA recruitment procedures ﬁntil the situation at MGH was corrected. As of the time of this
writing (October 2002), the IRB at MGH has not given approval to (resume operaﬁoris there,
despite our having addressed their questions and having tried to hasten their decision. TherArmj}

IRB is currently trying to make direct contact with the MGH IRB, and if the situation cannot be




resolved, the MGH operations will be permanéntly suspended and the modified methods of
recruitment at UCLA allowed. In the méantimé, we have lost several potential participants in the
Los Angeles area, although we have continued to recruit slowly from our previous sources. (If A
the MGH activities are stopped, we would lose the second follow-up visit of 7 participants and 2

runners who have been screened but not yet been randomized.)

(b) Recruitment through year 4: The focus of our recruitment efforts in the second, third, and

fourth years of the study shifted from colleges to other sources such as road races, websites, and

advertisements. At the time of this writing, 52 collegiate runners and 81 runners i’dentiﬁedvfrom
other sources have been randomized, for a total of 133 randomized participants. Four more
runners have been successfully screened and are in the process of scheduling their initial clinic
appointments. This brings us to a total of 137 runners who have so far been randomized or who

are scheduled to be examined and randomized.

Having already saturated the area around Stanford, our recent efforts to recruit 150 participants
have focused mainly on the Los Angeles area. In the fourth year, we hired one person each in

the Lbs Angeles and San Diego area whose sole duty is to recruit new participants. Our recruiter '
in Los Angeles has contacted coaches of local track glubs, including the Pacific West Track Club
and Elite Track Club, and askedvthem to pass on information about the study to their eligible

women runners via team websites, newsletters, and brochures. She has also attended several

local marathons and road races, such as the Manhattan Beach 10K and the Brentwood Run, to

hand out brochures containing information about the study. Flyers have been posted in retail
sporting goods stores that tend to serve competitive runners. In addition, we have put

information about the study on several running-related websites as well as in local newspapers.




(c) Plans for completing the study: We believe that once we are able to augment our recruitment

methods in the Los Angeles area to include runhers who are identified through road races,
websites, and advertisements and who also happen to éttend college, we will reach-our goal of
150 participants. However, this means that the study is being extended two and a half years
beyond its scheduled termination dat& Although we still have funds for bone densitometry, for
which we are charged only when stﬁdy subjects are measured, we realized that we would have
insufficient funds to support the project coordinator and study physician at Stanford, both\of
whom afe essential for the duration of the study. The Army has kindly agreed to provide us with
modest supplemental funds, mainly for the support of these two positioﬁs. We thus believe that,
given yef more time and these additional funds, we should be éble to’complete the trial, albeit

long after we had originally planned.

(7) KEY RESEARCH ACCOMPLISHMENTS:

. Atfcached is a manuscript describing some baseline results from the first 91 subjects. We
found that (a) disordered eating is strongly related to menstrual irregularity, (b) menstrual
irregularity is associated with low bone mineral density independent of body weight and
body composition, and (c) disordered eating is associated with low bone mineral density
in the absence of menstrual irregularity. |

e Since the submission of this manuscript for publication, we have analyzed baseline data
from an additional 30 subjects. The trends that were observed for the first 91 participants
were maintained when the additional 30 participants were added to the data set.

Additionally, differences between the amenorrheic and oligomenorrheic groups are now




‘becoming apparent. Disordered eating and low bone mineral density are.more strongly
associated with amenorrhea than with oligomenorrhea.

e In ano‘therAmanuscript curfently in preparation, we report our finding from baseline data
that dietary protein intake is inversely associated with bone mineral density in the
runners, indepéndent of menstrual irregularities and disorder eating (draft abstract

attached).
(8) REPORTABLE OUTCOMES: None to date.

(9) CONCLUSIONS: We will have no firm conclusions to report on the primary rhypothesis of
the study until the end of the trial. Hdwever, iﬁ prepafing interim data for our Medical Monitor,
we can report tﬁat oral contraceptive use may be beneficial to spine bone mineral density in
oligo/amenorrheic runners. We can also report that resumption of regular menses among the
oligo/amenorrheic runners (either spontaneous resumption or due to oral contraceptives) is
associated with gains in spine bone mineral density and, td a lesser extent, v_vith gains in hip and
whole body bone mineral density. In addition, we observed that oral contraceptive uée appears

to bring about small gains in both lean and fat mass in young women runners.
(10) REFERENCES: None

(11) APPENDICES: Please see the attached manuscript and abstract.
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Abstract

Purpose: To examine the relationships between disordered eating, menstrual irregularity,
and low bone mineral density (BMD) in young female runners.

Methods: Subjects were 91 competitive female distance runners aged 18-26 years.
Disordered eating was measured by the Eating Disorder Inventory (EDI). Menstrual
irregularity was defined as oligo/amenorrhea (0-9 menses per year). BMD was measured
by dual X-ray absorptiometry (DXA).

Results: An elevated score on the EDI (highest quartile) was associated with
oligo/amenorrhea, after adjusting for percent body fat, age, miles run per week, age at
menarche, and dietary fat, (OR [95% CIJ: 4.6 [1.1-18.6]). Oligo/amenorrheic runners had
lower BMD than eumenorrheic runners at the spine (-5%), hip (-6%), and whole body (-
3%), even after accounting for weight, percent body fat, EDI score, and age at menarche.
Eumenorrheic runners with elevated EDI scores had lower‘BMD than eumenorrheic
runners with normal EDI scores at the spine (-11%), with trends at the hip (~5%), and
whole body (-5%), after adjusting for différences in weight and percent body fat.

Runners with both an elevated EDI score and oligo/amenorrhea had no fufthér reduction
in BMD than runners with only one of these risk factors.

Conclusion: In young competitive female distance runners, (i) disordered eating is
strongly related to menstrual irregularity, (il) menstrual irregularity is associated with low
BMD, and (iii) disordered eating is associated with low BMD‘in the absence of menstrual

irregularity.

Key Words: female athletes, long-distance, osteopenia, osteoporosis, amenorrhea,

oligomenorrhea, eating attitudes, eating disorder inventory, female athlete triad




Introduction

Paragraph Number 1 The “female athlete triad” (34) is thé combination of
disordered eating, menstrual irregularity and osteoporosis/osteopenia seen in young
female athletes. Disordered eating, which affects as many as two-thirds of young female
athletes (34), consists of restrictive eating behaviors that do not necessarily reach the
level of a clinical eating disorder (2). Women athletes with disordered eating may limit
their caloric and/or fat intakes but maintain high training levels, often resulting in a state
of chronic energy deficit. Among other adverse consequences, energy imbalance has
been linked to depressed estrogen levels, metabolic disturbances, and amenorrheé or
oligomenorrhea (2,7,27,35,51-52). Amenorrheic/oligomenorrheic athletes on average
have lower bone mineral density (BMD) than eumenorrheic controls (6-7,9,21,23-
25,27,29,30,33,35,38-40, 47, 49-50). This bone deficit fnay be related to an increased
incidence of stress fractures (1,10,31) and may be only partially reversible (17,19,22)
putting women at risk for life-long health consequenceé.

Paragraph Number 2 The existence of the female athlete triad is implicit in
studies that established a relationship between eating behaviors and menstrual irregularity
(2,7,27,35,40,51-52) and those that established a relationship between menstrual
irregularity and low BMD (6-7,9,21,23-25,27,29,30,33,35,38-40,47,49-50). However,
few studies have actually measured menstruation, diet, and BMD simultaneousl‘y
(7,24,27,35,40) and these studies were conducted, largely, before the female athlete triad
was recognized as a distinct syndrome. Therefore, the female athlete triad has yet to be
explored as a triad, and the complex relationships among all three components have yet

to be established.




Paragraph Number 3 In this paper, we examine eating attitudes and patterns,
menstrual status, ana BMD in a group of 91 competitive female distance runners, using
data collected at the baseline examination of a randomized controlled trial. We examine
the etiology of menstrual irregularity in this population, specifically as it relates to diet
and eating behaviors. We address the question of whether low body weight can explain
the differences in BMD between eumenorrheic and oligo/amenorrheic athletes, as several
researchers have suggested (6,33,47,50) or if menstrual irregularity is associated with
BMD independently of low weight. Finally, we examine the relationship between
disordered eating and BMD independent from menstrual irregularity, a link that has not

been well studied in female athletes.

Materials/Methods

Paragraph Number 4 We analyzed the baseline cross-sectional data from 91
competitive female long-distanée runners, aged 18-25 years, who enrolled in a
randomized controlled trial to examine the effect of oral contraceptives on BMD in

female runners.

Subjects

Paragraph Number 5 Women were recruited from inter-collegiate cross country
teams, post-collegiate running clubs, and road race participants in the geographic areas of
Palo Alto, CA, Los Angeles, CA, Ann Arbor, MI, West Haverstraw, NY, and Boston,
MA. To be eligible, women had to run at least 40 miles/week during peak training times,

and they had to compete in running races. Additionally, because the women were




recruited as part of a randomized trial of oral contraceptives, they could not have used
oral contraceptives or other hormonal contraception within 6 months prior to entering the
Study; they had to be willing to be randomized to take oral contraceptives or not to take
them; and they could have no medical contraindications to oral contraceptive use. All
women were required to visit a study physician or student health service staff member
prior to enrollment in the study. Details of the study and testing procedures were
explained to each subject, and a written, informed consent was obtained. The
experimental protocol was approved by the Institutional Review Boards of Stanford
University, the University of California, Los Angeles, the University of Michigan, the

Helen Hayes Hospital, and Massachusetts General Hospital.

Questionnaire

Paragraph Number 6 A self-administered questionnaire was used to assess
training regimen and menstrual history. Women were asked to record the number of
miles they ran per week during each competitive season (fall cross country, winter track,
spring track) and the off-season (summer) in the paét 12 months. From this information,
an average number of miles run per week was calculated for the year prior to study
enrollmen';.

Paragraph Number 7 Women reported the number of menses in the previous 12
months, and were classified, accordingly, as eumenorrheic (10 or more cycles in the past
year), oligomenortheic (4-9 menstrual cycles per year), or amenorrheic (fewer than 4
cycles in the past year) (41). Menstrual irregularity has been defined as 0-9 menses per

year in previous studies of young women runners (1,29,31,40) and we used that definition




here. Both oligomenorrheic and amenorrheic athietes have previously been found to
have lower serum estradiol concentrations (25,40,43) and to have lower BMD than
eumenorrheic athletes (6,25,39,40,43). In our study popqlation, amenorrheic and
oligomennorheic athletes were similar in BMD, EDI scores, and past menstrual
irregularity, justifying their combination into a single group. Women recorded their age
at menarche and indicated whether they had had 0, 1-3, 4-9, or 10-13 menses during each
year aftér menarche. Total lifetime menses was calculated using the midpoint of each of
these categories. The total number of past years of amenorrhea was calculated by
summing the number of years for which women checked "0" or "1-3" periods, excluding
the year of menarche and the current year. Past oligomenorrheic years was calculated

similarly, except using the category "4-9" periods.

Diet and Eating Behaviors

Paragraph Number 8 An expanded version of the 97-item National Cancer
Institute Health Habits and History food frequency questionnaire (4) was used to estimate
usual nutrient intake during the prior 6 months. We ﬁodified the questioﬁnaire to
accommodate the special diets of college-aged female athletes by adding low-fat and
non-fat versions of certain foods, vegetarian and vegan foods, ethnic foods, and sports
nutrition products (such as Gatorade and Power Bars). The nutrient contents of the added
foods were obtained from the U.S. Department of Agriculture Nutrient Database for
Standard Reference, release 14 (44), and from food labels. Total intakes of energy,
protein, fat, carbohydrates, calcium, phosphorous, iron, fiber, and vitamin C were

calculated.




Paragraph Number 9 Three subscaies (drive for thinness, bulimic téndencies, and
body dissatisfaction) of the Eating Disorder Inventory (EDI)-were used to screen for
subclinical eating disorders (2,12-13). Athletes with subclinical eating disorders have
previously been shown to have significantly elevated scores on these three subscales of
the EDI (2, 11, 13, 36). Responses on each EDI subscale were scored separately and also

totaled.

Physical and Bone Measurements

Paragraph Number 10 At each of the five clinical assessment sites, I}eight and
weight were measured using standard stadiometers and balance-beam scales,
respectively. Body mass index was calculated as kg/m®.

Paragraph Number 11 Bone mineral density (BMD, g/cm?) at the left proximal
femur, spine, and whole body, and body composition (lean body mass and fat mass) were
measured by dual energy x-ray absorptiometry (DXA; QDR 4500A, Hologic). The
coefficient of variation for these machines is less than 1.0% for all bone sites (15).
Machines were cross-calibrated using a circulating Hologic anthropomorphic spine
phantom. Each site maintained a standard quality assurance program. All women were
asked to refrain from heavy physical activity twenty-four hours prior to screening in
order to minimize the effect of fluctuations in hydration status on body composition

measurements.

Statistical Analyses

Paragraph Number 12 Statistical analyses were performed using the SAS




statistical package, version 6.12 (SAS Institute, Cary, NC, U.S.A.). Means were .
compared between groups using t-tests for normally distributed variables and the
Wilcoxon sign-rank test for non-normally distributed variables. Tukey's multiple
comparisons test was used to compare mean BMD across more than two groups.
Analysisv of covariance was used to control for age, weight, and body composition.
Paragraph Number 13 The relationships between oligo/amenorrhea and training,
diet, and physical characteristics were assessed by muitiple logistic regression. Multiple
linear regression was used to examine the effects of menstrual group and EDI score on

BMD when considering EDI score as a continuous variable.




Results

Paragraph Number 14 Thirty-six percent of the study sample met criteria for
abnormal menses; 26% were oligomenorrheic and 10% were amcporrheic during the past
year. Oligo/amenorrheic women were similar to eumenorrheic women in age, weight,
height, and body composition (Table 1). The oligo/amenorrheic women had menarche a
mean of 1.2 years later and had had an average of 45% fewer menstrual periods iﬁ their
lifetime than eumenorrheic women. They also ran an average of 18% more miles per

week than eumenorrheic women.

Disordered Eating and Menstrual Irregularity

Paragraph Number 15 The women were divided into two groups (normal
EDV/elevated EDI) by their total scores on three subscales of the eating disorder
inventory (EDI). Women in the highest quartile of total EDI were classified as having
elevated EDI scores compared to women in the lowest three quartiles. Women in the
elevated EDI group had EDI values comparable to those previously published for patients
with anorexia nervosa (12) on the drive for thinness and body dissatisfaction subscales
(Table 2). Athletes with elevated EDI scores reported 19% lower daily caloric intakes
compared to women with normal EDI scores (Table 2), and reported that they obtained
25% fewer of those calories from fat. The groups were similar in consumption of other
nutrients. While the elevated EDI group had a somewhat lower daily calcium intake, this
was proportional to their lower energy intake. Both groups, on average, consumed
greater than 1,200 mg of calcium per day, which is the U.S. recommended daily

allowance (RDA) for this age group.
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Paragraph Number 16 Of 23 women with elevated EDI scores, 65% had

oligo/amenorrhea, whereas only 25% of 67 women with normal EDI scores did. Though

each of the thre¢ EDI subscales scores was higher in the oligo/amenorrheic group, the

drive for thinness EDI subscale had the strongest association with oligo/amenorrhea
(Table 3). Oligo/amenorrheic athletes and eumenorrheic athletes were similar in daily
nutrient profiles, though oligo/amenorrheic athletes reported a lower percentage of their
calories from fat (Table 3).

Paragraph Number 17 Table 4 shows odds ratios for several factors associated
with oligo/amenorrhea. Being in the top quartile of EDI score conferred a four-fold
increased odds of oligo/amenorrhea. Every one-year increase in age at menarche was
associated with a more than two-fold increase in the odds of oligo/amenorrhea. Odds of
oligo/amenorrhea were also increased with greater miles run per week and was decreased
with a higher percent body fat and with a higher percent fat intake, but the confidence
intervals for these associations included one. Total energy intake was not associated with
menstrual disturbances.

Paragraph Number 18 EDI score and percent fat intake were modestly
negatively correlated (Spearman rank correlation coefficient: r=-.34), and reduced fat
intake may lie in the causal pathway between elevated EDI and oligo/amenorrhea. If
dietary fat is removed from the logistic regression model, the OR for elevated EDI score
increases from 4.6 to 6.7 (1.8, 25.6), suggesting that 10\& fat intake accounts for some of
the association between elevated EDI and menstrual irregularity. EDI score was not

correlated with miles run per week (Spearman rank correlation coefficient: r=.01), so

11




increased training, though related to oligo/amenorrhea, does not mediate the relationship

between elevated EDI scores and oligo/amenorrhea.

Menstrual Irregularity and Bone Mineral Density

Paragraph Number 19 BMD was 5%, 6%, and 3% lower at the lumbar spine,
total hip and whole body, respectively, in oligo/amenorrheic women compared to
eumenorrheic women, after adjustment for weight, percent body fat, EDI score, and age
at menarche (Table 5). Adjusted and unadjusted BMD values were similar (Table 5);
thus, although weight was strongly correlated with BMD at all skeletal sites (the Pearson
correlation coefficients were: whole body: r=.43; hip: r=.40; and spine: r=.38), lower
weight did not account for the association between menstrual irregularity and low BMD

in this study population.

Disordered Eating and Bone Mineral Density
Paragraph Number 20 There were no differences in BMD between women with

elevated EDI scores and women with normal EDI scores before adjusting for body size.
However, women with elevated EDI scores were heavier (138.5 £ 3.2 lbs) and had a
higher percent body fat (25.7 * 1.1 %) than those with normal EDI scores (125.8 £1.7
Ibs; 22.8 £ 0.6 %). Based on multiple linear regression, we would expect the women
with elevatéd EDI to have .038 g/cm? greater BMD at the spine and hip and .028 g/cm2
greater BMD at the whole body due to their higher weight (correcting for their higher

percent body fat). Once we adjusted for body weight and composition, women with

12




elevated EDI scores had significantly lower BMD compared to women with normal EDI
scores at the spine (-6%), with trends at the hip (-3%) and whole body (-4%).

Paragraph Number 21 Menstrual status modified the effect of EDI score on

adjusted BMD (Table 6). Among eumenorrheic women, those with elevated EDI scores

had significantly lower spine BMD and non-significant trends for lower hip and whole
body BMD compared to women with normal EDI scores (Table 6). These differences

were not attributable to past menstrual history, which was similar in the two groups.

- Among oligo/amenorrheic women, however, there were no trends for lower BMD among

women with elevated EDI compared to women with normal EDI.

Paragraph Number 22 Multiple linear regression analysis confirmed the
significant interactions between menstrual irregularity and total EDI score (0-69) on
BMD at all skeletal sites (Figure 1). Among eumenorrheic runners, EDI score is
inversely related to BMD. However, among oligo/amenorrheic women, BMD is not
related to EDI score. Similarly, among women with low EDI scores, oligo/amenorrheic
women had lower BMD than eumenorrheic women, but, among women with high EDI

scores, menstrual irregularity was not related to BMD.

Discussion

Paragraph Number 23 This study confirms the existence and significance of the
"female athlete triad," a syndrome composed of three interrelated conditions: disordered
eating, menstrual irregularity, and osteopenia/osteoporosis (34). (i) We confirm that
disordered eating in female runners is correlated with oligo/amenorrhea; (ii) we

demonstrate that the association between oligo/amenorrhea and low BMD in female
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runners is independent of body weight and body composition; and (iii) we provide novel
evidence that disordered eating is associated with low BMD in eumenorrheic women
runners.

»Paragraph Number 24 The women in our study who were in the highest quartile
of total eating disorder inventory (EDI) score had similar values on 2 EDI sub-scales to
patients with diagnosed anorexia nervosa (12); they also had similar or slightly higher
EDI scores than women athletes with established subclinical eating disorders
(2,11,13,36). The EDI measures only attitudes about food and body size. However, we
verified that elevated scores on the EDI translated to actual eating practices; women with
elevated EDI scores reported lower total energy intakes (by about 19% per day) and
lower percent fat intakes (by about 25% per day) than women with normal EDI scores.
None of the 91 women in our study indicated that she was dieting to lose weight (data not
shown), suggesting that this observed dietary restriction represents long-term, chronic

_restriction, rather than temporary attempts to lose weight.

Paragraph Number 25 Women with elevated EDI scores had a four-fold increase
in risk for oligo/amenorrhea, when controlling for other factors. Chronic energy deficit
has previously been implicated in the etiology of athletic amenorrhea (2,7-8,20,26-
27,32,35,46,48,51-52). Menstruation requires a small amount of energy, and halting
menstruation may be an adaptive energy-conservation mechanism. In our study, the
caloric restriction of the elevated EDI group did not appear to explain théir excess
oligo/amenorrhea. Rather, our data suggest that the development of oligo/amenorrhea in
these women may have been mediated in part by a reduction of dietary fat intake.

Though dietary fat, independent of total energy intake, has previously been shown to
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influence the menstrual cycle in non-athletic women (16,28), this association has not
previously been demonstrated in female athletes and needs verification iﬁ further studies.
We speculate that women with disordered eating may have more aberrant patterns of
eating, such as binging and fasting cycles; although total energy intake may not be
altered, these patterns have potential to alter metabolic pathways,'horm‘one levels, and,
ultimately, menstruation (3,5,14).

Paragraph Number 26. We found that oligo/amenorrheic runners ran more
miles per week than eumenorrheic runners. Therefore, although energy intake was not
associated with menstrual irregularity, oligo/amenorrheic runners may have had greater
energy imbalance due to a higher energy expenditure. Energy imbalance may cause
hypothalmic dysfunction which disrupts both menses and bone remodelling (51).

Paragraph Number 27 We confirm previous research that shows that delayed
menarche is a strong predictor of later menstrual irregularity (6, 9, 30, 35). Delayed
menarche was correlated with menstrual irregularity in both women who initiated
training prior to menarche (n=22) and women who started training after menarche
(n=69); thus, prior training does not explain the delay in menarche in the
oligo/amenorrheic runners. This finding suggests that some women, such as those with a
natural lanky “runner’s build,” may be predisposed to menstrual irregularity, which
would account for the existence of a subset of women with low total EDI scores (6.8 £
1.8) and putatively sufficient caloric intake (2443 £ 210) who still lost their periods.
Alternatively, disordered eating patterns may have developed pre-menarche and pre-

training in certain women which caused a delay in the onset of menarche and has
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subsequently continued to disrupt the menses. Our data were insufficient to evaluate this
hypothesis.

Paragraph Number 28 We confirm numerous reports of reduced BMD in
oligo/amenorrheic female athletes, with the largest and most consistent effects having
been demonstrated at the lumbar spine. The BMD differences between
oligo/amenorrheic and eumenorrheic women that we observed were not attributable to
differences in body weight, body composition, or EDI score. The magnitude of the
difference was important; six percent of the oligo/amenorrheic young women had spine
BMD values that would be considered osteoporotic, that is, a BMD value less than 2.5
SDs below young adult BMD (42) (<.772 g/cm? as measured with the Hologic
densitometer). Forty-eight percent were osteopenic at the spine, a BMD between -1 SD
and -2.5 SDs below the young adult value (.772-.937 g/cmz). In contrast, none of the
eumenorrheic athletes were classified as being osteoporotic and only 26% were classified
as being osteopenic based on spine BMD values.

Paragraph Number 29 Women with elevated EDI scores had low BMD for their
weight. We attempted to determine if low BMD among women with elevated EDI scores
was due to oligo/ amenorrhea or if the disordered eating had an independent effect on
bone. Eight women with high EDI scores were currently eumenorrheic and had no
history of amenorrhea or delayed menarche. BMD was significantly lower at the spine
and was lower at the hip and whole body in this subgroup compared to eumenorrheic
women with normal EDI, after adjusting for weight, body composition, age, and age at
menarche. Eumenorrheic women with elevated EDI were heavier and had more body fat

than all other subgroups; they also started running at a later age (18.3 + 1.3 yrs).
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Possibly, this group was resistant to loss of menses despite their aberrant eating because
their menstfual cycles were established before they started running and/or because they
were not as thin (42). Itis also possible that these women have subclinical menstrual

_abnormalities, such as anovulatory cycles and shortened luteal phase, which have been
associated with spinal bone density losses (37).

Paragraph Number 30 In our study population, having both disordered eating
and oligo/amenorrhea was no more detrimental for bone than having either disorder
alone. The numbers in some of our groups were small, however, and this observation
should be verified in further studies. That there was no excess risk suggests that the two
disorders share causal pathways. Both oligo/amenorrhea and disordered eating have been
associated with low serum estrogen concentrations (51-52,26), which would be expected
to have an adverse effect on BMD. Accordingly, disordered eating may result in estrogen
deficiency or other sex hormone changes, ’Which then may lead both to bone loss and
menstrual irregularity. Menstrual irregularity and disordered eating may also contribute

to bone loss, or lack of bone formation, through metabolic changes (51).

Paragraph Number 31Figure 2 summarizes risk factors for low BMD and menstrual
irregularity, as well as possible pathways connecting elements of the female athlete triad.
Disordered eating may decrease menstruation and BMD through estrogen deficiency and
through alterations of other metabolic pathways (45). Low weight is an established
independent risk factor for low BMD-; in this study population, women weighing less than
115 pounds had a 5-fold increased odds of being osteopenic at any skeletal site (OR [95%

CI]: 5.3 [1.6-17.0]). Some previous studies also found an association between low
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weight and oligo/amenorrhea (27,6,33,47), though this study' did not. Menstrual
irregularity may be related to low BMD through mechanisms other than reduced estrogen
(37, 51). Training factors and delayed menarche have direct influences on the menstrual
cycle and on BMD.

Paragraph Number 32 1t is difficult to explain why the athletes witﬁ elevated
EDI scores were heavier than the women with low EDI scores even though they reported
lower energy and fat intakes. We would expect women with subclinical eating disorders
to have lower weight and body fat, but this was not the case in our study. Possibly,
heavier women are more prone to eating disorders because they are more dissatisfied
with their natural body type. Some of these athletes with higher EDI scores may have
had bulimic behaviors which could have explained the higher weights . Alternatively, the
EDI scale may identify women in the early stages of an eating disorder, but may miss
women in the later stages, when they have already lost weight. We speculate that some
of the women in the thinnest subgroup, the oligo/amenorrheic women with low EDI
scores, may have had eating disorders, but may be in denial and/or may currently be
satisfied with their bodies because they have succeeded in reaching a low weight. We
further recognize that the division of the population into normal EDVelevated EDI is
simplistic. There is a continuum of disordered eating behavior, but we have artificially
ifnposed a division on that continuum. However, multiple linear regression analysis, in
which we treat EDI as a continuous variable, confirms our categorical data results.

Paragraph Number 33 Our results are limited by the fact that menstrual status,
training history, and diet were assessed by subject recall. We recognize that recall

menstrual histories cannot be as accurate as those obtained by prospective record
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keeping. However, we believe that these menstrual histories were reasonably accurate, as
the subjects were young, had short histories to recall, and, as competitive athletes, tend to
be aware of their overall health. Many competitive runners keep detailed logs of their

training and their miles run per week, which may have helped to minimize recall errors

on the training section of our questionnaire. Finally, we recognize the limitations of food

frequency questionnaires, but note that the questionnaire that was employed was
specifically modified to accommodate the special diets of college-aged female athletes.
Prospective studies are needed confirm and further explore our findings.

Paragraph Number 34 Additionally, we may have missed women with
subclinical menstrual abnormalities, such as anovulatory cycles and shortened luteal
phase, because we assessed menstrual irregularity by questionnaire rather than laboratory
testing. Measurement of serum hormoﬁe levels would have provided additional
information about the role of sex hormones. Accurate measurements of energy
expenditure using doubly labeled water would have helped us to assess the role of energy
balance in menstrual irregularity and low BMD. However, such measurements were
outside of the scope and resources of the present study.

Paragraph Number 35 A further limitation of our findings is that eating attitudes
and body image perception may inﬂueﬁce the reporting of food intake (8). We cannot
rule out the possibility that women with aberrant attitudes about body and food
systematically underreport intake. As they are hyperconscious about their food intake,
they may report what they think they should be eating rather than what they actually eat.
Food frequency questionnaires, despite other limitations, may help minimize this

tendency, as the total amounts of daily food, calories, and fat being reported are not
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readily quantifiable to the athlete.

Paragraph Number 36 In conclusion, we provide evidence that confirms the
female athlete triad. We also conclude that the female athlete triad may be more hidden
than previously realized. The women in this study were not cxcéssively lean; indeed,
amenorrheic women averaged more than 22% body fat and women with elevated EDI
scores averaged more than 25% body fat. Thus, those with the triad may not be readily
discernible to a coach or a physician. However, both amenorrhea and disordered eating
significantly affect bone, even in the absence of the other. Because there is a high
prevalence of osteopenia in this population that may have serious life-long consequences,
we recommend that all competitive women endurance athletes, particularly those in
sanctioned collegiate programs, receive screening for eating disorders and menstrual

irregularity and education about the female athlete triad.
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Table 1. Mean + one standard error of the mean for selected physical and reproductive

characteristics, and training variables, by menstrual group.

Menstrual Group

eumenorrheic oligo/ amenorrheic’
Characteristic (n=33)
Age (yrs) 21.8t.5
Weight (Ibs) 129.1+1.9 128.1+2.7
Height (inches) 654t.5
BMI (kg/m?) 211+ .3
Body fat (%) 22.7+1.0
Menses in past year (no. cycles) 50+.5"
Menarche (age in years) ’ 13.8+.2*
Total lifetime menstrual periods (no. cycles) 49.5+4.0*
Started running (age in years) 147+ .7
Amount of running (miles/wk in past 12 months) 39.0 +2.2°

“Oligo/amenorrhea was defined as 0-9 menses over the past 12 months.
'p<.0001, Wilcoxon sign-rank test.

p<.0001, t-test.
$p<.05, t-test.
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Table 2. Mean + one standard error of the mean for selected diet and nutrition
characteristics by eating disorder inventory (EDI) group and, for comparison, a

previously published anorectic group.

EDI Group (this study) anorectics
, normal EDI elevated EDI'  (previously
Characteristic (n=67) (n=23) published)’
(n=155)
EDI scores
Drive for thinness subscale (0-21) 1.6 0.3 16.3 £ 0.8* 13.8 £ 0.5
Bulimia subscale (0-21) 08402 32407 8.1%0.5
Body dissatisfaction subscale (0-27) 3.6 +0.5 16.0 + 1.2} 15.5+0.6
total (0-69) 6.0+0.8 35.6+ 1.8 374+09
Daily Nutrient Intake
Calories (kcal/d) 2346+ 112 1904 + 148°
Fat (% of total calories) 18.7+ .8 14.0 + 1.0/
Protein (% of total calories) 164+ .3 16.0x+ .8
Calcium, mg 1467 £ 96 1300 + 147
Fiber, g 306 2.5 264122
- Vitamin C, mg 291 +£23 247 +23
Iron, mg 23.6 +£2.3 20.0+ 1.9

"EDI score is the total score from three subscales of the Eating Disorder Inventory (EDI),
Garner and Olmstead.>® Elevated scores are defined as the highest quartile (>23). One

subject

is missing EDI scores; therefore she is removed from all analyses involving EDL
T Average scores for anorexia nervosa patients as published by Garner and Olmstead.™
*elevated EDI group vs. normal EDI group, p<.0001, Wilcoxon sign-rank test.

¥ elevated EDI group vs. normal EDI group, p<.05, t-test.
|lelevated EDI group vs. normal EDI group, p<.01, t-test.
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Table 3. Mean + one standard error of the mean for selected diet and nutrition
characteristics by menstrual group.

Menstrual Group
eumenorrheic oligo/amenorrheic
Characteristic (n=58) (n=33)
EDI scores” _
Drive for thinness subscale (0-21) 33%+0.7 93+14"
Bulimia subscale (0-21) 09+0.2 23+0.5°
Body dissatisfaction subscale (0-27) 5.4 £ 0.8 9.3+ 1.5¢
total (0-69) 9.6+ 1.5 ©209+3.0'
Daily Nutrient Intake
Calories (kcal/d) 2241 £ 121 2219 + 147
Fat (% of total calories) 187+ .9 153+1.0°
Protein (% of total calories) 163+ 4 163+.5
Calcium, mg 1418 + 106 1437 £ 123
Fiber, g 28.1+£22 32.0%£3.7
Vitamin C, mg 283 +23 274 £ 28
Iron, mg 222126 23.6x2.1

“EDI score is the total score from three subscales of the Eating Disorder Inventory (EDI),

Garner and Olmstead.*®

Toligo/amenorrheic vs. eumenorrheic, p<.005, Wilcoxon sign-rank test
*oligo/amenorrheic vs. eumenorrheic, p<.05, Wilcoxon sign-rank test
Seumenorrheic vs. oli go/amenorrheic, p<.05, ttest

24




Table 4. Odds ratios (and 95% confidence intervals) for the association between selected
characteristics and oligomenorrhea/amcnenorrhea.*

Characteristic Odds Ratios (95% CI)
Elevated EDI score (= 23 vs <23) 4.56 (1.12,18.61)
Menarche (each 1 year later) 2.45 (1.46,4.11)
Miles/wk (every 10 miles) 1.64 (0.96,2.79)
Dietary fat (every 5% of total calories) .61 (0.36, 1.03)
Body fat (every 5%) .56 (0.30, 1.07)

"Adjusted for age and each of the other variables in the table by multiple logistic
regression.
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Table 5. Observed and adjusted” spine, hip, and whole body bone mineral
density (BMD, g/cm” + one standard error of the mean), by menstrual group.

Menstrual Group

eumenorrheic oligo/amenorrheic’
(n=58) (n=33)
spine BMD
observed 1.01 +£.013 94 + 018
adjusted” , 1.00 £.013 95+ .019*
total hip BMD
observed 1.00 £.015 . 95+ .020°
adjusted” 1.00 +£.014 94 + 020°
whole body BMD
observed 1.12+.011 1.08 + .015°
adjusted” 1.11 +.010 1.08  .015

"Adjusted for age, body weight, percent body fat, EDI score and age at menarche by
analysis of covariance.

T Oligo/amenorrhea was defined as 0-9 menses over the past 12 months.
*eumenorrheic vs. oligo/amenortheic, p <.005, t-test.

Seumenorrheic vs. oligo/amenorrheic, p <.05, t-test.

26




's Aan, ‘01>d ‘p dnoip "sa pdnornp
‘sAny, ‘o >d ‘¢ dnoin "sa 7dnoin ‘g dnoip “sa Esohmu_
‘sueow dnoid ajdninur Surreduwios 10§ 1593 sANN, ‘G00™>d ‘7 dnoip 'sa [dnoin,

‘syjuowr 7 sed oy} JOAO SISUSUI G-() S& PAULJOP SeM BOYLIOUSUIR/0SI[O,

"TH SUIA[OAUT

SOSA[BUE [ WIOL] PIAOWISI SI YS 9I0JAIAY) 21008 J(TH Surssrux s110afqns ouQ *(£g<) oirenb 180Y3Iy aYy3 Se PauIjop oJe S9J0d8
PAIeAd[d 'PEAISW]Q pue Iouren ‘(1) £30)u9AU] JopIOSI(] Surjey 9Y) JO $9[edSqNS 391y} WIOI] AI0JS [e10) ) S1 21038 [(IH,
"90UBLIBA0D JO SisA[eue £q ayoreusul e o5 pue ‘ofe ‘Je] Apoq jusoxad ySom £poq Joj pajsnipy

020" F80°T 8T0 FLO'T 610 F80'T 010" FET'T _pasnipe

910" ¥ 60T 620" FTI'T 810 F LOT €10 FCI'1 PaAIasqo
: (dS F ,wo/3) @A £poq 9[oym

LTO F 96 0¥0" ¥ 96 |LTO F €6 ST F 1071 _pasnipe

T€0° ¥ 86° €20°F 001 |8€0° F 16 910" ¥ 001 POAIOSGO
(s F jwo/8) aNg diy eroy

,.ST0 F 96" |9€0° F 16 §VT0" F €6° y10" F 20’1 _pasufpe

STO' F L6 LTO F L6 V20" F 06 S10°F20'T _ PoAIasqo
(dS ¥ ;uo/3) Ng ouids
TEFVELT LSTovl €Y FSECT 8TFE9TI (aS F spunod) 1ySrom ueoy
ST 8 L1 0S N
BoyLIoudWe/031]0 BOYIIOUIUWIND Uw,m\q:tuoﬁ:bﬁ\om:o BOYLIOUQWIND UOTBNISUSAI
Pa1eAdld PaleAd[d [euLIOU [euou E:Qw 21098 [(0d

¥ 3 z I
dnoin

*sdnoi3 (J(I) A101usAUr IOPIOSIP SUNES PUB [BNISUSW PIUIqUIOD

Aq (ueawI ay) Jo JOIIS pIEpUE)S SUO T UIO/3) Knsuop [elourw auoq Apoq ajoym pue ‘dry ‘ourds *vuum:.pum Pue paAIasqQ 9 dqe],




JRYI0UdR/0TI[0
|

JRYLIOUWIN?

21028 |3 .10}

awg Apoq sjoym

9100s |03 [e10}

S og

0

amng diy jejo,

180

-88°0

G6°0

4201

160}

91098 |03 |e10}

SY  o¢ 61

- dINg auids Jequn




qyoIeUIW
pokerap

dNg uog

Apaemgar
[ENSUIA!

Yoom rod
un sojIu

yoreustd
. pahe[op
-~ . II
\\\ /’
\\ /’
d A
\ \
, & ™
7 - ¢ ~ . ~
’ - = A
/ -7 o~ *
’ - ~ )
/ pid s A
, . ~ \
, . ~ \
s 4 h
’ 4 y ;
/ d : )
/ ’ h )
/ ’ A )
’ s A )
\\ \\ k //
7’ \\\ /// /.
\\ ) )
N\, \
k \ \
\ \
k N \
N \
AN \
N \
N \
~ \

/ —

SPIOIA)S X9S MO] — POI9pIOSIP

/ oyejur
18] MO




"sorpuys snoraaid £q paisad3ns suoreroosse Juasaidar saul] paysep Apnjs JUOLIND 3Y) £q po)sa33ns SUONBIOOSSE
yuasaxdor soury prjos (A o] pue ‘Kjue[nSolil [ennsuow ‘Funea parsplosip Suoure sAemyjed pasodoq 17 aan3ig

*OIOULIOUSWIND ST UBWIOAS 9} JI () PUEB OToylIouswre/031[0 ST uBWOM 3] JI | s[enbo snjeis [ennsusjy 4

(1007 200+ (1007 200"~ (S20°) 090-
(200" ZOO+ - (100 200™- (9€0°) 680~
(200°) €700+ (100" v00"- (g€0) T1-
21008
14 X snjejs jenijsuol :uoljoerajul (69-0) 21008 IO Lsnjess ensuour

(10110 pIepuels) SIUSIONJA0D UOISSAIZY
:(ye] Apoq 1uso1ad pue JySrom ‘o3e 10] paisnipe) sipnsar uoIssaIdar reaur] o[dnnur UIMO[[0] 9y} UO PIseq I8 SUBSUI Y I,
‘(s uorssaigar reaur] ojdnnur woiy)
9I00S [(TH [B10) JO S[oA9] SuiAIeA pue snje)s [ennsuaw Aq Apoq sjoym pue diy ‘auids oy} e Auao\wv ANF UBdN T 2an31y




References

1.

2.

10.

11.

12.

13.

14.

15.

16.

Barrow GW and Saha S. Menstrual irregularity and stress fractures in collegiate
female distance runners. Am J Sports Med 1988; 16:209-216.

Beals KA, Manore MM. Behavioral, psychological, and physical characteristics of
female athletes with subclinical eating disorders. Int J Sport Nutr Exerc Metab. 2000
Jun;10(2):128-43.

Beitins IZ, McArthur JW, Turnbull BA, Skrinar GS, Bullen BA. Exercise induces
two types of human luteal dysfunction: confirmation by Urinary Free Progesterone. J
Clin Endocrinol Metab 1991; 72: 1350-1358.

Block G, Coyle L, Smucker R, Harlan LC. Health habits and history questionnaire:
Diet history and other risk factors. Bethesda, Maryland: National Cancer Institute,
1989.

Bullen BA, Skrinar GS, Beitins IZ, Von Mering G, Turnbull BA, McArthur JW.
Induction of menstrual disorders by strenuous exercise in untrained women. N EnglJ
Med 1985; 312: 1349-1353.

Drinkwater BL, Bruemner B, Chesnut CH. Menstrual history as a determinant of
current bone density in young athletes. JAMA 1990; 263:545-548.

Drinkwater BL, Nilson K, Chesnut CH, Bremner WJ, Shainholtz S, Southworth MB.
Bone mineral content of amenorrheic and eumenorrheic athletes. N Engl J Med
1984; 311:277-281.

Edwards JE, Lindeman AK, Mikesky AE, Stager JM. Energy balance in highly
trained female endurance runners. Med Sci Sports Exerc 1993; 25: 1398-1404.
Fischer EC, Nelson ME, Frontera WR, Turskoy RN, Evans WJ. Bone mineral
content and levels of gonadotropins and estrogens in amenorrheic running women. J
Clin Endrocrinol Metab 1986; 62:1232-1236.

Friedel KE, Nuovo JA, Patience TH, Dettori JR. Factors associated with stress
fracture in young army women: indications for further research. Mil Med 1992;
157:334-338.

Garner DM, Garfinkel PE, Rockert W, Olmsted MP. A prospective study of eating
disturbances in the ballet. Psychother Psychosom; 1987. 48: 170-175.

Garner DM and Olmsted MP. Manual for eating disorders 1nventory Odessa FL:
Psychological Assessment Resources, Inc. 1984.

Garner, DM, Olmsted MP, and Polivy J. Development and validation of a
multidimensional eating disorder inventory for anorexia nervosa and bulimia. IntJ
Eating Disorders 1983; 2: 15-34.

Hoffer LJ, Beitins IZ, Kyung NH, Bistrian BR. Effects of severe dietary restriction
on male reproductive hormones. J Clin Endrocrinol Metab 1986; 62: 288-292.
Hologic Inc. 2001. Product Specifications. http://www.hologic.com/prod-bd/pdf/spec-
4500.pdf.

Jones DY, Judd JT, Taylor PR, Campbell WS, Nair PP. Influence of dietary fat on
menstrual cycle and menses length. Hum Nutr Clin Nutr 1987; 41C: 341-345.




17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Jonnavithula S, Warren MP, Fox RP, Lazaro MI. Bone density is compromised in
amenorrheic women despite return of menses: a 2-year study. Obstet Gynecol 1993;
81:669-74.

Kanis JA, Melton LJ ITI, Christiansen C, Johnston CC, Khaltaev N. The diagnosis of
osteoporosis. J Bone Miner Res 1994; 9:1137-1141. '

Keen AD and Drinkwater BL. Irreversible bone loss in former amenorrheic athletes.
Osteoporos Int 1997; 7:311-315.

Kopp-Woodroffe SA, Manore MM, Dueck CA, Skinner JS, Matt KS. Energy and
nutrient status of amenorrheic athletes participating in a diet and exercise training
intervention program. Int J Sport Nutr 1999; 9: 70-88.

Lindberg JS, Fears WB, Hunt MM, Powell MR, Boll D, Wade CE. Exercise-induced
amenorrhea and bone density. Ann Intern Med 1984; 101:647-648.

Lindberg JS, Powell MR, Hunt MM, Ducey DE, Wade CE. Increased vertebral bone
mineral in response to reduced exercise in amenorrheic runners. West J Med 1987,
146:39-42. ‘

Linnell SL, Stager JM, Blue PW, Oyster N, Robertshaw D. Bone mineral content and

‘menstrual regularity in female runners. Med Sci Sports Exerc 1984; 16:343-348.

Lloyd T, Buchanan JR, Blitzer S, Waldman CJ, Myers K, Ford BG.

Interrelationships of diet, athletic activity, menstrual status, and bone density in
collegiate women. Am J Clin Nutr 1987; 46:681-684.

Lloyd T, Myers C, Buchanan JR, Demers LM. Collegiate women athletes with
irregular menses during adolescence have decreased bone density. Obstet Gynecol
1988; 72:639-642. _

Loucks AB, Verdun M, and Heath EM. Low energy availability, not stress of
exercise, alters LH pulsatility in exercising women. J Appl Physiol 1998, 84: 37-46.
Marcus R, Cann C, Madvig P, Minkoff J, Goddard M, Bayer M, Martin M, Gaudia L,
Haskell W, Genant H. Menstrual function and bone mass in elite women distance
runners. Ann Intern Med 1985; 102:158-163.

Merzenich H, Boeing H, Wahrendorf J. Dietary fat and sports activity as
determinants for age at menarche. Am J Epidemiol 1993; 138: 217-224.
Micklesfield LK, Lambert EV, Fataar AB, Noakes TD, Myburgh KH. Bone mineral
density in mature, premenopausal ultramarathon runners. Med Sci Sports Exerc
1995; 27: 688-696.

Myburgh KH, Bachrach LK, Lewis B, Kent K, Marcus R. Low bone mineral density
at axial and appendicular sites in amenorrheic athletes. Med Sci Sports Exerc 1993;
25:1197-1202.

Myburgh KH, Hutchins J, Fataar AB, Hough SF, Noakes TD. Low bone density is an
etiologic factor for stress fractures in athletes. Ann Intern Med 1990; 113:754-759.
Myerson M, Gutin B, Warren MP, May MT, Contento I, Lee M, Pi-sunyer FX,
Pierson RN, Brooks-Gunn J. Resting metabolic rate and energy balance in
amenorrheic and eumenorrheic runners. Med Sci Sports Exerc 1991, 23:15-22.
Myerson M, Gutin B, Warren MP, Wang J, Lichman S, Pierson RN. Total body bone
density in amenorrheic runners. Obstet Gynecol 1992; 79:973-978.




34.
35.

36.

37.
38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

Nativ A, Agostini R, Drinkwater B, Yeager KK. The female athlete triad. Clinics in
Sports Med 1994; 13:405-418.

Nelson ME, Fischer EC, Castos PD, Meredith CN, Turskoy RN, Evans WJ. Diet and
bone status in amenorrheic runners. Am J Clin Nutr 1986; 43:910-916.

Parker RM, Lambert MJ, Burlingame GM. Psychological features of female runners
presenting with pathological weight control behaviors. J Sport Exerc Psychol 1994,
16: 119-134.

Prior JC, Vigna YM, Schechter MT, Burgess AE. Spinal bone loss and ovulatory
disturbances. N Engl J Med 1990; 323: 1221-1227.

Rencken ML, Chesnut CH, Drinkwater BL. Bone density at multiple skeletal sites in
amenorrheic athletes. JAMA 1996; 276:238-240.

Robinson TL, Snow-harter C, Taaffe DR, Shaw DG, Marcus R. Gymnasts exhibit
higher bone mass than runners despite similar prevalence of amenorrhea and
oligomenorrhea. J Bone Miner Res 1995; 10:26-35.

Snead DB, Stubbs CC, Weltman JY, Evans WS, Veldhuis JD, Rogol AD, Teates DC,
Welman A. Dietary patterns, eating behaviors, and bone mineral density in women
runners. Am J Clin Nutr 1992; 56:705-711.

Snow-Harter CM: Bone health and prevention of osteoporosis in active and athletic
women. Clin Sports Med 1994; 13: 389-404.

Suzuki, N, Yano, T, Nakazawa, N, Yoshikawa, H; Taketani, Y. A pos51ble role of
estrone produced in adipose tissues in modulating postmenopausal bone density.
Maturitas 1995; 22: 9-12.

Tomten SE, Falch JA, Birkeland KI, Hemmersbach P, and Hostmark AT. Bone
mineral density and menstrual irregularities. A comparative study on cortical and

trabecular bone structures in runners with alleged normal eating behavior. IntJ
Sports Med 1998;19: 92-97.

. U.S. Department of Agriculture, Agricultural Research Service. 2001. USDA

Nutrient Database for Standard Reference, Release 14. Nutrient Data Laboratory
Home Page, http://www.nal.usda. gov/fnic/foodcomp.

Van Loan MD, Keim, NL. Influence of cognitive eating restraint on total-body
measurements of bone mineral content (BMC) in premenopausal women 18 to 45
years of age: a cross-sectional study. Am J Clin Nutr 2000, 72: 837-843.

Warren MP. Health Issues for Women Athletes: Exercise-Induced Amenorrhea. J
Clinical Endocrinol Metab 1999; 84:1892-1896.

Warren MP, Brooks-Gunn J, Fox RP, Lancelot C, Newman D, Hamilton WG. Lack
of bone accretion and amenorrhea: evidence for relative osteopenia in weight-bearing
bones. J Clin Endrocrinol Metab 1991, 72:847-853.

Wilmore JH, Wambsgans KC, Brenner M, Broeder CE, Paijmans I, Volpe JA. Is
there energy conservation in amenorrheic compared with eumenorrheic distance
runners? J Appl Physiol 1992; 72: 15-22.

Wolman RL, Clark P, McNally E, Harris M, Reeve J. Menstrual state and exercise as
determinants of spinal trabecular bone density in female athletes. BMJ 1990;
301:516-518.




50. Young N, Formica C, Szmukler G, Seeman E. Bone density at weight-bearing and
nonweight-bearing sites in ballet dancers: the effects of exercise, hypogonadism, and
body weight. J Clin Endrocrinol Metab 1994; 78:449-454.

51. Zanker CL, Swaine IL. Relation between bone turnover, oestradiol, and energy
balance in women distance runners. Br J Sports Med 1998, 32(2): 167-71.

52. Zanker CL, Swaine IL. The relationship between serum oestradiol concentration and
energy balance in young women distance runners. Int J Sports Med 1998, 19: 104-
108.




Dietary Protein Intake and Bone Mineral Density

in Young Female Distance Runners -

Abstract

Female athletes in endurance and} appearance-related sports may adopt weight loss
strategies. These athletes are at risk for the female athlete triad of disordered eating,
menstrual irregularities, and low bone mineral density (BMD). In this susceptible
populatiqn, little is known about specific eating practices that may enhance bone loss.
Many popular weight loss strategies involve a high-protein diet. The relationships
between dietary protein intake and bone mineral density (BMD) were investigated in 117
competitive female distance runners aged 18-25. Dietary protein was inversely
associafed with BMD at the hip, spine, and whole body. Both animal and vegetable
protein appeared to contribute to the overall inverse association. When controlling for
menstrual irregularity, body weight, percentage body fat, and age in multivariate models,
the magnitude of the inverse associations became slightly greater. These findings support
the possibility of a negative role for dietary protein in the skeletal health of young female

distance runners.




