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(5) INTRODUCTION

Highly trained female athletes may experience loss of menses because of their
participation in intense physical activity. Previous cross-sectional research has shown
that women with exercise-induced menstrual irregularities have a significantly higher
frequency of stress fractures and low bone mass than normally menstruating controls.
Longitudinal studies suggest that these women are losing bone mass over time. Low
serum estrogen levels are believed to be a principal cause of the bone loss. If so, re-
establishing normal estrogen levels in these women should prevent or retard bone loss
and decrease the incidence of stress fracture. This study was 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 18-26 years. The Coordinating Center is at
Stanford University and bone mass was measured at five sites: the Massachusetts General
Hospital, the University 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 were recruited mostly from the areas around these five clinical

sites.

(6) BODY

Work Previously Reported

One hundred fifty eligible female runners were randomized, of whom 124 (83%)
attended at least one follow-up appointment and 96 (64%) attended both, and at average
of 14.4 and 26.6 months, respectively. Three additional women provided information on

stress fracture occurrence for an average of 7.9 months after baseline. Data collection has



been completed, the data have been cleaned and prepared for statistical analysis,
statistical analyses have been undertaken, and manuscripts have been written.

One manuscript from baseline data, “Disordered eating, menstrual irregularity,
and bone mineral density in female runners,” was published in Medicine & Science in
Sports & Exercise in 2003. Two other papers are scheduled for publication in the same
journal in September 2007: “The effect of oral contraceptives on bone mass and stress
fractures in female runners” and “Risk factors for stress fracture among young female

cross-country runners.” Copies of these articles are appended.

Work Accomplished During Period of Final No-cost Extension (November 2006 —
July 2007).

As part of a final no-cost extension granted in late 2006, four secondary analyses of the
data already collected were proposed. Each of the four analyses will be discussed in turn.
No-Cost Extension Objective (1): Complete the analysis and prepare a manuscript on
the question of whether use of oral contraceptives is associated with changes in weight
and/or body composition.

A manuscript, “The effect of oral contraceptives on body weight and body composition in
young female runners,” has undergone review by all authors, will undergo slight revision
as a result of their suggestions, and will be submitted to Exercise & Science in Sports &
Medicine shortly. A copy of the penultimate draft of this manuscript is appended.
No-Cost Extension Objective (2): Analyze the data to identify what other factors (e.g.,

training regimen, diet) are related to changes in weight and/or body composition.



We summarize below the results of our analyses. We plan to prepare a manuscript
shortly.

Factors Associated with Changes in Body Composition and Weight

Background

Weight, lean mass, and fat mass are of concern to runners because of their potential
effects on health and running performance. It is well known that in both young women
and men, physical activity, including running, decreases body mass index as well as more
direct measures of fat mass. At least one study in runners has documented that low fat
mass is associated with faster running speed, and several studies have reported that the
more miles run per week, the lower the fat mass. In healthy, active young women, weight
training and physical activity in general have been reported to increase lean mass, but
little is known of factors than influence lean body mass specifically in runners, who are
already very physically active.

In young people in the general population, fat mass and especially lean mass are
independently associated with measures of bone mass, but these associations have not
been well studied in runners. The effects of changes in weight and body composition on
the propensity of runners to develop eating disorders are also not known.

In an analysis described under no-cost extension objective (1), we reported that
use of the oral contraceptive Lovral was associated with gain in lean mass but not fat
mass among eumenorrheic but not among oligomenorheic/amenorrheic runners. This
report considers several other aspects of changes in weight and body composition in
runners. First we examine the effects of training-related activities and dietary constituents

on changes in lean mass, fat mass, percent body fat, and weight. Then we examine the



associations between changes in weight and body composition on daily calories

consumed, score on an eating disorder inventory, and bone mass.

Results

Descriptive statistics

In this project 124 women seen at baseline and at least one follow-up visit are included in
the analyses concerned with weight, and 123 women are included for analyses concerned
with lean mass, fat mass, and percent body fat. In some analyses numbers are lower
because of missing data. Table 1 (pages 14-15) indicates that the mean age at baseline of
the women was 22.0 years, and the mean body mass index was 21.2 kg/m®>. Mean
caloric intake was 2318 kcal/day. Participants ran for an average of 35 miles per week
and lifted weights for an average of 64 minutes per week in the past year
Training-related variables: Table 2 (page 16) shows that runners who ran more miles
per week and those who increased their number of miles run per week during the period
of the study tended to lose weight, fat mass, and percent fat mass. Miles run per week
had little effect on lean mass. In contrast, greater time spent lifting weights and an
increase in the amount of time spent lifting weights were associated with an increase in
lean mass, but had little effect on weight, fat mass, or percent body fat. These trends held
regardless of menstrual status (oligo/amenorrheic [fewer than 10 menstrual periods in
past year] versus eumenorrheic [10 or more menstrual periods in past year]). These
trends were also examined according to treatment assignment in the randomized trial, and
significant (p = 0.006) effect modification was found in one instance: the annual rate of

change in kilograms of lean mass per minute weekly weight lifting at baseline was



greater in those randomly assigned to the oral contraceptive group (b =0.0135+0.0031)
than among those assigned to the control group (b = 0.0034+0.0028).

Dietary constituents: Little change occurred over the period of the study in the amount
of specific dietary constituents consumed by most of the runners, so we were unable to
examine the effect of changes in diet (other than total daily calories consumed, as
discussed below). Instead, we examined changes in weight and body composition in
relation to baseline dietary characteristics. We ran regressions of changes in weight and
body composition on baseline values of several key dietary components, including daily
intake of fiber, vegetable protein, animal protein, fat, calcium dairy products, iron,
sodium, vitamin C, total soda, diet soda, regular soda, wine, beer, liquor, and number of
“standard” alcoholic drinks, controlling for clinical site, randomization assignment, and
total average calories consumed per day at baseline. No statistically significant
associations with weight or body composition were found at p< 0.05, and only two were
found at p<0.10: vegetable protein with fat mass, and vegetable protein with percent body
fat (data not shown). These two associations are easily attributable to chance, given the
large number of associations examined. It may be seen in Table 1 that the runners had
low consumption of certain dietary constituents of interest, such as soft drinks and
alcohol beverages, so we had little statistical power to examine their effects.

Sufficient variation over time occurred in total calories consumed per day that we
were able to examine associations of change in average daily calories consumed and
changes in weight and body composition. Of some interest was an initially counter-
intuitive, although not statistically significant, association between increases in weight,

fat mass, and percent body fat and a decrease in total daily calories consumed over the



period of the study. For instance, the regression of change in percent body fat during the
study period on change in kilocalories consumed per day during the study period was -
0.0010 per year (p = 0.07). Upon detailed examination, we found that an increase in
percent fat during the first year was strongly associated with a reduction in daily
kilocalories consumed during the second year of follow-up (decrease in second year of
kilocalories per percent increase in body fat during first year =-105.6, p = 0.008). In
other words, those who gained body fat during the first year subsequently reduced the
amount of calories consumed during the second year. In contrast, little association was
seen between percent body fat gained during the second year and daily kilocalories
reported at the end of the first year (gain in kilocalories in first year per percent increase
in body fat during second year = 23.3, p = 0.54)

Eating disorder score: We found positive associations between changes in weight, fat
mass, and percent fat and rise in the total eating disorder score, mainly in
oligo/amenorrheic runners. This association was a result of both an increase in the eating
disorder score among those who gained weight and a decrease in the eating disorder score
among those who lost weight. Detailed examination again indicated that the change in
eating disorder score followed a first year change in weight or fat, and that weight or fat
change during the second year was not at all associated with the eating disorder score at
the end of the first year. Thus, weight and fat gain tend to result in caloric restriction in
both eumenorrheic and oligo/amenorrheic runners, but appear to create anxiety, as
indicated by a rise in eating disorder score, mainly among oligo/amenorrheic runners. Of

the three subscales of the eating disorder inventory that were included in this study



(drive-for-thinness, bulimic tendency, and body dissatisfaction), the above results were
mainly driven by the body dissatisfaction subscale
Bone mineral density (BMD): 1t is difficult to state with certainty the direction of
associations between changes in weight and body composition and changes in BMD, but
it seems most likely that changes in weight and/or body composition lead to changes in
BMD or that some third factor affects weight and/or body composition and BMD.
Therefore, we considered changes in BMD as the dependent variable and changes in
weight and body composition as the independent variables.

Baseline weight and body composition were not related to changes in spine BMD
(data not shown), but changes in weight and all three body composition measures were
associated with changes in spine BMD (Table 3, pages 17-18). In other words, as weight,
fat mass, percent body fat, and lean mass increase, so does spine BMD. When we
divided the runners into those who were eumenorrheic (10+ menstrual cycles in the past
year) and those who were amenorrheic or oligomenorrheic (fewer than 10 menstrual
cycles in the past year), it may be seen that for weight, fat mass, and percent body fat, the
positive associations occur in oligo/amenorrheic women, but not in eumenorrheic
women, who had substantially higher BMD at baseline anyway. The association for lean
mass is stronger for eumenorrheic women than oligo/amenorrheic women. Among the
eumenorrheic women, the annual increase in BMD (g/cm?) per average annual kilogram
change in lean mass was stronger for those randomly assigned to the oral contraceptive
group (b =0.0093%0.0031) than those assigned to the control group (b =0.0015%0.0021)

(p = 0.04 for effect modification.)
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Table 3 also shows that, again, associations between increases in weight and body
composition measures and changes in hip BMD are apparent for oligo/amenorrheic
women, but not for eumenorrheic women. Only for change in lean mass is there a
suggestion of a slight positive association with change in BMD for eumenorrheic women.
Weak negative associations were seen between lower baseline weight and change in hip
BMD in all women (p = 0.10) and in oligomenorrheic women (p = 0.04) and between
lower baseline fat mass and hip BMD in all women (p = 0.06), but otherwise no notable
associations between baseline measures and changes in BMD were seen (data not

shown).

Conclusions

These data suggest that among young female long-distance runners in the age range 18-
26 years:

(1) Those who want to reduce weight and fat can do so by running more miles per week.
Lifting weights does not appear to lead to a reduction in weight and fat mass.

(2) Those who want to increase lean mass can do so by increasing their weekly duration
of weight lifting. Increasing number of miles run per week does not appear to increase
lean mass.

(3) Specific dietary constituents, as measured in this study and consumed by these
runners, do not appear to affect changes in weight or body composition.

(4) Those who gain weight and fat subsequently tend to restrict their total caloric intake.
(5) Oligo/amenorrheic runners who gain weight and fat subsequently tend to have higher

eating disorder inventory scores.
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(6) Gains in weight, fat mass, percent body fat, and lean mass are associated with
increases in bone mineral density in the spine and hip, but only among those who are
initially oligo/amenorrheic. Thus, for the sake of bone health, it is desirable for

oligo/amenorrheic runners to gain weight, fat, and lean mass.

Limitations

In addition to limitations in the study as a whole that are discussed elsewhere, these
analyses were somewhat hindered by having only 1-2 follow-up visits about a year apart,
making it difficult to sort out time sequences for some variables, such as changes in body
composition and changes in bone mineral density; the relatively short, two-year duration
of the study; the lack of change in diet over the two-year period; and the low

consumption of certain beverages such as soda and alcohol.
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Table 1. Characteristics of study population at baseline.

Characteristic

Age (years)

Weight (pounds)

Height (inches)

Body mass index (kg/m?)
Lean mass (kg)

Body fat (kg)

Body fat percentage

Hip bone mineral density (g/cmz)
Spine bone mineral density (g/cmz)

Whole-body bone mineral content (g)

Dietary intake
Kilocalories/day
Fiber (g/day)
Fat (g/day)
Protein (g/day)
Regular soda (ounces/day)
Diet soda (ounces/day)

Wine (ounces/day)

Mean

22.0

128.9

65.3

21.2

41.9

13.4

23.1

0.889

0.988

2174

2318

30.3

48.7

92.6

1.4

4.3

0.4

Standard
Deviation

2.6

14.8

2.5

1.9

4.5

3.9

53

0.119

0.110

293

950

18.3

29.2

39.8

3.5

10.4

0.8
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Beer (ounces/day)

Liquor (ounces/day)

Number of standard drinks/day
Vegetable protein (g/day)
Animal protein (g/day)
Dietary calcium (mg/day)

Iron (mg/day)

Vitamin C (mg/day)

Total eating disorder score*

Average distance run in past year (miles/week)
Average time lifting weights in past year (min/wk)

Amenorrheic at baseline
Oligomenorrrheic at baseline
Fumenorrheic at baseline

1.7

0.08

0.28

42.9

50.0

1364

23.0

274

12.0

34.7
63.9

3.5

0.17

0.42

25.2

27.2

683

15.8

183

12.5

11.2
51.1

8.1%
25.0%
66.9%

*Eating Disorder Inventory 0-69; O=least disordered, 69=most disordered, Garner and Olmstead

(1984)
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Table 2. Adjusted® annual rates of change in weight, fat mass, percent fat mass, and

lean mass by baseline training characteristics and annual change in training

characteristics

Training Weight Fat mass Body fat Lean mass
characteristic
(pounds £ SE) (kg £ SE) (% £ SE) (kg = SE)
Miles run per week
(N =114/113)°
At baseline -.0700£.0318* -.0293+.0137* -.0377£.0189* -.0029+.0087
Annual increase -.2072+.0633** -.0675+.0281* -.0987+.0389* .0023£.0179
Minutes lifted
weights per week
(N=102)
At baseline 0075+.0090 -.0020+£.0038 -.0046+.0052 .0068£.0021**
Annual increase .0152+.0180 -.0001£.0076 -.0017+.0105 .0099+.0042*

?Annual rates of change are adjusted by multiple linear regression for clinical site and
treatment assignment in the randomized trial. In addition, annual increases are adjusted

for baseline measures, and baseline measures are adjusted for annual increases.

® First number refers to those included in the analyses concerned with weight, second
number to those included in the analyses concerned with body composition.

*p<0.05, rate of change differs from 0.

** p<0.005, rate of change differs from O.
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Table 3. Adjusted® annual rates of change in spine and hip bone mineral density
(BMD) by annual rate of change in weight, fat mass, percent body fat, and lean

mass, by menstrual status

Annual change in
weight/composition
measure

Annual change in spine
BMD (g/cm?)

Annual change in hip
BMD (g/cm?)

All women (N = 124/123)°

Weight (pounds) .0011+£.0003** .0007+£.0003*
Fat mass (kg) .0023+.0008%** .0017+£.0007*
Body fat (%) .0015+.0006* .0010+£.0006
Lean mass (kg) .0029£.0011* .0035+.0010%**
Eumenorrheic women®

(N=283)

Weight (pounds) .0005+.0006 .0001+£.0006
Fat mass (kg) -.0007+£.0013 -.0003+.0013
Body fat (%) -.0012+.0009 -.0004+.0009
Lean mass (kg) .0042+.0017* .0025+.0018
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Table 3 (continued)

Annual change in
weight/composition
measure

Annual change in spine
BMD (g/cm?)

Annual change in hip
BMD (g/cm?)

Oligo/amenorrheic women®
(N = 41/40)°

Weight (pounds) .0010£.0003** .0008+.0003*
Fat mass (kg) .0035+.0009** .0032£.0010**
Body fat (%) .0033£.0008** .0024£.0009*
Lean mass (kg) .0016+.0015 .0038+.0015*

*Annual rates of change are adjusted by multiple linear regression for clinical site,
treatment assignment in the randomized trial, and baseline weight or body composition

measure.

PFirst number refers to those included in the analyses concerned with weight, second
number to those included in the analyses concerned with body composition.

‘Eumenorrheic women reported having had 10 or more menstrual cycles during the year

before baseline.

0ligomenorrheic and amenorrheic women reported having had fewer than 10 menstrual
cycles during the year before baseline.

*p<0.05, rate of change differs from 0.

*#p<0.005, rate of change differs from 0.
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No-Cost Extension Objective (3): Analyze the data to see whether beverage
consumption affects bone mass and risk of stress fracture.

We present the results of these analyses below. We are preparing a manuscript that
combines both the results below on beverages and the results on solid and semi-solid
foods (not an official part of the no-cost-extension). In the analysis of solid and semi-
solid foods, there is a suggestion of a beneficial effect against stress fracture from
calcium, Vitamin D, protein, and dairy products, although none of these associations was
statistically significant in Cox regression models. Below is a summary of our results on

beverages:

Beverage Consumption and Changes in Bone Mass and Stress Fracture Occurrence

Background

Certain beverages are believed to affect bone growth, bone loss, and fracture risk. Milk
has been linked to increased bone mass and density and lower fracture risk in some but
not all studies. Coffee, caffeine, soda (particularly cola-type sodas), and alcohol have
been linked to bone loss and increased fracture in some but not all studies. Most studies
of beverage intake and bone in women have focused on adolescent or post-menopausal
populations. We analyzed data on the effects of soda, caffeinated coffee, caffeine, soy
milk, dairy milk, and alcohol on fracture risk and changes in bone mass and density in

young adult women runners.

Results
Of the 150 women randomized in the study, 125 women provided data on beverage

consumption and also provided follow-up data, and only these women were included in
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these analyses. Table 1 (page 24) displays descriptive statistics on the consumption of
soda, caffeinated coffee, caffeine (from beverages), soy milk, dairy milk, and alcohol at
baseline. Most of the distributions were right skewed, with low to moderate average
consumption and few heavy consumers. The average milk intake (dairy milk consumed
as a beverage) was 8 ounces per day; the majority of dairy milk consumed was skim
milk. The average caffeinated coffee intake was less than 8 ounces per day, and average
caffeine was 150 mg per day. The women drank less than 8 ounces of soda per day,
mostly from diet soda rather than sweetened soda. The average alcohol intake was low at

less than 3 standard drinks per week.

Beverages and stress fracture

Eighteen runners had at least one stress fracture during the study in the tibia, foot, femur,
or pelvis. We explored the relationship between baseline beverage consumption and
stress fractures using two approaches: Table 2a (page 25) shows hazard ratios for
beverages treated as continuous variables; Table 2b (page 26) shows hazard ratios for the
top quartiles of beverage consumption (compared with the lower three quartiles). Results
were similar with both analyses. After adjusting for clinical site, treatment group
assignment, menstrual status at baseline, spine bone density, age, and stress fracture
history in Cox proportional hazards models, we found that only intakes of skim milk and
total dairy milk were significantly related to fracture. Every additional cup of skim milk
consumed per day was associated with a 62% reduced fracture risk; every additional cup

of any dairy milk consumed per day was correlated with a 57% reduction in risk. Levels
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of low-fat and whole milk consumption were low, which may explain the failure to find

effects with these specific beverages.

There were insufficient numbers at truly “high” levels of consumption to evaluate
the effects of high levels of caffeine, coffee, soda, and alcohol (which have previously
been associated with increased fracture risk). Women in the top quartile of consumption
of these beverages were generally consuming what would be considered light to moderate
amounts. At these levels, we found no evidence of harmful effects for these beverages.
However, we cannot rule out harmful effects at higher levels of consumption.

Results did not vary by menstrual group (amenorrheic, oligomenorrheic, and
eumenorrheic) or by disordered eating status (yes/no). We found no evidence of
confounding by weight, caloric intake, or training, so these variables were not included in
the final models.

We found similar results when we repeated all analyses using average beverage

consumption over the entire study period rather than baseline beverage consumption and
when we modeled consumption as a time-dependent (time-changing) variable. In these
analyses, hazard ratio estimates were similar but confidence intervals were slightly wider

reflecting variability over the study period.

Beverages and changes in bone mineral content and density

Table 3 (pages 27-28) shows the relationship between beverage consumption and
changes in bone mineral content (BMC) and bone mineral density (BMD). Annual rates
of change were obtained from linear mixed models, adjusted for clinical site, age, annual

menses, and treatment assignment in the randomized trial. Skim milk and total milk
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predicted changes in hip BMD and whole body BMC. Every additional cup of skim milk
consumed per day increased the rate of change in hip BMD by .00263 + .00089 g/cm®
and increased the rate of change in whole body BMC by 5.2 £+ 2.2 grams per year.
Estimates were similar for total dairy milk.

Caffeine and caffeinated coffee predicted positive changes in spine and hip
BMD.. It is possible that women are consuming a significant amount of dairy milk in
their coffee, which could explain this effect. However, caffeine and caffeinated coffee
were not associated with changes in whole body BMC (as seen with milk).

None of the other beverages were significantly associated with bone changes. For
sweetened soda and alcohol, the rates of change tended to be negative, but this was not
consistent at all bone sites.

Trends were very similar among the different menstrual groups, so we did not
stratify on menstrual group for the final models. There was no evidence of confounding
by weight, caloric intake, or training, so these variables were not included in the final

models.

Conclusions

Skim milk and total dairy milk are protective against fracture and are associated with
longitudinal increases in hip BMD and whole body BMC. No other beverages appear
associated with fracture (either harmful or protective), at least at the levels being
consumed by these women. Surprisingly, caffeine and coffee are associated with positive
changes in spine and hip BMD. This finding could be due to chance, unmeasured

confounding, or could reflect the addition of dairy products to coffee. No other beverages
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were associated with changes in bone density or mass, but the levels of consumption may

have been too low to detect effects.

Limitations

Our questionnaire did not distinguish between cola types of soda and other types. This
may have obscured our ability to see the effects of cola-type sodas, which may be more
harmful for bone. The women in our study generally reported only light to moderate
consumption of soda, coffee, and alcohol, so we cannot rule out harmful effects at higher

levels of consumption.
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Table 1. Descriptive statistics for selected beverages, baseline consumption (n=125).

Beverage Mean SD Median  Min. Max.
Sweetened soda, ounces/day 1.4 3.5 0 0 30.0
Diet soda, ounces/day 4.2 10.3 0 0 54.0
Total soda, ounces/day 5.6 10.6 1.4 0 54.0
Caffeinated coffee, ounces/day 6.3 12.1 0.6 0 72.0
Caffeine, mg/day 140 233 33 0 1350
Soy milk, ounces/day 1.8 4.6 0 0 36.0
Skim milk, ounces/day 5.7 8.5 2.6 0 56.0
Low-fat milk, ounces/day 1.7 4.5 0 0 20.0
Whole milk, ounces/day 0.1 0.3 0 0 2.6
Total dairy milk, ounces/day 9.3 9.1 6.9 0 56.0
Wine, ounces/day 0.4 0.8 0 0 3.9
Beer, ounces/day 1.7 3.5 0.5 0 30.0
Liquor, ounces/day 0.1 0.2 0 0 0.9
Total alcohol, standard drinks/day 0.3 0.4 0.1 0 2.6
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Table 2a. Adjusted* hazard ratios (and 95% confidence interval) for associations

between beverage consumption and stress fractures.

Beverage Hazard Ratio (95% CI)
Sweetened soda, cups/day 0.43 (0.02, 11.15)
Diet soda, cups/day 0.93 (0.53, 1.62)
Total soda, cups/day 0.91 (0.52, 1.57)
Coffee, cups/day 0.94 (0.63, 1.40)
Caffeine, 100 mg/day 0.95 (0.73,1.25)
Soy milk, cups/day 1.27 (0.52, 3.12)
Skim milk, cups/day 0.38 (0.16, 0.89)**
Low-fat milk, cups/day 0.86 (0.34, 2.17)
Insufficient data to
Whole milk, cups/day estimate
Total dairy milk, cups/day 0.43 (0.20, 0.89)**
Wine, ounces/day 0.09 (0.01, 1.40)
Beer, ounces/day 0.83 (0.52, 1.34)
Liquor, ounces/day 2.32 (0.05, 103.05)
Total alcohol, standard drinks/day 0.21 (0.01, 6.38)

* Adjusted for clinical site, treatment group assignment, menstrual status at baseline,
spine bone density, age, and stress fracture history.
*Ep<.05
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Table 2b. Adjusted* hazard ratios (and 95% confidence interval) for associations

between high consumption of beverages (top quartile) and stress fractures.

Beverage Hazard Ratio (95% CI)
Sweetened soda, >1 oz/day 0.75 (0.18, 3.07)
Diet soda, >2 oz/day 0.45 (0.07, 4.43)
Total soda, >5 oz./day 0.69 (0.12, 4.10)
Coffee, >8 ounces/day 0.69 (0.12, 4.10)
Caffeine, >181 mg/day 0.69 (0.12, 4.10)
Soy milk, >1 oz/day 0.99 (0.23, 4.22)
Skim milk, >8 ounces/day 0.08 (0.01, 0.79)**
Low-fat milk, > 0.05 ounces/day 0.69 (0.17, 2.78)
Whole milk, > 0 ounces/day 0.84 (0.19, 3.67)
Total dairy milk, > 8.5 ounces/day 0.14 (0.02, 0.79)**
Wine, > 0.4 ounces/day 0.09 (0.01, 1.04)
Beer, ounces/day, > 1.7 ounces/day 0.47 (0.09, 2.32)
Liquor, > 0.1 ounces/day 0.89 (0.20, 3.93)
Total alcohol, >0.4 standard drinks/day 0.26 (0.03, 2.53)

* Adjusted for clinical site, treatment group assignment, menstrual status at baseline,
spine bone density, age, and stress fracture history.
*#p<.05
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Table 3. Adjusted* annual rates of change in spine, hip, and whole body

mineral density (BMD) and whole body bone mineral content (BMC) and

skeletal area by beverage consumption.

Spine BMD Total hip BMD  Whole body
(g/lem*/year +  (g/cm?/year + BMC
Beverage
SE) SE) (g /year £ SE)

Sweetened soda, rate of -.00032 + .00140 £ -3.1+44
change per additional .00195 .00184
cup/day
Diet soda, per additional .00067 £ .00032 + 1.3£1.9
cup/day

.00086 .00081
Total soda, per additional .00053 + .00052 + 05+1.8
cup/day

.00081 .00076
Coffee, per additional .00146 + 00167 £ -04+£1.5
cup/day

00066 ! 00063
Caffeine, per additional .00098 + 00111 + -02+£1.0
100 mg/day

00043/ 00041
Soy milk, per additional -.00099 + .00081 + 1.1£4.5
cup/day

.00202 .00191
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Skim milk, per additional
cup/day

Low-fat milk, per
additional cup/day

Total dairy milk, per
additional cup/day

Wine, per additional
ounce/day

Beer, per additional
ounce/day

Liquor, per additional
ounce/day

Total alcohol, per
additional standard
drink/day

.00096 *

.00096

-.00149 +

.00200

.00064 *

.00093

-.00042 +

.00093

-.00025 £

.00031

-.01220 =

.00812

-.00299 +

.00284

.00263 *

.00089°

.00053

.00019

.00268 *

.00086°

.00205

.00146

.00006 *

.00030

.00359 +

.00771

.00030 £

.00269

52+22

1.2+45

51+2.11

-20x3.5

0.2+0.7

-0.7£18.5

-0.1 £6.5

* Annual rates of change are estimated from linear mixed models, adjusted for

clinical site, age, annual menses, and treatment assignment in the randomized

trial.

| p<.05, rate of change differs from O.

** p<.01, rate of change differs from 0.

1 p<.10, rate of change differs from 0.

§ p<.005, rate of change differs from 0.
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No-Cost Extension Objective (4) analyze the data to try to see what factors are
associated with spontaneous return of regular menses among women with
irregular periods.

As expected, numbers were too small for definitive results, but we summarize our
tentative results below. We have not yet decided whether these results merit
publication.

Factors Associated with Return to Menses

Background

The female athlete triad, a syndrome consisting of disordered eating, menstrual
irregularity, and osteopenia/osteoporosis, is of concern among female athletes.
Because of the interrelationships among dietary, exercise, and behavioral
characteristics, it is difficult to determine what factors are responsible for
cessation of menses. It is also unclear what factors contribute to resumption of
normal menstrual function in amenorrheic and oligomenorrheic athletes. This
analysis sought to identify factors associated with the resumption of menses in
those oligo/amenorrheic at baseline.

The study population for these analyses consisted of those who were
amenorrheic or oligomenorrheic at baseline, had taken oral contraceptive pills for
less than 6 months during the study, and had at least one follow-up visit. We
approached the analysis as a case-control study, in which we divided this group
into two subgroups based on the menstrual pattern at the final follow-up visit. If
the participant had resumed a normal menstrual pattern, she was considered to

have “spontaneously resumed” her periods. If she remained with irregular
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menstrual patterns at study visit 3, she was considered to have “remained
irregular” Factors of interest were analyzed at baseline, the first follow-up visit,
and the second follow-up visit. In addition to the three points, variables were also
analyzed based on the changes between follow-up visits. To identify factors
associated with resumption of menses, means of the variables of interest were
compared using ANOVA tests. A level of p<0.10 was considered statistically
significant.

Results

Of the 25 runners included in the analysis, 14 spontaneously regained (SR)
normal menstrual function by their final follow-up visit and 11 remained irregular
(RI). Table 1 (page 33) shows characteristics of women in the two groups.

Table 2 (pages 34-36) shows that the SR group was more likely to have
had a decrease in eating disorder inventory- anorexia nervosa subscale score
between baseline and the first follow-up visit than the RI group. For the total
eating disorder inventory scale, the SR group had a trend towards decreasing
scores at each follow-up visit, while the RI group did not. The SR group
consumed more total daily calories than the RI group at baseline. The SR group
continued to consume more calories per day at each follow-up compared to the RI
group, although these differences were not statistically significant. The SR group
also had a greater increase in percentage of calories from fat than the RI group
between follow-up visits 1 and 2; this trend, although not statistically significant,
appeared between baseline and follow-up visit 2 as well. The SR group ran more

miles per week than the RI group at baseline and first follow-up, but the SR group
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showed a trend towards greater decrease in mileage over the study period than the
RI group. Finally, there was a non-significant trend towards an increase in weight
over time in the SR group, as compared to a slight decrease in weight for the RI
group.

Menstrual resumption was also analyzed as a function of energy balance.
A calculation for energy balance was created as the kilocalories consumed minus
the kilocalories expended in running. While the SR group appeared to have a
larger energy “reservoir” at each time point, the findings were not statistically
significant.

Several factors not included in the table were examined but did not yield
any notable findings, including lean mass, fat mass, and the eating disorder

inventory- bulimia nervosa subscale.

Conclusions

Despite the small numbers of participants, increased intake of calories and
dietary fat was associated with the resumption of normal menses. Additionally, a
decrease in eating disorder behaviors, specifically anorexic behaviors, was linked
to the resumption of normal menses.

Surprisingly, the athletes with the greatest weekly mileage were also the
athletes who tended to resume normal menses. However the spontaneous
resumption group tended to have decreased their mileage over time to a somewhat

larger degree than the group that remained irregular. It would be of interest to
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study the effects of changes in level of physical activity in a larger study
population.

Finally, it would be expected that an increase in body weight would reflect
a greater energy reserve and be associated with a resumption of menstrual
function. In this analysis, weight and percent body fat and increases in weight
and fat did not differ significantly between those who did and those who did not
resume normal menstrual function. However, as seen in project (2), increases in
weight and fat tend to result in subsequent caloric restriction and increases in the
eating disorder inventory score among oligo/amenorrheic women. With the
relatively small number of women included in project (4), it is difficult to sort out
the role of these various interrelated factors.
Limitations
A major limitation is of course the small sample size. Reliance on self-report of

most variables and lack of hormone measurements are other limitations.
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Table 1. Characteristics of Subsample Used in These Analyses by Menstrual
Status at Last Follow-up: Mean (and Standard Deviation)

Periods Regained Mean of 2
Remained Periods groups
Irregular | Spontaneously
Characteristics N=11 N=14 N=25

Mean (SD) Mean (SD) Mean (SD)
Age in years 23.0(2.7) 21.3 (3.0) 22.0(2.9)
Weight in pounds 127.3 (12.9) 130.2 (12.1) 128.9 (12.3)
Height in inches 66.2 (2.1) 65.7 (2.5) 65.9 (2.3)
Body mass index 20.5 (1.5) 21.2 (1.3) 20.9 (1.4)
Percent body fat 23.9 (6.5) 22.8 (5.1) 23.3(5.7)
Age at menarche in years 13.6 (1.5) 13.9 (1.5) 13.7 (1.5)
Average number of periods per 6.3 (1.7) 6.3 (2.6) 6.3 (2.2)
year since menarche
Number of menses in past year 6.0 (2.9) 5.1(3.2) 5.5(3.0)
Age in years at which started 14.5 (3.6) 13.4 (3.8) 13.8 (3.7)
training
Number of competitive seasons 10.2 (6.4) 12.6 (6.0) 11.5(6.2)

run
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Table 2. Mean (and standard deviation) and changes in mean (and standard
deviation) for selected variables by menstrual status at last follow-up

Remained Regained
Irregular | Spontaneously
Variable Group Group
N=11* N=14*
Mean (SD) Mean (SD) p-value
Score on anorexia subscale of
Eating Disorder Inventory:
At baseline 6.6 (5.9) 9.2 (7.3) 35
At follow-up 1 7.7 (6.1) 7.1(6.5) .84
At follow-up 2 5.6 (5.1) 8.6 (7.6) .36
Change from baseline to 1 1.1 (2.1) -1.0(2.4) .05
Change from baseline to 3 0.8 (6.8) -0.5(2.7) .60
Total Eating Disorder Inventory
score
At baseline 14.1 (10.7) 20.3 (14.1) 24
At follow-up 1 16.2 (11.0) 18.8 (16.4) .70
At follow-up 2 13.0 (12.2) 18.5 (16.1) 43
Change from baseline to 1 2.2(6.3) -3(7.5) 43
Change from baseline to 3 1.0 (15.1) -1.3 (8.8) .69
Daily kilocalories consumed
At baseline 2135 (608) 2780 (1025) .08
At follow-up 1 1643 (448) 2198 (1312) 24
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At follow-up 2 1637 (417) 2336 (1056) A2
Change baseline to 1 -339 (489) -437 (606) .70
Change from baseline to 2 -324 (328) -529 (681) 48
Percentage of daily kilocalories
from fat
At baseline 17.8 (5.7) 15.1 (4.7) 22
At follow-up 1 18.4 (7.0) 19.5 (6.7) 72
At follow-up 2 18.6 (4.0) 19.9 (7.3) .66
Change from baseline to 1 0.1(3.1) 4.5 (5.5) .05
Change from baseline to 2 1.1(2.8) 5.2(6.2) 12
Miles run per week
At baseline 31.0 (9.9) 42.1(16.4) .06
At follow-up 1 27.2(10.4) 38.3(15.1) .07
At follow-up 2 27.1(13.4) 34.8 (17.4) 31
Change from baseline to 1 -3.2 (12.6) -4.2 (10.2) .84
Change from baseline to 2 -2.2(12.5) -7.1 (13.6) 43
Weight in pounds
At baseline 127.3(12.9) | 130.2 (12.1) 57
At follow-up 1 125.6 (12.9) | 129.6 (14.2) .50
At follow-up 2 126.6 (17.4) | 135.0 (12.1) 25
Change from baseline to 1 -.6(3.9) -1.1(6.2) .85
Change from baseline to 2 -2.1(15.5) 5.1(8.3) 23

Percent body fat
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At baseline 24.0 (6.5) 22.8 (5.1) .62
At follow-up 1 23.2 (6.6) 23.4 (4.4) .93
At follow-up 2 23.4(10.4) 22.0(6.3) 75
Change from baseline to 1 -.6(1.3) -2(3.8) .79
Change from baseline to 2 -1.8(7.2) 1.0 (4.5) 35

Energy balance: Daily

kilocalories consumed minus

daily kilocalories expended in

running
At baseline 1781 (606) 2288 (1136) .19
At follow-up 1 1305 (311) 1995 (1523) .26
At follow-up 2 1331 (328) 1652 (818) 35
Change from baseline to 1 -276 (622) -263 (617) .97
Change from baseline to 2 -308 (388) -547 (658) 42

*N=25 for all variables at baseline. At follow-up visits 1 and 2, N<25 because of

missing data.
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(7) KEY RESEARCH ACCOMPLISHMENTS:

Results related to bone health:

* A two-year randomized trial of the effect of oral contraceptives on bone mass
and stress fracture occurrence in young female distance runners was completed.
*Randomization to oral contraceptives was unrelated to changes in bone mineral
density or bone mineral content in either oligo/amenorrheic or eumenorrhic
runners.

*When actual oral contraceptive use was considered (rather than the group to
which women were randomly assigned), oligo/amenorrheic runners who used oral
contraceptives gained about 1% spine bone mineral density and whole-body bone
mineral content, an amount similar to the gain in those who regained periods
spontaneously and significantly greater than those who remained
oligo/amenorrheic.

*Oral contraceptives may protect against stress fractures, but results are not
definitive.

*Milk consumption was associated with a decreased risk for stress fracture and
longitudinal increases in hip bone mineral density and whole-body bone mineral
content.

*Risk factors for stress fracture in this study were previous stress fractures, lower
bone mass, younger chronologic age, lower dietary calcium intake, and younger
age at menarche, and possibly a history of irregular menstrual periods.

*Training-related factors were not related to stress fracture risk.
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*Gains in weight, fat mass, percent body fat, and lean mass were associated with
increases in bone mineral density in the spine and hip, but only among those who

were initially oligo/amenorrheic.

Secondary analyses: results related to weight and body composition

*Oral contraceptives did not cause weight or fat gain.

*Oral contraceptives may be associated with lean mass gain among eumenorrhic,
but not among amenorrheic and oligomenorrheic runners.

*Running more miles per week was associated with reduction in weight and fat
mass, but not lean mass.

*Weekly duration of weight lifting was associated with increases in lean mass, but
not weight or fat mass.

*Runners who gained weight and fat mass subsequently tended to restrict their
total caloric intake.

*Oligo/amenorrheic runners who gained weight and fat mass subsequently tended

to show increases in their eating disorder score.

Secondary analysis: factors possibly associated with return to regular menses
among those amenorrheic or oligomenorrheic at baseline:

*Return to regular menses among those with irregular menses may be associated
with more daily calories consumed, more fat consumption, a lower tendency
towards eating disorders, and a greater number of miles run per week early in the

study but a slightly greater decrease in weekly miles run over time..
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(8) REPORTABLE OUTCOMES
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(10) CONCLUSIONS (adapted from manuscript Abstracts)

In order to gain bone mass, oligo/amenorrheic athletes with low bone mass should
be advised to gain weight, increase dietary calcium, and take steps to resume
normal menses; they may benefit from oral contraceptives, but our results are not
conclusive. Oral contraceptives may reduce the risk for stress fracture in female
runners, but our data are again not conclusive. The oral contraceptive used in this
study, Lovral, was not associated with weight or fat mass gain. Further study is
needed to evaluate our finding that use of this oral contraceptive was associated
with lean mass gain in eumenorrheic women, The results of this and other studies
indicate that risk factors for stress fracture among young female runners include
one or more previous stress fractures, lower bone mass, and, although not
statistically significant in the present study, menstrual irregularity. More study is
needed of the associations between risk for stress fracture according to age,
calcium intake, and age at menarche. Because of difficulty in recruitment and
because many young women have reason to switch onto or off oral contraceptives
during a trial, it will be difficult to conduct a randomized trial that definitely
answers the question of whether use of oral contraceptives protects against loss of
bone mass and reduces the risk for stress fractures in young female distance

runners.

(11) REFERENCES: None

(12) APPENDICES: See attached publication, two manuscripts in press, and
one manuscript about to be submitted.
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ABSTRACT

COBB, K. L., L. K BACHRACH G GREENDALE, R MARCIUS B M MEEER, I NIEVES, M F. SOWERS, B. W. BROWHN, JE.,
G. GOPALAKRISHNAN, O LUETTERS, H. KL TAMNER. B. WABD, and I. L KELSEY. Disordered Eating. Menstrual Imegularity,
and Bome Mineral Density in Female Rurmers. Med. Sei Sports Exerc., Vol 33, Mo 3, pp. 711-719, 2003 Purpose: To examine the
relationships bemwesn dizordersd eades, mensmual fregularity, and low bome minsral densiy (BMIY in young female nmpers.
Methods: Subjects were 91 competigve female distance moners aged 13-24 yr Disordered eating was measmed by the Eating
Cisorder Inventory (ECT). Mensmual irregularity was defined 25 olizo zmenomhea (0-9 merse: par year). BMD was measured by dual
wmay absorptometry. Results: An elevated score on the EDT (hiphest guartile) was asseciated with olipo/amenorrhea, after adjusting
for percent body fat, age, miles mun per wesk, age &t menarche, and dietary far, (OF [93% CI)- 4.4 [1.1-18.4T). Olizo’smennerheic
mizners bad lower EMD thae eumenertheic maners at the spme (—3%), kip (—4§%). and whele bedy (- 3%). even after accoumsing
for weight, percent body far, ECT scare, and agz at menarche. Eumencerhaic rusnmers with elevad ETT scores had lower BMD than
eumerorrheis ruamers with mormal EDT scores atf the spine (—11%:). with trends at the bip (—5%). and whole bady (—5%), after
adrusting for differences in weight and percent body fat. Funnsrs with boch an elevated ECT score and olipe/amenomhea had no further
reduction in BMD than nmpers with ealy ope of these nsk factors. Conclusion: In young competitve female distance rummers, (1)
dizordered eating is songly related to mensmeal irregularity, (if) mensmaal e zularity is asseciared with low BMD, and (i) disordarad
eating is asseciated with low BMD in the absence of mensirual imegalanty. Key Words: FEMALE ATHLETES, LOWNG DISTANCE,
OSTEOPENIA. OSTEOROROSIS. AMENORRHEA, OLIGOMENORRHEA EATING ATTITUDES, EATING DISORDER IN-

VENTORY, FEMALE ATHLETE TRIAD

disordered eating, meenstrual irezularity, and ostao-
porosis/ostecpenia seen in young female athletes
Dizordered eating, which affacts as many as two thirds of
voung femals athletes (33), consists of restrictive eating
behaviors that do not neeassanly reach the level of a elimeal
eating discrder (2). Women athletes with disordered eating

The “femals athlete friad” (33) 15 the combination of
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may linmt thew calone andior fat mtakes bot mamtam high
traming levels often resuliing m a2 state of clwonic emergy
daficit. Among other adverse conzequences, snsrgy imbalance
has been Imked to depressed estrogen levels, metabolic distur-
bances, and amenenhea or chgomenonhea (27,2634 49 50).
Amenmrhers'chzomenoirheie athletes on average have lower
beone nuneral density (BMD) than eumencirheic controls
(6,7.9,20,22-24 26 28,2932 34 373546 48 49). This bone
deficit may be 1elated to an Incrzased ineidence of stress
fractures (1,10.30) and may be only partially reversible
(16,1821} putting women at sk for life-long health
CONS2qUANCEs.

The existence of the femals athlete triad 15 moplictt m stedies
that estzblished a relationship between eatmgz behaviors and
menstnal megulainy (27,26 34 39 49 50) and those that es-
tablizhad a relafionship between menstal imegularity and low
BNMD (6,7.9,20,22-24 26 28,2932, 34,3739 45 47 48). How-



(

ever, faw sfudies have actually measured menstuation, diet,
and BMD simultanecushy (7,23,26.34 3%), and these stadies
were conducted, largely, before the female athlete triad was
recozuzed a3 a distinet syndrome. Therefore, the female ath-
lete tnad has wvet to be explored a5 2 tad, and the complex
relattonships ameng zll three components have yet to be
established.

In thas articls, we examme eatmng attindes and pattems,
menstual status, and BMD in a group of 91 competitive
female distance mmners, usmg data collected at the baseline
exammation of a randomized controllead tal. We examine
the eticlogy of menstrual nregularity i this population,
spectfically as it relates to diet and eating behaviors. We
address the question of whether low body weight can ex-
plain the differences in BMD between enmenorheic and
cligo/amenorrheie athletes, as several researchers have sug-
gasted (6,32.45 48) or 1f menstrual irregulanty 15 associated
with BMD independently of low weight. Fmallv, we exam-
ine the relationship betwesn disordered sating and BMD
independent from menstrual irregularity, a link that has not
bean wall studied m female athletes.

MATERIALS AND METHODS

Wa amalyzed the baseline cross-zectional data from 91
competitive female long-distance numers, aged 18-25 3,
who snrollad in a randomized controlled trial to examine the
effact of oral contraceptives on BMD m femals numners.

Subjects. Women were recrumted from intercolleziate
cross-conntry teams, posteollegiate munming elubs, and read-
race participants in the geographic areas of Pale Alto, CA;
Los Angeles, CA; Ann Avber, ML West Haverstiaw, INY;
and Boston, MA. To be ehzible, women had to nin at laast
40 milaswk™" during peak raining times, and they had to
compete in runming races. Additionally, because the women
were recrutted as part of a randomized izl of oral confra-
ceptives, they could not have used c1al contraceptives or
other hormonal contaception within 6§ months before an-
termg 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 conttamdications to oral contraceptive use.
All women were raquired to visit a study physician or
student health sarvice staff member before envollment in the
study. Details of the smdy and testing procedures ware
explained to each subject, and a written, informed consent
was obtained The sxperimental protocol was approved by
the Institutional Feview Boards of Stanford University, the
University of California, Los Angeles, the University of
Michigan, the Helen Hayes Hospital, and Massachusstts
General Hospital

Questionnaire. A self-admmistersd questionnaws was
used to assess taiming regimen and menstmal history.
Womren were asked to record the mumber of miles they ran
per week during each competitive season (fall cross-coun-
try, winter track, spring track) and the off-seazon (sumumer)
in the past 12 months. From this imformation, an average
number of miles run per week was caleulated for the vear
bafors study enrollment.
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Women reported the number of menses in the pravious 12
months and were classified, accordinsly, as eumenorrheic
(10 or more cyeles in the past vear), olizomenornherc (4-9
menstroal cycles per vear), or amenonherc (fawer than 4
eyeles m the past vear) (40). Menstrual irregulanity has been
defined as (-9 menses per vear in previous studies of younz
women nmners (1,2830,39), and we used that defimition
here. Both chzomencitheic and amencirheie athletes have
previously been foumd to have lower serum estradiol con-
centrafions (24.39.42) and fo have lower BMD than eum-
enortheic athletes (6,24.38,39.42). In cur study population,
amenotheie and olizomenmitheic athlates were similar in
BMD, EDI scores, and past menstral nregularty, justifyms
thew combination into a smzle group. Women recorded their
agze at menarche and indicated whether they had had 0, 1-3,
4-9, or 10-13 menses dwing each year after menarche.
Tetal Lfetime menses was calenlated wsing the modpoint of
each of these categories. The total number of past vears of
amencithea was caleulated by summing the number of years
for which women checked “0” or “1-3" periods, sxcludmg
the vear of menarche and the cwrent vear. Past olizomen-
ortheie years were caleulated simularly, execept using the
category “4-59" periods.

Diet and eating behaviors. An sxpandad version of
the §7-rtem National Cancer Institute Health Habits and
History food frequency questionmaire (4) was used to esti-
mate usual notnent intake durmg the prior & months. We
modified the questionnaire to accommedate the special dists
of colleze-aged female athletes by adding low-fat and nen-
fat versions of certain foods, vegetarian and vegan foods,
athnie foods, and sports mtrition products (such as Gatorade
and Powear Bars). The nutrient contents of the added foods
were obtained from the US. Department of Agniculture
Mutrient Database for Standard Feference, release 14 (Jup:/
www nal.usda gov/fnie foodeomp), and from food labels.
Total intakes of energy, protemn, fat, carbohydrates, ealenmm,
phosphorons, iron, fiber, and vitamm C were calenlated.

Thiee subscales (drive for thmness, bulimic tendsncies,
and body dissatizfaction) of the Eating Disorder Inventory
(EDI) were usad to screen for subclimieal eating disorders
(2,12,13). Athletes with subclimical sating dizorders have
pravicusly been shown to have sigmificantly elevated scores
on these three subscales of the EDI (2,11,13,35). Fesponsas
on sach EDI subscale were scoved separately and also
totaled

Physical and bone measurements. At sach of the
fiva clmical assessment sites, height and weight wers mea-
sured using standard stadiometers and balance-beam seales,
respectivaly. Body mass index was caleulated 2z kilograms
pEr square matar.

BMD (g-em ™) at the left prowimal femur, spine, and
whole body, and body composition (lean body mass and fat
mass) were measured by dual energy x-ray absorptiometry
(DXA; QDE. 4500A, Hologic). The cosfficient of vanation
for these machines 15 less than 1.0% for all bons sites
(http-/wrarw _hologie com'prod-bd/pdf 'spec-4300.pdf). Ma-
chimes were cross-calibrated using a ewrculating Hologic
anthropomeorphic spme phantom. Fach site mamtained a
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TAELE 1. Mean = 1 3EM for salactad physical ard raproductive cherasteristics, and training variables, by menstrud group.

Menzirual Grow

Eumencrrha iz Oliga/Amemrrhaic*

Characlerislic N =54) N =33
Ape (yrl HNF=03 HBE=05
Weight b} 1291 =18 1281 =27
Haight (inchag) 651 =03 54 =05
BMI (kg ) H5=02 HA1=03
Body fat (%) 29=08 Ar=10
Menzas in past year (ne. cycles) Hs=04 5.0 =05t
Wenarcha (age in yr) 126=02 138 =10, EE
Total liletime mensirual perods (no. cycke) 205 = 44 495 =40
Started running {age in yrl 145=105 Wr=07
Amount of mrning {mie=-wk—" in past 12 momhs) H\o=12 W0 =224

* ign‘armencrrhea was dafinad az 0 -9 menses ovar tha past 12 months.
18 = D000, Wikooon signed rank fest.

P = D000, t-test.

BF = D05, Mest.

standard guality asswrance program. All women wers asked
to refiamn from heavy physical activity 24 h before screening
to minmmuze the effect of flucmatons in hydiation status on
body composibon measurements.

Btatistical analyses. Statistical analyses were per-
formed using the SAS statistical package, version 6.12 (SAS
Institute, Carv, WC). Means were compared betarsen groups
usmg rtests for nommally distnibuted vanables and the Wil-
coxon signed rank test for momnormally distnbuted wvar-
ablas. Tukey's multipls comparizons test was used to com-
pare mean BMD across more than two groups. ANCOVA
was usad to control for age, weight, and body compesition.

The ralationships between oligo/amencithea and trainmg,
diet, and physical charactenisfies were assessed by multiple
logistic regression. Multiple lnear regression was used to
examine the offects of menstrual group and EDI score on
BMD when considering EDI score as a continuous variable.

RESULTS

Thuty-stx percent of the study sample met critenia for
abnormal menses; 26% were cligomencimrheie and 10%:
were amenorrhete during the past vear. Olizo/amencirhelc

wommen were simular to eumencirrhelc women in age, weight,
height, and body composition (Table 1). The oligo/amenct-
rheic women had menarche a mean of 1.2 vy later and had
had an average of 43%: fewer menstmal penods m thenr
lifetime than eumencitheic women. They alzo ran an aver-
age of 18% more miles per week than eumenorrheic women.

Disordered eating and menstrual iregularity. The
women were divided mte fwo groups (noimmal EDIale-
vated EDI) by their total scores on three subscales of the
EDI Women in the highsst guartile of total EDI were
classified as having elevated EDI scores compared with
women 1n the lowest three guartiles. Women in the ale-
vated EDI zroup 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 dzily calone mtakes compared with
women with normal EDI scores (Table 2) and reported
that they cbtammed 23% fewer of those calornes from fat.
The groups were similar in consumption of other mutri-
ents. Although the elevated EDI group had z semewhat
lower daily calcium intake, this was proportional to thewr
lower energy intake. Both groups, on average, consumed

TAELE 2. Mean = 1 SEM for sakactad diet and nutrition characteristics by eating disordar inveriony (EC) group and, for comparison, a praviouzly published anorectic group.

HOI Group (This Syl

Normal EDI Elevatad EDI Amreclics
Characlarizlic ¥ = &) iN=20 [Praviowsly Publishedit W =

EL| sconas®

Diriva for thinness subscals (0-241) 1.6=03 163 = I].Hi 138=05

Bulimia subscals {0-24) na=n2 11=07 Bi=05

Bud{ diseatisfaction subscal [0-27) 16 =05 160 = 1.21 155 = 05

Todal (04501 Bl =04 356 =10 FA=08
Daily nutrient imtaka

lorige (keald—1) ZME = 12 1004 = 145?

Fat (. of 1ol calorias) fr=0d 140 =10

Pradin (% of folal calories) 164 =03 16.0 = 0.8

Cakiumn (mgl 1467 = 1300 = 147

Fibier (g} WE =25 26422

Witamin G (mg} =3 M=

Iran (gl Hh=23 M00=+149

* EDY scoe iz the total score fromn thras subscales of the Eating Disordar Inwrrhrg;‘fEDI'l Garmar & Olmstaed (12, Ekevated scores are dafined as the highast quartil (=23} Ore

subject is missing EDI scoras; theredors, sha was ramoved from all aralyses imol

t #warags scoms for anoraxia narvosa patients as publishad by Sarnar and Ellrrubead "2h.

+ Elevatzd EDI group we normal EDI group, P < 0000, Wicoeon signed rank fst.

?Elmbad EDI group va normal EDI group, F < 005, Hest.
Elevatad EDI group va normal EDI group, P - 004, tHest.
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[ABLE 2. Mean + 1 SEM for selected dist and nutrition characteristics by
nensirual group.

TABLE 5. Obeerved and adjusted® =pine, hip, and whole bady bone mineral density
(BMD, gem—2 + 1 SEM), by menstrual group.

Menstrual Group
Eumenorrheic  Oligo/Amenorrheic

Menstrual Group
Eumenorheic Oligo/Amencrrheict

Characteristic (N = 58) N =233) (N = 58) (N=233)
EDI scores™ Spine BMD
Drive for thinness subseale (1-21) 14+07 03 +14¢ Observed 1.01 = 0.043 0.84 +0.0M8¢
Bulimia subscale (0-21) 08 +02 23 +105f Adjusted* 1.00 = 0.043 0.85 = 0.0185
Bady dissatisfaction subscale (0 54 £08 9315t Total hip BMD
) Observed 1.00 = 0.5 085 = 0.0205
total (0-63) 0B +15 200 + 301 Adjusted* 1.00 + 0.044 0.84 + 0.0208
Daily nutrient intaks Whole body BMD
Calories (keald—) 24 =1 210 =147 Observed 142 +0.011 1.08 = 0.015§
Fat (% af total calories) 187 £08 158 = 1.0 Adjusted*” 141+ 0.010 1.08 £ 0.5
Pcamg;]':_lf-:':ﬂ;m” calories] 11451"3 f 3045 114593 f 32% * Adjusted for age, body weight, percent body fat, EDI score, and age at mersarche by
e - - analysis of covariance,
ﬂ'rt;[n%]c (ma) 22&8.13 f %32 322?'2 f gg? 1 Oligofamenarrhea was defined as 0-0 menses over the past 12 months.
Iron {mg] : 399+ 26 995 + 21 + Eumenorrheic vs oligo'amenarrheis, & - 00005, Htest.

" EDI seare is the total score from three subscales of the Eating Disorder Inventory
‘EDN), Garner and Olmstead (12).

| Oligevamenomheic ws eumenorrheic, 2 < 0.005, Wilcoxon signed rank test.

| Qligevamenorrhaic vs eumeanorrheic, P < 0.05, Wilcoxon signed rank test.

3§ Eumnenorrheic vs oligofamenarrheiz, P - 0.05, Etest,

greater than 1200 mg of calcium per day, which is the
U.5. recommended daily allowance for this age group.

Of 23 women with elevated EDI scores, 65% had oligo/
amencrrhea, whereas only 23% of 67 women with normal
EDI scores did. Theugh each of the three EDI subscales
scores was higher in the olige/amenorrheic group, the drive
for thinness EDI subscale had the strongest association with
sligo/amenorthea (Table 3). Oligo/amenortheic athletes and
sumenctrheic athletes were similar in daily nutrient profiles,
‘hough oligo/amenorrheic athletes reported a lower percent-
age of their calones from fat (Table 3).

Table 4 shows odds ratios for several factors assoeiated with
sligo/amencrthea. Being in the top gquartile of EDI score con-
ferred fowrfold-increased odds of cligo/amenorrhea. Every 1-yr
ncrease in age at menarche was associated with a more than
wofold increase in the odds of cligo/amencrthea. Odds of
sligo/amenorthea wete also increased with greater miles mn
ser week and were decreased with a higher percent body fat
and with a higher percent fat intake, but the confidence infter-
vals for these associations included one. Total energy intake
was not associated with menstrual disturbances.

EDI score and percent fat intake were modestly nega-
dvely correlated (Spearman rank correlation coefficient: r =
—0.34) and reduced fat intake may lie in the causal pathway
setween elevated EDI and oligo/amenorthea. If dietary fat 1s
removed from the logistic regression model, the OR for
slevated EDI score increases from 4.6 to 6.7 (1.8, 25.6),
wggesting that low fat intake accounts for some of the
issociation between elevated EDI and menstrual irregular-

[ABLE 4. Odds ratios {and 95% confidence intervals) for the association between
slected characteristics and aligomenorrheaamensnarrhea,

Characteristic Odds Ratios (95% Cl)
Elevated EDI score (=23 ws <23) 4.56 (112, 18.61)

Menarche {each 1 yr later) 245 (146, 4.11)
Miles per week (every 10 miles) 1.64 (096, 2.79)
Digtary fat (svery 5% of total calories) 0.6 (0,36, 1.08)
Body fat (every 5%) 0156 (0.20, 1.07)

" Adjusted for age and each of the other wariables in the table by multiple logistic
Bfression.
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& Eurnenorrheic vs oligo'amenarrheis, & < 0005, test

ity. EDI score was not correlated with miles run per week
(Spearman rank correlation coefficient: r = 0.01), so in-
creased training, though related to oligo/amenorrhea, does
not mediate the relationship between elevated EDI scores
and oligo/amenorrthea.

Menstrual irregularity and BMD. EMD was 5%, 6%,
and 3% lower at the lumbar spine. total lup, and whole body,
respectively, in cligo/amenorrheic women compared with eu-
menortheic women, after adjustment for weight. percent body
fat, EDI score, and age at menarche (Table 5). Adjusted and
unadjusted BMD values were similar (Table 3); thus, although
weight was strongly correlated with BMD at all skeletal sites
(the Pearson comelation coefficients were whole body: 1 =
043 hip: r = 0.40; and spine: r = 0.38). lower weight did not
account for the association between menstrual wregularity and
low BMD in this study population.

Disordered eating and BMD. There were no differ-
ences 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 (138.53 * 3.2 1b) and had a higher percent body fat
(25.7 £ 1.1%) than those with normal EDI scores (125.8 *
1.7 1b; 22.8 * 0.6%). Based on multiple linear regression,
we would expect the women with elevated EDI to have
0.038 g-cm_2 greater BMD at the spine and hip and 0.028
g-em” - 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
elevated EDI scores had significantly lower BMD compared
with women with normal EDI scores at the spine (—6%),
with trends at the hip (—3%) and whole body (—4%).

Menstrual statws modified the effect of EDI score on
adjusted BMD (Table 6). Among eumenortheic women,
those with elevated EDI scores had sigmificantly lower spine
BMD and ncnsignificant trends for lower hip and whole
body BMD compared with 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/amenotrheic women, however, there were no
trends for lower BMD amoeng women with elevated EDI
compared with wemen with normal EDL
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TABLE 6, Dteerved and adjusted” sping, hip, and whole body bone mineral density (gem=2 £ 1 SEM) by combined menstrual and eating disorder invertory (EDI) groups.

Group
1 2 3 4

EDI soore groupt Narrnal Narmal Elevated Elevated
Menstruation Eumenorrhea Dligafamenorrheat Eumenorrhea Oligaamenorrhesa
N 50 17 ] 15
Mean weight {Ib + 5E) 1263148 f2a5+42 1464 £57 1224 £32
Sping BMD {gcm—2 = 8E)

Observed 1.02 £ 0.015 0,90 + 0.024§ 0.97 + 0027 0.97 +0.025

Adjusted® 1.02 £ 0.044 0,93 00245 001 +0.0%| 0.96 + 0.025**
Total hip BMD {gem—2 £ SE)

Observed 1.00 + 0.018 0.9 +0.088 1.00 + 0.023 0.98 +0.022

Adjusted* 1.01 £ 0.015 0,93 + 0.027 0.96 + 0.040 0.96 + 0.027
While-body BMD (gem—2 + 2E)

Observed 142 £ 0.043 1.07 £ 0.048 112 £ 0.0 1.00 + 0.048

Adjusted* 143+ 0.010 1.08 + 0.042 1.07 + 0.024 1.08 + 0.020

* Adjusted for body weight, percent bady fat, age, and age at menarche by analysis of covarianse
1 EDI score is the total score from three subscales of the Eating Disorder Inventory (ECH), Garner and Clmstead (12). Elevated scores are defined as the highest quartile
(=23). One subject iz missing ED| score; therefore, she was rernoved from all analyszs irvolving ECI.

1 Oligofamenormrhea was defined as 09 menses over the past 12 months.

Group 1 vs group 2, P < 0,005, Tukey's test for comparing multiple group means,

Group 1 vs group 2; group 1 v group 3, P < 0,05, Tukey's.
= Group 1 vs group 4, P < 040, Tukey's.

Multiple linear regression analysis confirmed the significant
mteractions between menstrual irepularity and total EDI score
(0—69) on BMD at all skeletal sites (Fig. 1). Among enmen-
ortheic runners, EDI score is inversely related to BMD. How-
ever. among oligo/amenortheic women, BMD is not related to
EDI score. Similarly, among women with low EDI scores,
olizgo/amenorrheic women had lower BMD than eumenocrrheic
women. but, among women with high EDI scores., menstrual
iregularity was not related to BMD.

DISCUSSION

This study confirms the existence and significance of the
“female athlete triad.” a syndrome composed of three inter-
related conditions: disordered eating, menstrual irregularity,
and ostecpenia/osteoporosis (33). (1) We confirm that dis-
ordered eating in female munners is correlated with oligo/
amencrthea: (i) we demonstrate that the association be-

Lumbar spine BMD

total EDI score total EDI score

tween oligo/amenorrhea and low BMD in female maoners is
ndependent of body weight and body composition; and (111)
we provide novel evidence that disordered eating 1s associ-
ated with low BMD in eumenorrheic women runners.

The women in our study who were in the highest quartile
of total EDI score had similar values on fwo EDI subscales
to patients with diagnosed anorexia nervosa (12); they also
had similar or slightly higher EDI scores than women ath-
letes  with established subclinical eating disorders
(2.11.13.35). 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 approximately 19% d_lj and lower percent
fat intakes (by approzimately 25% d— 1} 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

Total hip BMD

Whole body EMD

cumennrrhieic

0 15 4

total EDI score

45

oligo/amenorrheic

FIGURE 1—Mean BMD (z'em ™) at the spine, hip, and whole bady by menstrual statuz and varying level: of total EDI score (from multiple linear
regression). The means are baszed on the following multiple linear regression results (adjusted for age, weight, and percent body fat). Regreszion
coefficients (standard error)—menstrual status —0,12 (0.33), EDI score (0-69) —0.004 (0,001), interaction: menstrual status x EDI score +0.0043
(0.002); mensztrual staruz —0.089 (0.036), EDI score (0—69) —0,002 (0.001), interaction: menstrual statuz x EDI score +0.002 (0.002): menstrual
status —0.060 (0.025), EDI zcore (0—69) —0.002 (0.001), interaction: menstrual statuz x EDI score +0.002 (0.001). (Menstrual status equal: 1 if the
woman is olige/amencrrheic and 0 if the woman is eumencrrheic,)
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represents long-term, chronie restriction, rather than tem-
porary attempts to lose weight.

Women with elevated EDI scores had a fownfold merease in
nzk for oheo/zmenonhea, when controllmg for other factors.
Claomie enerzy deficit has previously been muplicated in the
etiology of athletie amencmhea (2,7,819,25 2631 34 44 46,
49 507 Menstiztion requires a small amount of enerzy, amd
haltmg menstruation may be an adaptive energv-conservation
meachanizm. In our stady, the calone resaiction of the elevatad
EDI moup did not appear to explain then axcess olizo/amen-
orthea. Rather, our data suggest that the development of oligo/
amencithea m thess women may have besn mediated in part
by a reduction of dietary fat intake Though dietary fat, mde-
pendent of total energy intake, has previcusly been shown to
mfluence the menstrual eyele m nonathletie women (15,27),
this aszociation has not previously been demomstrated inm fe-
male athlstes and needs verfication in fwther studies. We
spaculate that women with discrdered eating may have mere
aberrant patterns of satmg, mch as bingmg and fastmg cyeles;
although tofzl energy intake may not be altered, thess pattans
have potentizl fo alter metabolic pathways, hoomone levels,
and, ultincately, menstuation (3,5,14).

Wea found that shgo/zmencrheic mmners ran more milss
par wesk than eumenorrheic rummers. Therefore, although
ene1gy intake was neot associated with menstruzl imegular-
ity, oligo/amencriheic mumners may have had greater energy
immbalance due to a ngher energy expenditure. Energy im-
balance may cause vpothalamie dvsfimetion, which dis-
rupts both menses and bone remodeling (507

We confirm previous raseavch that shows that delayed men-
arche i3 a shong predictor of later menshual imegulanty
(6,929 34} Delaved menarche was comelated with menstal
megulanity in both women who mitiated tainmg before men-
arche (N = 17} and women whe started trammg after menarche
(N = 69%; thus, prior traming does not explain the delay n
menarche m the olige/amencirhele mmners. This finding sug-
gests that some women may be predisposed to menstual
mmegularity, which may aceount for the existence of a subsat of
women with low total EDI scores (6.8 + 1.8) and putatively
sufficient calorie intake (2443 = 2100 who still lost their
periods. Altematively, disordered eating pattems may have
devaloped premenaiche and prebaming m cerfain women
which conmbuted to a delay m the onsat of menarche and has
subsequently continued to dismpt the menses. Car data were
msnficient fo evaluate thos hypothesis.

We confinn mumearous repeats of reduced BMD in olige/
amencithele famale athlates, with the largest and most consis-
tent effects having been demonstrated at the lumbar spime. The
BMD differences between clizo/amenoirheis and ewmenci-
theic women that we cbhserved were not athibutable to differ-
ences m body weight, body compositon, or EDI score. The
magmtude of the differsnce was Impeortant; 8% of the olige/
amencirheic voung women had spine BMD values that would
be considered ostecporotic, that iz, a BMD value less than 2.5
5D balow young adult BMD (17) (<0772 z.om ™ as mea-
sured with the Hologie densttometer). Foarty-sight percent were
ostecpente at the spine, a BMD between —1 5D and —2.5 5D
below the young adult value (0.772-0937 zem™ ). In con-
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trast, none of the evmencarheic athletes were classified as being
osteoporotic and only 26% were classified as baing osteopenic
based on spine BMD values.

Women with elevated EDI scores had low BMD for their
weight We attempted to determine whether low BMD
among women with elavated EDI seores was due to olige/
amencthea or whether the disordsred sating had an inda-
pendent effect on bone. Eight women with high EDI scores
were cwrrently eumencorhele and had no history of amen-
crthea or delayed menarche. BMD was significantly lower
at the spine and was lower at the hip and whele bedy mn this
subgroup compared to eumenmirheic women with normal
EDI. after adjusting for weight, body compesition, age, and
age at menarche. Eumencatheic women with elevated EDI
were heavier and had more bedy fat than all ether sub-
zroups; they also started mumnimg at a later age (18.3 = 1.3
yr). Possibly, this group was resistant to loss of menses
despite thair aberrant eating because their menshual eyecles
were estzblished before they started mming and/or becanse
they were not as thin (41). It 15 also possible that these
women have subclinical menstrual abnormalities, such as
anovulatery cyeles and shortened luteal phase, which have
been assoriated with spinal bone density lossas (36).

In our study population, havmg both disordered eating and
clizo/amenonhes was no more detiimental for bone than hav-
ing erther disorder zlone. The mumbers in some of our groups
were small, however, and fas ebservation should be venfied m
further studies. That there was no excess 1isk suggests that the
two disorders share cansal patlways. Both eligo/amenorhea
and dizorderad eating have been associated with low semm
esfrogen concantztions (2549 50), which weould be expactad
to have an adverse effect on BMD. Accordmgly, disordered
eating may result m estogen deficiency or other sex hommone
changas, wlich then may lead both to bona loss and menstmal
iregnlanty. Menstmal inegulaity and disordeved eating may
also confibute to bone loss, or lack of bene formation, through
meatabolic changes (49).

Figure 2 summarizes 1isk factors for low BMD and men-
strual irregulanty, as well as possible pathways connectmg
elements of the fomale athlete triad. Disordered sating may
deciease menstruation and BMD through estogen defi-
clency and through alterations of other metabolie pathways
(43). Low weight 1z an established mdependent nzk factor
for low BMD:; in this study population, women weighimg
less than 115 Ib had fivefold-incieased odds of bemgz os-
teopenic at amy skelefal zite (OF [95%: CI): 5.3 [1.6-17.0])
Some previous stadies also foumd an assoclation betwesn
low weizght and oligo/amencithea (26,6,32,45), though this
study did net. Menstmal imegulanity mav be 1elated to low
BMD through mechanisms other than reduced estrogen
(36,49). Tramng factors and delaved menarche have direct
influences on the menstuzl cyele and on BMD.

It 15 diffieult to explain why the athletes with elevated EDI
seores were heavier than the women with low EDI seoves avan
though thev reported lower energy and fat intakes. We would
expect women with subclnical eating disorders to have lower
weight and body fat, but this was not the case m owr study.

Poszsibly, heavier women are more prone to eating discadars
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because they are more dissatisfied with their natwral body type.
Some of these athletes with higher EDI scores may have had
bulimie behaviors that could have explamed the ngher
welghts. Altematively, the EDI scale mav identify women in
the early stagas of an eatnz disorder but may miss women in
the later stages, when they have already lost weight. Wa spec-
ulate that some of the women i the thimest subgroup, the
olizo/amenorheir women with low EDI scores, may have had
eating disorders but may be in dendal and/or mayv cuvently be
satisBed with their bodies because they have succeeded in
reaching a low weight. We finther recogmuze that the division
of the pepulation mto nonnal EDL'elevated EDI 15 simphstic.
There is a contomumn of disordered eating behavior, but we
have artificially muposed a division on that comtnmum. How-
ever, mltiple Imear regrassion analysis, in which we treat EDI
as a contmmons variable, confirms ow categerical data results.
Ohr results ave lonited by the fact that menstrual status,
traming history, and diet were assessed by subject recall. We
recogmize that recall menstrual histornias cannot be as accurate
as those obtamed by prospectrve recerd keepms. However, we
believe that these menstrual histories were reasonably acourate,
a3 the subjects were young, had shoit istories fo racall, and, as
competitive athlates, tend to be aware of their overzll health
Many competrtive numers keep detailed logs of therr trammg
and thew mules nm per week, wlich may have helped to
minmize 1ecall erors on the hamme section of ouwr queshon-
naire. Finally, we recognize the lmitations of food frequency
questionmaires but note that the questionmaire that was em-
ploved was specifically modified to accommodate the special
diets of college-aged female athletes. Prospective studies are
needed confinu and fiurther explore our findings.
Additionally, we may have mussed women with sub-
clinical menstrual abnermalities, such as anovalatory cy-
cles and shortened luteal phase. because we assessed
menstrual irregularity by gueshonnaire rather than labe-
ratory testing. Measurement of zerum hormone levels
would have provided additional information about the

THE FEMALE ATHLETE TRIAD IN DISTANCE RUNNERS

riles pn

delayed
menarche

s
s/

FIGURE »—FProposed pathway: among
dizordered eating, menstrual irregularity,
and low BAD. Sofid fimes represent asso-
ciations suggested by the corrent stwdy;
dirsied lmes represent associafions sme-
zested by previous shadies.

role of sex hormones. Accurate measurements of enargy
expenditure uwsing doubly labeled water wounld have
helped us to assess the role of energy balance in men-
strual irregularty and low BMD. However, such mea-
surements weare outside of the scope and resources of the
presant study.

A further Iimatation of owr findings is that eating attitudes
and body image perception may mfluence the reportmg of
food intake (B). We cannot rule out the possillity that
women with abeirant attitndes about body and food system-
atically wndewreport intake. As they are hyperconscious
about therr food intake, they may report what they think they
should be eating rather than what they actually eat. Food
frequency questionnaires, despite other hmifations, may
help mumimeze this tendency, as the total amounts of daily
food, calories, and fat being rapoirted are not readily quan-
tifiable to the athlete.

In conelusion, we provide evidence that confinmes the female
athlate triad. We alzo conchida that the female athlate tiad may
be more hidden than previously realized. The women n this
stedy were not excessively lean; mdeed. amencrmheic women
averaged mare than 22% body fat and women with elevated
EDI seores averaged more than 25% body fat. Tlus, these with
the riad mav not be readily dizcemibla to a coach or a plisi-
cian. However, both amencarhea and disorderad aating sigmof-
wcantly affect bone, even in the abssnce of the other. Bacause
thera iz a high prevalence of osteopema in ths population that
may have sevows lfe-long consequences, we recommend that
all competitive women endurance athletes, partieularly those in
sanectioned collegiate programs, receive screenmg for eating
disorders and menstual mregulanty and education sbout the
female athlete tmad.

This shudy wes funded by a grant from the LS. Army Medkcal Ressarch
and Meteriel Command, asard number DAMD1 7-28-1-28518.
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The effect of oral contraceptives on bone mass and stress fractures in female
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Purpose: To determine the effect of oral contraceptives (OCs) on bone mass and stress
fracture incidence in young female distance runners. Methods: 150 competitive female
runners aged 18-26 years were randomly assigned to OCs (30 pg ethinyl estradiol and 0.3
mg norgestrel) or control (no intervention) for two years. Bone mineral density (BMD) and
content (BMC) were measured yearly by dual x-ray absorptiometry. Stress fractures were
confirmed by x-ray, magnetic resonance imaging, or bone scan. Results: Randomization to
OCs was unrelated to changes in BMD or BMC in oligo/amenorrheic (n=50) or
eumenorrheic runners (n=100). However, treatment-received analyses (which considered
actual OC use) showed that oligo/amenorrheic runners who used OCs gained about 1% per
year in spine BMD (p<.005) and whole body BMC (p<.005), an amount similar to those
who regained periods spontaneously and significantly greater than those who remained
oligo/amenorrheic (p<.05). Dietary calcium intake and weight gain independently predicted
bone mass gains in oligo/amenorrheic runners. Randomization to OCs was not significantly
related to stress fracture incidence, but the direction of the effect was protective in both
menstrual groups (hazard ratio [95% CI]: 0.57 [0.18, 1.83]) and the effect became stronger
in treatment-received analyses. The trial’s statistical power was reduced by higher-than-
anticipated non-compliance. Conclusion: OCs may reduce the risk for stress fractures in
female runners, but our data are inconclusive. Oligo/amenorrheic athletes with low bone
mass should be advised to increase dietary calcium and take steps to resume normal menses,
including weight gain; they may benefit from OCs, but the evidence is inconclusive. Key

words: randomized trial; amenorrhea; female athlete triad; bone density; calcium



Introduction

Paragraph 1. Female athletes with amenorrhea or oligomenorrhea have reduced
bone mineral density (BMD) for their age (4,5,9,24,30). Physicians have conventionally
treated amenorrheic athletes with hormone therapy or oral contraceptives (OCs) (12), but
these treatments are controversial (17). Athletic amenorrhea is strongly related to disordered
eating and caloric restriction (5,7, 28), and exogenous estrogens may be ineffective at
improving BMD in the absence of improved nutrition and weight gain (7,9,30). Indeed, in
non-athletic women with clinically apparent anorexia nervosa, randomized trials have found
no effect for hormone therapy or OCs on bone (for a review of these trials, see reference 19).
In amenorrheic athletes, one longitudinal study found modest skeletal benefits for hormone
therapy (6), but two small randomized trials found no benefit (11,24). Longitudinal studies
have also found small to modest skeletal benefits for OCs (4,22,25) and one randomized
trial found that OC use reduced bone turnover in amenorrheic athletes, but no randomized
trials have evaluated the impact of OCs on BMD in this population.

Paragraph 2. The effect of OCs on the BMD of eumenorrheic athletes is also
unknown. Some eumenorrheic athletes have subclinical menstrual irregularities (e.g.,
anovulatory cycles) that are associated with an increased risk of bone loss (21), and,
hypothetically, OCs might benefit this subgroup. Alternatively, eumenorrheic athletes may
be similar to non-athletic premenopausal women, for whom OCs have little effect on bone
(19). Lastly, OC use could be detrimental to bone health in exercising women with normal

menstrual cycles. Studies from two research groups found that physically active women who

used low-dose OCs (<50 ng ethinyl estradiol) had reduced BMD compared with physically



active women who did not use OCs (14,15,26) or inactive women (26). To our knowledge,
there have been no randomized trials of OC use and BMD in eumenorrheic female athletes.

Paragraph 3. OC use may also protect against stress fractures in athletes, by
affecting bone quality, bone turnover, or a combination of these (2), but results of previous
studies are mixed. One cross-sectional and one case-control study linked OC use to a
decrease in stress fracture risk (1,20), but two prospective cohort studies, in athletes (3) and
female military recruits (23), found no association. There have been no randomized trials to
test this hypothesis.

Paragraph 4. We conducted a randomized trial to test the effect of OC use on bone
mass and stress fracture incidence in female runners. We chose to focus on running to
reduce heterogeneity otherwise introduced by multiple sports, and because runners have a

high frequency of both amenorrhea and stress fractures.

Materials/methods
Participants and recruitment

Paragraph 5. The study recruited 150 competitive female runners from inter-
collegiate cross country teams, post-collegiate running clubs, and road races mainly in the
geographic areas of Palo Alto, CA, Los Angeles, CA, Ann Arbor, MI, West Haverstraw,
NY, and Boston, MA. Recruitment took place between August 1998 and September 2003.
To be eligible, women had to be 18-26 years old, run at least 40 miles/week during peak
training times, and compete in running races. Women were excluded if they had used OCs,
other hormone therapy, or other hormonal contraception within six months before entering

the study; were unwilling to be randomized to take OCs or not to take them for two years; or



had any medical contraindications to OC use. All women were required to visit a study
physician or student health service staff member prior to enrollment in the study to rule out
contraindications to OC use. Details of the study and testing procedures were explained to
each subject, and a written, informed consent was obtained. The 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, the Massachusetts General
Hospital, the U.S. Army Medical Research and Materiel Command, and the colleges from

which participants were recruited.

Randomization and intervention

Paragraph 6. Eligible women were randomly assigned to receive OCs or no
intervention for an intended 2 years, stratified according to clinical site. An independent
investigator who was not otherwise affiliated with the study performed the randomization
using a random number table. Those assigned to take OCs received the prescription from a
study physician or student health service staff member. The OC active ingredients were 30
pg ethinyl estradiol and 0.3 mg norgestrel, (Lo/Ovral, Wyeth Ayerst, 28-day pack). No
placebo was used, and neither the athletes nor prescribing physician were blinded to
treatment assignment, as it would be unethical to have women unsure of their contraceptive

status.

Data collection and follow-up
Paragraph 7. At baseline, participants visited one of the clinical sites for bone,

body composition, and physical measurements. Bone mineral density (BMD), bone mineral



content (BMC), and body composition were measured by dual energy x-ray absorptiometry
(see below). Height and weight were measured using standard stadiometers and balance-
beam scales, respectively (Stanford University: Harpenden stadiometer/Healthometer scale;
University of California Los Angeles: Healthometer; University of Michigan: Healtometer;
Helen Hayes Hospital: Measurement Concepts stadiometer/Detecto scale; Massachusetts
General Hospital: Healtometer). Participants also filled out questionnaires on menstrual
history, previous use of OCs, injury and stress fracture history, training regimen, diet, eating
attitudes, and eating behaviors as previously described (5). Women were classified as
amenorrheic, oligomenorrheic, or eumenorrheic based on the number of menses they
reported having in the previous 12 months (5). Amenorrhea was defined as 0-3 cycles in the
past year; oligomenorrhea was defined as 4-9 cycles in the past year; and eumenorrhea was
defined as 10 or more cycles in the past year (5). Participants were asked to return to the
same clinical site one year and two years later to repeat these measurements and
questionnaires.

Paragraph 8. There were124 participants (83%) who attended at least one of these
follow-up appointments and 96 (64%) participants attended both, at an average of 14.4
months (median: 13.1 months) and 26.6 months (median: 25.4 months), respectively, after
baseline. Three additional women provided information on stress fracture occurrence (for an
average of 7.9 months after baseline), but did not return for any clinical visits. Baseline
characteristics of the 23 participants with no follow-up data were similar to those with
follow-up data, except that they were more likely to have a history of stress fracture prior to

baseline (52% vs. 32%, p=0.05).



Paragraph 9. Between clinic visits, participants filled out a monthly calendar on
which they recorded menstrual bleeding, use of OC pills, and the occurrence of stress

fractures.

Ascertainment of compliance

Paragraph 10. Women in the treatment group were asked to report if and when
they discontinued taking the study medication. Treatment compliance was also monitored
through return of used pill packs, monthly calendars, and yearly questionnaires. If a woman
reported having discontinued treatment, she was contacted by a study investigator to
determine if and when OCs were discontinued and the reason why. Similarly, women in the
control group were asked to contact us if they were planning to start an OC. If so, they were
encouraged to take the study pill (Lo/Ovral, Wyeth-Ayerst) or a pill with a similar dose of
estrogen. Compliance was also monitored on monthly calendars and yearly questionnaires.
If a woman reported having started OCs, she was contacted by a study investigator to get the
date of starting OCs, as well as the formulation and the reason for starting them. Among
women in the control group who took OCs, the majority took Lo/Ovral or Ortho Tri-Cyclen
(Ortho-McNeil Pharmaceutical, Inc., 35 pg ethinyl estradiol). The trends appeared similar
with both formulations, but numbers were too small to make firm conclusions, so we

combined them into a single OC group for all secondary analyses.

Ascertainment of outcomes: Bone mineral density and content
Paragraph 11. At baseline and each follow-up visit, BMD (g/cm?”) and BMC (g) at

the left proximal femur, lumbar spine, and whole body, were estimated by dual energy x-ray



absorptiometry (DXA, Hologic QDR 4500A at 4 sites, QDR 2000 at one site). The
coefficient of variation for measuring BMD at the hip and spine in the same person after
leaving and then returning to the measuring table on the same day was 2% or less at each of
the clinical sites (Stanford University: 0.9% for the lumbar spine, 0.6% for the total hip;
University of California Los Angeles: 1.4% spine, 2.2% femoral neck; University of
Michigan: 1.0% spine, 0.9% femoral neck; Helen Hayes Hospital: 1.2% spine, 1.4% hip;
Massachusetts General Hospital: 1.0% spine, 1.4% hip). For most of the periods of data
collection, machines were cross-calibrated using a circulating Hologic anthropomorphic

spine phantom, and each site maintained a quality assurance program.

Ascertainment of outcomes: stress fractures

Paragraph 12. Participants were asked to record the occurrence of a possible stress
fracture on a monthly calendar and also to report their occurrence to the coordinating center
immediately. Participants were also queried periodically about the occurrence of stress
fractures by e-mail, phone, and on their questionnaires. Fractures had to be confirmed by x-
ray, bone scan, or magnetic resonance imaging to be counted in this study. All self-reported
stress fractures were in fact confirmed. The study paid for the imaging as needed. We

included stress fractures that occurred up to one month after the final follow-up visit.

Statistical design and analysis
Paragraph 13. We calculated that we would need 150 subjects (75 per group) to
attain 80% power to detect differences in changes in BMD and stress fracture incidence

between the OC group and the control group, assuming a 20% annual rate of stress fractures



in the control group (3), a 3-fold difference in stress fracture incidence (1,20), and a half-
standard deviation difference in changes in BMD, and accounting for anticipated losses to
follow-up and noncompliance (we anticipated that 5% of subjects would be lost to follow-
up; 20% of treated subjects would discontinue OCs; and 5% of control subjects would begin
0OCs).

Paragraph 14. Statistical analyses were performed using the SAS statistical package,
version 9.1 (SAS Institute, Cary, NC, U.S.A.). Means were compared between groups using
a t-test for normally distributed variables and a Wilcoxon sum-rank test for non-normally
distributed variables. Proportions were compared using a chi-square test or a Fisher’s exact
test, in the case of small cells. For graphing, changes in BMD, BMC, and weight were

expressed as annualized percent change since baseline.

Paragraph 15. All primary outcomes were analyzed according to the intention-
to-treat principle. Linear mixed-effects models were used to determine the effect of OCs on
changes in BMD and BMC over time. As initially planned, all BMD and BMC analyses
were stratified according to baseline menstrual status. Cox proportional hazards models
were used to determine the effect of OCs on stress fracture incidence. Potential effect
modifiers of the relationship between OCs and bone mass or OCs and stress fractures were
evaluated by stratifying the model (for categorical variables) or by including an interaction

term (for both categorical and continuous variables).

Paragraph 16. Secondary analyses were performed on the 127 women who
provided follow-up data. Per-protocol analyses excluded women from the analysis at the
time they switched groups. Treatment-received analyses grouped women according to their

actual use of OCs, or modeled OC use as a time-dependent variable (allowing OC status to



change at the dates of starting and stopping OCs). BMD and BMC changes were analyzed
by mixed models and stress fracture data were analyzed by Cox proportional hazards
models. In mixed models with changes in BMD or BMC as the outcome, calcium intake was

adjusted for energy intake by the residual method (27).

Results
Baseline characteristics

Paragraph 17. One-hundred fifty women were randomized to receive OCs or no
intervention (Figure 1). By chance, 69 women were assigned to the OC group and 81 to the
control group. The groups were well balanced on age, race/ethnicity, BMD, stress fracture
history, menstrual history, weight and body composition, dietary factors, and training factors
(Table 1). Amenorrhea was more common in the OC group and oligomenorrhea was more
common in the control group, but these differences were not statistically significant and the
groups were similar in the total proportion of athletes with menstrual irregularity
(amenorrhea or oligomenorrhea).

Paragraph 18. At baseline, amenorrheic women had the lowest BMD on average
(spine: 0.932 g/cm?, hip: 0.937 g/cm?); oligomenorrheic women had intermediate values
(spine: 0.967, hip: 0.972 g/cm?); and eumenorrheic women had the highest BMD (spine:
0.995 g/cm? hip: 0.988 g/cm?). However, these differences did not quite reach statistical

significance.

Retention and adherence



Paragraph 19. Twenty-three participants (15%) withdrew or were lost to follow-up
after baseline (Figure 1). Reasons for withdrawing included: geographic relocation,
pregnancy, illness, and lack of time. Of the remaining 127 participants, 42 (33%) switched
groups during the study—25.5% of the treatment group discontinued OCs after an average
of 5.4 months of use and 38.9% of the control group started taking them at an average of
11.3 months into the study (Table 2). Four women in the control group and one woman in
the treatment group switched groups twice. The reasons women gave for stopping OCs
included (in decreasing order of frequency): fear of weight gain or perceived weight gain,
side effects (irritability, abdominal symptoms, nausea, fatigue, or unspecified), and fear of
detriment to athletic performance. The reasons control women gave for starting OCs
included (in decreasing order of frequency) to: regulate periods, alleviate menstrual
symptoms and cramps, prevent pregnancy, treat acne, and treat allergies.

Paragraph 20. Women who stopped taking OCs had significantly lower percent
body fat, fewer menstrual periods per year, and more disordered eating than women who
adhered to OCs (Table 2). Amenorrheic women were the least likely to comply with taking
OCs: of eight amenorrheic women who were assigned to OCs, only one took them through
the entire study (of the remaining seven, two were lost to follow-up, five discontinued OCs
within two months, and one discontinued OCs after 1.5 years). In the control group, women
who self-initiated OC use were less likely than control adherent women to have a history of

stress fractures prior to baseline.

Primary analysis: Bone mineral content and density



Paragraph 21. The effect of OCs on bone mass was similar across the clinical sites,
so we combined the data from the sites, retaining site as a covariate in all models. Results
for spine and hip BMD were similar to results for spine and hip BMC; for comparability

with previous studies, we report the BMD results for these sites.

Paragraph 22. We found that randomization to OCs had no effect on changes in
bone mineral content or density—with one exception: in the oligomenorrheic group, total
hip BMD was significantly reduced (p=0.04) in the OC group compared with the control
group (Table 3). This finding may be the result of chance due to multiple comparisons and
small numbers. Following correction for multiple comparisons with a Hochberg correction

(16), this difference was no longer statistically significant at the .05 level.

Paragraph 23. Regardless of treatment assignment, bone changes were strongly
related to initial menstrual status. Overall, the amenorrheic and oligomenorrheic groups had
significant increases in spine BMD and whole body BMC, with the largest gains occurring
in the amenorrheic group. Eumenorrheic women had a small but significant increase in
whole body BMC (6.4 + 2.6 g/year, p<.05), but no changes in hip or spine BMD.

Paragraph 24. We found no interactions between randomization status and age,
BMD, weight, weight changes, body composition, disordered eating, calcium intake, or

miles run per week with respect to bone outcomes.

Secondary analyses: Bone mineral content and density
Paragraph 25. One hundred and twenty-four women had at least one follow-up
DXA and were included in secondary analyses. We combined the amenorrheic and

oligomenorrheic groups for these analyses because the groups gave similar results when



analyzed separately, but the amenorrheic group was too small (n=10) to yield precise
estimates in multivariate analyses.

Paragraph 26. Per-protocol and treatment-received analyses gave similar results to
the intention-to-treat analysis (data not shown), except we did not find a negative effect of
OCs on hip BMD in oligo/amenorrheic women. For treatment-received analyses, we
classified women as being in the OC group if they had used OCs for at least six months
during the study. We used a cutoff of six months because it may take this long for OCs to
affect bone mineral density. We repeated all analyses using an alternate cutoff of three
months or modeling OC use as a time-dependent variable, and found similar results (data not
shown).

Paragraph 27. Fourteen of the oligo/amenorrheic women (4 amenorrheic and 10
oligomenorrheic) regained their periods spontaneously (had 10 or more periods in the year
prior to their final measurement), without the help of OCs. When we divided
oligo/amenorrheic women into those who had used OCs (for at least six months), those who
regained their periods spontaneously, and those whose cycles never normalized, we found
that OC users gained significantly more whole body BMC and spine BMD than women who
remained oligo/amenorrheic (Figure 2, Table 4). The gain in bone mass among OC users did
not differ statistically from women who regained periods spontaneously. On average, both
groups gained about 1% per year in whole body BMC and spine BMD, whereas women who
remained oligo/amenorrheic neither gained nor lost bone. Average weight gain was (non-
significantly) higher in the OC group than the other two groups during the first year of the
study (Figure 2), but adjustment for weight changes did not remove the effect of OCs (Table

4). Adjustment for changes in body composition gave similar results (data not shown).



Paragraph 28. In oligo/amenorrheic women, weight gain independently predicted
gains in spine BMD and whole body BMC, and showed a trend at the hip (p<.10). Gains in
fat mass also independently predicted gains in spine and hip BMD and whole body BMC,
but gains in lean mass predicted gains only in whole body BMC (data not shown). Since
changes in fat mass and weight were highly correlated (r=.84, p<.0001), we chose to include
weight in the final model because it is a more clinically accessible measure. Higher dietary
calcium intake also predicted gains in whole body BMC and hip BMD in oligo/amenorrheic
women.

Paragraph 29. In eumenorrheic women, weight gain was not associated with bone
changes, but dietary calcium intake was associated with increases in hip BMD (p<.05), and

showed a trend for whole body BMC (p<.10) (Table 4).

Primary analysis: stress fractures

Paragraph 30. Eighteen runners had at least one stress fracture during the study in
the tibia, foot, femur, or pelvis (Table 5). Six occurred in the group randomized to OCs (5.8
per woman-year) and 12 in the group randomized to control (9.2 per woman-year) (Table 6).
After adjusting for baseline menstrual status, clinical site, age, prior stress fracture, and
spine BMD (the latter two variables were strongly related to fracture risk) in a Cox
proportional hazards model, we found that randomization to OCs yielded a non-significant
43% decrease in the rate of stress fracture. This effect was similar across the different
clinical sites and across baseline menstrual groups; the hazard ratio (and 95% confidence
interval) for eumenorrheic women was: 0.56 (0.14, 2.22), and for oligo/amenorrheic women

was: 0.60 (0.06, 5.83).



Paragraph 31. Women who were oligo/amenorrheic at baseline were not at
increased risk of fracture compared with women who were eumenorrheic at baseline (HR:
1.20); however, the majority of oligo/amenorrheic women regained menstrual regularity
during the trial. A small group of women who remained oligo/amenorrheic (n=11) or
became so during the study (n=2) had a non-significant increase in fracture risk (HR [95%
CI]: 2.71 [0.70-10.60]).

Paragraph 32. We did not find interactions between randomization status and age,
low BMD, weight, weight changes, body composition, past menstrual irregularity,
disordered eating, calcium intake, or miles run per week with respect to stress fractures,
though we had limited statistical power to detect interactions.

Paragraph 33. Four women had a second stress fracture during the study (three in
the control group and one in the treatment group), but this was too few to evaluate

statistically.

Secondary analyses: stress fractures

Paragraph 34. When we excluded non-adherent women from our analysis on the
date at which they switched groups, OCs appeared more protective, but did not reach
statistical significance (Table 6). We then modeled OC use as a time-dependent variable to
ensure that we were only counting OC treatment that occurred prior to each fracture. When
women were taking OCs (and had been on them at least a month), OC use appeared to be
significantly protective (HR [and 95% CI]: 0.23 [0.06,0.86]). However, four fractures
occurred in the control group within the first three months of the study, and it is unclear if

these fractures can be attributed to anything other than chance. Excluding these fractures by



requiring OC use of at least 3 months reduced the magnitude of the effect slightly and also

reduced our statistical power (HR [and 95% CI]: 0.40 [0.11, 1.50]).

Adverse events
Paragraph 35. There were no serious adverse events in the trial. Five women
discontinued OCs citing irritability, abdominal symptoms, nausea, fatigue, or unspecified

side effects.

Discussion

Paragraph 36. We found that randomization to OCs had no effect on BMD or BMC
in oligo/amenorrheic or eumenorrheic female runners, and yielded a 43 percent reduction
(not statistically significant) in rate of stress fractures across menstrual groups. The trial’s
statistical power was diminished by non-compliance: 38.9 percent of women in the control
group started taking OCs and 25.5 percent of women in the treatment group stopped taking
them (among those with follow-up data). Additionally, power was reduced because 38
percent of oligo/amenorrheic runners in the control group resumed normal menses
spontaneously. We confirm the difficulties of doing a definitive trial of OCs in female
athletes (11).

Paragraph 37. Contrary to previous reports (14,15,26), we did not find that use of
low-dose OCs was detrimental to bone mineral density levels in eumenorrheic female
athletes. Some of these previous reports were cross-sectional studies (14,15), which cannot
establish the direction of causality and may be confounded by reasons for use of OCs.

Because of our choice of study population, we cannot rule out a negative effect of OC use



for inactive women who begin an exercise program (26) or for athletes younger than 18

(14).

Paragraph 38. In our treatment-received analyses, we found that oligo/amenorrheic
runners who took OCs for at least six months gained more spine BMD and whole body
BMC than runners who remained oligo/amenorrheic, and this association was independent
of changes in weight or body composition. The magnitude of the effect—approximately 1%
annual gains—was similar to that of regaining periods spontaneously or gaining 5 kg.
However, we cannot conclude that OCs per se caused these gains. Women who dropped out
of the OC group were more likely to be amenorrheic and have disordered eating, two factors
that predispose to continued bone loss or lack of bone growth. Oligo/amenorrheic runners
who adhered to or started on OCs may have been concerned about their bone health and thus

actively trying to improve it in other ways not discernible in this study.

Paragraph 39. Results of previous studies of estrogen supplementation and BMD in
amenorrheic athletes have been mixed and may be complicated by the use of different
formulations and doses of hormones. Longitudinal cohort studies of OCs (30-35 pg ethinyl
estradiol [4,22,25] or hormone therapy (0.625 mg conjugated estrogen or 50 pg estradiol
patch [6]) have found small to modest positive effects on BMD in amenorrheic athletes, but
these studies may be confounded by other factors associated with the choice to take
hormones. Two randomized trials failed to find an effect of hormone therapy
(Premarin/Provera and 2 mg estradiol/l mg estriol, respectively) in 24 amenorrheic ballet
dancers (24) and 34 oligo/amenorrheic runners (11). However, similar to our findings with
OCs, the latter trial did find a significant benefit for using hormones compared with

remaining oligo/amenorrheic in treatment-received analyses.



Paragraph 40. Our results confirm previous findings that spontaneous recovery of
menses benefits the skeleton (8,11,18). In our study, it was unclear why some runners
spontaneously resumed normal menses and others did not, and the reasons are likely
heterogeneous. Previous researchers have found that decreased training, increased caloric
intake, and weight gain predict spontaneous resumption of menses (8,18). We found that, on
average, women who spontaneously regained menses had a trend toward higher caloric
intake than women who remained oligo/amenorrheic, but this translated to only slightly
higher average gains in weight and fat mass. We speculate that small improvements in
energy balance and eating patterns may normalize menstrual periods without substantial

weight gain.

Paragraph 41. We confirm previous findings that weight gain is an important
independent predictor of bone mass gain in oligo/amenorrheic athletes (18); weight gain was
associated with increases in whole body BMC, spine BMD, and hip BMD. Fat mass gains

were more predictive of changes in BMD and BMC than lean mass gains.

Paragraph 42. Dietary calcium intake (controlled for energy intake) predicted gains
in whole body BMC and hip BMD in both oligo/amenorrheic and eumenorrheic athletes,
with a stronger effect in oligo/amenorrheic women. We found no effect for calcium
supplementation, but this variable was imprecisely measured, and use of supplements was
sporadic in this population. One previous cross-sectional study found a relationship between
dietary calcium intake and BMD (29), but these estimates were not adjusted for energy
intake. We believe the present study is the first longitudinal study to show that dietary
calcium intake is important for continued skeletal mineralization in young adult female

runners.



Paragraph 43. Whole body BMC was significantly increasing over the course of the
study in all menstrual groups, thereby indicating continued skeletal mineralization in this
age group. Amenorrheic and oligomenorrheic women who recovered their periods (through
OCs or spontaneously) gained whole body BMC and spine BMD (but not hip BMD) at a
faster rate than eumenorrheic women. This is promising in that it suggests a catch-up effect
whereby previously amenorrheic and oligomenorrheic athletes with reduced BMD can gain
bone in the third decade of life (9).

Paragraph 44. This is the first randomized trial to test whether OCs can protect
young female athletes against stress fractures. Our results are inconclusive, but show a trend
toward protection. In our intention-to-treat analysis, there was a non-significant 43%
reduction in stress fracture incidence among women randomized to OCs. The magnitude of
the effect was similar in eumenorrheic and oligo/amnennorheic runners. Follow-up, but not
baseline, menstrual irregularity was associated with a non-significant increase in fracture
risk.

Paragraph 45. The effect of OCs on stress fractures became stronger in both per-
protocol and treatment-received analyses. In our treatment-received analysis, women were
significantly protected against fractures (by 77%) whenever they were taking OCs, though
this estimate was weakened when we excluded fractures that occurred early in the trial (58%
reduction in risk, p=.20). Our finding may be due to chance or bias. We found that women
who switched from the control group to OC use were less likely to have a history of stress
fractures prior to joining the study. Thus, the type of woman runner who is willing to

continue on or chooses to take OCs may be less prone to fracture for other reasons.



Paragraph 46. OCs may protect against stress fractures by suppressing bone
turnover (25). During bone remodeling, bone resorption precedes bone formation,
temporarily leaving skeletal sites weakened and more vulnerable to fracture (2). OCs may
also protect against fracture through cumulative effects on BMD (2), but we found no
evidence of this in our trial. Finally, OCs may be acting on some other aspect of bone
quality that affects fracture risk.

Paragraph 47. Our findings are consistent with two previous observational studies
that found protective effects of similar magnitude. In a case-control study by Myburgh et al.
(20), current use of OCs was associated with a 76% reduction in the odds of stress fracture;
in a cross-sectional study by Barrow and Saha (1), ever use of OCs (for at least one year)
was associated with a 59% reduction in risk of ever having had a fracture. Our findings
differ from two prospective cohort studies that reported no benefit for OCs in track and field
athletes and female military recruits (3,23).

Paragraph 48. Even if OCs confer benefit, women at the highest risk of severe bone
deficits and stress fractures may be unwilling to take them. The amenorrheic women in our
study had the lowest BMD and were the least willing to take OCs; only one of eight
amenorrheic women assigned to OCs took them for the entire study period. Women with
disordered eating, considered the precipitating factor in the female athlete triad, were also
less likely to continue taking OCs, possibly driven by fear of weight gain.

Paragraph 49. Our study highlights the difficulty of conducting a randomized trial
of OC use in this population. Recruitment for this study took more than five years. Women
have strong personal preferences regarding OC use and are reluctant to leave this decision to

chance.



Paragraph 50. Even though this is the largest randomized trial yet of OCs in female
athletes (and the largest in oligo/amenorrheic athletes), the trial was likely underpowered for
both BMD and stress fracture outcomes, similar to the findings of Gibson et al. (11). Our
original sample size calculations greatly underestimated the number of women in the control
group who would switch to OCs during the trial, and we did not account for the women in
the oligo/amenorrheic group who would spontaneously regain periods and thus obscure our
ability to see effects. Despite our best efforts, 15 percent of the study sample provided no
follow-up data, which was slightly higher than initially anticipated. The rate of stress
fracture in the control group was also lower than anticipated. Based on our results, we
estimate that we in fact had only 20 percent power to detect an effect of OCs on stress
fractures in our intention-to-treat analysis. We estimate that 900 runners would be required
to have 80 percent power to detect an effect of OCs on stress fractures in a two-year trial of
female runners of any menstrual status. From our study, it is unclear if an adequately
powered trial for the effect of OCs on BMD (in oligo/amenorrheic athletes) is even possible;
effects may be completely obscured regardless of sample size because of the high rates of
women switching groups or spontaneously regaining menses. Based on their data, Gibson et
al. previously estimated that 1150 oligo/amenorheic athletes would be needed (11); given
the difficulties that we had recruiting for a trial of 150 runners of any menstrual status, we
believe it would be extremely difficult to enroll this many oligo/amenorrheic athletes.

Paragraph 51. We used an oral contraceptive with 30 ug ethinyl estradiol and 0.3
mg norgestrel. We cannot rule out that different dosages, different routes of administration

of hormones, or a different ratio of estrogen to progestin might have more beneficial effects



on the skeleton. For example, isolated case reports in amenorrheic women suggest
transdermal estrogen may confer more benefits to bone than oral estrogen (13,30).
Paragraph 52. We did not use a placebo control because of ethical considerations
and the high probability of unblinding, as most women would have figured out whether or
not they were on OCs by the timing of their menstrual cycles. We did not measure serum
hormone concentrations or markers of bone turnover, which may have added information to
the study, because these measurements were outside of the study’s scope and resources.
Because of our lack of hormone data, we cannot rule out that some cases of menstrual
irregularity were due to mechanisms other than hypothalamic suppression; such cases could
have contributed to our failure to find an effect for OCs. We did not have data on the
severity of stress fracture injury, which may have limited our ability to see effects. We
included stress fractures from multiple skeletal sites in our analysis; since OCs may
differentially affect different skeletal sites, this may also have obscured our ability to see
effects. Finally, our results may not apply to athletes in other sports, since only runners were

considered.

Paragraph 53. In summary, we found that OC use is not detrimental to BMD or
BMC in female runners and may protect against stress fractures. Our data suggest that
oligo/amenorrheic athletes with low BMD should be advised to gain weight, increase dietary
calcium intake, and consider taking OCs if they are unable to establish regular menses on
their own. However, we underscore that no clinical trials (including our own) have
definitively shown that hormone therapy or OCs increase (or prevent loss of) BMD or BMC
in this group. We conclude that it will be difficult to conduct a randomized trial that

definitively answers this question.
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TABLE 1. Mean % one standard deviation or percentage (number) with selected characteristic at

baseline, by treatment randomization.

Treatment randomization

Oral contraceptives

Control (n=81)

(n=69)
Age (yr) 223+£2.7 21.9+£2.6
Race/ethnicity
White 82.6% (57) 82.7% (67)
Asian/Pacific Islander 4.4% (3) 9.9% (8)
Hispanic 7.3% (5) 3.7% (3)
Black 2.9% (2) 0% (0)
Other 2.9% (2) 3.7% (3)

Clinical site
Stanford
Boston
Los Angeles
New York
Michigan
Hip BMD (g/cm?)
Spine BMD (g/cm?)
Whole body bone mineral content (g)

History of one or more stress fractures

53.6% (37)
17.4% (12)
15.9% (11)
10.1% (7)
2.9% (2)
0.986 £ 0.119
0.979 £ 0.098
2171+ 312

36.2% (25)

43.2% (37)
21.0% (17)
21.0% (17)

8.6% (7)
6.2% (5)
0.975+0.114
0.985+0.112
2146 + 279

33.3% (27)



Age at menarche (yr)
Total lifetime menstrual periods (no. cycles)
Menses in past year (no. cycles)
Irregular menses
Amenorrhea *
Oligomenorrhea

Ever used oral contraceptives

Height (cm)

Weight (kg)

Body mass index (kg/m?)

Body fat (%)

Daily caloric intake (kcal-day™)
Dietary calcium intake (mg-day™)
Total eating disorder inventory scoref
Age started running competitively (yr)

Average distance run per week, past year

(miles)

13.1+1.4
69 + 28

94+38

11.6% (8)
18.8% (13)
43.5% (30)
165.9 £ 6.6
582473
211+1.9
22.7+52
2250 + 893
1394 + 829
14.7 +14.7
14.1+3.8

348+ 10.5

13.0+ 1.5
67 + 30

9.5+3.1

6.2% (5)
29.6% (24)
40.7% (33)
165.4 £ 6.1
58.1+6.6
213420
233+54
2302 + 988
1412 + 670
10.6+11.8
143433

348+ 114

* 0-3 menstrual periods in the year before baseline.

1 4-9 menstrual periods in the year before baseline.

I Total eating disorder inventory score, which can range from 0-69, is the sum of the scores

from the anorexia, bulimia, and body dissatisfaction subscales, Garner and Olmstead (10).



TABLE 2. Selected follow-up measures and baseline characteristics according to

intervention adherence (where follow-up data were available).

Adherence
Characteristic Adherent to Switched Adherent to Switched
from
treatment treatment to control from control
control
(n=41) (n=14) (n=44) to treatment
(n=28)
Follow-up measure
Time in study (months) 242 +4.7 24.7+8.5 240+ 6.4 25,6+ 8.3
Time switched groups -- 54£5.6 -- 11.3£10.3
(months into study)
Oral contraceptive use 242 +4.7 54+ 5.6 0 144 £9.1
(months)
Baseline characteristic
Age (yr) 22.0+£2.7 222+28 22.1+£2.6 21.9+2.8
Hip BMD (g/cm?) 0.994£0.132 0.962£0.088 0.991+£0.115 0.977 £0.108
Spine BMD (g/cm?) 0.984+0.104 0.960+0.103 1.00£0.115 0.985+0.109
Whole body bone mineral 2157 £ 340 2192 £ 226 2166 +243 2181 £330

content (g)



History of one or more

stress fractures

Menses in past year (no.

cycles)

Irregular menses*
Amenorrhea
Oligomenorrhea

Weight (kg)

Body fat (%)

Total eating disorder

inventory score**

Evidence of prior or

current disordered eating”

34.2% (14)

10.8£2.3

2.4% (1)
14.6% (6)
58.6+7.6
23.7 +4.8

109+11.2

26.8% (11)

28.6% (4)

6.3+5.1%

35.7% (5)°
21.4% (3)
572+54
19.5 £ 6.11

17.4 £ 16.2

57.1% (8)#

38.6%(17)

9.6t£29

4.6% (2)
36.4% (16)
58.5+6.4
23.6+5.5

120+ 12.4

31.8% (14)

17.9% (5)*

94+34

7.1%(2)
25.0% (7)
58.4+6.6
23.0 £5.1

10.0£11.9

32.1% (9)

*p=.006, differs from control adherent group, chi-square test

Tp<.005, differs from treatment adherent group, Wilcoxon sum-rank test

*Amenorrhea was defined as 0-3 periods in the year before baseline; oligomenorrhea was

defined as 4-9 periods in the year before baseline

¥ p<.003, differs from treatment adherent group, Fisher’s exact test

|p<.05, differs from treatment adherent group, ttest

**Total eating disorder inventory (EDI) score, which can range from 0-69, is the sum of the

scores from the body dissatisfaction, anorexia, and bulimia subscales, Garner and Olmstead

(10).



TABLE 3. Annual rate of change* in spine and hip BMD (BMD) and whole body bone

mineral content (BMC) by treatment randomization, stratified on initial menstrual status.

Whole body BMC Spine BMD Hip BMD
(g/year = SE) (g/cm2/year + SE) (g/cm2/year + SE)

Amenorrheic’
Treatment (n=8) 16.1 £10.3 0197 +.0036° .0050 £+.0040
Control (n=5) 28.9+9.9l 0138 +.0049/ 0052 £ .0054
Treatment vs. Control -12.8+12.4 .0060 + .0061 -.0002 £+ .0067
Oligomenorrheic*
Treatment (n=13) 232+ 10.4] 0019 +.0037 -.0096 + .0033"
Control (n=24) 153 + 7.4/ 0076 +.0026" 0012 +.0023
Treatment vs. Control 8.1+12.8 -.0056 £ .0045 -.01076+ .0041!
Eumenorrheic
Treatment (n=48) 9.9 +39! .0022 +.0019 .0013 £.0017
Control (n=52) 37£34 .0002 £ .0016 -.0023 £.0015

Treatment vs. Control 6.2+52 .0020 +.0025 .0035 +.0022

" From linear mixed models, adjusted for age and clinical site.

" Amenorrhea was defined as 0-3 menses over the past 12 months.

: Oligomenorrhea was defined as 4-9 menses over the past 12 months.

¥ p<.0001, rate of change differs from 0.

|p<.05 , rate of change differs from O.

**p<.01, rate of change differs from 0.



TABLE 4. Treatment-received analyses: Adjusted annual rates of change in whole body
bone mineral content (BMC) and spine and hip bone mineral density (BMD) among women

with at least one follow-up DXA measurement, stratified on initial menstrual status.*

Whole body  Spine BMD Total hip

BMC (g/cm?*/year + BMD
(g/year + SE) (g/cm?*/year +
SE) SE)

Oligo/ amenorrheict (n=41)

Used oral contraceptives for at least 6 26.8 + 11.3% .0103 +.0043* .0068 +.0043
months (n=16) vs.

remained oligo/amenorrheic (n=11)

Regained periods spontaneously 349+ 11.5% 0113 £.0043% .0035 +.0043
(n=14) vs.

remained oligo/amenorrheic (n=11)

Baseline calcium intake (per 1 10.6 £4.9* .0020+.0018 .0048 +.0017*
standard deviation increase) *

Weight change (per 5 kg increase) 21.3+8.8¢ 0126 + .0063 +

0033/ 0033"

Eumenorrheic (n=83)




Used oral contraceptives for at least 6 59+5.6 .0027 £.0027 .0034 +.0024
months (n=50) vs. did
not use oral contraceptives for at least

6 months (n=33)

Baseline calcium intake (per 1 49427 .0020 + .0027 +.0011*
standard deviation increase) 3 0.0013
Weight change (per 5 kg increase) -3.6+103  .0060 +.0049 .0060 +.0043

* Annual rates of change are estimated from linear mixed models, adjusted for clinical site,

age, baseline weight, and all other predictors shown in the table.

tOligo/amenorrhea was defined as 0-9 menses in the year before baseline.

1 p<.05, rate of change differs from 0.




TABLE 5 Distribution of stress fractures* by site and mode of diagnosis.

Site of fracture Diagnostic test ~ Number
Tibia Bone scan 9
Tibia X-ray 1
Foot X-ray 3
Foot Bone scan 1
Foot MRI 1
Femur MRI 2
Pelvis X-ray 1

*Four women had two stress fractures during this study; only their first stress

fractures are included in this table.




Table 6. Effect of oral contraceptives on stress fracture according to type of analysis

Analysis Oral
contraceptives Control Hazard Ratio
(n=69) (n=81) (95%CD)*
Intention-to-treat analysis
Number of fractures 6 12
Time to fracture or censoring in 18.1+11.4 19.4 £11.2
months (mean = SD)
Rate of fracture, per woman-year 5.8 9.2
0.57 (0.18,1.83)
Per-protocol analysis®
Number of fractures 5 11
Time to fracture or censoring in 146+t11.5 147+11.3
months (mean = SD)
Rate of fracture, per woman-year 6.0 11.1

0.40 (0.11,1.49)

Treatment-received analyses

Took oral contraceptives > 1 month and still taking themj

0.23 (0.06,0.86)**

Took oral contraceptives > 3 months and still taking them®

0.42 (0.11,1.57)




*Adjusted by Cox proportional hazards model for age, clinical site, baseline menstrual
status, baseline spine BMD, and prior fracture. The Hazard ratios are for the oral
contraceptive group compared with the control group.

"This analysis censors women who switched groups at the time of switching.

1 Time-dependent variable that considers a woman to be in the oral contraceptive group only
after she has taken them for at least 1 month and has not stopped taking them.
‘Time-dependent variable that considers a woman to be in the oral contraceptive group only

after she has taken them for at least 3 months and has not stopped taking them.



Figure Legends

FIGURE 1. Flow of participants through the trial.

FIGURE 2. Annualized mean percent change in whole body bone mineral content (BMC),
spine and hip bone mineral density (BMD), and weight among oligo/amenorrheic women
according to follow-up menstrual status (graph displays mean * one standard error of the
mean):

e=Used oral contraceptives at least 6 months (n=16)

A =Spontaneously regained menses (n=14)

x=Remained oligo/amenorrheic (n=11)

*p<.05, different than women who remained oligo/amenorrheic, mixed models



FIGURE 1

150 Randomized

69 Were assigned to the OC group

81 Were assigned

to the control group

54 Provided at least one follow-up DXA
1 Provided stress fracture data only
14 Were lost to follow-up or withdrew

70 Provided at least one follow-up DXA
2 Provided stress fracture data only
9 Were lost to follow-up or withdrew

09 Included in primary analysis

81 Included in primary analysis
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ABSTRACT

Purpose: To identify risk factors for stress fracture among young female distance
runners. Methods: Participants were 127 competitive female distance runners, aged 18-
26, who provided at least some follow-up data in a randomized trial among 150 runners
of the effects of oral contraceptives on bone health. After completing a baseline
questionnaire and undergoing bone densitometry, they were followed an average of 1.85
years. Results: Eighteen participants had at least one stress fracture during follow-up.
Baseline characteristics associated (p<0.10) in multivariate analysis with stress fracture
occurrence were one or more previous stress fractures (rate ratio [RR] [95% confidence
interval] = 6.42 (1.80-22.87), lower whole-body bone mineral content (RR =2.70 [1.26-
5.88] per one standard deviation [293.2 grams] decrease), younger chronologic age (RR =
1.42 [1.05-1.92] per one year decrease), lower dietary calcium intake (RR = 1.11 [0.98-
1.25] per 100 mg decrease), and younger age at menarche (RR = 1.92 [1.15-3.23] per one
year decrease). Although not statistically significant, a history of irregular menstrual
periods was also associated with increased risk (RR =3.41 [0.69-16.91]). Training-
related factors did not affect risk. Conclusion: The results of this and other studies
indicate that risk factors for stress fracture among young female runners include previous
stress fractures, lower bone mass, and, although not statistically significant in this study,
menstrual irregularity. More study is needed of the associations between stress fracture
and age, calcium intake, and age at menarche. Given the importance of stress fractures to
runners, identifying preventive measures is of high priority. Key words: BONE MASS;

EPIDEMIOLOGY; FEMALE ATHLETES; LONG DISTANCE RUNNERS



INTRODUCTION

Paragraph 1. Stress fractures are common among young female competitive athletes,
especially in track and field (17). Reported one-year incidence rates in competitive track
and field athletes have ranged from 8.7% (22) to 21.1% (5) in females and males
combined, the variation probably depending in part on the sensitivity of the methods used
to detect stress fractures. Incidence rates appear to be similar in female and male track
and field athletes (5, 22). It is generally agreed that current or past menstrual irregularity
is a risk factor in female athletes (2, 6, 7, 9, 21, 22). Results from studies of female or
female and male athletes are contradictory regarding the associations of stress fractures
with age (4), lower bone mineral density or lean body mass (6, 7, 9, 22), late age at
menarche (4, 6, 7, 9, 21), not using oral contraceptives (4, 7, 21), low body weight (7,
22), disordered eating (6, 7, 22), and low calcium and dairy product intake (6, 7, 21).
Individual studies have reported leg length discrepancy (6), low dietary fat intake (6), and
a history of stress fracture (22) to be risk factors, but confirmation in other investigations
is needed. Many of these results are based on small numbers of study subjects, some
have collected information retrospectively, and most do not use multivariate methods of
statistical analysis to determine which of these attributes are independent predictors of
stress fracture. A recent review in fact concluded that data regarding the epidemiology of
stress fractures in athletes are “lacking,” except that stress fractures usually occur among
those participating in sports with repetitive weight-bearing activity (29). Also, risk factors
may not be the same for all athletes, so studies focusing on specific sports may provide

particularly useful information for participants in that sport.



Paragraph 2. Studies of stress fracture in female or female and male military recruits and
trainees have also produced somewhat inconsistent and tentative results. Possible risk
factors include increasing age (19, 27), a small thigh girth (1), lower aerobic fitness (24),
no or only a small amount of lower extremity weight training in the past year (24), lack of
menstrual cycles in past year (24), and, in a large prospective study (19), lower bone
mineral density, weight loss, alcohol consumption of more than 10 drinks per week,
cigarette smoking, weight bearing exercise, lower adult weight, corticosteroid use, use of
depo-medroxyprogesterone acetate, and lack of past regular exercise. Two retrospective
studies have reported no association between stress fracture occurrence and bone mineral
density or bone mineral content (1, 10), and a few studies have found no association with
menstrual frequency or age at menarche (1, 19), calcium intake or dairy food
consumption (10, 19), and eating disorders (1). In addition to methodologic limitations in
some of these studies, risk factors in military recruits and trainees may have limited

relevance to women who have been running competitively for several years.

Paragraph 3. In this paper we use data collected during the course of a randomized trial
of the effect of oral contraceptives on bone health to identify other factors that predict
stress fractures in young female long-distance runners. Results of the randomized trial

are presented in a companion paper.

METHODS



Paragraph 4. Study Population: The study population for these analyses consists of
127 competitive female cross-country runners between the ages of 18-26 years at baseline
who participated in a randomized trial to examine whether use of oral contraceptives
protects against loss of bone mass and stress fracture occurrence. Recruitment took place
between August 1998 and September 2003. One hundred fifty runners had been recruited
for the trial from intercollegiate cross-country teams, post-collegiate running clubs, and
road race participants, of whom 127 (85%) provided some follow-up information. Of
these, 57 were collegiate runners and 70 post-collegiate runners. At the time of
recruitment, most lived in the vicinities of the sites at which bone densitometry was
undertaken: Stanford CA, Los Angeles CA, West Haverstraw NY, Ann Arbor MI, and
Boston MA. To be eligible, women had to run at least 40 miles per week during peak
training times, had to compete in races, could not have used oral contraceptives or other
hormonal contraceptives within six months of entering the study, and had to be willing to
be randomized and to have no contraindications to oral contraceptive use. The size of the
study population was based on the number needed to provide adequate statistical power
for the randomized trial, not for the comparisons presented in this paper. Details of the
study and testing procedures were explained to each subject, and a written, informed
consent was obtained. The 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, the Massachusetts General Hospital, the U.S. Army
Medical Research and Materiel Command, and the colleges at which participants were

recruited.



Paragraph 5. Data Collected at Baseline: At each of the five clinical sites, height and
weight were measured using standard stadiometers and balance-beam scales,
respectively. Body mass index (BMI) (kilograms per meter”) was calculated from these
measurements. Body composition (lean body mass and fat mass) and bone mineral
content (grams) and bone mineral density (grams/centimeter”) at the left proximal femur,
spine, and whole body and were measured by dual energy x-ray absorptiometry (DXA,
Hologic QDR 4500A at 4 sites, QDR 2000W at one site). The coefficient of variation for
measuring the bone mineral density at the hip and spine in same person after leaving and
then returning to the measuring table on the same day was less than 2% at each of the
clinical sites. For most of the period of data collection, machines were cross-calibrated
using a circulating Hologic anthropomorphic spine phantom, and each site maintained a

quality assurance program.

Paragraph 6. A self-administered baseline questionnaire was used to obtain information
about several other variables of interest. Demographic information included age and
race/ethnicity. Women were asked their age when they first started competing for a
running team and number of cross country seasons in which they had competed. They
were asked to record the number of miles they ran per week during each competitive
season (fall cross-country, winter track, spring track) and off-season (summer) in the
previous year. From this information an average number of kilometers run per week was
computed for the past year. Participants were asked what percentage of the distance was

on pavement or concrete.



Paragraph 7. Women were asked to give a complete history of previous stress fractures
that had occurred prior to baseline. They had to report confirmation by x-ray, bone scan,
or magnetic resonance imaging for the stress fracture to be counted in these analyses.
Eighteen women did not know whether they had experienced a previous stress fracture.
These women are assumed not to have had a stress fracture in the analyses presented

here.

Paragraph 8. Participants were asked to record their age at menarche and the number of
menses they had in the previous 12 months. Women were classified as having current
menstrual irregularity if they were oligomenorrheic (defined as 4-9 cycles in the past
year) or amenorrheic (defined as fewer than 4 cycles in the past year). Women were also
asked whether they had had 0, 1-3, 4-9, or 10-13 menses during each year after
menarche. They were categorized as having a history of menstrual irregularity if they
had ever been amenorrheic or oligomenorrheic since the year of menarche. Hormone
concentrations were not measured, as this was beyond the scope of the study. A

complete history of oral contraceptive use was obtained.

Paragraph 9. A modified version of the 97-item National Cancer Institute Health Habits
and History food frequency questionnaire (8) was used to estimate usual nutrient intake
during the previous six months. One of the modifications to the questionnaire was the
inclusion of additional food items that were likely to be consumed by young athletes and
that contained relatively high amounts of calcium. Only dietary calcium intake is

included in the analyses presented in this paper. Use of calcium supplements tended to be



inconsistent and of short duration, and was not measured precisely enough for inclusion
in these analyses. Three subscales (drive for thinness, bulimic tendencies, and body
dissatisfaction) of the Eating Disorder Inventory (EDI) were used to identify subclinical
eating disorders (3, 14, 15). A total EDI score was computed by summing the scores on
each of the three EDI subscales. In the present study Cronbach’s alpha for the three
subscales was 0.79, indicating that the scores for the three subscales were to a large

extent consistent with the total score.

Paragraph 10. Ascertainment of Stress Fracture Occurrence during Follow-up:
Participants were asked to record the occurrence of a possible stress fracture on a
monthly calendar and also to report their occurrence to us immediately. The fracture had
to be confirmed by x-ray, bone scan, or magnetic resonance imaging to be counted in this
study. All reported stress fractures were in fact confirmed. The study paid for the
imaging as needed. Participants were also queried periodically about the occurrence of
stress fractures by e-mail, phone, and on their questionnaires. No additional stress
fractures were reported as a result of these queries. No physical examinations were

undertaken if a possible stress fracture was not reported.

Paragraph 11. Other Aspects of Follow-up: Participants were asked to return for bone
densitometry and measurement of body composition, height, and weight one year and
two years after baseline measurements. At this time they were asked to fill out a
questionnaire covering most of the areas included at baseline, and every six months they

filled out another food frequency questionnaire. This information is not, however, used



in the present analyses. Because the data were updated only at yearly intervals (or in the
case of dietary intake at six month intervals), it was generally not possible to know
whether any changes preceded or followed stress fracture occurrence, and therefore it

was impossible to differentiate cause from effect.

Paragraph 12. In addition, in this young, mobile, and preoccupied population, not all
participants had measurements made at the time requested. As mentioned above, no
follow-up information at all was available for 23 (15%) of the original 150 women seen
at baseline, and some were followed for less than two years. Baseline characteristics of
those lost to follow-up were generally similar to those retained in the cohort, except that
those lost to follow-up were more likely to have a history of stress fracture prior to
baseline (52% vs. 32%, p=0.05). Among those who continued to participate in the study,
we set a four-year limit as to how long we would wait for them to report for their follow-
up visits. Only four runners had their final follow-up visit during the fourth year. Also,

we included stress fractures that occurred up to one month after the final follow-up visit.

Paragraph 13. Statistical Analysis: Analyses were carried out with the SAS statistical
package, version 8.02 (SAS Institute, Cary NC). Cox proportional hazards models were
used to compute rate ratios for the rate of a first stress fracture during follow-up among
those with a given characteristic divided by the rate of a first stress fracture during
follow-up among those without the characteristic. Cox models were also used to estimate
rate ratios according to the level of a characteristic and to compute rate ratios for one

variable while controlling for the effects of other characteristics. Except for descriptive



information on the study population, all analyses controlled for clinical assessment site
and group to which a participant was randomized. Additional control on actual oral
contraceptive use during follow-up did not materially change any of the results. An
examination of the degree of skewness of the variables indicated that none needed to be

transformed.

RESULTS

Paragraph 14. The 127 participants were followed for stress fracture occurrence for a
total of 2824 months, or an average of 1.85 years per woman. The age at baseline of the
127 runners ranged from 18 to 26 years, with a mean of 22.0 years. Table 1 provides
other descriptive statistics on the cohort at baseline. About 83% were white, and their
average body mass index was 21.2 kg/m”. Almost 31% reported having previously had
one or more definite stress fractures, 57% had a history of menstrual irregularity, and

40% had previously used oral contraceptives.

Paragraph 15. Eighteen of the 127 runners had at least one stress fracture, for an average
of 7.7 first stress fractures during the follow-up period per 100 person-years of follow-up.
Ten of the first stress fractures occurred in the tibia, six in the foot, and two in the femur.
Four runners had a second stress fracture: two in the tibia, one in the foot, and one in the

femur.



Paragraph 16. Various factors were associated with elevated rate ratios for stress
fracture during the follow-up period (Table 2). Women with a previous stress fracture had
more than a five-fold higher rate of stress fracture during follow-up than women without
such a history. Various indicators of lower bone mass were associated with an increased
rate of stress fracture. For instance, for each standard deviation decrease (293.2 grams)
in whole body bone mineral, the rate of stress fracture increased by almost twofold.
Other factors associated (p < 0.10) with an increased rate of stress fracture were lower
average daily dietary calcium intake and daily servings of dairy products, younger age at
menarche, lower lean body mass, and lower weight. Younger age, shorter height, lack of
previous oral contraceptive use, and a history of menstrual irregularity were also
associated with increased rates of stress fracture, but these trends were not statistically
significant. Little association was seen for current menstrual irregularity, percent body
fat, BMI, age started running competitively, total competitive seasons run, kilometers run

per week in past year, and total eating disorder inventory score from the three subscales.

Paragraph 16a. We attempted to examine whether previous stress fractures at certain
sites were particularly strong predictors of stress fracture during follow-up. Numbers
were small and confidence intervals very wide, but for the most common sites of
previous stress fracture the point estimates of the rate ratio were quite similar: previous
foot fracture 6.11 (2.11-17.68); previous tibia fracture: 7.91 (2.77-22.59); previous femur

fracture: 6.78 (1.60-28.74); and previous fibula fracture: 6.98 (0.63-77.09).



Paragraph 17. We used a multivariate Cox model to identify variables that predicted
stress fracture independently of the other variables under consideration. The various
indicators of bone mass at different skeletal sites were highly correlated with each other,
and we selected whole-body bone mineral content for our primary multivariate model
because of the strength of its association with stress fracture, the multiple skeletal sites at
which stress fractures can occur, and the limitations of using bone mineral density as a
measure of bone mass, particularly when growth is still occurring (16). We subsequently
present another model in which hip bone mineral density is used in place of whole-body
bone mineral content because some readers will have a preference for that measure.
Daily calcium intake and servings of dairy products were highly correlated (r = 0.83), and
we chose dietary calcium intake for the multivariate model. Lean body mass was
sufficiently highly correlated with bone mineral content that it could not be included in
the same model. Accordingly, age, height, weight, history of stress fracture, age at
menarche, history of menstrual irregularity, whole-body bone mineral content, and daily
calcium in the diet were considered for inclusion in a multivariate model, along with
certain other variables. Those significant at p < (.10, and also a history of menstrual
irregularity, for which the rate ratio was consistent with other studies even though p >

0.10, were included in the model presented here.

Paragraph 18. In the multivariate analysis (Table 3), a history of stress fracture was still
a strong predictor of a future stress fracture, along with lower whole-body bone mineral
content, decreasing age, younger age at menarche, and lower dietary calcium intake. A

history of irregular periods was also associated with an increase rate of stress fracture,



although not statistically significantly so. Height, weight, BMI, percent body fat, age
started running competitively, total competitive seasons run, kilometers run per week in
past year, and total eating disorder inventory score did not predict stress fracture

occurrence when entered into the multivariate analysis.

Paragraph 19. When hip bone mineral density was substituted for whole-body bone

mineral content in the multivariate model, similar results were obtained (Table 4).

DISCUSSION

Paragraph 20. To our knowledge only one other study in runners, presented in abstract
form (22), has examined whether a history of stress fracture predicts future stress
fracture, and a positive association was found. A study in military recruits (24) reported
an increase in risk that did not reach statistical significance. The rate ratio of 6.42 (1.80-
22.87) associated with one or more previous stress fractures in the multivariate analysis
here indicates that particular attention should be paid to this history, as these individuals
appear to be at especially high risk of additional stress fractures. Our results also indicate
that a history of stress fractures is a marker of susceptibility above and beyond its
association with bone mineral content or density and the other variables included in the
multivariate analyses. Runners and their coaches should be made aware of the high risk
for additional fractures, should try to identify the reason for the high risk, and make

changes so as to reduce that risk.



Paragraph 21. Our finding that lower bone mass is associated with an increased risk for
stress fracture is consistent with other prospective studies carried out in competitive
athletes (6, 22) and military recruits (19). Thus, it is likely that lower bone mass is

indeed predictive.

Paragraph 22. Several previous studies in competitive athletes and military recruits have
reported that current or past menstrual irregularity is associated with an increased risk for
stress fracture (2, 6, 7,9, 21, 22, 24). Our rate ratio of 3.41 (0.69-16.91), although not
statistically significant, is consistent with these other reports. Studies not finding this
association had very small numbers of amenorrheic participants (19) or had participants
with only short periods of amenorrhea (10). Menstrual irregularities often occur in
association with low serum estrogen concentrations and are known to be related to low
bone mineral density and low serum concentrations of bone formation markers (12, 20,
23, 30). The results of our multivariate analysis suggest that a history of menstrual
irregularity may have additional adverse effects on bone health beyond its associations
with lower bone mineral content and density. Efforts should be made to identify reasons

for the menstrual irregularities, such as inadequate diet, and appropriate changes made.

Paragraph 23. Low calcium and dairy product intake has been associated with decreased
bone mineral density in young adult women (25). One previous study in competitive
athletes found lower calcium and dairy product intake to be associated with an increased
risk for stress fracture (21). Also, a report available in abstract form (18) from a recent

randomized trial of supplementation with 2000 mg calcium and 800 International Units



(IU) of Vitamin D among female Navy recruits in basic training, found that in just eight
weeks the supplemented group had a 27% lower incidence of stress fracture than the non-
supplemented group, using a per protocol statistical analysis. On the other hand, another
observational study in track and field athletes (6) and other observational studies in
military recruits (10, 19) have not shown any protective effect. Among the studies
showing no effect, the prospective study of Bennell et al. (6) reported that most of the
track and field athletes had high intakes of dietary calcium, and were thereby possibly
already receiving whatever protection dietary calcium provides against stress fracture.
The questionnaire used in another study (19) assessed only whether the recruits had at
least one serving of milk, cheese, or yogurt per day, and thus did not attempt to collect
detailed quantitative information on calcium intake. The other study (10) asked soldiers
to recall diet during adolescence, and errors in recall would have been likely. Thus,
uncertainty remains about the role of lower calcium intake on stress fracture occurrence.
In our study lower dietary calcium and dairy product intake were associated with an
increased risk of stress fracture independently of their association with bone mineral
content or density. Some other aspect of bone strength may be affected by calcium intake
as well. For instance, insufficient dietary calcium would also be expected to result in
inadequate repair of microdamage (21) or may have a detrimental effect on some aspect
of bone geometry, such as cortical thickness (26), and thereby increase the risk for stress

fractures.

Paragraph 23a. Increasing calcium intake in those consuming inadequate amounts would

be a relatively easy preventive measure to implement, so determining its importance with



more certainty is of high priority. More research should be undertaken to determine the
optimal level of calcium intake of distance runners and of athletes in general. The
protection indicated by the randomized trial of 2000 mg per day of calcium with 800 TU
per day of Vitamin D in Navy recruits (18) might indicate that among highly active
young women such as military recruits and competitive distance runners, higher levels of
calcium intake are needed than the recommended dietary allowance of 1300 mg/day for
those of ages 9-18 years and 1000 mg/day for those of age 19 years and older in the

general population.

Paragraph 24. Whether increasing age is associated with a greater risk, a reduced risk, or
no change in risk for stress fracture has been controversial (4). Across the age range of
18-26 years considered in this study, it would be expected that younger runners would
have higher stress fracture rates because bone mass is still gained through the third
decade of life (25). It should also be noted that the decreasing stress fracture rate with
increasing age in the present study was seen only in the multivariate analysis when we

accounted for a history of stress fracture.

Paragraph 25. Other studies of athletes in this age group (4, 6, 7, 9, 21) have found either
a positive association between age at menarche and stress fracture risk or no association.
In contrast, we found that younger age at menarche was associated with a higher rate of
stress fracture. Most studies, but by no means all (reviewed in 4, 13), have found that age
at menarche is inversely correlated with bone mineral density and bone mineral content,

but in the present study we found that age at menarche had only a slight inverse



correlation with whole-body bone mineral density (r=-0.13, p=0.12), but no correlation
with whole-body bone mineral content (r=0.03, p=0.76). If later age at menarche results
in later maturation and consolidation of bone, one would expect higher rates of stress
fracture with later age at menarche, as reported by others. It is possible that some other
aspect of bone strength associated with late age at menarche is playing a role in the
decreased risk found in our study. Among the determinants of bone strength are bone
size, cortical thickness and porosity, the number of trabeculae, trabecular thickness and
connectedness, tissue mineral content, the presence of microfractures, and the direction
and extent of cross-linking of collagen (28). Further studies are needed before any

definitive conclusions are reached.

Paragraph 26. Although we previously reported an association at baseline between
disordered eating and low bone mineral density among eumenorrheic runners (11), no
association between disordered eating and subsequent stress fracture occurrence was seen
in these analyses. Numbers of stress fractures, however, were too small to consider the

rates of stress fracture by menstrual status and eating disorder status simultaneously.

Paragraph 27. Finally, we did not find training-related factors to be important, including
age started running competitively, total competitive seasons run, miles run per week in
past year, and miles run on concrete or pavement. The number of stress fractures was too
small to enable us to examine these factors in detail, but the results of the present study
are consistent with those reported by others (6, 21). Although it does not appear that

training-related factors are important in the etiology of stress fracture at least among



athletes who have been participating in their sport for several years, more study with
larger numbers of stress fractures and with more variation in length and type of training is

needed before definitive conclusions are reached.

Paragraph 28. Our prospective study had the advantage of collecting information on
possible risk factors before the occurrence of the stress fractures, thus eliminating the
possibility of biased recall once a stress fracture has occurred. In addition, all
participants were from one sport, cross-country running, thus eliminating sport as a
potential source of variation. On the other hand, our study population was of modest
size, and the number of stress fractures was only 18. Accordingly, we could not identify
small increases or decreases in risk. Because of limited resources, physical examinations
were not conducted on those who did not report possible stress fractures, and
measurements of serum hormone concentrations were not made on any participants.
Also, despite our best efforts, we had no follow-up information on 15% of the original
participants. We found this age group, with its high degree of mobility and changing
interests over time, to be particularly challenging to retain in a longitudinal study.
Because the major objective was to conduct a randomized trial of the effect of oral
contraceptives, we did not collect information on a wide spectrum of possible risk
factors. In addition, it should be emphasized that we did focus on only one sport. None
of the risk factors identified is specific to cross-country track, and evaluating these risk

factors in athletes in other sports could give wider applicability to our findings.



Paragraph 29. In conclusion, the results of our study and those of others indicate that
young female runners with previous stress fractures, lower bone mass, and a history of
irregular menstrual periods are at high risk for stress fracture and should be carefully
monitored. Although the evidence is not definitive, high calcium intake should be
encouraged. The relation between age at menarche and risk for stress fracture is unclear,

and needs further study.
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TABLE 1. Mean + one standard deviation or percentage with selected characteristic at

baseline

Characteristic

Mean * 1 Standard Deviation or

Percentage

Age (years) 220+2.6
Height (cm) 1659 £6.1
Weight (kg) 583 +£6.7
Body mass index (kg/m?) 212 £1.9
Percent body fat 23.0+5.3%
Race/ethnicity

White 83.5%

Hispanic 3.9%

Asian/Pacific Islander 8.7%

Black 0.8%

Other 3.1%
Age started running competitively (years) 142 £3.5
Total number seasons run competitively 11.9+6.8
Average distance run per week, past year (km) 55.5+18.0

Percent of distance on pavement or concrete

65.6 £22.1%



History of one or more stress fractures 30.7%
Age at menarche (years) 13.1+1.5
History of menstrual irregularity™® 57.1%
Menstrual irregularity (past year)f 33.1%
Ever used oral contraceptives 39.7%
Total eating disorder inventory scoref 11.8+ 124
Whole-body bone mineral content (g) 2169.3 +£293.2
Bone mineral density (g/cm?)

Hip 0.986 +0.116

Spine 0.988 +£0.108

Whole body 1.111 +£0.084

Daily dietary calcium intake (mg)

1357.5+681.4

* < 9 menstrual periods in any year, excluding the year of menarche.

1 <9 menstrual periods in the year before baseline.
I Total eating disorder inventory score, which can range from 0-69, is the sum of the

scores from three subscales. See Garner and Olmstead (14).



TABLE 2. Adjusted* rate ratios (and 95% confidence interval) for associations between

selected characteristics and stress fracture

Characteristic Rate Ratio (95% CI)
Age (per year younger) 1.12 (0.89,1.41)
Height (per cm shorter) 1.04 (0.96, 1.12)
Weight (per kg decrease) 1.08 (0.99, 1.16)
Body mass index (per kg/m” decrease) 1.20 (0.90, 1.61)
Percent body fat (per 5 % increase) 1.16 (0.71, 1.89)
Lean body mass (per kg decrease) 1.14 (1.01, 1.28)
Age started running competitively (per year younger) 1.01 (0.93, 1.10)
Total number competitive seasons (per season) 1.01 (0.93, 1.10)
Average distance run per week, past year (per 10 km 1.08 (0.81, 1.45)
increase)

Percent distance on pavement or concrete (per 5% 1.05 (0.94, 1.18)
decrease)

History of one or more stress fractures (yes/no) 5.24 (1.88, 14.49)
Number of previous stress fractures (per each previous 1.59 (1.15,2.19)
fracture)

Age at menarche (per year younger) 1.37 (0.97, 1.92)

History of menstrual irregularityt (yes/no) 1.90 (0.66, 5.51)



Menstrual irregularity in past year (yes/no) 1.05 (0.38, 2.89)
Never used oral contraceptives (yes/no) 2.22 (0.65, 7.69)
Total eating disorder inventory score§ (per 5 units) 1.03 (0.86, 1.24)
Whole-body bone mineral content (per standard deviation 1.79 (1.02, 3.13)
decrease, where 1 standard deviation = 293.2 g)

Hip bone mineral content (per standard deviation decrease, 1.69 (0.95, 2.94)
where 1 standard deviation = 5.78 g)

Spine bone mineral density (per standard deviation 1.89 (1.04, 3.45)
decrease, where 1 standard deviation = 0.11 g/cm?)

Hip bone mineral density (per standard deviation decrease, 1.45 (0.81, 2.56)
where 1 standard deviation = 0.12 g/cm?)

Whole body skeletal area (per standard deviation decrease, 1.89 (1.06. 3.33)
where 1 standard deviation = 166.8 cm?)

Daily dietary calcium intake (per 100 mg decrease) 1.08 (0.99, 1.18)

Daily servings of dairy products (per one serving decrease) 1.41 (1.01, 1.96)

*Adjusted by Cox proportional hazards model for clinical site and treatment group
assignment.

1 <9 menstrual periods in any year, excluding the year of menarche.
1 <9 menstrual periods in the year before baseline.
§ Total eating disorder inventory score, which can range from 0-69, is the sum of the

scores from three subscales. See Garner and Olmstead (14).



TABLE 3. Multivariate adjusted* rate ratios (and 95% confidence intervals) for
associations between selected characteristics and stress fracture, whole body bone

mineral content used as measure of bone mass

Characteristic Rate Ratio (95% CI)
Age (per year younger) 1.42 (1.05, 1.92)
History of one or more stress fractures (yes/no) 6.42 (1.80, 22.87)

Whole-body bone mineral content (per standard deviation 2.70 (1.26, 5.88)

decrease, where 1 standard deviation =293.2 g)

Daily dietary calcium intake (per 100 mg decrease) 1.11 (0.98, 1.25)
Age at menarche (per year younger) 1.92 (1.15,3.23)
History of menstrual irregularity{ (yes/no) 3.41 (0.69, 16.91)

*Adjusted by Cox proportional hazards model for clinical site, treatment group
assignment, and all the other variables in the table.

1 <9 menstrual periods in any year, excluding the year of menarche.



TABLE 4. Multivariate adjusted* rate ratios (and 95% confidence intervals) for
associations between selected characteristics and stress fracture, hip bone mineral

density used as measure of bone mass

Characteristic Rate Ratio (95% CI)
Age (per year younger) 1.42 (1.03, 1.95)
History of one or more stress fractures (yes/no) 6.71 (1.93, 23.35)

Hip bone mineral density (per standard deviation decrease,  2.16 (1.04, 4.48)

where 1 standard deviation = 0.12 g/cm?)

Daily dietary calcium intake (per 100 mg decrease) 1.09 (0.97, 1.23)
Age at menarche (per year decrease) 1.61 (1.04, 2.49)
History of menstrual irregularityt (yes/no) 3.10(0.70, 13.74)

*Adjusted by Cox proportional hazards model for clinical site, treatment group
assignment, and all the other variables in the table.

1 <9 menstrual periods in any year, excluding the year of menarche.
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Female Runners, Elizabeth Procter-Gray,...et al.



ABSTRACT

Purpose: To determine the effect of oral contraceptives (OCs) on body weight, fat mass,
percent body fat, and lean mass in young female distance runners. Methods: The study
population consisted of 150 female competitive distance runners aged 18-26 years who
had participated in a randomized trial of the effect of oral contraceptives (30 pg ethinyl
estradiol and 0.3 mg norgestrel) on bone health for an intended two years. As part of this
trial, weight and body composition were measured approximately yearly by balance-
beam scales and dual energy x-ray absorptiometry, respectively. Results: Women
assigned to OCs gained slightly less weight than control women (adjusted mean
difference (AMD) =-0.54 + 0.31 kg/year, p=0.09) and tended to gain less fat (AMD =
-349.1 + 250.0 g/year, p=0.16), regardless of baseline menstrual status. OC assignment
was associated with a significant gain in lean mass relative to controls among
eumenorrheic women (AMD = 771.8 + 172.3 g/year, p<0.0001), but not among women
with fewer than 10 menstrual cycles in the year prior to baseline (AMD = 16.2 + 346.7
g/year, p=0.96). Treatment-received analyses yielded similar results. Conclusion: The
results of this randomized trial confirm previous findings that OCs do not cause weight or
fat gain, at least among young female runners. Further study is needed to evaluate our
finding that OC use is associated with lean mass gain in eumenorrheic, but not in
amenorrheic and oligomenorrheic, runners. Key words: RANDOMIZED TRIAL;

WEIGHT; FAT; LEAN MASS; LONG DISTANCE RUNNERS



INTRODUCTION

Since the U.S. Food and Drug Administration (FDA) approval of the
contraceptive pill in 1960, its popularity among women has attested to its general
effectiveness and tolerability. According to Centers for Disease Control and Prevention,
11.6 million women used oral contraceptives (OCs) in the United States in 2002, making
it the most common method of birth control." However, questions remain among
scientists, health care providers, and users regarding possible side effects.

Especially among young women, fear of weight gain (or body fat gain) has been

2,3,4,5,6

cited as a primary reason for avoiding oral contraceptive use. Many studies have

investigated the oral contraceptive-weight gain connection, and results have varied from a

9,10, 11,12,13,14 .
2P SRS Tna review of 42

positive OC-weight gain association " ® to no association.
randomized controlled trials, Gallo et al."> concluded that the evidence is insufficient to
rule out an association, but no large effect is evident, and no dose-response relationship is
observed between estrogen use and weight gain. Gallo et al. described several
mechanisms that have been hypothesized to account for weight gain with OCs, including
fluid retention, increased subcutaneous fat, and anabolic or psychological effects on
appetite. Further investigation of this matter is warranted, as it may affect the decision-
making of teenagers and young women in need of a reliable form of birth control. Also,
any association between OCs and body composition may be of special interest among the
population of female runners, as it may affect their running performance.

This paper investigates the changes in weight and body composition in female

competitive runners who were recruited for a randomized trial designed primarily to



assess the effect of oral contraceptives on bone mineral density and stress fracture

incidence.

METHODS
Participants and recruitment

Details of the study methodology have been described by Cobb et al. '® One
hundred fifty competitive female runners were recruited between August 1998 and
September 2003 from inter-collegiate cross country teams, post-collegiate running clubs,
and road races mainly in the geographic areas of Palo Alto, CA, Los Angeles, CA, Ann
Arbor, M1, West Haverstraw, NY, and Boston, MA. To be eligible, women had to be 18-
26 years old, run at least 40 miles/week during peak training times, and compete in
running races. Exclusion criteria included medical contraindications to OC use,
unwillingness to be randomized to OC use or non-use, and any use of OCs or other
hormonal contraception within the past six months. All women were required to visit a
study physician or student health service staff member prior to enrollment to rule out
contraindications to OC use. Written informed consent was obtained from each subject
after she received a detailed explanation of the study procedures. The protocol was
approved by the Institutional Review Boards of the U.S. Army Medical Research and
Materiel Command, the colleges from which participants were recruited, and the clinical
sites: Stanford University, the University of California Los Angeles, the University of

Michigan, the Helen Hayes Hospital, and the Massachusetts General Hospital.



Randomization and intervention

Eligible women were randomly assigned to receive OCs or no intervention for
an intended 2 years, stratified according to clinical site. An independent investigator who
was not otherwise affiliated with the study performed the randomization using a random
number table. The OC pill assigned in this study was Lo/Ovral (Wyeth Ayerst, 28-day
pack), which contains 30 pg ethinyl estradiol and 0.3 mg norgestrel. For ethical reasons,
neither the athletes nor prescribing physicians were blinded to treatment assignment, and

no placebo was used.

Data collection and follow-up

At baseline, participants visited one of the clinical sites for measurement of
bone mineral density, body composition, height, and weight. Height and weight were
measured using standard stadiometers and balance-beam scales, respectively. Body
composition (fat mass, percent body fat, and lean mass) was measured by dual energy x-
ray absorptiometry (DXA; QDR 4500A, Hologic). All women were asked to refrain
from heavy physical activity 24 hours prior to measurement in order to minimize
fluctuations in hydration level.

Participants also filled out questionnaires on menstrual history, previous use of
OCs, injury and stress fracture history, training regimen, diet, eating attitudes, and eating
behaviors, as previously described.!” Women were classified as amenorrheic,
oligomenorrheic, or eumenorrheic based on the number of menses they reported having
in the previous 12 months. Amenorrhea was defined as 0-3 cycles in the past year;

oligomenorrhea as 4-9 cycles in the past year; and eumenorrhea as 10 or more cycles in



the past year. Participants were asked to return one year and two years later to repeat
these measurements and questionnaires.

Of the 150 women randomized, 124 (83%) attended at least one follow-up
appointment and 96 (64%) participants attended both, at an average of 14.4 months
(median: 13.1 months) and 26.6 months (median: 25.4 months), respectively, after
baseline. Baseline characteristics of the participants with no follow-up data were similar
to those with follow-up data, except that those with no follow-up were more likely to
have a history of stress fracture prior to baseline (52% vs. 32%, p=0.05). Between clinic
visits, participants filled out a monthly calendar on which they recorded menstrual

bleeding and the use of OC pills.

Ascertainment of compliance

Women in the treatment group were asked to report if and when they
discontinued taking the study medication. Treatment compliance was also monitored
through return of used pill packs, monthly calendars, and yearly questionnaires. If a
woman reported having discontinued treatment, she was contacted by a research assistant
to determine if and when OCs were discontinued and the reason why. Similarly, women
in the control group were asked to contact us if they were planning to start an OC. If so,
they were encouraged to take the study pill (Lo/Ovral) or a pill with a similar dose of
estrogen. Compliance was also monitored on monthly calendars and yearly
questionnaires. If a woman reported having started OCs, she was contacted by a research
assistant to obtain the date of starting OCs, as well as the formulation and the reason for

starting them.



Statistical design and analysis

The study was powered to detect differences in bone mineral density and stress
fracture occurrence between the OC group and control group, as these were the outcomes
of the primary study, rather than to detect differences in rates of change in weight or body
composition. Statistical analyses were performed using the SAS statistical package,
version 8.2 (SAS Institute, Cary, NC, U.S.A.). For preliminary descriptive analyses,
means were compared between groups using t-tests for normally distributed variables and
Wilcoxon sum-rank tests for non-normally distributed variables. Proportions were
compared using chi-square tests or Fisher’s exact test, in the case of small numbers in
cells.

The intention-to-treat method was used for the primary analyses described here.
The primary outcomes examined were rates of change in (1) weight, (2) body mass index
(BMI), (3) fat mass, (4) body fat as percentage of total mass, and (5) lean mass. Linear
mixed-effects models were used to evaluate the effect of OC assignment on each
outcome. Results for BMI change were identical to results for weight change, since the
women’s heights were constant. BMI is not discussed further. Multiple regression
models for within-woman rate of change (last measurement minus baseline divided by
follow-up time) were used to confirm the mixed-model results, and a sensitivity analysis
was performed to compare various ways of handling missing data.'® In this analysis the
linear regression models were run using data from (1) only those subjects who attended
the second follow-up exam (“completers only”), (2) subjects who had at least one follow-

up exam, (3) all women enrolled in the study, with last body composition measurements



carried forward, (4) all women enrolled, with the mean change imputed for those missing
the second follow-up, and (5) all women enrolled, with first observation carried forward
for those missing the second follow-up. All variations of the analysis produced results
similar in magnitude and statistical significance to the results reported here, and they are
therefore not presented.

To reflect study design, clinical site was included as a covariate in all models.
Additionally, variables that differed (p<0.10) between the OC and control groups in
baseline comparisons, along with menstrual status at baseline and eating disorder
inventory score'’ as a priori variables of interest, were tested for an interaction effect or
confounding effect (>15% change in parameter) on the association of interest, and, if
present, included in the model. Because of the small number of women in the
amenorrheic category, we combined amenorrheic and oligomenorrheic women into one
category, “irregular” (0-9 menses in the past year) and contrasted them with
eumenorrheic women, termed “regular” (10 or more menses in past year).

Secondary, treatment-received analyses evaluated the effect of the actual
proportion of follow-up time that the women took oral contraceptives (regardless of
treatment assignment) on weight and body composition. Each woman was assigned a
proportion score ranging from 0 to 1, with 1 representing the use of OCs for 100% of the
follow-up period, 0.5 representing 50%, and so forth. We performed other treatment-
received analyses, classifying women into the OC group if they used OCs for (1) three
months or more, and (2) six months or more. Linear mixed-effects models, with the same
covariates and stratification used as in the intention-to-treat analyses, were used to

evaluate the differences between outcomes for OC users and non-users. Findings from



these analyses are presented in the Results section following the intention-to-treat
analysis. We compared >6-month OC users vs. <6-month users in baseline and follow-up
characteristics in order to identify any potential confounders in the treatment-received

analysis.

RESULTS

Primary analysis

Baseline characteristics

At baseline, the mean age for all 150 women was 22.1 years, mean height was
165.6 cm, and weight was 58.2 kg, with a mean BMI of 21.1 kg-m™. Mean caloric intake
was 2278 kcal/day. The women ran for an average of 56.0 km/week, and lifted weights
66.5 minutes/week. Fifty participants (33%) reported irregular menses in the past year.

Upon randomization, 69 women (46%) were assigned to the OC group and 81
(54%) to the control group (discrepancy due to chance). The two groups were very
similar at baseline in the four measurements of interest to this analysis: weight, fat mass,
percent fat, and lean mass. The women were also well-matched in mean age, height,
caloric intake, total number of previous menstrual periods, and several other
physiological and behavioral characteristics (Table 1). However, women assigned to
OCs had dieted more frequently and tended to score higher on the eating disorder
inventory than control women.
Retention and adherence

Twenty-six women (17%) withdrew from the study or provided no further body

composition data after baseline (Figure 1). This left 124 women (54 (78%) of the OC



group and 70 (86%) of the control group) with at least one follow-up visit for the weight
analysis. Lean mass, fat mass, and percent fat were not obtained from one additional
control woman.

Within the treatment group, 14 (26%) stopped taking OCs after an average of 5.4
months, and 28 (40%) of the control group started taking them at an average of 11.3
months into the study. Four women in the control group and one woman in the treatment
group switched groups twice. The reasons women gave for stopping OCs included (in
decreasing order of frequency): fear of weight gain or perceived weight gain, side effects
(irritability, abdominal symptoms, nausea, fatigue, or unspecified), and fear of detriment
to athletic performance. The reasons control women gave for starting OCs included (in
decreasing order of frequency): to regulate periods, to alleviate menstrual symptoms and
cramps, to prevent pregnancy, to treat acne, and to treat allergies.

Women who stopped taking OCs had a lower percentage of body fat, fewer
menstrual periods, and more disordered eating than those who continued to follow the
OC protocol. Amenorrheic women were the least likely to comply with taking OCs. Of
eight amenorrheic women who were assigned to OCs, only one took them through the
entire study. Of the remaining seven, two were lost to follow-up, five discontinued OCs
within two months, and one discontinued OCs after 1.5 years.

Body composition changes by treatment randomization (intention-to-treat analysis)

(1) Change in weight. The weight of women assigned to OCs did not increase
relative to controls. In fact, controlling for clinical site, baseline menstrual status, and
baseline dieting frequency in linear mixed models analysis, assignment to OCs was

associated with a trend toward lower weight gain (p=0.09, Table 2). Trends were similar



regardless of baseline menstrual status, eating disorder inventory score and baseline
weight.

Four women gained or lost over 10 kg during the course of the study. Removal of
these women from the analysis resulted in a greater weight gain among controls relative
to the OC group and thus only strengthens the observation that OC assignment did not
contribute to weight gain.

(2) Change in fat mass and body fat percentage. Women assigned to OCs did not
show an increase in fat mass or in percent body fat relative to controls. Mixed effects
models controlling for clinical site and baseline menstrual status showed a trend toward
relative fat loss associated with OC assignment (p=0.16, Table 2). Results were similar
when the analysis was stratified by baseline menstrual category or eating disorder score.
For percentage body fat, there was again a trend toward relative fat loss in those assigned
to OCs relative to controls (p=0.08, Table 2).

(3) Change in lean mass. The OC-lean mass association differed according to
baseline menstrual status. Assignment to OCs was associated with significantly greater
lean mass gain relative to controls among women with regular menses (p<0.0001, Table
2), but there was no association among those with irregular menses (p=.01 for the effect
modification by menstrual regularity). Eumenorrheic women assigned to OCs had an
adjusted mean gain of 675.5+ 154.3 g/year while controls showed little change in lean
mass (-96.3+ 137.5 g/year). Women who had irregular menstrual cycles at baseline
gained, on average, moderate amounts of lean mass regardless of treatment assignment.
Omission of the four most extreme values for lean mass change did not affect the above

results.



To preserve the benefits of random assignment, characteristics that differed
between the two groups after randomization were not included as covariates in the
primary intention-to-treat analyses. However, women assigned to OCs differed from
controls by the second follow-up visit in three respects: a higher percentage of fat in the
diet, more frequent weight lifting, and fewer kilometers run per week than control women
(data not shown). When the measure of weight lifting was added to the mixed effects
models above, the adjusted mean difference for eumenorrheic women fell by 15%, but
the OC-lean mass association remained positive and statistically significant (p=0.0004),
Addition of other follow-up variables did not change the magnitude or significance of

the outcome.

Secondary analysis

Actual use of oral contraceptives
Among the 124 women with follow-up, 75 took OCs for three months or more,

and 59 used them for six months or more, ignoring treatment assignment

Baseline and follow-up characteristics

Women who used OCs for six months or more differed from those who did not in
a few baseline characteristics (data not shown). Those who had used OCs for at least six
months had lower mean bone mineral content. They less frequently reported a history of
menstrual irregularity and current menstrual irregularity at baseline. However, the two

groups did not differ in number of total lifetime menstrual periods.



Follow-up measures of menstrual cycles, diet, and exercise characteristics
revealed that the women who took OCs for at least six months had predictably regular
periods (having a greater number of menses per year than non-OC users), but the only
other difference between the groups was that OC users had a higher percentage of fat in

the diet at the second follow-up (data not shown).

Body composition changes by actual use of OCs (treatment-received analysis)

(1) Change in weight. As in the intention-to-treat analysis, there was little
association between the proportion of follow-up time on OCs and the rate of change in
weight (Table 3). Adding covariates from the set of variables that differed between OC
users and non-users did not change the results, so we did not include these covariates in
the models presented here. When women were classified by use of OCs for (1) three
months or more, and (2) six months or more, comparisons to the non-OC group again
revealed little difference in weight change (Table 3). In all analyses, the OC users
gained, on average, slightly less weight than non-users.

(2) Change in fat mass and body fat percentage. There was no association
between body fat change and actual OC use in the proportionate, 3-month-use, or 6-
month-use analysis (Table 3).

(3) Change in lean mass. As in the intention-to-treat analysis, women with
regular menses at baseline showed a significant relative increase in lean mass associated
with the proportion of time that they were actually taking OCs (p<0.0001, Table 3). The

association with OC use was also seen in the analyses of 3-month users (p=0.005) and 6-



month users (p=0.0007). No association between actual OC use and lean mass change
was found among women with irregular menses (Table 3).

Because weight lifting could have a strong effect on lean mass, we explored
adding it to the models above, even though the two treatment-received groups did not
differ significantly in their frequencies of weight lifting (p=0.14). The adjusted mean
differences fell by 15 — 32%, but the OC-lean mass association remained positive and
statistically significant in the proportionate treatment-received analysis (p=0.002) and in
the 6-month treatment-received analysis (p=0.01). The association was of borderline

significant in the 3-month-use analysis (p=0.06).

DISCUSSION

Our finding of little difference in weight gain or fat gain between women assigned
to 30 pg ethinyl estradiol plus 0.3 mg norgestrel versus no treatment adds further
confirmation to the conclusion reached in the review by Gallo et al.” that no large
positive effect of OC use on weight is likely. That we found a (non-significant) trend
toward less weight and fat gain among OC users as compared with non-users should
reassure athletes that OCs will not cause performance-impairing weight changes. The
results of our treatment-received analyses bolster our confidence in this conclusion.
Because of this study’s focus on young female runners, we cannot rule out an effect of
OC use for inactive women or for those outside the 18-26 year age range.

We confirm others’ findings®' that weight gain is still commonly believed to be a
side effect of OC use despite evidence to the contrary. Fear of or perceived weight gain

was the most common reason given (cited by 6 of 14) for discontinuing OCs in our study.



Although we do not have weight measurements from women at the point of stopping
OCs, if we compare the weight change of switchers in the first year to that of control
women, the difference is insignificant (0.4 kg/year for switchers vs. 0.1 kg/year for
controls, p=0.56). Our study should re-assure women that OCs are not a cause of weight
gain.

The unanticipated positive association between OC use and lean mass gain
observed among eumenorrheic women merits further investigation. The association was
strongest in the intention-to-treat analysis, and was also present, but slightly weaker, in
the treatment-received analysis. There are few other reports with which to compare our

findings. Machado et al *

found that women randomized to estradiol-gestodone for one
cycle only showed a significant increase in fat-free mass relative to controls. Women
assigned to estradiol-drospirenone did not.

Several previous studies™" 2* 2> 2 2" have investigated the lean mass/muscle
strength association with hormone replacement therapy (HRT) in postmenopausal
women. The results of these trials have been inconsistent, however, and caution is
required in extrapolating results to young women on OCs.

If there is an anabolic effect of combination OCs on lean mass, the mechanism
remains unclear. Friend et al.”® proposed that estrogen may have an anabolic action by
increasing serum growth hormone concentrations. Skeletal muscle contains some
estrogen receptors and thus may be affected directly as well. Phillips et al.”
demonstrated measurable increases in muscular force of the adductor pollicis when

estrogen levels rose in the follicular phase of young women’s menstrual cycles. In

contrast, multiple studies have found that OCs are associated with decreased free



testosterone and DHEAS in healthy women of reproductive age,’’ potentially causing a
decrease in lean mass relative to controls.

It is impossible to tell whether the estrogen and/or progestin component of the OC
used in this trial might be associated with the lean mass increase observed. The progestin
component of Lo/Ovral, Norgestrel, has the highest androgenic activity of the four first-
generation progestins investigated in a 2006 US Phamacist report,”’ and so could have a
muscle-building effect.

It is unclear why, as in our results, a stimulatory effect of OCs on lean mass
would be observed in eumenorrheic women but not in women with irregular
menstruation. Could there be some threshold estrogen level below which the OCs do not
have a stimulatory effect? Alternatively, irregular periods could be a marker for caloric
deprivation. Thle and Loucks®* found that caloric deprivation promoted bone resorption
and interfered with bone formation, and Frost®® proposed that the “mechanostat” that
adjusts bone to the mechanical stresses put upon it might be reset by energy availability
or hormone levels. Similar mechanisms could apply to muscle mass. Could the women
with irregular periods in this study have a dietary deficit that prevents them from putting
on the lean mass that Lo/Ovral might normally stimulate? Self-reported calories did not
differ between menstrual groups at baseline, but women with irregular periods had a
lower percentage of fat in the diet.** This difference disappeared, however, at the first
and second follow-up visits (data not shown).

Our study confirms the difficulty of conducting a randomized controlled trial
with oral contraceptives, which so greatly affect the personal lives of participants. Non-

compliance was high in both treatment and control groups. We found women in the age



range 18-26 years to be a difficult group to follow in a study of this length because of
their high mobility and multiple interests. We were unable to obtain any follow-up
weight and body composition measurements on 17% of the subjects, and one-third were
lost from the study by the end of the follow-up period.

For ethical reasons, women were not blinded regarding their use or non-use of
OCs, and this could have introduced bias into the study, especially given the widespread
belief among young women that OC use leads to weight gain. It is possible that the
women assigned to OCs compensated for that assignment in some way, for example, by
cutting back on calories or increasing their activity. As noted above, by the second
follow-up visit the OC group had a higher mean frequency of weight training, but they
had a lower mean number of kilometers run per week, and their self-reported calorie
consumption was indistinguishable from that of controls. While self-reported dietary
logs are notoriously inexact, there is little reason to believe that errors in reporting would
be differentially erroneous between the two groups in this study.

Because this project was initially designed to assess bone mineral density and
stress fracture as primary outcomes (not weight change), we did not maintain
standardized conditions at the weigh-in regarding clothing worn, time of day, or day in
menstrual cycle, and this could have introduced some inexactness of measurement.

Despite these weaknesses, the randomized design of this trial, its assessment of a
great number of lifestyle variables, and its duration should lend confidence to our
conclusions that young female distance runners can take oral contraceptives without fear
of resultant weight or fat gain. Evaluation in other studies of the effect of OCs on lean

mass may clarify whether OCs can enhance muscle strength.
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had at least one
follow-up visit
(at 1 or 2 yr)
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composition data
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11 (14%)
provided no
further body
composition data

48 women (69%)
had a follow-up at
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follow-up
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follow-up

Figure 1. Participation and follow-up.




TABLE 1. Baseline characteristics by treatment assignment: mean + standard deviation
or percentage Treatment Assignment
Oral contraceptives (N=69) Control (N=81)

Weight (kg) 582+73 58.1+6.6
Fat mass (kg) 13.1+£4.0 13.5+4.1
Percent body fat 22.7+5.2 233+54
Lean mass (kg) 41.8+4.9 41.7+4.2
Age (yr) 223+2.7 21.9+2.6
Height (cm) 1659+ 6.6 1654 +6.1
Body mass index (kg'm?) 21.1+1.9 213+2.0
Caloric intake (kcal-day™) 2250 + 894 2302 + 988
Percent of calories from fat 17.6 + 6.5 184 +6.5
Protein intake (g-day™) 929+414 91.6 +39.9
Dietary calcium (mg-day™) 1394 + 830 1412 + 670
Frequency of dieting in past year*¥ 20+13 1.5+0.8
Total EDI scorefe 14.7 +14.7 10,6 +11.8
Distance run in past year (km-wk™) 56.0+16.9 56.0+18.3
Time lifting weights in past year (min'wk™) 73.3 + 51.6 61.0+49.0
Age at menarche (yr) 13.1+1.4 13.0+1.5
Total lifetime menstrual periods 68.5+279 67.4 +30.0
History of menstrual irregularity 50.7% 64.2%
Current menstrual status
Amenorrheic (0-3 periods in previous yr) 11.6% 6.2%
Oligomenorrheic (4-9 periods in previous yr) 18.8% 29.6%
Eumenorrheic (>9 periods in previous yr) 69.6% 64.2%
History of oral contraceptive use 43.5% 40.7%
Race/ethnicity
White 82.6% 82.7%
Asian/Pacific Islander 4.4% 9.9%
Hispanic 7.2% 3.7%
Black 2.9% 0%
Other 2.9% 3.7%

*QOn a scale of 1-6: 1=never, 2=1-2 times, 3=3-5 times, 4=6-8 times, 5=9-11 times, 6=12+ times
+p=.03, groups differ by Wilcoxon test

iEating Disorder Inventory 0-69; O=least disordered, 69=most disordered, Garner and Olmstead
(1984)

*p=.08, Wilcoxon test



TABLE 2. Mean annual rate of change and standard error in body weight, fat mass, percent body fat, and lean mass
by treatment randomization.

Menstrual groups OC mean minus
compared  OC group (N) Control group (N)  control mean p
Weight (kg-year + SE)* all -0.11 £ 0.30 (69) 0.43+0.31(81) -0.54 £ 0.31 0.09
Fat mass (g-year' + SE)** all -125.9+241.0(69)  223.2+239.3(81)  -349.1 +250.0 0.16
Percent body fat (%-year” + SE)** all -0.49 £ 0.31(69) 0.09 +0.31(81) -0.58 +£0.32 0.08
Lean mass (g-year” + SE)*#** irregular’ only 320.5+289.5(21) 304.3+280.4 (29) 16.2 +346.7 0.96
Lean mass (g-year'1 + SE)*** regular2 only 675.5+ 154.3 (48) -96.3+ 137.5 (52) 771.8 +172.3  <0.0001

*From linear mixed models, adjusted for site, baseline menstrual status, and dieting frequency.
**Linear mixed models, adjusted for site and baseline menstrual status.
***Linear mixed models, adjusted for site.

'<10 cycles in year prior to baseline
210 or more cycles in year prior to baseline



TABLE 3. Mean differences in the adjusted annual rates of change in body measurements
(OC minus control), by three criteria of actual oral contraceptive use.

Menstrual
groups Used OCs Used OCs Proportion of time on OCs

compared 3+ months p 6+ months p (per 100 percentage units) p
Weight (kg-year™ + SE)* all -0.42+0.32 0.19 -0.51+0.31 0.10 -0.48 +0.34 0.17
Fat mass (g-year™ + SE)** all -197.6 +261.8 0.45 -173.0+253.7 0.50 -270.3 + 283.6 0.34
Percent body fat
(%-year™ + SE)** all -0.29+0.34 039 -0.28+0.33 0.39 -0.54 + 0.37 0.14
Lean mass
(g-year’1 + SE)*** irregular1 only -254.9+349.0 0.47 -244.1+356.7 0.50 -110.5+429.0 0.80
Lean mass
(g-year™ + SE)*** regular’ only  567.1 + 197.6 0.005 635.9 +183.1 0.0007 825.8 + 197.0 <0.0001

*From linear mixed models, adjusted for site, baseline menstrual status, and dieting frequency.
**Linear mixed models, adjusted for site and baseline menstrual status.
***|_inear mixed models, adjusted for site.

'<10 cycles in year prior to baseline
#10 or more cycles in year prior to baseline
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