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Context: Some female athletes may have decreased bone
mineral density (BMD), which puts them at higher risk for stress
fractures and future osteoporosis.

Objective: To compare site-specific BMD among National
Collegiate Athletic Association Division I varsity female athletes
and to determine predictor variables of BMD measurements.

Design: Between-groups design.
Setting: University health care system.
Patients or Other Participants: All women varsity athletes

were invited to participate in a cross-sectional study. Of 12
sports, we obtained complete data from 99 women (mean age
� 20.2 � 1.3 years) representing gymnastics, softball, cross-
country, track, field hockey, soccer, crew, and swimming/diving.

Main Outcome Measure(s): Each participant was weighed,
measured, and questioned about her menstrual status. Using
dual-energy x-ray absorptiometry, we measured total-body
BMD and region-of-interest scores for lumbar spine, pelvis, and
average leg (average from right and left leg measurements)
BMD. Using analyses of covariance, we compared BMD mea-

surements among sports at each site while controlling for men-
strual status and mass, and we performed a stepwise regres-
sion analysis to determine significant predictors of BMD at each
site.

Results: Twenty-three athletes were oligomenorrheic or
amenorrheic. Runners had the lowest total-body (1.079 � 0.055
g·cm�2) and site-specific (P � .01) BMD values for every site
except average leg score when compared with gymnasts and
softball players. Swimmers and divers had significantly lower
average leg BMD (1.117 � 0.086 g·cm�2) than athletes in every
other sport except runners and rowers (P � .01). Regression
analysis revealed only mass and sport as significant predictors
of total-body BMD.

Conclusions: Runners and swimmers and divers demon-
strated some deficits in site-specific BMD values when com-
pared with athletes in other sports. When treating a female var-
sity athlete, athletic trainers should consider her mass and sport
type with regard to her bone health.

Key Words: female athlete triad, bone health, amenorrhea,
oligomenorrhea

Key Points

• Although bone mineral density values were markedly similar among athletes in various Division I collegiate sports, female
runners and swimmers/divers displayed deficits in total-body and site-specific bone mineral density values when compared
with other athletes.

• Body mass and sport type were important determinants of bone health in Division I female collegiate athletes.
• Larger, longitudinal studies are needed to provide information on how bone health of female collegiate athletes may

change in response to intense training over time.

Involvement in athletics can promote healthy lifestyle be-
haviors and decrease the risk for a number of health prob-
lems. In particular, weight-bearing exercise in female ath-

letes increases bone mineral density (BMD) and lean body
mass, which may help to prevent stress fractures and osteo-
porosis later in life.1–5 Unfortunately, involvement in athletics
also may be detrimental to some female athletes engaging in
extreme amounts of vigorous activity. These young women
may be at risk for the female athlete triad, which consists of
disordered eating, menstrual disturbance, and decreased
BMD.6 Decreased BMD increases the risk for stress fractures7

and osteoporosis later in life.8–10 Stress fractures are a com-
mon problem for female athletes,11 and osteoporosis is re-
ported to affect about 44 million adults, of whom 80% are
women.12 Thus, for the current and future health of female
athletes, it is imperative to explore the determinants of BMD.

Several investigators2,8–10,13–16 have evaluated female ath-
letes’ BMD in reference to menstrual history. However, these
studies have various limitations. Several authors focused on
one sport,10,14–17 did not specify a sport,8,13 or measured lim-
ited BMD sites.9,15 Also, many authors reported on a wide age

range not reflective of the typical college athlete8,9,13,15 and
almost all studied a limited number of subjects.2,10,13–16 Ex-
ercise type (ie, impact versus nonimpact) appears to influence
the osteogenic response and can lead to either higher or lower
values of BMD at different sites.17 Strength-based and high-
impact sports seem to be associated with higher BMD, where-
as non–weight-bearing sports have a neutral or negative rela-
tionship.3,18 To our knowledge, no researchers have compared
BMD at a variety of sites among athletes in several collegiate
sports. Thus, our purpose was to compare total-body and site-
specific BMD values among Division I female athletes to de-
termine which sports, if any, are associated with low BMD,
which may lead to stress fractures. A secondary purpose was
to determine predictor variables for each BMD measurement.

METHODS

Subjects
We invited all women varsity athletes from a National Col-

legiate Athletic Association Division I university to participate
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in the study. Athletes were recruited through the athletic de-
partment with the help of team coaches and athletic trainers.
The university committee on research involving human sub-
jects approved the study, and written informed consent was
obtained from each participant. Athletes were assured that
their results would remain confidential unless they chose to
release them to medical staff.

The subjects were part of a cross-sectional study on body
composition previously reported; data on 99 of the 135 orig-
inal subjects were used.19,20 Of the 36 excluded subjects, 14
were nonvarsity athletes, 15 lacked menstrual history data, 2
volleyball athletes exceeded height limitations for the bone
scan, and the remaining 4 volleyball players were excluded
because there were too few to adequately represent the sport.
Finally, 1 runner was excluded because she was strongly sus-
pected of having an eating disorder. Our previous analysis on
these subjects focused on body fatness and did not consider
BMD measurements.

Bone Measurements

A dual-energy x-ray absorptiometry (DXA) instrument
(model QDR-1000W with software version 6.0; Hologic Inc,
Bedford, MA) was used as the criterion measure for BMD in
the present investigation. Details of our DXA methods can be
found in a previous report.20 Total-body BMD was measured
with a whole-body scan. The lumbar spine, pelvis, and average
leg BMD values were ascertained from region-of-interest val-
ues reported with the whole body scan.

Menstrual Histories

A single investigator asked each athlete 3 questions regard-
ing her menstrual history. The first question was age at men-
arche. Gynecologic age was calculated as current age minus
age at menarche. The second asked how many menstrual cy-
cles she had in the last year. The third was a yes/no question
regarding oral contraceptive use in the past year. Amenorrhea
was defined as 0 to 3 menstrual cycles, oligomenorrhea as 4
to 9 menstrual cycles, and eumenorrhea as 10 to 12 menstrual
cycles in the past year. This categorization schema was used
in a previous study.15 In regression analyses, menstrual status
was classified as a dichotomous variable, with normal men-
strual status referring to 10 to 12 cycles in the past year and
abnormal menstrual status referring to 0 to 9 cycles in the
past year.

Data Collection Procedures

Testing occurred in the Rheumatology Center of Sparrow
Healthcare System Pavilion (East Lansing, MI). On arrival, each
woman was measured for standing height and mass using a pre-
calibrated stadiometer and beam balance scale. Body mass index
(BMI) was calculated as mass in kilograms divided by height in
meters squared. A single investigator conducted individual inter-
views for menstrual history. Then each participant underwent a
single DXA analysis conducted by 2 Hologic-certified techni-
cians. The DXA machine was calibrated daily to a lumbar spinal
phantom for bone density per protocol.20

Each athlete wore a sports bra, shorts, and a standard long
T-shirt for height and mass measurements. For the DXA scan,
only the T-shirt, sports bra, and underwear were worn. Each
athlete was given a set of written guidelines, as described pre-

viously, to adhere to before her designated testing date.20 A
data printout from the DXA scan provided values for head,
left and right arms, left and right ribs, thoracic spine, lumbar
spine, pelvis, left and right legs, and total-body BMD for each
participant.

For comparison purposes, total-body, lumbar spine, pelvis,
and average leg score BMD were evaluated. Average leg score
BMD was calculated as the average of the left and right leg
BMD measurements. These sites were chosen because they are
most sensitive to weight-bearing activity. In addition, the lum-
bar spine comprises mainly trabecular bone, whereas the leg
score reflects cortical bone; thus, the differential effects of
training on different bone types could be evaluated.

Statistical Analysis

Statistics were calculated with SPSS (version 13.0 for Win-
dows; SPSS Inc, Chicago, IL). Descriptive statistics on an-
thropometric characteristics were calculated for the total group
and each sport team individually. Total percentage of body fat
was obtained from the DXA scan report. To examine the pos-
sible effect of menstrual dysfunction on BMD measurements,
we conducted 4 t tests to compare the total-body, lumbar spine,
pelvis, and average leg BMD values between athletes with
normal and abnormal menstrual status. Using analysis of co-
variance testing, we evaluated differences in the BMD mea-
surements among sports with menstrual status and mass as
covariates. Tukey post hoc testing was performed when nec-
essary.

Pearson product moment correlations were calculated for
each BMD measurement with age, gynecologic age, height,
mass, BMI, and percentage of fat for the total group of ath-
letes. Linear regression analysis was performed to determine
predictors of each BMD measurement. Independent variables
included age, gynecologic age, height, mass, and BMI as con-
tinuous variables and sport and oral contraceptive use as cat-
egoric variables. These analyses could not be stratified by
sport because of the small number of athletes recruited from
some sports. Body mass index was used instead of percentage
of fat in these analyses because BMI is easier to measure clin-
ically. Therefore, a practicing athletic trainer might have an
easier time determining an athlete’s risk for low BMD based
on her BMI rather than her percentage of fat. Significance
level was set at an � level of P � .01 to account for multiple
comparisons.

RESULTS

Athlete Characteristics

Complete data were available on 99 female athletes (ap-
proximately 50% of all female athletes) representing 8 varsity
teams, including gymnastics (n � 8), softball (n � 14), run-
ning (cross-country and track runners with events of 800 m
or longer; n � 25), track (field events and sprinters with events
of less than 800 m; n � 8), field hockey (n � 10), soccer (n
� 10), crew (n � 15), and swimming/diving (n � 9). Athletes
in 3 other sports (basketball, golf, and tennis) chose not to
participate due to scheduling conflicts. Participant character-
istics are displayed in Table 1. Despite differences in height
and mass measurements (P � .01), BMI was markedly similar
among groups, with the only significant difference being be-
tween runners (21.0 kg·m�2) and rowers (24.4 kg·m�2).
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Although age at menarche ranged from 11 to 18 years, no
differences were noted among sport means for gynecologic
age (Table 1). Based on our definitions of menstrual dysfunc-
tion, 15 of 99 athletes were oligomenorrheic and 10 had amen-
orrhea. The number of oligomenorrheic and amenorrheic ath-
letes was summed and divided by the total number of athletes
per sport to determine the percentage of women with men-
strual dysfunction. In our total sample of 99 athletes, 25.2%
experienced some degree of menstrual dysfunction. Runners
and gymnasts had the highest percentage of menstrual dys-
function (44.0% and 37.5%, respectively), whereas field hock-
ey (10.0%) and crew athletes (13.3%) had the lowest. About
one third of study participants were currently using oral con-
traceptives and of these, 6 reported menstrual disturbances in
the past year.

Bone Mineral Density

Comparisons of BMD among sports are shown in Table 2.
Runners had significantly lower BMD than gymnasts had at
every site (P � .01). Mean pelvis BMD of runners was also
lower than athletes in every sport except track, crew, and
swimming/diving (P � .01). Swimmers/divers showed signif-
icantly lower average leg BMD scores than all other athletes
except for runners and rowers (P � .01).

Total-body and site-specific BMD values compared by men-
strual status are presented in Table 3. Although eumenorrheic
athletes tended to have higher BMD scores, no significant dif-
ferences were found. Statistics were not calculated on BMD
differences by menstrual status within each sport due to the
low number of athletes per group with menstrual dysfunction.

Correlations and Regression Analysis

Total-body and site-specific BMD correlations are displayed
in Table 4. Mass and BMI were correlated significantly with
every BMD measurement recorded (P � .01). Height was re-
lated significantly to average leg BMD score (P � .01). Total
percentage of body fat as determined by DXA was not cor-
related with any BMD measurement and, thus, was not in-
cluded in the regression analysis.

Among all possible explanatory variables (age, gynecologic
age, height, mass, BMI, sport, and oral contraceptive use),
only mass and sport consistently predicted BMD (Table 5).
Gynecologic age also entered the model as a significant pre-
dictor of lumbar spine BMD (Table 5). The variance inflation
factors ranged from 1.052 to 1.130 for each regression; hence,
these models were not violated. When menstrual status as a
dichotomous variable was forced into the model, the predictive
value did not change significantly.

DISCUSSION

Our purpose was to describe and compare BMD at a variety
of sites among Division I female athletes and to determine
predictor variables for each BMD measurement. Significant
differences were noted in total-body and site-specific BMD
values among athletic groups. Mass and sport were significant
predictors of total-body, pelvic, and average leg BMD, where-
as mass, sport, and gynecologic age predicted lumbar spine
BMD in female collegiate athletes. In general, the BMD values
reported here are similar to those reported for other athletes,
despite differences in the subject population and the use of
different DXA scan protocols and machines.2,3,5,8,13
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Swimmers/divers had lower average leg BMD values than
other athletes, a finding that is consistent with past literature.1,3

Athletes who compete in non–weight-bearing activities, such
as swimming, typically show lower BMD in the lumbar spine
and lower limb sites than athletes who perform weight-bearing
activities.1,4 Due to the small number of study participants,
swimming (n � 6) and diving (n � 3) were combined for our
analysis; thus, our results cannot differentiate between the
sports. Although swimmers and divers displayed lower BMD
values, the nature of their sport also protects them from im-
pact-related bone injuries during competition. However, re-
search suggests an increased risk of lower extremity injuries
during cross-training sessions, which may be due to BMD de-
ficiencies.21

Runners also demonstrated lower BMD at several sites
when compared with athletes in the other sports and had the
lowest total-body, lumbar spine, and pelvis BMD values. This
finding was surprising because running is a high-impact activ-
ity that would be expected to increase lower body BMD. How-
ever, other authors22 have shown similar trends toward lower
total-body and lumbar spine BMD values for runners versus
gymnasts. The previous investigators hypothesized that gym-
nastics training invokes greater bone loading; thus, the athletes
may benefit from an enhanced osteogenic stimulus. Athletic
trainers should be aware of the high incidence of low BMD
among female runners and should keep them under close ob-
servation for stress fractures and other bone injuries.

Our runners had total-body and site-specific BMD values
similar to those reported previously for amenorrheic runners
using a similar protocol for measuring whole-body, lumbar
spine, and pelvis BMD.23 Possible reasons for this include
decreased calcium intake, disordered eating, or insufficient en-
ergy intake relative to energy expenditure (or a combination
of these factors). Investigators24 have shown that disordered
eating and energy deficits are related to low BMD even with-
out menstrual disturbances. In addition, a high incidence of
eating disorders may exist among long-distance runners.25 Al-
though we did not collect nutritional information on athletes
participating in our study and excluded 1 athlete for a sus-
pected eating disorder, it is still plausible that the running
group as a whole may have experienced a greater energy def-
icit as a result of high training volume and disordered eating
than the athletes in other sports.14

Our data showed no differences in BMD values by menstrual
status when sports were collapsed and all athletes were consid-
ered together; it is possible, however, that our study was un-
derpowered to detect significant differences, because strong
trends existed for higher total-body, lumbar spine, and pelvis
BMD values among the normally menstruating athletes. Past
researchers have been divided as to the importance of menstrual
dysfunction with regard to BMD in athletes. Although Meyer
et al2 found that menstrual history was not associated with
BMD in Olympic-level winter sport athletes, most other au-
thors6,26 have reported that menstrual dysfunction is strongly
linked to decreased BMD. Regarding lumbar spine BMD spe-
cifically, some investigators27,28 have found no differences be-
tween groups of normally and abnormally menstruating athletes.
In contrast, a strong body of literature suggests that duration of
menstrual dysfunction is related to decreased BMD at the lum-
bar spine.8–10,13,15,16 It appears that decreased estrogen levels
affect the more metabolically active trabecular bone before the
cortical bone.8,29 Our findings partially support this hypothesis,
because gynecologic age significantly added to the prediction
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Table 3. Total-Body and Site-Specific Bone Mineral Density by Menstrual Status (Mean � SD)

Bone Mineral
Density, g·cm�2 All Subjects

Normal
Menstrual Status

Abnormal
Menstrual Status* P Value

n 99 76 23
Total body 1.127 � 0.069 1.135 � 0.068 1.103 � 0.065 .023
Lumbar spine 1.084 � 0.129 1.097 � 0.127 1.041 � 0.129 .060
Pelvis 1.127 � 0.112 1.141 � 0.111 1.083 � 0.107 .015
Average leg† 1.225 � 0.094 1.228 � 0.098 1.213 � 0.098 .298

*Abnormal menstrual status � no. of oligomenorrheic athletes � no. of amenorrheic athletes.
†Average of the right and left leg measurements.

Table 4. Total-Body and Site-Specific Bone Mineral Density Correlations

Total Body Lumbar Spine Pelvis Average Leg*

Age .066 .001 �.089 .070
Gynecologic age, y .050 .114 �.004 �.024
Height, cm .249 .144 .237 .269†
Mass, kg .465† .301† .424† .407†
Body mass index, kg·m�2 .432† .293† .386† .327†
Body fat, % .158 .036 .149 .111

*Average of the right and left leg measurements.
†Significant Pearson r value (P � .01).

Table 5. Explained Variance for Total-Body and Site-Specific Bone Mineral Density Values, g·cm�2

Regression Model*
Total-Body R 2

Value†
Lumbar Spine

R 2 Value
Pelvis R 2

Value
Average Leg

R 2 Value

Mass, kg .21 .09 .18 .16
Mass, kg, � sport .30 .15 .25 .30
Mass, kg, � sport � gynecologic age — .19 — —

*All models reported were significant at the P � .01 level.
†R 2 value represents the percentage of explained variance for each bone mineral density value.

of lumbar spine BMD, which, being composed mostly of tra-
becular bone, appears to be sensitive to less estrogen exposure.
Thus, one measure of menstrual status (gynecologic age) was
related to lumbar spine BMD, even though the mean value was
not lower when comparing athletes with abnormal versus nor-
mal menstrual status. Different scan protocols (ie, site specific
versus total body) and menstrual status measurement procedures
may account partially for contradictory results in past studies.
Additionally, some women in our sample with abnormal men-
strual status reported taking oral contraceptives (n � 6 of 23).
This factor could lead to a misclassification error and could
dilute the effect of menstrual disturbance, because these women
were still exposed to normal hormone levels, which may have
helped to maintain BMD.

Mass was the best predictor of BMD for female athletes in
our study. Although sport also was significantly related to each
BMD measurement and added some predictive ability, mass
alone explained most of the variance in BMD at each site
measured. Mechanistically, a higher mass would be expected
to lead to greater gains in BMD among athletes as a result of
greater loading with every movement, thereby providing a
greater osteogenic stimulus.1,3 Adding menstrual status to the
regression models did not increase our ability to predict vari-
ance in BMD. The majority of athletes with menstrual distur-
bances also had lower body masses; thus, it is possible that
menstrual status did not add to the predictive value because
the 2 measurements were interrelated.

Regression analysis results were in partial agreement with
previous literature. Although they did not report menstrual sta-

tus, Quintas et al5 found that low body weight and insufficient
energy intakes were associated with lower BMD values. Other
groups have shown body weight and menstrual status to be
the best predictors of BMD at the lumbar spine.8,13,23 Weight-
bearing exercise or high-impact activities (or both) appear to
be somewhat protective for the BMD at weight-bearing sites
in amenorrheic athletes.10,22 Similar to our results, Robinson
et al22 found that gymnasts had higher total-body and leg
BMD values than runners had, despite having a greater inci-
dence of menstrual disturbances. However, other researchers
have found that extended periods of menstrual irregularity re-
sulted in low bone density even at weight-bearing sites among
athletes involved in high-impact activities.13 Past investigators
used different menstrual status categories, wide age ranges,
and various physical activity levels, which make comparisons
difficult. Results from our study are more specific to National
Collegiate Athletic Association Division I college athletes and,
hence, may be of more practical value to athletic trainers and
sports physicians than the past literature is. These findings
should be replicated in a larger, more diverse sample, however,
before it will be possible to validate a BMD prediction equa-
tion using clinically available information.

Some limitations of the current study include the use of
region-of-interest BMD values from a total-body scan and a
lack of dietary information, training and injury histories, and
detailed menstrual histories. The use of region-of-interest
BMD values limits our ability to compare our results with
those of authors using site-specific bone scans, yet our results
were generally in agreement with those using more exact mea-
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sures.2,3,5,8,13 Although we collected information on menstru-
ation during the past year and the age at menarche, athletes
were not questioned on prior irregularities. Complete menstru-
al history may be more important than recent menstrual status
when considering BMD.8,13,15 In addition, it is possible that
the number of years spent training or the number of skeletal
injuries sustained (or both) may affect BMD.2,30 However, it
is reasonable to assume that female athletes on Division I var-
sity teams have similarly intense training histories. Dietary
history may have added to our bone density predictive ability,
but valid data are difficult to collect in normal clinical settings.

The results of this study add significantly to our understand-
ing of bone health in Division I female athletes. Although it
included only 99 women, this is one of the largest cohorts of
collegiate female athletes with information regarding BMD
published to date. In addition, no other groups have specifi-
cally considered the bone health of athletes in several sports
included here (eg, softball, field hockey, crew). Our data
showed that despite different training modes, total-body BMD
was markedly similar among athletes in the various sports ex-
cept for running and swimming/diving. Greater differences
among sports were seen when comparing lumbar spine, pelvis,
and average leg BMD; however, only the runners and swim-
mers and divers showed significantly lower values, which may
have clinical implications. Athletic trainers working with fe-
male runners, swimmers, and divers should keep in mind their
higher incidence of low BMD and be wary of overtraining.
Future investigators examining the BMD of female athletes
should consider using more detailed training, injury, menstru-
al, and dietary histories on a larger sample of athletes. In ad-
dition, longitudinal studies involving the BMD of varsity fe-
male athletes may yield more information on how bone health
changes in response to intense training over time.
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