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Context: The female athlete triad describes the interrelat-
edness of energy availability, menstrual function, and bone
density. Although associations between triad components and
musculoskeletal injury (INJ) have been reported in collegiate
athletes, limited information exists about menstrual irregularity
(MI) and INJ in the high school population.
Objective: To determine the prevalence of and relationship

between MI and INJ in high school athletes.
Design: Cross-sectional study.
Setting: High schools.
Patients or Other Participants: The sample consisted of

249 female athletes from 3 high schools who competed in 33
interscholastic, school-sponsored sport teams, dance teams,
and cheerleading or pom-pon squad during the 2006-2007
school year. Each athlete remained on the roster throughout
the season.
Main Outcome Measure(s): Participants completed a sur-

vey regarding injury type, number of days of sport participation
missed, and menstrual history in the past year.

Results: The prevalences of M I and INJ were 19.7% and
63.1 %, respectively. Athletes who reported MI sustained a
higher percentage of severe injuries (missing ;:>:22days of prac-
tice or competition) than did athletes who reported normal
menses. Although the trend was not significant, athletes with
MI were almost 3 times more likely to sustain an injury resulting
in 7 or more days of time lost from sport (odds ratio=2.7, 95%
confidence interval = 0.8, 8.8) than those who sustained an in-
jury resulting in 7 or fewer days of time lost.
Conclusions: The incidences of MI and INJ in this high

school population during the study period were high. Athletes
who reported MI sustained a higher percentage of severe inju-
ries than did athletes who reported normal menses. Education
programs to increase knowledge and improve management of
MI and its potential effects on injury in female high school ath-
letes are warranted.
Key Words: female athlete triad, sports injuries, musculo-

skeletal disorders

Key Points
• The overall prevalence of menstrual irregularity was 19.7%; values were similar for athletes in different sport types.
• The overall prevalence of musculoskeletal injury was 63.1 %; athletes participating in aesthetic sports reported more

injuries.
• Athletes with menstrual irregularity reported a greater percentage of severe musculoskeletal injuries than did athletes

with normal menses.

According to the 2007 American College of Sports Medi-
cine position stand, the female athlete triad is defined
as the interrelatedness of energy availability, menstrual

function, and bone mineral density (BMD).1 Clinically, energy
availability is defined as dietary energy intake minus exercise
energy expenditure, or the amount of dietary energy remaining
for other body functions after exercise training. I Energy avail-
ability can be affected by disordered eating (DE) behaviors,
anorexia, and bulimia nervosa.l Abnormal menstrual function
may manifest as oligomenorrhea or amenorrhea; changes in
BMD may present as stress fractures, osteopenia, or osteopo-
rosis.2-9

Abnormal menstrual function is often called menstrual ir-
regularity (MI) and may include primary amenorrhea, sec-
ondary amenorrhea, or oligomenorrhea. I A higher prevalence
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of MI has been reported in the athletic population than in the
general population.I.9-11 Few authorslO•I2-14 have reported the
prevalence of MI in the high school athletic population, with
estimates ranging from 20% to 54%. Menstrual irregularity is
concerning because of its negative consequences, including an
association with decreased BMD, which has been reported in
the adolescent population.I•15

Although musculoskeletal injuries (INJ) in the adolescent
population are fairly common, the adolescent female may be
more susceptible to certain musculoskeletal injuries, such as
patellofemoral pain syndrome and anterior cruciate ligament
injury.16.17Additionally, recent prospective studiesl8-20 have
demonstrated higher injury rates in females than in males in
similar high school sports. Although the short-term effects of
injuries may limit sport participation for the female athlete, the
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long-term effects may include chronic impairments that limit
her exercise and fitness participation, which may then nega-
tively affect her overall quality of life across her lifespan.21

Hormones, particularly estrogen, have a significant influ-
ence on bone development. Higher estrogen levels increase
calcium levels, leading to elevated calcium storage in bone.22
Because peak bone mass in females occurs during adolescence,
the more time spent without adequate estrogen levels (as seen
in oligomenorrhea and amenorrhea) during growth, the lower
the peak bone mass, ultimately leading to a lower lifetime bone
density.22,23Menstrual irregularity has been associated primar-
ily with stress fractures in collegiate and competitive athletes
and military recruit populations.24-26 The relationship between
MI and INJ in the adolescent population, including the devel-
opment of stress fractures, has been reported in only 2 stud-
ies.12,27Rauh et al27noted that 37.4% of 163 (n=61) high school
female athletes had at least 1 musculoskeletal injury and that
athletes who reported MI were 3 times more likely to sustain a
musculoskeletal injury than were athletes with normal menses.
In a study of 62 female high school cross-country runners, Aus-
tin et al12found that athletes with abnormal menstrual function
were at 4 times greater risk of experiencing exercise-related
leg pain. As in previous studies,18,28-31the definition of injury
used by both Rauh et al27and Austin et al12required the ath-
lete to miss sport participation. However, athletes may sustain
low-grade injuries that do not require them to completely miss
practice or competition, and they may continue modified partic-
ipation. Thus, these athletes are participating in activity at less
than 100% effort but may not be identified as injured.12,18,27-31

Although the prevalence of MI among adolescent ath-
letes is suggested to be high,I2-15,32and the rate of injuries
among adolescent females can be high depending on the sport
played,14,16,17,20,31,33research on the relationship between MI and
INJ in the adolescent population is limited.12,27Therefore, our
purpose was to determine the prevalence of and relationship
between MI and INJ rates in a high school multi sport popula-
tion.

METHODS

Participants

Of the 850 female athletes who participated in school-spon-
sored sports at 3 local high schools in the Madison, Wisconsin,
area during the 2006-2007 school year, 334 athletes (39.3%
response rate) completed a study survey. The schools were se-
lected by convenience. Athletes were grouped into the 3-sport
classification system described by Beals and Manore.9 Aesthetic
(AES) sports were those that used a subjective scoring compo-
nent and included diving, gymnastics, dance team, cheerlead-
ing, and pom-pon squad. Endurance (END) sports were those
in which intense exercise lasted beyond several minutes and
aerobic metabolism was the primary energy source.34 The END
sports included basketball, cross-country, soccer, and track
(middle distance and distance). Team/anaerobic (T/A) sports
were those that required maximal exercise for up to 3 minutes;
the primary energy sources were almost exclusively adenosine
triphosphate and phosphocreatine,34 and they included tennis,
volleyball, swimming, softball, golf, and track (field events and
sprints). No athletes were excluded because of inability to un-
derstand written and spoken English. Before the study began,
written parental consent and participant assent were obtained.
The study was approved by the institutional review boards at

the University of Wisconsin, Madison, and Rocky Mountain
University of Health Professions.

Procedures

Participant data were collected at the end of the respective
season for each sport, dance, cheer, or pom-pon group. Each
subject completed the Healthy Wisconsin High School Female
Athlete Survey (HWHSFAS). The questionnaire, which has
been demonstrated to be reliable, was developed by our re-
search team and asked about the athlete's menstrual status over
the past 12 months (frequency and length of menstrual cycles),
age at menarche, and oral contraceptive (OCP) use. The ques-
tionnaire was administered in a group format with teammates
and took each athlete 5 minutes, on average, to complete. The
injury section of the questionnaire asked the athlete to recall
any traumatic or overuse injury that occurred during the cur-
rent sports season. For example, volleyball players were asked
to report any injury that incurred during the current volleyball
season, the body part that was injured, and the number of days
of practice or competition missed because of the injury. If an
athlete began the sport season with an injury sustained in a dif-
ferent sport, the athlete was excluded from the sport being sur-
veyed. The survey did not differentiate between athletes who
participated in full practice or had practice modified because of
injury. Overuse injury was defined as a condition in which the
pain began gradually and was not the result of falling, running
into another athlete, or slipping or twisting the body. Traumatic
injury was defined as an injury caused by running into another
player, tripping, or falling. Examples of both injury types were
provided on the survey next to the specific body part. For each
injury, the athlete reported whether the injury was related to
overuse or occurred traumatically. Our study injury definition
included injuries that did not cause the athlete to miss any par-
ticipation time. The survey also asked whether any injuries
were not reported to a coach or certified athletic trainer (AT)
and, if so, why the athlete chose not to report the injury.

Before the survey, general instructions were given to the
group, and participants were directed to sit far apart from one
another to protect the confidentiality of their responses. All re-
search assistants were trained in a standardized written proce-
dure to ensure consistency in data collection. When the athlete
returned her survey, a research assistant reviewed it to identify
unanswered questions. An athlete who submitted an incomplete
survey was asked whether she needed clarification of any un-
answered questions and was provided an opportunity to answer
the questions.

Menstrual Irregularity. Menstrual irregularity was de-
fined as 9 or fewer menstrual cycles in the past 12 months in an
athlete who had started menstruation (identified as all athletes
experiencing secondary amenorrhea or oligomenorrhea).1 Pri-
mary amenorrhea was defined as the lack of menstruation by
age 15 years4 and was also considered a form of MI. Athletes
were then classified into 2 menstrual status groups: those with
MI (having 9 or fewer menstrual cycles in the past 12 months
for athletes who were postmenarche or had not begun menstru-
ating by age 15) and those with normal menses.

Musculoskeletal Injury. Musculoskeletal injury was de-
fined as an injury from either overuse or direct trauma that
occurred during participation in the current sport season. All
injuries were classified according to days missed from partici-
pation: A minor injury resulted in no missed days, a mild injury
resulted in 1 to 7 missed days, a moderate injury resulted in 8
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Condition Reported
• Aesthetic sports DEndurance sports
DTeam/anaerobic sports DAII sports

Figure. Aesthetic sports consisted of cheerleading, pom-pon
squad, dance team, diving, and gymnastics. Endurance sports
consisted of basketball, cross-country, soccer, and track (middle
distance and distance). Team/anaerobic sports consisted of ten-
nis, volleyball, swimming, softball, golf, and track (field events and
sprints). Menstrual irregularity was defined as :0;9menses in the
past 12 months or menses not started by age 15 years. Musculo-
skeletal injury was defined as an injury that was the direct result of
sport participation during the season. P values reflect the results
of x2 tests.

percentages of athletes who reported MI and INJ are shown in
the Figure. Although the greatest percentages of MI and INJ
were reported by AES athletes, no statistical differences were
found among sport types. The percentages of athletes classified
as having primary amenorrhea, secondary amenorrhea, and oli-
gomenorrhea are provided in Table 2. Although no differences
were found among sport types for any menstrual condition,
the T/A athletes tended to report a higher percentage (23.8%,
n=36) of oligomenorrhea (P=.08).

The percentages of athletes with MI within each sport type
and within the overall sample are presented in Table 3. The
highest percentage of athletes within their sport type reporting
MI were participants in pom-pon squad (66.7%, n=2) for AES,
cross-country (21.4%, n=6) for END sports, and field events
in track (33.3%, n= 1) for T/A. Across all sports, the highest
percentages of MI were in athletes participating in volleyball
(20.4%, n=51), swimming (14.3%, n=36), cross-country
(12.2%, n=30), and tennis (12.2%, n=30).

Age at the onset of training, the effect of training on men-
struation, and the training regimen of participants are described
in Table 4. Although a slightly higher percentage of T/A ath-
letes reported that their periods became farther apart or lighter
as a result of training, no differences were found among sport
types. More than half of all athletes (58.6%, n= 146) reported
training outside organized practice, but the percentages did not
differ by sport type.

Overall, 63.1 % (n= 157) ofthe athletes reported an INJ. The
reports of injury among AES (71.4%, n= 15), END (67.5%,
n=52), and T/A (59.6%, n=90) sport types were not different
(P=.36). The percentages for severity of injury by menstrual
status are shown in Table 5. For athletes in both groups (MI and
normal menses), more than 50% of total injuries sustained were
classified as minor, meaning that the athlete did not miss any
days of sport participation because of the injury. Fewer than 6%

Musculoskeletal injuryMenstrual irregularity
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RESULTS

Pilot studies were conducted 8 days apart to assess the
test-retest reliability of the menstrual history questions of the
HWHSFAS on a convenience sample of 11 high school ath-
letes. The intraclass correlation coefficients (3,1) for questions
on age at menarche and number of periods during the past year
were 0.95 and 0.99, respectively. The K value for OCP use was
1.0.

Characteristics of the study sample are presented in Table 1.
Although AES and T/A athletes differed in height and weight,
body mass index was not different between the groups. The

to 21 missed days, and a major injury resulted in 22 or more
missed days. Lastly, we also examined the greatest time lost
(GTL) injury, which was defined as the injury that required the
most days missed from participation, regardless of whether the
injury was caused by overuse or trauma, for the current sport
season.

Data Analysis

During the 2006-2007 school year, 311 female athletes par-
ticipated in our study, including 23 multi sport athletes (6.9%)
who participated in the study twice. Therefore, our total num-
ber of completed questionnaires was 334. The study design re-
quired athletes to complete questionnaires about injuries that
they had incurred during the current sport season and their eat-
ing habits in the past 28 days. Because responses from the same
person could differ depending on the sport season, each survey
completed by a multi sport athlete was counted as a separate
person. Athletes reported only injuries incurred in the current
season; injuries were not carried over to another sport season.
Surveys with incomplete responses (n=42) were excluded
from the analysis. Additionally, 43 surveys in which athletes
reported OCP use were excluded, because these medications
can regulate menstruation in a female who may otherwise have
MI.35-38More AES athletes reported using OCPs (37%, n=8)
than T/A athletes (15%, n=23) or END athletes (6.6%, n=5)
(P=.03). A total of 249 surveys were used in the final analysis:
AES=21, END=77, and T/A= 151. Of these, only 16 (6.4%)
responses were from athletes who participated in the study
twice.

Means and standard deviations of the participants' age, age
of menarche, gynecologic age (time since the onset of menses),
height, weight, and body mass index were determined. Statisti-
cal comparisons of mean values by sport type were performed
using I-way analysis of variance and Bonferroni post hoc pair-
wise comparisons. Chi-square analysis was used to determine
relationships between MI and sport type, INJ and sport type,
and primary and secondary amenorrhea and oligomenorrhea
and the effect of training on menstruation. Statistical signifi-
cance was set at the .05 level.

Odds ratios and 95% confidence intervals were calculated
to compare the severity of INJ between athletes with MI and
athletes with normal menses. Odds ratios were then calculated
separately for each sport type. The GTL injuries were catego-
rized as minor (causing the athlete to miss 7 or fewer days of
participation) or severe (causing the athlete to miss 8 or more
days of participation).

All study analyses were conducted using SPSS software
(version 16.0; SPSS Inc, Chicago, IL).
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Table 1. Characteristics of Study Participants (Mean±SD)

Aesthetic Sport Endurance Sport Team/Anaerobic Sport
Characteristic Total (N = 249) Athletes" (n=21) Athletesb (n= 77) AthletesC (n = 151) P Valued

Age,y 15.3±1.1 15.6 ± 1.2 15.3±1.0 15.3±1.1 .32
Age at menarche, y 12.4±1.1 12.6±0.9 12.4±1.1 12.3±1.1 .61
Gynecologic age," y 2.9±1.4 3.1±1.7 3.0±1.3 2.9±1.4 .92
Height, cm 166.7±6.6 163.5±5.0' 165.6±6.3 167.6±6.8' .01
Weight, kg 59.0±9.5 54.1 ± 7.2' 57.8±8.2 60.3± 10.2' .01
Body mass index, kg/m2 21.2±2.9 20.2±2.3 21.0±2.4 21.4±3.2 .16

"Aesthetic sports consisted of diving, gymnastics, dance team, cheerleading, and pom-pon squad.
bEndurance sports consisted of basketball, cross-country, soccer, and track (middle distance and distance).
cTeam/anaerobic sports consisted of tennis, volleyball, swimming, softball, golf, and track (field events and sprints).
dMean differences between sport types (1-way analysis of variance).
"Gynecologic age=chronologic age-years since menarche.
'Differences noted for height and weight between the aesthetic and team/anaerobic groups (P= .02).

Table 2. Athletes with Primary Amenorrhea, Secondary Amenorrhea, and Oligomenorrhea

Aesthetic Sport Endurance Sport Team/Anaerobic
Athletes," n (%) Athletes,b n (%) Sport Athletes,c n

Condition Total, n (%) (N=249) (n=21) (n=77) (%) (n= 151) PValued

Primary amenorrhea" 0.8 0.0 1.3 0.7 .80
Secondary amenorrhea' 7.2 9.5 9.1 6.0 .63
Oligomenorrhea9 20.1 19.0 13.0 23.8 .08

"Aesthetic sports consisted of diving, gymnastics, dance team, cheerleading, and pom-pon squad ..
bEndurance sports consisted of basketball, cross-country, soccer, and track (middle distance and distance).
cTeam/anaerobic sports consisted of tennis, volleyball, swimming, softball, golf, and track (field events and sprints).
dFrequency differences between sport types (x2 test).
"Defined as the onset of menses at age 15 years or later.
'Defined as the lack of menstruation for 3 or more months after the onset of menses.
9 Defined as menstrual cycles occurring 35 or more days apart.

Table 3. Athletes With Menstrual Irregularity Within Sport Types and in Overall Sample

Sport Type

Aesthetic (n=21)
Diving
Gymnastics
Dance team
Cheerleading
Pom-pon squad

Endurance (n = 77)
Basketball
Cross-country
Soccer
Track (middle distance and distance)

Team/anaerobic (n = 151)
Tennis
Volleyball
Swimming
Softball
Golf
Track (field events)
Track (sprints)

Menstrual Irregularity"
in Each Sport, n (%)

1 (50.0)
0(0.0)
2 (40.0)
3 (33.3)
2 (66.7)

4 (16.7)
6 (21.4)
4 (19.0)
0(0.0)

6 (13.6)
10 (18.2)
7 (23.3)
1 (16.7)
1 (14.3)
1 (33.3)
1 (16.7)

Menstrual Irregularity in Overall
Sample (N=249), n (%)

5 (2.0)
0(0.0)

10 (4.1)
15 (6.1)
10 (4.1)

20 (8.2)
30 (12.2)
20 (8.2)
0(0.0)

30 (12.2)
51 (20.4)
36 (14.3)
5 (2.0)
5 (2.0)
5 (2.0)
5 (2.0)

"Menstrual irregularity was defined as 9 or fewer menses in the past 12 months or no menarche by age
15 years.
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Table 4. Training and Menstruation

Team/Anaerobic
Aesthetic Sport Endurance Sport Sport Athletesc

Variable Total (N = 249) Ath letes" (n= 21) Athletesb (n= 77) (n=151)

Age training started, y 9.3±2.9 10.4±2.8 9.4±3.0 9.1 ±2.8
During training, my periods, n (%)

Stop 8 (3.2) 1 (4.8) 3 (3.9) 4 (2.6)
Get farther apart or lighter 117 (47.0) 7 (33.3) 33 (42.9) 77 (51.0)
Get closer together or heavier 16 (6.4) 2 (9.5) 3 (3.9) 11 (7.3)
Do not change 108 (43.4) 11 (52.4) 38 (49.4) 59 (39.1)

Athletes who trained outside
practice, n (%) 146 (58.6) 15 (71.4) 47 (61.0) 84 (55.6)

"Aesthetic sports consisted of diving, gymnastics, dance team, cheerleading, and pom-pon squad.
bEndurance sports consisted of basketball, cross-country, soccer, and track (middle distance and distance).
cTeam/anaerobic sports consisted of tennis, volleyball, swimming, softball, golf, and track (field events and sprints).
dOne-way analysis of variance.
"X2 test.

Table 5. Severity of Injury in Athletes With or Without Menstrual Dysfunction by Sport Type

PValue

.12d

.55"

.34"

Menstrual
Overuse Injuries, n (%) Traumatic Injuries, n (%) Total Injuries, n (%)

Sport Type Status Minor" Mildb Moderatec Major" Minor Mild Moderate Major Minor Mild Moderate Major

Aesthetic·

Irregular' 16 (94.1) 1 (5.9) 0(0.0) 0(0.0) 1 (50.0) 0(0.0) 0(0.0) 1 (50.0) 17 (89.5) 1 (5.3) 0(0.0) 1 (5.3)

Normal 42 (87.5) 6 (12.5) 0(0.0) 0(0.0) 6 (60.0) 3 (30.0) 1 (10.0) 0(0.0) 48 (82.8) 9 (15.5) 1 (1.7) 0(0.0)

Endurance'

Irregular 13 (61.9) 8 (38.1) 0(0.0) 0(0.0) 5 (45.5) 2 (18.2) 3 (27.3) 1 (9.1) 19 (57.6) 10 (30.3) 3 (9.1) 1 (3.0)

Normal 50 (64.1) 24 (30.8) 3 (3.8) 1 (1.3) 18 (52.9) 15 (44.1) 1 (2.9) 0(0.0) 69 (61.1) 39 (34.5) 4 (3.5) 1 (0.9)

Team/

anaerobic'
Irregular 26 (74.3) 8 (22.9) 0(0.0) 1 (2.9) 16 (76.2) 4 (19.0) 0(0.0) 1 (4.8) 42 (75.0) 12 (21.4) 0(0.0) 2 (3.6)

Normal 123 (72.8) 42 (24.9) 3 (1.8) 1 (0.6) 31 (68.9) 13 (28.9) 0(0.0) 1 (2.2) 154 (72.0) 55 (25.7) 3 (1.4) 2 (0.9)

"The athlete reported missing 0 days of sport participation because of the injury.
bThe athlete reported missing 1-7 days of sport participation because of the injury.
cThe athlete reported missing 8-21 days of sport participation because of the injury.
dThe athlete reported missing 22 or more days of sport participation because of the injury.
"Aesthetic sports consisted of diving, gymnastics, dance team, cheerleading, and pom-pon squad.
fMenstrual irregularity was defined as 9 or fewer menses in the past 12 months or no menarche by age 15 years.
gEndurance sports consisted of basketball, cross-country, soccer, and track (middle distance and distance).
"Team/anaerobic sports consisted of tennis, volleyball, swimming, softball, golf, and track (field events and sprints).

of total injuries in either group were classified as major, which
was defined as missing 22 or more days of sport participation
because of the injury. For the overall sample, athletes who re-
ported MI sustained a higher percentage of major injuries than
did athletes who reported normal menses. The incidence of
GTL injuries by menstrual status is presented in Table 6. Al-
though athletes with MI were almost 3 times as likely to sustain
a GTL injury causing the athlete to miss 8 or more days as were
athletes with normal menses, the association was not signifi-
cant (odds ratio=2.7, 95% confidence interval =0.8, 8.8).
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DISCUSSION

Prevalence of MI

Overall, the prevalence ofMI in our study was 19.7% among
athletes from multiple sports, which is similar to prevalence es-
timates reported by several authorsl2-14 but lower than estimates
in another study. to In an investigation of multiple sports, Nich-
ols et al13 found that 20.1 % of 423 high school athletes reported
MI. Interestingly, despite some differences in sports studied



Table 6. Incidence of Greatest Time Lost Injuries by Menstrual Status and Days Lost from Sport

Incidence of Greatest Time Lost Injuries
Odds 95% Confidence

Sport Type Menstrual Status <;,7d Lost, n (%) 2':8d Lost, n (%) Ratio Interval

Aesthetic sport
athletes"

Irregular" 3 (75.0) 1 (25.0) 0.0 NA
Normal 10 (100.0) 0(0.0) 1.0 Reference

Endurance sport
athletesc

Irregular 13 (92.9) 1 (7.1) 1.1 0.1,10.1
Normal 71 (93.4) 5 (6.6) 1.0 Reference

Team/anaerobic
sport ath letesd

Irregular 8 (72.7) 3 (27.3) 3.4 0.6,18.1
Normal 36 (90.0) 4 (10.0) 1.0 Reference

Total
Irregular 24 (82.8) 5 (17.2) 2.7 0.8,8.8
Normal 117 (92.9) 9 (7.1) 1.0 Reference

Abbreviation: NA, not applicable.
"Aesthetic sports consisted of diving, gymnastics, dance team, cheerleading, and pom-pon squad.
bMenstrual irregularity was defined as 9 or fewer menses in the past 12 months or no menarche by age 15 years.
cEndurance sports consisted of basketball, cross-country, soccer, and track (middle distance and distance).
dTeam/anaerobic sports consisted of tennis, volleyball, swimming, softball, golf, and track (field events and sprints).

(we included 3 additional AES sports [gymnastics, dance team,
and pom-pon squad]; they included lacrosse), the overall prev-
alence of MI was similar to our findings. However, when they
categorized their sports by lean-build or nonlean-build status,
lean-build athletes had a higher prevalence of MI (26.7%) than
did nonlean-build athletes (16.6%).13 Although we classified
our athletes differently, our T/A classification (tennis, volley-
ball, swimming, softball, golf) is similar to their nonlean-build
classification (tennis, volleyball, basketball, softball, soccer).
The prevalence of MI in our T/A athletes (17.9%) was similar
to the 16.6% observed in their nonlean-build sport group.13 Be-
cause their lean-build group classification was dissimilar from
our AES and END groups, we were unable to make appropriate
comparisons. Our AES group had a prevalence of MI of 38.1 %,
but Nichols et al13did not study these sports.

Using a definition of MI similar to ours, Hoch et allO re-
ported an overall much higher prevalence of MI in the athletic
population (54%).10 The difference in their findings compared
with ours and those of other studiesl3,14cannot be explained.
Interestingly, Hoch et allOreported the prevalence of MI in their
sedentary control population as 21%, which is similar to that in
our population of female athletes and in other studies of female
athletes.13,14Hoch et allOstated that the high MI prevalence in
sedentary controls was probably related to the high frequency
of low energy availability observed in that population in their
study.

Austin et al12 reported a much higher MI prevalence of
34.9%. Their estimate was derived solely from a sample of
62 high school cross-country runners, so comparisons should
be made cautiously because we studied athletes in numerous
sports. For direct comparisons, however, only 21.4% of the
cross-country runners in our study reported MI. The reasons for
the lower estimate in our study are unknown but may be related
in part to the differences in design used (ie, retrospective versus
prospective).

In our study, the prevalence of oligomenorrhea was 20.1 %,
which is similar to the 17.1% to 21% prevalence shown by
other authors.IO,14Our prevalences of primary and secondary
amenorrhea were 0.8% and 7.2%, respectively, similar to the

findings of 1.2% and 5.3% by Nichols et al.14In contrast, Hoch
et allOreported a higher frequency of amenorrhea (36%) than
oligomenorrhea (18%) in their athletic population. The authors
did not indicate whether the amenorrhea was primary, second-
ary, or both.1OIn collegiate athletes, Beals and Manore9 found
that the prevalence of primary amenorrhea was 7.4%, which is
much higher than our finding. This difference may reflect the
populations studied. Beals and Manore9 examined National
Collegiate Athletic Association Division I athletes, whereas we
investigated high school athletes. Although we found a 7.2%
prevalence of secondary amenorrhea in our population, Hoch
et allOnoted a prevalence of 15% in sedentary controls, which
they attributed to the high frequency of low energy availability
without DE. The prevalence of secondary amenorrhea ranges
from 3.4% to 66.0%.1,35,39,40This wide range of estimates can be
explained largely by methodologic variations among studies,
including differences in the athletic populations studied, the
levels of competition, and the ages of the athletes. 1,35,39,40

Our prevalence estimate for MI of 19.7%, which is simi-
lar to previous findings,13,14suggests that MI may be a medical
problem among high school athletes. However, reports per-
taining to the prevalence of MI in the adolescent population
should be interpreted cautiously. Although MI immediately af-
ter menarche is common, nearly 90% of females have normal
menstrual cycles within 2 years of menarche.41 Our confidence
in our reported MI estimate was high because 63.5% of our
participants were 2 or more years postmenarche, by which time
the normal fluctuations commonly observed immediately after
menarche are typically no longer present.

We found no difference in the prevalence of MI among sport
types, which is in direct contrast to Beals and Manore,9 who
studied collegiate women and noted that AES athletes expe-
rienced greater prevalences of primary and secondary amen-
orrhea and oligomenorrhea than END and T/A athletes. Our
results demonstrate that the occurrence of MI among athletes
in END and T/A sports is similar to that among athletes partici-
pating in AES sports in the high school population. Therefore,
health care professionals should screen for MI in all female ath-
letes at the high school level, regardless of sport.
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In our study, half (50.2%) of the athletes reported that their
periods stopped, became farther apart, or were lighter during
training. This high prevalence may be partially related to the
hormonal alterations that occur with strenuous exercise, which
may lead to a decrease in energy availability.42 The exercise it-
self is not fully responsible for the modulation in the reproduc-
tive system; rather, the reproductive system undergoes changes
because of the decreased acute available energy. This theory
has been supported by Loucks et al,43who examined reproduc-
tive function alterations in exercising women by assaying blood
samples during menstrual cycles while controlling for exercise
intensity and caloric intake. They found that reproductive func-
tion was not disrupted by exercise stress but was affected by
low energy availability.43 In a subsequent study, Loucks et al44
determined that reproductive disruption may occur when nega-
tive energy balance falls below a very specific threshold of 20
to 30 kcal/kg of lean body mass per day.44 In a similar study,
De Souza et al45grouped 49 women according to exercise sta-
tus (exercising versus sedentary) and menstrual status (men-
strual disturbance versus normal ovulation). All groups with
menstrual disturbances had lower resting energy expenditures
than did groups with normal ovulation, demonstrating an at-
tempt to conserve energy in the presence of a chronic negative
energy balance. De Souza et al45 also noted that as the mag-
nitude of negative energy balance increases, alterations in the
reproductive system become more severe.45The results of these
studies4345 and others39,40,4648indicate that alterations in repro-
ductive function appear to be related to acute energy availabil-
ity, not body mass or exercise intensity.

The fact that 50% of athletes in our study reported men-
struation alterations is concerning; irregular menses during
adolescence have been associated with decreased bone mineral
density.l,15 Approximately 50% of peak bone mass is accrued
during adolescence, which is a critical time to attain maximal
bone mass.49

The age at which athletes in our study started organized
training was 9.3±2.9 years, and the average age of menarche
was 12.4± 1.1 years, which is considered normal.50 These re-
sults are in contrast to those of other authors,41,51who reported
delayed menarche in exercising adolescents. Warren51 found
that menarche in 15 ballet dancers occurred at 15.4 years,
which was significantly different from that in the control group.
No identified ballet dancers participated in our study, and we
did not characterize activity intensity or the amount of supervi-
sion that occurred during training. It may be that the level and
frequency of activity were appropriate for the athletes in our
study, thereby allowing them to maintain a positive energy bal-
ance, establishing an environment for normal menarche. Fur-
ther research in this area is warranted.

Incidence of INJ

We found that the overall incidence ofINJ was 63.1 %, simi-
lar to the 65.9% reported by Beals and Manore9 in a study of
DE, menstrual status, and INJ among athletes in multiple col-
legiate sports. They calculated injury risks of 80.6%, 65.2%,
and 62.4% for AES, END, and T/A athletes, respectively.9 The
similarity of our injury estimates of71.4%, 67.5%, and 59.6%
for AES, END, and T/A athletes, respectively, probably re-
sulted from our use of identical sport classifications. However,
although Beals and Manore9 used the phrase musculoskeletal
injury, they did not define it in their study. Our incidence of MI
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of 63.1 % is higher than that of other studies of high school ath-
letes.18,28-30,52,53This difference may result from the definition of
injury. Many previous authorsI2,18,27-30,53included only injuries
that required the athlete to miss sport participation, whereas we
included injured athletes who did not miss any participation
time. To date, only one group52has examined injury occurrence
among high school athletes using a definition that did not re-
quire the athlete to miss any participation time. Beachy et al52
found that the overall incidence of injury in female athletes was
46%. Our injury estimate of 63.1 % may be higher because we
included all injuries, regardless of whether they were reported
to the AT, whereas Beachy et al52included only those reported to
the AT. In addition, we investigated 1 sport season of injury data,
whereas Beachy et al52collected injury data for 9 years. Lastly,
we sampled different sports in our studies, which probably af-
fected injury incidence; Beachy et al52followed athletes in addi-
tional sports that generally have a lower occurrence of injury.

Using the same definitions for injury severity in terms of
time lost from participation, we found a similar pattern. Beachy
et al52reported 64.5%,30.3%,3.1 %, and 1.9% for 0 days lost,
1-7 days lost, 8-21 days lost, and 22 or more days lost from
participation; we found 56.8%, 35.9%, 3.9%, and 3.4%, respec-
tively, for the same classifications. Although our findings are
similar to those of Beachy et al,52they must be interpreted cau-
tiously because the latter included both male and female ath-
letes in their estimates, whereas our findings are restricted to
female athletes.

In our study, the highest incidence of injury was minor inju-
ries, so the athlete did not miss any participation time. Part of
our rationale for including athletes who reported an injury but
did not miss practice or competition was to capture those who
competed but at less than 100% effort. If the athlete reported
the injury to the AT, and appropriate participation modifications
were instituted, the risk of incurring a more severe injury prob-
ably decreased. However, more than one-third (37%) of ath-
letes sustained an injury that was unreported. Almost 20% of
athletes stated that they did not report the injury because they
believed it would affect their position on the team. These find-
ings are concerning in that athletes who continue to play with
an undiagnosed injury, without proper guidance and recom-
mendations related to their sport participation from the AT or
another health care professional, may predispose themselves to
a subsequent or more severe injury.14,15,33

Overall, of the GTL injuries, 141/155 (91 %) resulted in ath-
letes missing 7 days or fewer from sport participation. Only 14
(9%) athletes missed 8 or more days of participation due to a
GTL injury. Of these, 5 (35%) met the criteria for MI. Regard-
ing the 9 severe injuries in athletes with normal menses, 7 were
overuse and 2 were traumatic. Because of the small sample
size, it is difficult to draw any conclusions from this informa-
tion. Future authors may want to assess time lost from activity
as it relates to menstrual status.

One theory that may support the high prevalence of INJ is
low energy availability, which can cause alterations in cellular
maintenance, growth, and thermoregulation.l,54 Therefore, just
as a female with low energy availability may not have enough
caloric support for normal menstruation, she may also not have
enough caloric support for growth and repair of injured tissues.
In addition, levels of leptin, a modulator of hormones such as
growth hormone, cortisol, and thyroid-stimulating hormone,
are known to be low in undernourished states55 and may ulti-
mately affect tissue growth and repair. 55We did not examine



the association between leptin and injury risk, so future studies
are needed to examine this relationship.

The common theory supporting the MI and INJ prevalences
seen in our study is low energy availability, which may mani-
fest as DE. Previous studies of female high school athletes
have demonstrated prevalences of DE ranging from 18.2% to
35.4%.14.56Although we did not assess the presence of DE in
our sample, it is possible that the females with MI and INJ (or
both) also suffered from DE, specifically those who sustained
INJ resulting in more time lost. Rauh et al33 reported associa-
tions among DE, BMD levels> 1 SD, and musculoskeletal inju-
ries considered major (>21 days lost). Furthermore, they found
a trend between major injuries and amenorrheic and oligomen-
orrheic athletes. They suggested that athletes with DE may also
exhibit low energy availability, which may adversely affect the
athlete's bone, muscle, and connective tissues.

One strength of our study is the large sample size (n=249).
In addition, we excluded participants with incomplete data
and those who reported OCP use, which may affect a female
athlete's menstrual status. In addition, we evaluated the rela-
tionship between MI and INJ in high school female athletes
who participated in school-sponsored activities and not elite
athletes, which increases the generalizability of the study for
this population. Currently, very few studieslO.I2-14have been
dedicated to this population. Lastly, similar to the findings of
Nichols et al, the reliabilities of the variables of menstrual ir-
regularity from the HWHSFAS were also high (0.95--0.99),
which increased our confidence in the athletes' reports of their
menstrual histories in the past year.

Although the HWHSFAS had good reliability, the use of
recall in survey research may be a potential limitation of our
findings. However, the recall accuracy of medical information
has been examined in the athletic population and been shown
to be accurate,29.57.58even at the high schoollevep9 Because we
asked participants to report injuries from the past 2 to 3 months
only, we believe that their ability to recall injury information
was reasonably accurate. Yet literature directly related to the
injury recall ability of the female high school athlete does not
exist. Finally, although our menstrual questions proved to be
reliable, we did not have clinical or laboratory data to accu-
rately assess the participants' menstrual status, thereby limiting
our results.

We also recognize that our findings may be limited because
of the low participation rate (39.3%). Several factors probably
affected our response rate: the inability to obtain parental or
athlete consent and lack of support from coaches to encourage
the athletes to participate in the study.

We suggest that future authors examine the relationship be-
tween MI and INJ at the high school level. Suggested topics in-
clude determining the relationship among menstrual status and
days missed from sport participation, injury type (overuse ver-
sus traumatic), and timing of injury during the sport event (first
half versus second half). In addition, a prospective cohort study
in which the AT establishes the diagnosis is recommended.

In conclusion, we observed a high prevalence of MI that
was similar among sport types. This finding adds to the grow-
ing body of evidencelO.I2-14about this health problem in high
school female athletes. More than half of the athletes reported
that their periods stopped or became lighter during training and
competition. Furthermore, we found a high incidence of INJ,
with more cases among athletes participating in AES sports.
Most injuries that caused the athlete the greatest time lost dur-

ing the current sport season resulted in the athlete missing 7 or
fewer days of practice or competition.

Our data suggest that MI may increase the risk of injury in
female athletes during their high school sport participation.
Based on recent reports, the acute change in energy availability
may playa key role in this risk relationship. Although more lon-
gitudinal data are needed to elucidate the effects of oligomenor-
rhea (the most common form of MI in this study population) on
long-term health, directing educational efforts at helping teen
female athletes improve their caloric intake to better balance
their energy availability and thus prevent or correct menstrual
dysfunction may be warranted. These efforts may help reduce
major injuries in female athletes, in that our data showed more
major injuries in athletes who reported MI. Lastly, because of
the association between irregular menses and decreased bone
mineral densityl.15 during adolescence, referral to a physician
for examination of the adolescent with MI is warranted.
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