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Context: Sport specialization may contribute to sport injury
and menstrual dysfunction in female high school distance
runners. Despite the recent growth in sport specialization,
including among high school–aged runners, the association of
sport specialization with bone mineral density (BMD) remains
poorly described.
Objective: To evaluate whether sport specialization was
associated with BMD in female high school distance runners.
Design: Cross-sectional study.
Setting: Six high schools.
Patients or Other Participants: Sixty-four female runners
(age ¼ 15.6 6 1.4 years) who competed in cross-country or
track distance events and were not currently on birth control
medication.
Main Outcome Measure(s): Each runner completed a
survey on menstrual history and sport participation. Height and
weight were measured, and dual-energy x-ray absorptiometry
was used to measure whole-body, spine, and hip BMD. Each
runner was assigned a sport specialization status: low (participation in 1 nonrunning sport and distance-running sport(s) for
8 mo/y); moderate (participation in both distance-running

sport(s) 9 mo/y and 1 nonrunning sport(s) or limited to
distance-running sport(s) for 8 mo/y); or high (participation only
in distance-running sport(s) for 9 mo/y). Multivariable logistic
regression was performed to determine the adjusted odds ratio
and 95% confidence interval for sport specialization to BMD
values, adjusting for body mass index and gynecological age.
Results: Overall, 21.9%, 37.5%, and 40.6% of participants
were high, moderate, or low sport specializers, respectively. Low
BMD (spine or whole-body BMD z score , 1.0 [standardized by
age and sex normative values]) was present in 23 (35.9%) runners.
Compared with low sport specializers, high sport specializers were
5 times more likely (adjusted odds ratio ¼ 5.42, 95% confidence
interval ¼ 1.3, 23.3; P ¼ .02) to have low BMD.
Conclusions: A high level of sport specialization in high
school female distance runners may be associated with a
heightened risk for low BMD. Further investigation of this
association is warranted due to the health concerns about low
BMD in adolescent female runners.
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Key Points




In this sample of high school female distance runners, a high level of sport specialization was associated with low
bone mineral density.
The association between menstrual dysfunction and low bone mineral density was greatest among high sport
specializers.
Encouraging diversity in sport activities outside of distance running, screening for and addressing menstrual
dysfunction, and promoting strategies to optimize nutrition may be important for promoting bone health in adolescent
female distance runners.

M

ore than 3.4 million female athletes participated
in interscholastic sports in the United States
during the 2018–2019 school year. Of these,
707 600 competed in outdoor track and ﬁeld (488 627
participants) and cross-country (269 295 participants),
ranking them the ﬁrst- and sixth-most popular sports,
respectively, by participation levels.1
Although many health beneﬁts are associated with sport
participation, a subset of athletes may experience overuse
injuries and adverse conditions, including impaired skeletal
health. Researchers2–4 in several prospective studies have

identiﬁed a high (ie, 34.0% to 52.0%) cumulative seasonal
incidence of musculoskeletal injury in girls’ interscholastic
track and ﬁeld athletes and cross-country runners.
Stress fractures represent particularly concerning overuse
injuries to the bone from cyclic overload. Across all high
school sports, girls’ cross-country runners have the highest
rate of stress fracture by athlete-exposures.5 Impaired bone
health and associated behaviors related to sport have been
suggested to contribute to this type of injury.6,7
Skeletal health is commonly assessed using measures of
bone mineral density (BMD). Low BMD (deﬁned as a BMD
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Figure 1. Flow diagram for participant selection. Abbreviation: DXA, dual-energy x-ray absorptiometry.
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were at a nearly 2-fold increased risk for musculoskeletal
injury and 4-fold increased risk for menstrual dysfunction
in the past year than distance runners who were classiﬁed as
low sport specializers. To date, no researchers have
reported on the association between sport specialization
in high school–aged distance runners and low BMD.
Therefore, the purpose of our study was to examine the
association between sport specialization and low BMD in
high school female distance runners. We hypothesized that
distance runners with a high level of sport specialization
would have a higher likelihood of low BMD than distance
runners who met the criteria for low sport specialization.
We also hypothesized that an association between menstrual dysfunction and low BMD would be more strongly
associated among distance runners classiﬁed as high sport
specializers than among those classiﬁed as low sport
specializers.
METHODS

The population consisted of female cross-country and
track and ﬁeld distance runners from 6 high schools in
southern California who participated during the 2003–2004
interscholastic seasons and were from a larger study
population described previously.11,24,25 Participants were
aged 13 to 18 years,11,24,25 had reached menarche, and were
not on medication, including hormonal contraceptives, that
might inﬂuence menstrual status. A total of 64 athletes met
the inclusion criteria and competed for their high school in
cross-country (typically 5000 m), outdoor track distance
(main running event[s] 1600 m or longer), or both sports.
All 64 runners underwent a dual-energy x-ray absoptiometry (DXA) scan (Figure 1).18,23 These runners were from a
larger sample of 170 athletes who participated in 8
interscholastic sports11,24,25 and completed questionnaires
regarding competitive sport involvement and menstrual
history. High school athletic directors and coaches in
several local high school districts were contacted for
approval to allow the research team to approach their
runners regarding participation in the study’s measures at
the beginning of and throughout their interscholastic
season. The research team administered the questionnaires
to the runners in a room provided by the high school.
Coaches were not present in the room during that time. To
provide the runners conﬁdentiality when supplying their
information, the questionnaire used a numeric code
identiﬁer instead of the individual’s name, and the runners
were seated apart from each other so that they could not see
each other’s responses. One research assistant for every 6 to
8 athletes was available in the room to provide clariﬁcation
as each athlete completed the questionnaire.11,24,25 All
participants were measured, without shoes, for height and
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or bone mineral content z score , 1.0 in an athlete
pursuing a weight-bearing sport)8 has been observed in
subsets of youth runners, and the authors9,10 of several
prospective studies have found associations among low
BMD, stress fracture, and other musculoskeletal injuries
among runners. One report11 on 89 high school female
distance runners indicated that nearly one-third had a BMD
z score , 1.0. Moreover, the runners with low BMD were
almost 5 times more likely to incur a musculoskeletal injury
than runners with normal BMD values.11 Investigators7
who studied 136 high school–aged runners (94 females)
identiﬁed a body mass index (BMI) 17.5 kg/m2 or a
combination of prior fracture and menstrual irregularities as
risk factors for impaired BMD. Several factors have been
suggested to contribute to low BMD among female runners,
including menstrual dysfunction, low energy availability
(EA), and low BMI.7,8,12
Sport specialization has been commonly deﬁned as yearround intensive training in a single sport to the exclusion of
other sports13 that can result in psychological stress and
overuse injuries.13–15 Jayanthi et al13 proposed a classiﬁcation for a continuum of sport specialization (low, medium,
high) based on the following 3 criteria: (1) year-round
training (training .8 mo/y), (2) the athlete chooses a single
main sport, and (3) the athlete quits all other sports to focus
on 1 sport. Sport specialization in distance running may be
a risk factor for low BMD in that endurance athletes are
likely to have low EA as related to the female athlete triad
(Triad).10,11,16,17 The Triad is deﬁned as the interrelationship of low EA, menstrual dysfunction, and low BMD.8,12
The underlying cause of the Triad is low EA.8,12 Low EA
(which may occur with or without an eating disorder or
disordered eating) and menstrual dysfunction have both
been associated with low BMD.17–20 Additionally, overtraining has been considered a risk factor for menstrual
dysfunction and hypothesized to be associated with a state
of prolonged low EA.21 As year-round participation in
endurance running would be classiﬁed as high sport
specialization and potentially contribute to prolonged time
in a low EA state and overtraining, high sport specialization
could contribute to low BMD.
Authors of collective studies suggested that high school
running may inﬂuence bone health and the risk for injury.
Female athletes who participate in endurance sports are
considered at elevated risk for low EA22 and low BMD.18
Therefore, female high school distance runners appear to be
an important athletic population for examining the
association between sport specialization and low BMD.
Concern about sport specialization in this population is
heightened by ﬁndings23 that female high school distance
runners (ie, athletes whose main running event was 1600 m
or longer) who were classiﬁed as high sport specializers

weight, using a digital scale (Health-O-Meter; Sunbeam
Products Inc, Bridgeview, IL). The questionnaire was
collected at the time of the height and weight measurement.
Additionally, each athlete had her BMD evaluated. The
study was approved by the San Diego State University
Institutional Review Board. Written parental consent and
athlete assent were obtained for those under age 18 before
the athletes’ participation. Athletes aged 18 and older
provided written consent.
Data Collection

(1) Low specialization: deﬁned as participation in distance
running (cross-country, track and ﬁeld, or both) for 8
mo/y and participation in 1 or more other high school
sport(s), excluding cross-country or track and ﬁeld;
(2) Moderate specialization: deﬁned as participation in only
distance-running sport(s) for 8 mo/y or participation in
distance running sport(s) 9 mo/y and 1 or more other
sport(s), excluding cross-country or track and ﬁeld;
(3) High specialization: deﬁned as participation in distancerunning sport(s) for 9 mo/y and no reported formal
participation in other sports.
Menstrual Status. The preparticipation medical history
form included questions regarding menstrual history.24
Menstrual dysfunction was deﬁned as meeting 1 or more
of the following criteria11,24,25: primary amenorrhea (age of
menarche ¼ 15 years of age or older), oligomenorrhea (,10
menstrual cycles per year at intervals .35 days over the
past year), or secondary amenorrhea (3 consecutive
months of missed menstrual cycles over the past year).8,12
Each runner was asked to report the use of medications,
including oral contraceptive pills, that could affect
menstrual function. Runners on medications known to

Statistical Analysis

We used the v2 test and analysis of variance to compare
demographic characteristics (chronological age, race,
grade), physical characteristics (height, weight, BMI), and
menstrual history (age of menarche, gynecological age,
number of menses in the past year) among sportspecialization groups. Measured height (m) and weight
(kg) were used to calculate BMI. Body mass index was
categorized using values associated with health outcomes9,10,12,16 including bone stress injury and low BMD:
17.5 kg/m2, 17.6 to 18.4 kg/m2, and 18.5 kg/m2.
Analysis of covariance with Bonferroni correction was
computed to assess mean raw BMD values at the lumbar
spine (L1–L4), total hip, femoral neck, and whole body,
while adjusting for chronological age, BMI, and gynecological age, by sport-specialization group. Analysis of
covariance with Bonferroni correction was also used to
compare mean BMD z scores at the spine and total body,
adjusting for BMI and gynecological age, by sportspecialization status. We calculated univariate odds ratios
(ORs) and 95% conﬁdence intervals (CIs) to determine
associations between menstrual dysfunction and low BMD
by sport-specialization classiﬁcation.26 Multivariate logistic regression was performed to develop 2 adjusted models
for ORs and 95% CIs addressing the associations between
sport specialization and low BMD, adjusting for BMI and
gynecological age with or without menstrual dysfunction.26
The analyses were conducted using SPSS (version 25.0;
IBM Corp, Armonk, NY) with the a level set a priori at
.05.
RESULTS
Characteristics of Distance Runners

Within the population of 64 runners, 14 (21.9%) were
classiﬁed as high sport specializers and 24 (37.5%) and
26 (40.6%) as moderate and low sport specializers,
respectively. By race or ethnicity, the sample was white
(48.8%), followed by Hispanic or Latina (31.3%) and
Asian or Paciﬁc Islander (10.9%; Table 1). No differences were observed between racial or ethnic distribution
and sport-specialization status (P ¼ .33). When we
considered the Female Triad Coalition classiﬁcation for
BMI,12 the percentage of low BMI (17.5 kg/m2) was
not different in the low versus the high and moderate
sport specializers (high ¼ 7.1%, moderate ¼ 14.3%, low ¼
0.0%, respectively, P ¼ .21). No differences were
observed for average age at menarche (P ¼ .49) or
number of menses in the past year (P ¼ .92) by sportspecialization status.
Bone Mineral Density by Sport-Specialization Status

After adjusting for chronological age, gynecological age,
and BMI, high sport specializers had a lower average BMD
of the lumbar spine than low sport specializers (P ¼ .04,
Table 2). High sport specializers also had lower mean BMD
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Bone Mineral Density. Areal bone mineral density
(BMD; g.cm2) at the spine (L1–L4), total hip, femoral
neck, and whole body were assessed by DXA using a Lunar
DPX-NT densitometer (GE Healthcare Lunar, Madison,
WI).20,24 Quality assurance (QA) tests were performed each
morning of testing. The coefﬁcient of variation in BMD in
the study laboratory (30 participants measured twice) was
0.6% for the total hip, 1.2% for the spine (L1–L4), and
0.99% for the whole body, indicating excellent precision.20,24
Runners were categorized as having low BMD for their
age if their BMD z score was ,1.0 at the spine or wholebody normalized to age-matched, sex-speciﬁc reference
data from the GE/Lunar pediatric database.11
Sport Specialization. Each participant completed a
questionnaire that included questions about competitive
sports participation. Items addressed included (1) current
participation in sport(s) and (2) prior participation in
sports, including the total duration for each sport (years
and months). If the athlete competed in track and ﬁeld,
she was asked to report the number of years and months
she competed in distance, sprint, or ﬁeld events.23 An
athlete was classiﬁed as a distance runner if she
competed in cross-country, outdoor track and ﬁeld
distance events (main running event[s] 1600 m or
longer), or both.23
In this study, each distance runner was placed in 1 of 3
sport-specialization classiﬁcations23:

affect menstrual function were excluded, as their menstrual
function could not be accurately assessed. Gynecological
age was deﬁned as the difference between the runner’s
current age and her age of menarche.

Table 1. Selected Demographic and Physical Characteristics by Sport-Specialization Status
Sport-Specialization Status
Lowa (n ¼ 26)

Total (N ¼ 64)
Characteristic
Age, y
Height, cm
Weight, kg
Age at menarche, y
Gynecological age, ye
No. of menses in past year
Body mass index

15.6 6 1.4
164.0 6 6.0
56.5 6 5.8
12.5 6 1.1
3.1 6 1.7
10.8 6 2.3
21.0 6 2.0

Moderateb (n ¼ 24)
Mean 6 SD

15.4 6 1.4
164.2 6 6.3
57.1 6 7.0
12.5 6 0.9
2.9 6 1.5
11.0 6 2.3
21.1 6 1.7

Highc (n ¼ 14)
P Valued

15.9 6 1.4
164.2 6 5.8
56.4 6 5.1
12.3 6 1.1
3.6 6 1.9
10.7 6 2.4
21.0 6 2.1

15.3 6 1.3
163.4 6 6.2
55.6 6 4.8
12.8 6 1.5
2.5 6 1.7
10.7 6 2.5
20.9 6 2.4

.25
.91
.74
.49
.12
.92
.95

No. (%)
Body mass index category, kgm2
3 (4.7)
4 (6.2)
57 (89.1)

0 (0.0)
0 (0.0)
26 (100.0)

2 (8.3)
2 (8.3)
20 (83.4)

1 (7.1)
2 (14.3)
11 (78.6)

.21f

31 (48.4)
20 (31.3)
5 (7.8)
7 (10.9)
1 (1.6)

12 (46.2)
9 (34.6)
2 (7.7)
3 (11.5)
0 (0.0)

12 (50.0)
5 (20.8)
3 (12.5)
4 (16.7)
0 (0.0)

7 (50.0)
6 (42.9)
0 (0.0)
0 (0.0)
1 (7.1)

.33f

20
17
11
16

11 (42.4)
5 (19.2)
5 (19.2)
5 (19.2)

6
5
5
8

3 (21.4)
7 (50.0)
1 (7.2)
3 (21.4)

.27f

Race
White
Hispanic
African American
Asian
Other
Grade
9
10
11
12

(31.2)
(26.6)
(17.2)
(25.0)

(25.0)
(20.8)
(20.8)
(33.4)

a

Low: Distance running (cross-country [XC], track and field [TF], both) 8 mo/y competitive sport participation or training and 1 or more
other sport(s) played.
b
Moderate: Distance running (XC, TF, both) only 8 mo/y competitive sport participation or training or distance running (XC, TF, both) 9
mo/y competitive sport participation or training and 1 or more other sport(s) played.
c
High: Distance running only (XC, TF, both) for 9 mo/y competitive sport participation or training.
d
Analysis of variance.
e
Gynecological age ¼ chronological age  age of menarche.
f 2
v test.

values of the total hip, femoral neck, and whole body than
low sport specializers, but these were not different (all P
values . .05). A trend was present for a lower BMD z score
of the lumbar spine among high sport specializers than
among low sport specializers after controlling for BMI and

gynecological age (P ¼ .06). Twenty-three (35.9%) runners
had low BMD (z score , 1.0). High sport specializers had
a greater percentage of low BMD (z score , 1.0; 57.1%)
than the moderate (41.7%) or low (19.2%) specializers (P ¼
.04; Figure 2).

Table 2. Bone Mineral Density by Sport-Specialization Status in High School Female Distance Runners
Sport-Specialization Status, Mean 6 SD
Characteristic

Total (N ¼ 64)

Lowa (n ¼ 26)

Moderateb (n ¼ 24)

Highc (n ¼ 14)

P Value

Bone mineral density, g/cm2
Spine (L1–L4)
Total hip
Femoral neck
Whole body

1.107
1.088
1.108
1.133

6
6
6
6

0.104
0.109
0.102
0.073

1.144
1.121
1.152
1.149

6
6
6
6

0.106
0.916
0.085e
0.075

1.086
1.061
1.074
1.128

6
6
6
6

0.856
0.137
0.113e
0.075

1.072
1.074
1.100
1.114

6
6
6
6

0.115
0.072
0.853
0.065

.04d
.19d
.08d
.35d

z score
Spine
Whole body

0.4 6 1.1
0.3 6 0.9

0.0 6 1.0
0.6 6 0.9

a

0.7 6 0.9
0.2 6 0.9

0.7 6 1.4
0.2 6 0.9

.06f
.32f

Low: Distance running (cross-country [XC], track and field [TF], both) 8 mo/y competitive sport participation or training and 1 or more
other sport(s) played.
b
Moderate: Distance running (XC, TF, both) only 8 mo/y competitive sport participation or training or distance running (XC, TF, both) 9
mo/y competitive sport participation or training and 1 or more other sport(s) played.
c
High: Distance running only (XC, TF, both) for 9 mo/y competitive sport participation or training.
d
Analysis of covariance adjusted for chronological age, body mass index, and gynecological age.
e
P ¼ .03 with Bonferroni correction compared with high sport specialization.
f
Analysis of covariance adjusted for body mass index and gynecological age.
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17.5
17.6–18.4
18.5

menstrual dysfunction, high sport specializers trended (P
¼ .09) toward a greater likelihood of low BMD than low
sport specializers (OR ¼ 3.77; 95% CI ¼ 0.8, 17.5).
DISCUSSION

Associations Between Menstrual Dysfunction and
Low BMD by Sport-Specialization Status

Overall, menstrual dysfunction was strongly associated
with low BMD (OR ¼ 3.74; 95% CI ¼ 1.2, 11.9; P ¼ .02,
Table 3). Although no statistically signiﬁcant associations
between menstrual dysfunction and low BMD were noted
by sport-specialization status, a trend was suggested among
the high sport specializers (OR ¼ 6.00; 95% CI ¼ 0.6, 63.8;
P ¼ .16).
Low BMD by Sport-Specialization Status

In the ﬁrst multivariate model, after adjusting for
gynecological age and BMI, high sport specializers were
5 times more likely (OR ¼ 5.42; 95% CI ¼ 1.3, 23.3; P ¼
.02) to have low BMD than low sport specializers (Table 4).
However, in the second multivariate model, after adjusting
for gynecological age and BMI and controlling for

Bone Mineral Density by Sport-Specialization Status

By BMD z scores, more than one-third (35.9%) of the
distance runners met the criterion for low BMD (BMD z
score , 1.0). Previous reports7,10,11,17 demonstrated that
female distance runners may have impaired bone density
despite participating in land-based sports. Sport specialization in long-distance running did appear to be associated
with low BMD. When we adjusted for gynecological age
and BMI, high sport specializers were 5 times more likely
to have low BMD, and moderate sport specializers trended
toward a 3-fold higher likelihood of low BMD than low
sport specializers. When assessed by regional anatomy,
high sport specializers had lower mean BMD at the lumbar
spine than low sport specializers. Further, although nonstatistically signiﬁcant trends were observed, high sport
specializers had lower mean femoral neck and spine values
than low sport specializers. To our knowledge, no prior
authors have reported BMD by sport-specialization status at
the high school level. Multiple factors may explain these
ﬁndings, including behaviors associated with long-distance
running that place athletes at elevated risk for low BMD
(eg, low EA and menstrual dysfunction). Moreover, longdistance running is a less osteogenic sport than ball sports
with high impact and multidirectional loading.27

Table 3. Associations Between Menstrual Dysfunction (MD) and Low Bone Mineral Density (BMD; Z Score ,1.0) by Sport-Specialization
Status
Sport-Specialization Status
b

Total
Menstrual
Statusa
Eumenorrheic
MD
P value

Moderatec

Low

Low BMD

Low BMD

Highd

Low BMD

Low BMD

No. (%)

OR

95% CI

No. (%)

OR

95% CI

No. (%)

OR

95% CI

No. (%)

OR

95% CI

47 (27.7)
17 (58.8)

1.00
3.74e

Referent
1.2, 11.9e
0.02e

22 (13.6)
4 (50.0)

1.00
1.92

Referent
0.6, 63.6
0.16

19 (42.1)
5 (40.0)

1.00
0.92

Referent
0.1, 6.8
0.67

6 (33.3)
8 (75.0)

1.00
6.00

Referent
0.6, 61.8
0.16

Abbreviations: CI, confidence interval; NA, not applicable; OR, odds ratio.
a
Runners who reported primary amenorrhea, cycles . 35 days apart, or 3 consecutive missed menstrual cycles in the past year.
b
Low: Distance running (cross-country [XC], track and field [TF], both) 8 mo/y competitive sport participation or training and 1 or more
other sport(s) played.
c
Moderate: Distance running (XC, TF, both) only 8 mo/y competitive sport participation or training or distance running (XC, TF, both) 9
mo/y competitive sport participation or training and 1 or more other sport(s) played.
d
High: Distance running only (XC, TF, both) for 9 mo/y competitive sport participation or training.
e
Boldface indicates statistical significance.
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Figure 2. Percentage of low bone mineral density (BMD z score
,1.0) by sport-specialization level among female high school
distance runners (low sport specialization ¼ distance running
[cross-country (XC), track and ﬁeld (TF), both] 8 mo/y competitive
sport participation or training and 1 or more other sport[s] played;
moderate sport specialization ¼ distance running [XC, TF, both]
only 8 mo/y competitive sport participation or training or distance
running [XC, TF, both] 9 mo/y competitive sport participation or
training and 1 or more other sport[s] played; high sport specialization ¼ distance running only [XC, TF, both] for 9 mo/y
competitive sport participation or training).

The purpose of our study was to determine whether sportspecialization status was associated with low BMD among
high school female distance runners. Using modiﬁed
criteria for the deﬁnition of sport specialization,13 our
ﬁndings suggested that female distance runners classiﬁed as
high sport specializers were more likely to have low BMD.
Although menstrual dysfunction and low BMD were
associated, sport-specialization status trended toward being
associated with low BMD, even when we accounted for
menstrual dysfunction. These ﬁndings indicate that multiple
factors associated with sport specialization may contribute
to low BMD in female distance runners.

Table 4. Likelihood of Low Bone Mineral Density (BMD; Z Score
,1.0) by Sport-Specialization Status With and Without Adjustment
for Gynecological Age
Model
Sport-Specialization
Status

n

Low
BMD, %

Odds
Ratio

95% Confidence
Interval

P
Value

26
24
14

19.2
41.7
57.1

1.00
3.18
5.42f

Reference
0.9, 11.8
1.3, 23.3f

.08
.02f

26
24
14

19.2
41.7
57.1

1.00
2.95
3.77

Reference
0.8, 11.4
0.8, 17.5

.12
.09

Model 1a
Lowb
Moderatec
Highd
Model 2e
Lowb
Moderatec
Highd

Menstrual Dysfunction and Low BMD by SportSpecialization Status

Menstrual dysfunction has been associated with low
BMD in a variety of high school sports,20,24 including
running.7,28 A signiﬁcant association between menstrual
dysfunction and low BMD was present; however, this
association was no longer statistically signiﬁcant when
sport-specialization status was taken into account. Investigators of studies in collegiate16,29 and high school sport
populations30 identiﬁed menstrual dysfunction as more
common in endurance sports and sports emphasizing
leanness. They postulated that low EA in these sports (eg,
cross-country running, long-distance running track
events, and swimming) may contribute to menstrual
dysfunction.30 Further, among collegiate athletes, both
Triad risk factors and the type of impact loading in sport
contributed to lower BMD values.31 The small sample
size in our study may have led to the ﬁndings being
underpowered to detect differences. Alternatively, the
results may be explained by a complex relationship of
multiple interactions of sport exposure with associated
behaviors and menstrual dysfunction contributing to low
BMD.
Limitations

Despite the novelty of our results, some limitations are
notable. The cross-sectional design may have been limited
by recall bias. A second limitation may be that the current
sport-specialization deﬁnition may lack the sensitivity to
accurately determine associations with adverse outcomes
such as low BMD, menstrual dysfunction, or runningrelated injury in runners. More speciﬁc measures of training
volume (ie, running mileage per day or week, hours run per
1244
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Implications

The ﬁndings from our study suggest that high sport
specialization in long-distance running may be a risk factor
for impaired bone health. As researchers9–11 of several
prospective studies found relationships between low BMD
and stress fractures or other musculoskeletal injuries among
adult or adolescent runners, the potential effects of low
BMD in this population are concerning. Screening for risk
factors of low BMD is important, particularly high sport
specialization in long-distance runners. Encouraging diversity of sport activities outside of running, screening for and
addressing menstrual dysfunction, and promoting strategies
to optimize nutrition may be important during adolescence,
a time of peak bone mass accrual.34 Participation in ball
sports may promote skeletal health.35 Evidence-based
guidelines are needed to guide safe participation among
high school runners. Parents, coaches, physicians, and
sports health care professionals must work together to
ensure the safe participation of adolescent runners,
especially given that early sport specialization is increasing
in the United States.14
CONCLUSIONS

In this population of 64 high school female distance
runners, high sport specialization was associated with an
increased likelihood of low BMD. These ﬁndings suggest
that coaches, school administrators, physicians, and sports
medicine providers may need to educate runners and their
parents on how specializing only in distance-running
sport(s) 9 months or more per year may be detrimental to
the athletes’ bone health. All high school female distance
runners should receive regular management by a physician
to evaluate and manage their menstrual health and
nutritional counseling to ensure adequate EA. Additionally,
incorporating activities known to optimize bone mass (such
as jumping or ball sports) throughout the year is highly
recommended for youth runners.
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Abbreviations: n, number at risk for low BMD.
a
Model 1 adjusted for body mass index and gynecological age.
b
Low: Distance running (cross-country [XC], track and field [TF],
both) 8 mo/y competitive sport participation or training and 1 or
more other sport(s) played.
c
Moderate: Distance running (XC, TF, both) only 8 mo/y
competitive sport participation or training or distance running
(XC, TF, both) 9 mo/y competitive sport participation or training
and 1 or more other sport(s) played.
d
High: Distance running only (XC, TF, both) for .9 mo/y
competitive sport participation or training.
e
Model 2 adjusted for body mass index, gynecological age, and
menstrual status.
f
Boldface indicates statistical significance.

week) were not obtained, and the deﬁnition for sport
specialization does not account for the intensity of sport
participation (intensity of running mileage, overlapping or
simultaneous multisport participation) that may contribute
to menstrual dysfunction and low BMD.
The study population was relatively small, and that may
have limited the statistical comparisons. Participants were
from southern California high schools and may not
represent runners in other geographic areas of the United
States (eg, size of school and team, weather and training
ability, nutritional practices). Therefore, additional studies
of larger samples in different geographic regions are
needed. Also, as the authors32,33 of recent studies suggested,
male runners may also be affected by the Triad. Future
studies of the relationship between sport specialization and
low BMD should include male runners to determine if an
association exists as well as to examine sex-speciﬁc
differences.
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