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Management of Low Bone Mass in Female Athletes
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As female athletic participation has increased, the positive effects of exercise on health have become evident. However,
with this growth in sports activity, a set of health problems unique to the female athlete has emerged. The female athlete
triad and its components can occur in females of all ages in every sport. The Female Athlete Triad poses serious health
risks, both short and long term, to the overall well-being of affected individuals. Sustained low energy availability can impair
health, causing many medical complications within the skeletal, endocrine, cardiovascular, reproductive, and central nervous
systems. With the surge of females participating in athletics within the past 10 to 15 years, it is both conceivable and likely
that the prevalence of this syndrome will continue to grow. Therefore, it is imperative that appropriate screening and diagnostic
measures are enacted by a multidisciplinary team of health care providers, counselors, teachers, and dieticians in order
to provide the proper care to affected athletes. Initial awareness should take place within the educational confines of elementary
and high schools. Screening for female athletes exhibiting risk factors for the triad should also take place at the time of
sports physicals. If one component of the triad is identified, the clinician should take the time to effectively workup the
other. Treatment for each component of the triad includes both pharmacological and nonpharmacological measures, with
emphasis placed upon increased energy availability and overall improved nutritional health. Using this all-encompassing type
of approach, sports medicine practitioners should feel empowered to continue to promote the lifelong well-being of female
athletes in the years to come.
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Along with the notable health benefits of exercise,
unique physiologic and behavioral responses of
women to athletic activity are now known.' Increasing
numbers of female athletes with eating disorders,
amenorrhea, or nontraumatic stress fractures were
reported for several years after enactment of Title IX,
but it was not until 1997 that these conditions were
first described as being interrelated and the term
female athlete triad was coined by the American
College of Sports Medicine (ACSM).?

Although the estimated prevalence of the triad is
low, individual components of the female athlete triad
are common in athletes at all competitive levels and

3
ages.

The triad is best understood as a continuum ranging
from health to disease of each disorder: energy
availability, menstrual function, and bone mineral
density. Therefore, an athlete’s condition can fall
anywhere along the spectrum of optimal energy
availability to an eating disorder; menstrual regularity
to subclinical menstrual disorders, orthorexia, or
athletic amenorrhea; and low bone mineral density
(BMD) to frank osteoporosis (Fig. 1).* Energy availa-
bility is often considered an imbalance between energy
intake, which is the total caloric intake of a person
per day, and energy expenditure, which includes both
the resting energy expenditure (REE) and the exercise

energy expenditure (EEE). Energy availability is best

Corresponding Author: Hoon Choi, Department of Obstetrics and Gynecology, Inje University, School
of Medicine Inje University Sanggyepaik Hospital, 1342, Dongil-ro, Nowon-gu, Seoul, 139-707, Korea
TEL: +82-2-950-1058 FAX: +82-00-00-00 E-mail: hchoi@paik.ac.kr

Received: March 14, 2014
Revised: March 14, 2014
Accepted: March 17, 2014



Kosin Medical Journal 2014;29:1-10.

conceptualized as energy remaining from the energy
intake after EEE has occurred. Therefore, energy
availability should ideally match, if not slightly
exceed, REE in order to allow physiologic processes
of the body to continue.® At any one time, affected
athletes move between the points at varying rates
according to their individual experience.5 Because of
the dire consequences associated with both the phy—
sical and mental health of the athlete affected by the
triad, preventative measures are crucial to curbing the

progression of this multifaceted syndrome.

ETIOLOGY

It has been theorized that the root of this syndrome
begins with low energy availability.6 The female
athlete, seeking an improved body image to enhance
athletic prowess, begins to restrict caloric intake. This
restrictive dieting behavior then progresses, even—
tually predisposing the athlete to menstrual irre—
gularity and decreased BMD.’ Often, energy availa-
bility fluctuates daily, with direct and/or indirect
effects on menstrual function and BMD that are
realized months to years later.”

The etiology of this third triad component can be

attributed in large part to the female’s hypoestrogenic
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Fig. 1. The female athlete triad.

state. Within this framework, the female athlete
demonstrates accelerated bone resorption due to the
lack of the suppressive effect of estrogen on osteoclast
activity. It is believed that other factors including low
energy availability also play a significant role in the

development of low BMD in female athletes.

RISK FACTORS

Athletes at greatest risk for developing the Female
Athlete Triad are those who restrict caloric intake,
exercise for extended periods, and have vegetarian
diets.’ Specifically, athletes who develop abnormal
eating behaviors may be predisposed based upon
various social and/or environmental factors including
psychological issues, low self—-esteem, abuse, genetics,
and family dysfunction.g‘10 Injury and an earlier

commitment to sport—specific training are additional

risk factors for the development of low energy

Table 1. Risk Factors and Warning Signs of the Female

Athlete Triad Athletes at risk for eating disorders
Restriction of dietary energy intake or vegetarianism
Psychosocial pressures to achieve thinness
Low self-esteem or poor family dynamics
Initiation of training at young age or increase in training

intensity
Participation in lean/aesthetic sports

Athletes at risk for menstrual dysfunction
Low body mass index
Participation in lean/aesthetic sports

Athletes at risk for stress fractures
Low bone mineral density or history of stress fractures
Menstrual disturbances
Delayed menarche
Dietary insufficiency
Errors in training

Warning signs
Decline in performance
Weight loss
Mood changes
Frequent illness or injury
Fractures
Dissatisfaction with appearance




availability.“ Specifically, risk factors associated with
development of stress fractures within this population
include low BMD, menstrual dysfunction, dietary in-—
sufficiency, and genetic inheritance, among others.

Several dietary, exercise—related, and psychosocial
behaviors are associated with increased risk of the

13-20

triad. Warning signs may include decline in

performance, mood changes, frequent illness or
injury, fractures, or dissatisfaction with body size

(Table 1).

THE TRIAD
LOW ENERGY AVAILABILITY

Energy restriction is common in female athletes,
ranging from an inadvertent decrease in energy intake
or failure to increase caloric consumption for exercise
to pathologic restrictive behaviors in the context of
eating disorders. Ways in which energy intake is
decreased involve purging, fasting, use of diet pills,
laxatives, and diuretics. Determining the prevalence
of disordered eating in athletes is challenging because
of the lack of standardized assessment tools and
consistent criteria.”’ Female athletes can consume 30%
less energy per unit of body weight than male athletes,

122 The prevalence of

particularly in lean sports.
disordered eating ranges from 1% to 62% in female
athletes depending on type of sport, with higher rates
in sports reliant on weight categories or lean build.”
The prevalence of eating disorders such as AN or
bulimia nervosa in elite athletes is higher than in
nonathletes (13.5% vs 3.1%)> and even higher in lean
and aesthetic sports.”*”

Research suggests that there is ideally no single
cause regarding the development of eating disorders

among athletes. Instead, its presence is most likely

Management of Low Bone Mass in Female Athletes

multi—factorial, with various environmental, phy-—
siological, and cultural components. The ideal that the
intense pressure associated with various athletic
activities may incite the development of an eating
disorder in athletes who are psychologically vulnera-

. . . . 26
ble is a continued topic of conversation.

MENSTRUAL DYSFUNCTION

From delaying the onset of menarche’’ to causing
subclinical menstrual disorders, oligomenorrhea, and
amenomrhea,28 exercise can impact menstrual function
in several ways. Oligomenorrhea is defined as men-
strual cycles occurring at intervals longer than 35 days,
and secondary amenorrhea is defined as the absence
of menstrual cycles for more than 3 months in a
previously menstruating individual.” These disorders
occur in 12% to 79% of female athletes and are even
more prevalent in participants in lean sports such as
ballet. Diagnosing menstrual irregularities in
adolescents is challenging because oligomenorrhea is
present in 65% of girls during the first year after
menarche.” Primary amenorrhea refers to lack of
menstruation by age 15 years31 and does affect
athletes.”” In a study of 425 collegiate athletes in 15
sports, 7.4% overall and 22.2% in aesthetic sports
(cheerleading, diving, and gymnastics) had not
menstruated by age 16 years,33 as opposed to 1% in
the general population.34 Regardless of type of sport,
up to a quarter of active women, including recreational
exercisers, experience menstrual dysfunction.35 In
runners, training duration correlates with menstrual
dysfunction, with amenorrhea increasing from 3% to
60% as training mileage increases from less than 8
4,36

to more than 70 miles per week.

As often the initiating factor of the triad, low energy
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availability induces a hypometabolic state. Strenuous
training alone has not been shown to alter menstrual
cycles; it is necessary for dietary restriction to occur.”’
In a study by Loucks and Thuma,38 it was decided that
the energy threshold at which menstrual dysfunction
is likely to occur is approximately 30 kcal/kg lean
body mass per day. This “energy deficit” theory de—
scribes the induction of menstrual irregularities
secondary to an imbalance in the body’s natural
neuroendocrine function, specifically the impact on
the hypothalamic-pituitary—-adrenal axis. Disruption
of the body’s normal homeostatic mechanisms leads
to the development of significant health conse-
decreased immune

quences, including infertility,

function, and decreased BMD.

LOW BMD

The last component of the triad is also best
described as a spectrum encompassing optimum bone
health, low bone density, and osteoporosis. Currently,
bone strength is measured with dual-energy x-ray
absorptiometry (DEXA), which specifically looks at
one bone strength component—BMD. Other com-
ponents play important roles when defining bone
strength, specifically bone quality and bone mineral
content. Bone tissue undergoes constant remodeling
orchestrated by osteoclasts (which resorb formed
bone) and osteoblasts (which form new bone) under
the regulation of several polypeptides, growth factors,
and gonadal and thyroid hormones.” Both low energy
availability and hypoestrogenism have independent
and cumulative effects on bone health. Previously, low
BMD was speculated to be solely a function of
hypoestrogenism through lack of inhibition of

osteoclasts, as seen in women with AN, but it is now

recognized that energy deficits cause changes in the
metabolic milieu such as decreasing insulin-like
growth factor 1 and leptin levels and deficiencies in
nutrients such as calcium that adversely affect bones,

40-42 .
Lending cre-

independent of menstrual status.
dence to this assumption are reports of weight gain
having favorable effects on BMD but lack of complete
recovery of BMD with oral contraceptive pills in
patients with AN or exercise—induced amenorrhea.’
Further, low BMD has been reported in athletes who
have eating disorders but regular menstruation,
The incremental effects of low energy availability
on bone health were reported in a landmark study
by Ihle and Loucks,43 which established that bone
formation is impaired within 5 days of the onset of
low energy availability in healthy sedentary women
and that extreme energy restriction (10 kcal/kg per
day of FFM) causes the uncoupling of bone remodeling
to become more pronounced as resorption increases.
Caloric restriction and weight fluctuations have
been associated with bone loss in hurne1rls,,13’40’41 with
a 10% decrease in weight resulting in a 1% to 2% loss
in BMD."* Increasing duration of amenorrhea causes
further decline in BMD and negates the benefits of
exercise on skeletal health, as reported in studies
comparing BMD and bone microarchitecture among
amenorrheic athletes, eumenorrheic athletes, and
nonathletes.*™
Adolescence constitutes a critical period for bone
mass accrual, with 26% of adult bone mineral content
acquired during the 2 years when peak height growth
velocity occurs and almost all attained by the third
decade of life.”! In young amenorrheic athletes, a bone
mass loss of 2% to 6% per year may occur instead

of bone mass accrual, resulting in a 3—fold higher risk

of stress fractures.” Biological potential for peak bone



mass may not be reached in these individuals, even
with restoration of menstrual cycles.™

A female athlete’s BMD is best described as a single
snapshot of her cumulative bone health at any point
in time based on many interrelated variables, namely
energy availability, menstrual function, and genetic
influence.” Tt is important for an athlete’s BMD to
be charted over time, so that she is informed of her
trend and can attempt to make necessary changes as
deviations arise. Since the majority of peak bone mass
is accrued in childhood and adolescence, it is vital
that at-risk athletes be identified in an attempt to
prevent chronic poor bone health.” In fact, it is
possible for premenopausal women who become
amenorrheic, oligomenorrheic, or postmenopausal to
lose approximately 2% of their BMD per year.

The prevalence of low bone density in athletes also
is highly variable due to variations in definable para—
meters and the cost associated with diagnostic moda-
lities. The presence of osteopenia in female athletes
ranges from 22% to 50%. However, female athletes
in weight-bearing sports such as basketball and

volleyball have a nearly 15% higher BMD than
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Fig. 2. Average bone mineral density among collegiate female
athletes by sport.
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nonathletes. A recent study looking at average BMD
in collegiate athletes across a number of sports found
that runners had the lowest BMD of all sports
investigated (Fig. 2).”°

The protective effect of weight bearing can be
eliminated in athletes affected by other components
of the triad. The development of stress fractures in
athletes diagnosed with low BMD and menstrual
dysfunction may approach a rate of 17%.”” Cobb and
colleagues analyzed the interaction of disordered
eating, menstrual irregularity, and BMD among 91
competitive long—distance runners (ages 18 to 25) and
discovered 6% of the amenorrheic group had spine
BMD values termed “osteoporotic” with another 48%

.. « . » 55
classified as "osteopenic’.

EVALUATION

Appropriate screening in at-risk athletes should
take place during preparticipation exams or during
annual health check-ups. Any long distance runner
with recurrent leg pain, or under high suspicion for
a stress fracture, should also undergo similar
evaluation. The physician should have a firm
understanding of all components of the triad, their
unique interrelationships, and the entire spectrum
from health to illness each component embodies.” It
is both prudent and recommended to test an athlete
for all triad components if she presents with a
diagnosis of one.

Trainers, coaches, and parents are often the first
to witness an athlete’s abnormal psychological and
behavioral characteristics. Examples include increa—
sed anxiety, unnecessary dieting, being “too critical,”

compulsiveness regarding exercise, social withdrawal,

binge eating, substance abuse, and increased agitation.
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Therefore, a high index of suspicion must exist on
the physician’s part when dealing with athletes
presenting with altered eating habits/behaviors or
multiple physical complaints‘5 Even in the absence
of a clinical diagnosis of anorexia or bulimia, the
concern regarding abnormal types of eating behaviors
remains heightened as this scenario can lead to low
energy availability.

Pertinent components of the medical history in-
clude energy intake, dietary practices, weight fluctua—
tions, and eating habits. The physician should also
elicit a complete menstrual history including onset
of menarche and current menstrual status. Sport-
specific inquiries should include the number of
training hours per day, number of sports played, and
prior history of stress fracture/injury. An athlete with
a history of disordered eating should be referred to
a mental health practitioner for further workup.

Each visit should include a set of vitals (height,
weight, blood pressure) along with BMI calculation
and current menstrual status.” Physical exam findings
that may be apparent in a patient effected by this triad
include parotid gland enlargement, lanugo hair,
acrocyanosis of the hands/feet, and bradycardia.
Sexual maturity should be documented with Tanner
staging. Pelvic examination may reveal vaginal atro-
phy if hypoestrogenism is plresent.58

A standard battery of laboratory tests should be
obtained if clinical suspicion of one component of the
triad is present. Specifically, a complete blood count
with differential, complete metabolic panel, erythro-
cyte sedimentation rate, thyroid function tests, and
urinalysis should be a part of the standard
assessment.” Other more advanced tests include urine

electrolytes (which may be low from recurrent

vomiting), salivary amylase (which may be increased

from vomiting), stool guaic (in cases of laxative

abuse), and an electrocardiogram (assess for
arrhythmias and prolonged QT interval).

Athletic amenorrhea can be evaluated further by
a gynecologist or endocrinologist because it is a
diagnosis of exclusion, and appropriate testing to rule
out other causes should be undertaken including a
pregnancy test and measurement of follicle—
stimulating hormone, luteinizing hormone, prolactin,
and thyrotropin levels.” If acne or hirsutism is
present, evaluation for polycystic ovarian syndrome
should also be performed.60

The ACSM recommends a baseline DEXA test
should occur in an athlete with evidence of greater
than 6 months of amenorrhea, oligomenorrhea, and/or
disordered eating. A history of stress fractures should
also prompt the physician to order a DEXA test. A
diagnosis of low BMD or osteoporosis is formulated

from the lowest Z-score from the spine or hip.

PREVENTION AND TREATMENT

Optimum treatment for those athletes diagnosed
with the Female Athlete Triad must include a multi-
disciplinary team approach to maximize therapeutic
effectiveness. This specialist—oriented team should
consist of the following individuals: health care
providers, mental-health practitioners, dieticians,
coaches, parents, athletic trainers, exercise physiolo—
gist, etc. Although the primary emphasis is on pre-—
vention, each of the above individuals has the ability
to impact the treatment plan of an affected athlete.
Education originating within the school system on
triad-specific components is critical to establishing
a healthy awareness of the Female Athlete Triad.

Young athletes should be alerted to the significant



health risks of low BMD, menstrual dysfunction, and
poor overall energy availability. Within the com-
petitive arena, coaches should emphasize the benefits
of proper nutrition in relation to the attainment of
athletic achievements.

After a comprehensive treatment plan has been
formulated, it is necessary for the treating physician
along with the multidisciplinary team to determine
whether an athlete may continue to train and
participate in sport competitively. The athlete must
comply with all treatment strategies, be closely
monitored by a physician, place importance on
treatment over training, and take steps to modify
training (intensity, duration, type). If the athlete
chooses to not accept treatment, breaks the contract,
or does not show steady progression in weight gain,
then the athlete must be removed from competition.”

The first aim of therapy focuses on energy
availability. Specifically, it is essential to create an
“energy positive” dietary environment by increasing
intake, reducing energy expenditure, or a combination
of the 2.”* This increase in energy availability then
translates into increased BMD and restoration of
menstrual function.” For example, increases in BMD
of nearly 5% per year have correlated with increases
in body weight in amenorrheic athletes.”

The ACSM has outlined nutritional guidelines for
athletes.”” The recommended energy intake for
sedentary women is 1,800 to 2,000 kcal/d, and an
additional 500 to 1,000 kcal/d is advised for active

62,63
women.

Any athlete presenting with signs and
symptoms of disordered eating should be referred to
nutritional counseling. The dietitian should estimate
an athlete’s daily energy availability through the use
of a food diary. Bone-building supplements (vitamin

D, calcium) should be administered.

Management of Low Bone Mass in Female Athletes

The overall treatment goals for athletes presenting
with disordered eating remain the following: improve
nutritional status, modify unhealthy thoughts, and
normalize eating behavior. Treatment success is
intimately linked with the development of trustworthy
relationships between athlete and care provider. Other
forms of nonpharmacological therapy include indivi—
dual psychotherapy, cognitive-behavioral therapy,
and group therapy.54

Pharmacological therapy may help to serve as a
useful adjunct in affected patients. Antidepressants
are often prescribed by mental-health practitioners
in patients exhibiting certain mental disorders and/or
abnormal eating behaviors (ie, bulimia, anorexia).
However, health practitioners must realize that
hormone therapy (HT) and/or oral contraceptives
(OC) do not address the underlying pathological
mechanisms of bone formation and health. Therefore,
pharmacological treatment alone will not serve to
restore age-appropriate BMD.” OC agents are
recommended in athletes older than 16 years with
continued BMD decline in an effort to minimize
further bone loss. Bisphosphonates, while approved
for treatment of postmenopausal osteoporosis, are not
recommended in the young athlete due to an overall
lack of proven efficacy in this population, as well as

concerns for potential harmful fetal effects.

CONCLUSIONS

Screening for female athletes exhibiting risk factors
for the triad should take place at the time of sports
physicals. If one component of the triad is identified,
the clinician should take the time to effectively
workup the other. Treatment for each component of

the triad includes both pharmacological and non-
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pharmacological measures, with emphasis placed upon

increased energy availability and overall improved

nutritional health. Using this all-encompassing type

of approach, sports medicine practitioners should feel

empowered to continue to promote the lifelong

well-being of female athletes in the years to come.

REFERENCES

10.

11

12.

. Gibbs JC, Williams NI, De Souza MIJ. Prevalence of individual

and combined components of the female athlete triad. Med Sci
Sports Exerc 2013;45:985-96.

. Otis CL, Drinkwater B, Johnson M, Loucks A, Wilmone J.

American College of Sports Medicine position stand: the Female
Athlete Triad. Med Sci Sports Exerc 1997;29:i-ix.

. Nichols DL, Sanborn CF, Essery EV. Bone density and young

athletic women: an update. Sports Med 2007;37:1001-14.

. Nattiv A, Loucks AB, Manore MM, Sanborn CF, Sundgot-

Borgen J, Warren MP; American College of Sports Medicine.
American College of Sports Medicine position stand: the female
athlete triad. Med Sci Sports Exerc 2007;39:1867-82.

. Lebrun CM. The Female Athlete Triad: what's a doctor to do?.

Curr Sports Med Rep 2007;6:397-404.

. Beals KA, Hill AK. The prevalence of disordered eating,

menstrual dysfunction, and low bone mineral density among
US collegiate athletes. Int J Sports Nutr Exerc Metab 2006;
16:1-23.

. Hoch AZ, Pajewski NM, Moraski L, Carrera GF, Wilson CR,

Hoffmann RG, et al. Prevalence of the Female Athlete Triad
in high school athletes and sedentary students. Clin J Sports
Med 2009;19:421-8.

. Nattiv A, Loucks AB, Manore MM, et al. Position Stand: the

female athlete triad. Med Sci Sports Exerc 2007;39:1867-82.

. Manore MM. Nutritional needs of the female athlete. Clin J

Sports Med 1999;18:549-63.

Witkop CT, Warren MP. Understanding the spectrum of the
Female Athlete Triad. Am Coll Obstet Gynecol 2010;116:
1444-8.

Sundgot-Borgen J. Risk and trigger factors for the development
of eating disorders in female elite athletes. Med Sci Sports Exerc
1994;26:414-9.

Boden BP, Osbahr DC. High-risk stress fractures: evaluation

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

and treatment. ] Am Acad Orthop Surg 2000;8:344-53.
Kadel NJ, Teitz CC, Kronmal RA. Stress fractures in ballet
dancers. Am J Sports Med 1992;20:445-9.

Gibbs JC, Williams NI, Scheid JL, Toombs RJ, De Souza MJ.
The association of a high drive for thinness with energy
deficiency and severe menstrual disturbances: confirmation in
a large population of exercising women. Int J Sport Nutr Exerc
Metab 2011;21:280-90.

Pritts SD, Susman J. Diagnosis of eating disorders in primary
care. Am Fam Physician 2003;67:297-304.

Sundgot-Borgen J. Risk and trigger factors for the development
of eating disorders in female elite athletes. Med Sci Sports Exerc
1994;26:414-9.

Byme S, McLean N. Elite athletes: effects of the pressure to
be thin. J Sci Med Sport 2002;5:80-94.

Redman LM, Loucks AB. Menstrual disorders in athletes. Sports
Med 2005;35:747-55.

Kelsey JL, Bachrach LK, Procter-Gray E, Nieves J, Greendale
GA, Sowers M, et al. Risk factors for stress fracture among
young female cross-country runners. Med Sci Sports Exerc
2007;39:1457-63.

Bolin D, Kemper A, Brolinson PG. Current concepts in the
evaluation and management of stress fractures. Curr Sports Med
Rep 2005;4:295-300.

Bonci CM, Bonci LJ, Granger LR, Johnson CL, Malina RM,
Milne LW, et al. National Athletic Trainers' Association position
statement: preventing, detecting, and managing disordered
cating in athletes. J Athl Train 2008;43:80-108.

Loucks AB, Nattiv A. Essay: the female athlete triad. Lancet
2005;366:S49-50.

Martinsen M, Sundgot-Borgen J. Higher prevalence of eating
disorders among adolescent elite athletes than controls. Med
Sci Sports Exerc 2013;45:1188-97.

Smolak L, Murnen SK, Ruble AE. Female athletes and eating
problems: a meta-analysis. Int J Eat Disord 2000;27:371- 80.
Sundgot-Borgen J, Torstveit MK. Prevalence of eating disorders
in elite athletes is higher than in the general population. Clin
J Sport Med 2004;14:25-32.

Beals KA, Meyer NL. Female Athlete Triad update. Clin Sports
Med 2007;26:69-89.

Baxter-Jones AD, Helms P, Baines-Preece J, Preece M.
Menarche in intensively trained gymnasts, swimmers and tennis
players. Ann Hum Biol 1994;21:407-15.

De Souza MJ, Toombs RJ, Scheid JL. O’Donnell E, Weat SL,

Willams NI. High prevalence of subtle and severe menstrual



29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

disturbances in exercising women: confirmation using daily
hormone measures. Hum Reprod 2010;25:491-503.

Practice Committee of the American Society for Reproductive
Medicine. Current evaluation of amenorrhea. Fertil Steril 2004;
82:533-9.

Carlberg KA, Buckman MT, Peake GT, Riedesel ML. A survey
of menstrual function in athletes. Eur J Appl Physiol
1983;51:211-22.

Legro RS, Lin HM, Demers LM, Lloyd T. Rapid maturation
of the reproductive axis during perimenarche independent of
body composition. J Clin Endocrinol Metab 2000;85:1021-5.
Di Cagno A, Marchetti M, Battaglia C, Giombini A, Calcagno
G, Fiorilli G, et al. Is menstrual delay a serious problem for
elite rhythmic gymnasts?. J Sports Med Phys Fitness 2012;
52:647-53.

Beals KA, Manore MM. Disorders of the female athlete triad
among collegiate athletes. Int J Sport Nutr Exerc Metab
2002;12:281-93.

Chumlea WC, Schubert CM, Roche AF, Kulin HE, Lee PA,
Himes JH, et al. Age at menarche and racial comparisons in
US girls. Pediatrics 2003;111:110-3.

Nichols JF, Rauh MJ, Lawson MJ, Ji M, Barkai HS. Prevalence
of the female athlete triad syndrome among high school athletes.
Arch Pediatr Adolesc Med 2006;160:137-42.

Sanborn CF, Martin BJ, Wagner WW Jr. Is athletic amenorrhea
specific to runners?. Am J Obstet Gynecol 1982;143:859-61.
Williams NI, Helmreich DL, Parfitt DB, Caston-Balderrama A,
Cameron JL. Evidence for a causal role of low energy
availability in the induction of menstrual cycle disturbances
during strenuous exercise training. J Clin Endocrinol Metab
2001;86:5184-93.

Loucks AB, Thuma JR. Luteinizing hormone pulsatility is
disrupted at a threshold of energy availability in regularly
menstruating women. J Clin Endocrinol Metab 2003;88:297-
311.

Misra M. Effects of hypogonadism on bone metabolism in
female adolescents and young adults. Nat Rev Endocrinol
2012;8:395-404.

De Souza MJ, Williams NI. Beyond hypoestrogenism in
amenorrheic athletes: energy deficiency as a contributing factor
for bone loss. Curr Sports Med Rep 2005;4:38-44.

Shapses SA, Heymsfield SB, Ricci TA, et al. Voluntary weight
reduction increases bone turnover and loss. In Burckhardt P.,
Dawson-Hughes B, Heaney RB(eds) Nutritional Aspects of
Osteoporosis. New York, NY: Springer-Verlag, 1998, pp.180-4.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.
53.

54.

55.

Management of Low Bone Mass in Female Athletes

Grinspoon SK, Baum HB, Kim V, Coggins C, Klibanski A.
Decreased bone formation and increased mineral dissolution
during acute fasting in young women. J Clin Endocrinol Metab
1995;80:3628-33.

Thle R, Loucks AB. Dose-response relationships between energy
availability and bone turnover in young exercising women. J
Bone Miner Res 2004;19:1231-40.

. Andersen RE, Wadden TA, Herzog RJ. Changes in bone mineral

content in obese dieting women. Metabolism 1997;46:857-61.
Compston JE, Laskey MA, Croucher PI, Coxon A, Kreitzman
S. Effect of diet-induced weight loss on total body bone mass.
Clin Sci (Lond) 1992;82:429-32.

Lloyd T., Myers C., Buchanan J.R., Demers LM. Collegiate
women athletes with irregular menses during adolescence have
decreased bone density. Obstet Gynecol 1988;72:639-42.
Drinkwater BL, Bruemner B, Chesnut CH III. Menstrual history
as a determinant of current bone density in young athletes.
JAMA 1990;263:545-8.

Nattiv A, Puffer JC, Casper J, Dorey F, Kabo JM, Hame S,
et al. Stress fracture risk factors, incidence and distribution:
a 3-year prospective study in collegiate runners. Med Sci Sports
Exerc 2000;32:S347.

Ackerman KE, Nazem T, Chapko D, Russell M, Mendes N,
Taylor AP, et al. Bone microarchitecture is impaired in
adolescent amenorrheic athletes compared with eumenorrheic
athletes and nonathletic controls. J Clin Endocrinol Metab
2011;96:3123-33.

Bennell KL, Malcolm SA, Thomas SA, Reid SJ, Brukner PD,
Ebeling PR, et al. Risk factors for stress fractures in track and
field athletes: a twelve-month prospective study. Am J Sports
Med 1996;24:810-8.

Bailey DA, Martin AD, McKay HA, Whiting S. Mirwald R.
Calcium accretion in girls and boys during puberty: a
longitudinal analysis. J Bone Miner Res 2000;15:2245-50.
Yurth EF. Female athlete triad. West J Med 1995;162:149-50.
Compston JE, McConachie C, Stott C, Hannon RA, Kaptoge
S, Debiram I, et al. Changes in bone mineral density, body
composition and biochemical markers of bone turnover during
weight gain in adolescents with severe anorexia nervosa: a
1-year prospective study. Osteoporos Int 2006;17:77-84.
Nattiv A, Loucks AB, Manore MM, Sanborn CF, Sundgot-
Borgen J, Warren MP; American College of Sports Medicine.
American College of Sports Medicine position stand. The female
athlete triad. Med Sci Sports Exerc 2007;39:1867-82.

Cobb KL, Bachrach LK, Greendale G, Marcus R, Neer RM,



Kosin Medical Journal 2014;29:1-10.

56.

57.

58.

59.

Nieves J, et al. Disordered eating, menstrual irregularity, and
bone mineral density in female runners. Med Sci Sports Exerc
2002;35:711-9.

Nattiv A, Loucks AB, Manore MM, Sanborn CF, Sundgot-
Borgen J, Warren MP; American College of Sports Medicine.,
et al. Bone mineral density in collegiate female athletes:
comparisons among sports. J Athletic Train 2007;42:403-8.
Torstveit MK, Sundgot-Borgen J. The female athlete triad: are
clite athletes at increased risk?. Med Sci Sports Exerc
2005;37:184-93.

Mendelsohn FA, Warren MP. Anorexia, bulimia, and the female
athlete triad: evaluation and management. J Clin Endocrinol
Metab 2010;39:155-67.

Deimel JF, Dunlap BJ. The female athlete triad. Clin Sports
Med 2012;31:247-54.

Peer Reviewers' Commentary

60.

61.

62.

63.

I0C Medical Commission Working Group Women in Sports.
Position Stand on Female Athlete Triad. 2005. INTER REF
http://www.olympic.org/Documents/Reports/EN/en_report 91
7.pdf. Accessed July 29, 2013.

American Dietetic Association; Dietitians of Canada; American
College of Sports Medicine, Rodriguez NR, Di Marco NM,
Langley S. American College of Sports Medicine position stand.
Nutrition and athletic performance. Med Sci Sports Exerc
2009;41:709-31.

National Research Council, Subcommittee on the Tenth Edition
of the RDAs. Recommended Dietary Allowances. 10th ed.
Washington, DC: National Academy Press, 1989.
Economos CD, Bortz SS, Nelson ME. Nutritional practices of
clite athletes: practical recommendations. Sports Med 1993;
16:381-99.

The triad is best understood as a continuum ranging from health to disease of each disorder: energy availability,
menstrual function, and bone mineral density. Energy availability is best conceptualized as energy remaining from
the energy intake after EEE has occurred. Therefore, energy availability should ideally match, if not slightly exceed,
REE in order to allow physiologic processes of the body to continue. In this review, management methods of
low bone mass in female athletes to make it easier to understand the summary and, in the early screening in
clinical practice is thought to be very helpful.
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