
 The female athlete triad:
It takes a team
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Striving for athletic excellence, many 
young women—and some young men—cre-

ate an energy defi cit from increased exercise, 
decreased intake, or both. In women, the re-
sulting energy defi cit can suppress the menstru-
al cycle and in turn lead to bone demineraliza-
tion in a syndrome called the female athlete triad. 

See related editorial, page 321

 Primary care physicians should be aware 
of this syndrome because it can lead to short-
term and long-term health complications, and 
they are in a good position to screen for, diag-
nose, and treat it. However, a study of 931 US 
physicians in 2015 found that only 37% had 
heard of it.1 

 ■ DEFINITION HAS CHANGED:
ONLY 1 OF 3 COMPONENTS NEEDED

In 1972, Title IX of the Education Amendment 
Act was passed, prohibiting sex discrimination 
in any higher education program or activ-
ity receiving federal fi nancial aid. Since then, 
female athletic participation in the United 
States has increased more than 10-fold.2  
 Also increasing has been awareness of the 
link between athletics, eating disorders, and 
amenorrhea. The American College of Sports 
Medicine coined the term female athlete triad 
in 1992, describing it as the constellation of dis-
ordered eating, amenorrhea, and osteoporosis 
(all 3 needed to be present).3  They broadened 
the defi nition in 2007 so that the syndrome can 
be diagnosed if any of the following is present4:
• Low energy availability (with or without 

an eating disorder)
• Menstrual dysfunction
• Decreased bone mineral density. 
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ABSTRACT
The female athlete triad is a syndrome consisting of low 
energy availability (ie, burning more calories than one is 
taking in), menstrual dysfunction, and low bone mineral 
density, although all 3 components need not be present. 
Many providers, physical therapists, and coaches are un-
aware of it and thus do not screen for it. Early interven-
tion using a team approach is essential in patients with 
any component of the female athlete triad to prevent 
long-term adverse health effects. 

KEY POINTS
Low energy availability is the driving force of the triad, 
causing menstrual irregularity and subsequent low bone 
mineral density.

Recognizing that men as well as women can suffer from 
energy defi ciency and that it can affect more than the fe-
male reproductive system and skeleton, the International 
Olympic Committee has proposed calling the disorder 
relative energy defi ciency in sport.

Screening for the triad with a specifi c set of questions is 
recommended during the preparticipation assessment. 

Early intervention and treatment prevents serious health 
consequences including life-threatening arrhythmias, 
amenorrhea, and osteoporosis.
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 Recognizing that low energy availabil-
ity can affect athletes of either sex and have 
consequences beyond the female reproductive 
system and skeleton, in 2014 the Internation-
al Olympic Committee introduced a broader 
term called relative energy defi ciency in sport.5,6 
Like the triad, this condition occurs when en-
ergy intake falls below energy output to the 
point that it negatively affects an athlete’s 
physical and mental health. 

 ■ THE COMPONENTS ARE COMMON

The female athlete triad can be seen in high 
school, collegiate, and elite athletes7 and is es-
pecially common in sports with subjective judg-
ing (gymnastics, fi gure skating) or endurance 
sports that emphasize leanness (eg, running).8
 In a review of 65 studies, Gibbs et al9 
found that the prevalence of any one of the 
triad conditions in exercising women and fe-
male athletes ranged from 16.0% to 60.0%, 
the prevalence of any 2 ranged from 2.7% 
to 27.0%, and the prevalence of all 3 ranged 
from 0% to 15.9%.  
 Low energy availability is categorized as 
either intentional (ie, due to disordered eat-
ing) or unintentional (ie, due to activities not 
associated with eating). Sustained low energy 
availability is often associated with eating dis-
orders and subsequent low self-esteem, depres-
sion, and anxiety disorders.4 

 The prevalence of eating disorders is high 
in female athletes—31% and 20% in 2 large 
studies of elite female athletes, compared with 
5.5% and 9%, respectively, in the general 
population.10,11 Another study found that the 
prevalence of disordered eating was 46.7% in 
sports that emphasize leanness, such as track 
and gymnastics, compared with 19.8% in sports 
that did not, such as basketball and soccer.12  

 Calorie restriction is common. In a study 
of 15 elite ballet dancers and 15 matched con-
trols, the dancers were found to consume only 
about 3/4 as many calories per day as the con-
trols (1,577 vs 2,075 kcal/day, P ≤ .01).13  
 Menstrual dysfunction. In small studies, 
the prevalence of secondary amenorrhea was 
as high as 69% in dancers and 65% in long-
distance runners.4,14–16

 Decreased bone mineral density. Accord-
ing to a systematic review, the prevalence of 
osteopenia in amenorrheic athletes ranged 
between 22% and 50% and the prevalence of 
osteoporosis was 0% to 13%, compared with 
12% and 2.3%, respectively, in the general 
population.17  

 ■ THE COMPONENTS ARE LINKED

The 3 components of the female athlete tri-
ad—low energy availability, menstrual dys-
function, and decreased bone mineral densi-
ty—are linked, and each exists on a spectrum 

The triad is seen 
in high school, 
collegiate, and 
elite athletes, 
especially
in sports
with subjective 
judging or 
that emphasize 
leanness

Figure 1. The components of the female athlete triad are linked. Energy availability and menstrual
dysfunction play causative roles in bone mineral density pathology. Within each component of the triad a 
spectrum of dysfunction exists, with all 3 components exhibiting serious health end points including low 
energy availability, functional hypothalamic amenorrhea, and osteoporosis.
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(Figure 1). The long-term consequences are 
far-reaching and can affect the cardiovascular, 
endocrine, reproductive, skeletal, gastrointes-
tinal, renal, and central nervous systems.
 Low energy availability is the driving 
force of the triad, causing menstrual irregular-
ity and subsequent low bone mineral density.
 Menstrual dysfunction. Low energy 
availability can contribute to menstrual dis-
turbances because the body suppresses repro-
ductive function to prevent pregnancy. Func-
tional hypothalamic amenorrhea results from 
decreased gonadotropin-releasing hormone 
leading to decreased gonadotropin release 
from the pituitary gland and, ultimately, to 
low circulating estrogen levels.18 Menstrual ir-
regularities related to the triad include:
• Primary amenorrhea (a delay in menarche)
• Oligomenorrhea (menstrual cycles occur-

ring at intervals greater than every 35 days)
• Secondary amenorrhea (cessation of men-

struation for 3 consecutive months). 
 (Primary amenorrhea is defi ned as no menses 
by age 15 in the presence of normal secondary 
sexual development or within 5 years after breast 
development if that occurs before the age of 10. 
Secondary amenorrhea is defi ned as the loss of 
menses for 90 or more days after menarche.19)
 In animal studies, reducing dietary intake 
by more than 30% resulted in infertility.4 
Menstrual abnormalities can present as early 
as 5 days after a patient enters a state of low 
energy availability.20 Symptoms of menstrual 
dysfunction are largely indicative of hypogo-
nadism and include vaginal dryness, infertil-
ity, and impaired bone health.
 Bone health in women with the female ath-
lete triad can range from optimal to osteoporosis. 
 Low bone mineral density is a result of low 
energy availability and menstrual dysfunction 
leading to estrogen defi ciency.21,22 Specifi cally, 
menstrual abnormalities can result in low estro-
gen and overactivity of osteoclasts, while low 
energy availability alters the metabolic environ-
ment, inducing changes in insulinlike growth 
factor 1, leptin, and peptide YY, resulting in de-
fi ciencies in vitamin D and calcium—nutrients 
necessary for bone mineralization. In turn, bone 
health and density are compromised.21,22 
 Ninety percent of peak bone mass is at-
tained by age 18. Those who have low bone 
mineral density as part of the female athlete 

triad can suffer from long-lasting effects on 
their bone health. 

 ■ SCREENING

Untreated, the triad can lead to fatigue, poor 
sports performance, and a number of seri-
ous comorbid conditions such as osteopenia 
and osteoporosis (leading to stress fractures) 
anemia, heart arrhythmias, and amenorrhea. 
Therefore, it is important for primary care pro-
viders to screen female athletes for the triad 
during routine offi ce visits. 
 In 2014, the Triad Consensus Panel rec-
ommended screening female athletes at the 
high school and collegiate levels during a pre-

The prevalence 
of eating 
disorders 
is high; 
calorie
restriction 
is common

TABLE 1

Eating disorders:
Restrictive and binging/purging

Restrictive eating disorder

Symptoms
   Amenorrhea
   Constipation
   Headaches
   Fainting 
   Dizziness
   Fatigue 
  Cold intolerance

Physical fi ndings
   Acrocyanosis
  Dry skin
  Hair loss
  Bradycardia
  Orthostatic hypotension
  Loss of muscle mass and subcutaneous fat
  Lanugo

Binging/purging eating disorder

Symptoms
   Bloating
  Fullness
  Lethargy
  Gastroesophageal refl ux disease
   Abdominal pain
   Sore throat

Physical fi ndings
   Knuckle calluses
  Dental enamel erosion
  Salivary gland enlargement
  Cardiomegaly (in setting of ipecac toxicity)
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participation physical evaluation and then ev-
ery year by a primary care physician, athletic 
trainer, team physician, or coach.23 
 Risk factors include signs of dietary restric-
tion, low body mass index, delayed menarche, 
oligomenorrhea or amenorrhea, and bone stress 
reactions or fractures.23 Athletes should be 
questioned about their menstrual history (age 
of menarche, frequency, and duration of men-
strual cycles), history of stress fractures, medica-
tion history, family history (osteoporosis, eating 
disorders, and fractures),24,25 and dietary habits.
 Physical fi ndings include low body mass 
index, recent weight loss, orthostatic hypo-
tension, lanugo, hypercarotenemia, and signs 
of eating disorders (restrictive, binging, purg-
ing) (Table 1).25–27 
 Additionally, it is important to ascertain if 
the patient receives critical comments regard-
ing performance or body image from coaches, 
parents, or teammates and if sport-specifi c 
training began early in life. 
 Certain personality factors and behaviors 
are clues, such as perfectionism, obsessiveness, 
frequent weight cycling, and overtraining.4,25 
If any of the triad components are apparent, a 
deeper evaluation can be completed. 

Specifi c screening questions
The Female Athlete Triad Coalition recom-
mends asking 11 screening questions and hav-
ing prompt discussions regarding the athlete’s 
nutritional status and body image.23 If the pa-
tient gives a worrisome response to a screen-
ing question, further workup for a formal diag-
nosis should be initiated. 
 Questions about nutritional status.
• Do you worry about your weight?
• Are you trying to gain or lose weight, or 

has anyone recommended that you do so?
• Are you on a special diet or do you avoid 

certain types of foods or food groups?
• Have you ever had an eating disorder?
 Questions about menstrual function.
• Have you ever had a menstrual period?
• How old were you when you had your fi rst 

menstrual period?
• When was your most recent menstrual 

period?
• How many periods have you had in the last 

12 months?
• Are you presently taking any female hor-

mones (estrogen, progesterone, birth con-
trol pills)?

 Questions about bone health.
• Have you ever had a stress fracture?
• Have you ever been told you have low 

bone density (osteopenia or osteoporosis)?
 Along similar lines, the American Acad-
emy of Pediatrics, American Academy of 
Family Physicians, and American College of 
Sports Medicine28 have a list of 7 questions:
• Do you worry about your weight?
• Do you limit the foods you eat?
• Do you lose weight to meet image require-

ments for sports?
• Have you ever suffered from an eating dis-

order?
• How old were you when you had your fi rst 

menstrual period?
• How many menstrual cycles have you had 

in the past 12 months?
• Have you ever had a stress fracture?
 These questions are not being widely used. 
A study of the National Collegiate Athletic 
Association Division I universities found that 
only 9% of universities included 9 or more 
of the recommended 12 questions that the 
Female Athlete Triad Coalition was recom-
mending at that time, and 22% asked only 1 
or 2 of the questions. None of the universi-
ties included all 12.29 These fi ndings are not 
surprising, given that screening for the triad is 
not state-mandated. Screening discrepancies 
among providers largely stem from knowledge 
gaps, nonstandardized questionnaires, lack of 
time at appointments, and the sensitive nature 
of the questioning (eg, disordered eating).30

 ■ DIAGNOSING THE TRIAD

Given that the signs of low energy availability 
and menstrual dysfunction are often subtle, 
the diagnosis of the triad for those at risk re-
quires input from a multidisciplinary team in-
cluding a physician, sports dietitian, mental 
health professional, exercise physiologist, and 
other medical consultants. 
 Table 2 lists diagnostic tests the primary 
care provider should consider. 

Diagnosing low energy availability 
Energy availability is the dietary energy re-
maining after exercise energy expenditure; 
it is normalized to fat-free (lean) mass to ac-

Untreated, 
the triad can 
lead to fatigue, 
poor sports 
performance, 
and serious 
comorbid 
conditions
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count for resting energy expenditure. It is a 
product of energy intake, energy expenditure, 
and stored energy, and is calculated as: 

energy intake – exercise energy expenditure

fat-free mass or lean body mass.

 An optimal value is at least 45 kcal/kg/day, 
while physiologic changes start to occur at less 
than 30 kcal/kg/day.4,31 Low energy is often seen 
in adult patients with a body mass index less 
than 17.5 kg/m2 and adolescent patients who 
are less than 80% of expected body weight.
 Energy availability is hard to calculate, but 
certain assessments can be performed in a pri-
mary care setting to approximate it. To assess 
dietary intake, patients can bring in a 3-, 4-, or 
7-day dietary log or complete a 24-hour food 
recall or food-frequency questionnaire in the 
offi ce. To objectively document energy expen-
diture, patients can use heart rate monitors, 
accelerometers, an exercise diary, and web-
based calculators. The fat-free mass can be 
calculated using a bioelectric impedance scale 
and skinfold caliper measurements.26 
 Those with chronic energy defi ciency states 
may have reduced resting metabolic rates, with 
measured rates less than 90% of predicted and 
low triiodothyronine (T3) levels.31

Diagnosing menstrual dysfunction
When evaluating patients with menstrual dys-
function, it is important to fi rst rule out preg-
nancy and endocrinopathies. These include 
thyroid dysfunction, hyperprolactinemia, 
primary ovarian insuffi ciency, other hypotha-
lamic and pituitary disorders, and hyperandro-
genic conditions such as polycystic ovarian 
syndrome, ovarian tumor, adrenal tumor, non-
classic congenital adrenal hyperplasia, and 
Cushing syndrome. 
 Depending on the patient’s age, laboratory 
tests can include follicle-stimulating hormone, 
luteinizing hormone, prolactin, serum estradi-
ol, and a progesterone challenge.32 For hyper-
androgenic symptoms, measuring total and free 
testosterone, dehydroepiandrosterone sulfate, 
24-hour urine cortisol, and 17-hydroxyproges-
terone levels may be helpful. 
 An endocrinologist should be consulted to 
evaluate the underlying cause of amenorrhea 
and address any associated hormonal imbal-
ances. Attributing menstrual dysfunction to 

low energy availability is generally a diagnosis 
of exclusion. Additionally, outfl ow tract ob-
struction should be considered and ruled out 
with transvaginal ultrasonography in patients 
with primary amenorrhea. 
 A patient with hypoestrogenemia and 
amenorrhea may have the same steroid hor-

TABLE 2

Diagnostic tests for the female athlete triad

Low energy availability 

Overt signs:
   body mass index < 17.5 kg/m2 
   or body weight < 85% of expected

Calculation (with aid of daily food logs and accelerometer):

energy intake [kcal] – exercise energy expenditure

fat-free mass or lean body mass

Resting metabolic rate 

Triiodothyronine (T3)  level

Low bone mineral density

Dual-energy x-ray absorptiometry (DEXA) if any of the following:
   Oligomenorrhea or amenorrhea ≥ 6 months
   Disordered eating or an eating disorder ≥ 6 months
   Stress fracture or other fracture from minimal trauma

Interpretation: 

Low bone mineral density

   Ages 5–19: Z score ≤ –2.0

   Age ≥ 20: Z score between –1.0 and –2.0 with a history of nutri-
   tional defi ciency, hypoestrogenism, stress fracture, or other 
   secondary risk factor fracture

Osteoporosis

   Ages 5–19:  Z score ≤ –2.0 plus clinically signifi cant fracture

   Age ≥ 20: Z score ≤ –2.0 plus secondary cause of osteoporosis

Menstrual dysfunction

Rule out pregnancy and outfl ow tract obstruction 

Oligomenorrhea: > 35 days between menses

Amenorrhea: Absence of menses

Laboratory tests to consider:
   Follicle-stimulating hormone
   Prolactin
   Progesterone challenge 
   Thyroid-stimulating hormone, thyroxine (T4)
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Diagnosis 
requires
a team 
that includes 
a physician, 
sports dietitian, 
mental health 
professional, 
and exercise 
physiologist

mone profi le as that of a menopausal woman. 
Lack of estrogen results in impaired endothe-
lial cell function and arterial dilation, with 
accelerated development of atherosclerosis 
and subsequent cardiovascular events.33,34 Fur-
ther, low energy availability has been linked 
to negative cardiovascular effects such as de-
creased vessel dilation leading to decreased 
tissue perfusion and hastened development 
of atherosclerosis.33 Female athletes with hy-
poestrogenism may show reduced perfusion of 
working muscle, impaired aerobic metabolism 
in skeletal muscle, elevated low-density lipo-
protein cholesterol, and vaginal dryness.4 

Diagnosing low bone mineral density
The most common clinical manifestations of 
low bone mineral density in female athletes 
are bone stress reactions such as stress fractures. 
In a study of 311 female high school athletes, 
65.6% suffered from musculoskeletal injury 
from trauma or overuse including stress frac-
tures and the patellofemoral syndrome.35  Many 
athletes seek medical attention from their pri-
mary care physician for stress reactions, provid-
ing an opportunity for triad screening.36

 In postmenopausal women, osteopenia 
and osteoporosis are defi ned using the T score. 
However, in premenopausal women and ado-
lescents, the International Society for Clinical 
Densitometry recommends using the Z score. 
A Z score less than –2.0 is described as “low 
bone density for chronological age.”14 For the 
diagnosis of osteoporosis in children and pre-
menopausal women, the Society recommends 
using a Z score less than –2.0 along with the 
presence of a secondary risk factor for fracture 
such as undernutrition, hypogonadism, or a 
history of fracture. 
 Table 2 summarizes the diagnosis of low 
bone mineral density and osteoporosis in pre-
menopausal women, adolescents, and children 
as well as when to order dual-energy x-ray ab-
sorptiometry (DEXA).37,38 
 Adolescents with low bone mineral den-
sity should have an annual DEXA scan of the 
total hip and lumbar spine.22 Amenorrheic 
athletes typically present with low areal den-
sity at the lumbar spine, reduced trabecular 
volumetric bone mineral density and bone 
strength index at the distal radius, and dete-
rioration of the distal tibia.39

 ■ EARLY INTERVENTION IS ESSENTIAL

Early intervention is essential in patients with 
any component of the female athlete triad to 
prevent long-term adverse health effects. Suc-
cessful treatment is strongly correlated with a 
trusting relationship between the athlete and 
the multidisciplinary team involved in her 
treatment.40 
 If needed, selective serotonin reuptake in-
hibitors and other psychotropic medications 
can be prescribed for comorbid conditions in-
cluding bulimia nervosa, anxiety, depression, 
and obsessive-compulsive disorder. Primary 
providers can identify risk factors that prompt 
the evaluation and diagnosis of the triad, as 
well as support the goals of treatment and help 
manage comorbid conditions. 

Eat more, exercise less
The primary goal is to restore body weight, 
maximizing nutritional and energy status by 
modifying the diet and adjusting exercise be-
havior to increase energy availability.41 Creat-
ing an energy-positive state by increasing in-
take, decreasing energy expenditure, or both 
increases energy availability, subsequently im-
proves bone mineral density, and normalizes 
menstrual function.40 
 To sustain normal physiologic function, 
an energy availability of at least 45 kcal/
kg/day is recommended.42 Patients should 
consume a minimum of 2,000 kcal/day, al-
though energy needs may far exceed that, 
depending on energy expenditure. Olympic 
athletes participating in women’s crew and 
other sports have been anecdotally known 
to require over 12,000 kcal a day to main-
tain weight and performance. Goals include 
a body mass index of at least 18.5 kg/m2 in 
adults and a body weight of at least 90% of 
predicted in adolescents. 
 Involving a dietitian in the care team can 
help ensure that the patient consumes an 
adequate amount of macronutrients and mi-
cronutrients necessary for bone growth; these 
include calcium, vitamin D, iron, zinc, and 
vitamin K.4,32 For patients with disordered eat-
ing, referral to a mental health professional is 
important to help them avoid pathologic eat-
ing behaviors, reduce dieting attempts, and 
alter negative emotions associated with food 
and body image. 
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 Once treatment begins, patients must un-
dergo standardized periodic monitoring of their 
body weight. Although positive effects such as 
normalization of metabolic hormones (eg, in-
sulinlike growth factor 1) may be seen in days 
to weeks by reversing low energy availability, 
it may take several months for menstrual func-
tion to improve and years for measurable im-
provement in bone mineral density to occur.23 

Menstrual function should improve 
with weight gain
Normalizing menses in patients with the female 
athlete triad depends on improving the low en-
ergy availability and inducing weight gain. 
 Pharmacotherapy such as combined oral 
contraceptives can treat symptoms of hypo-
gonadism.25 However, combined oral contra-
ceptives do not restore spontaneous menses 
but rather induce withdrawal bleeding, which 
can lead to a false sense of security.23 While 
there are some benefi ts to prescribing com-
bined oral contraceptives to treat hypogo-
nadism, nonpharmacologic methods should 
be tried initially to restore menses, including 
increasing caloric intake and body weight. 
Golden et al showed that hormone replace-
ment with combined oral contraceptives did 
not improve bone density in women with low 
estrogen states (eg, anorexia nervosa, osteo-
penia).43 Further, combined oral contracep-
tives may worsen bone health, as oral estrogen 
suppresses hepatic production of insulinlike 
growth factor 1, a bone trophic hormone.23

Treating low bone mineral density
Improving energy availability and menstrual 
function can help improve bone mineral den-
sity. Nutritional enhancement is recommend-
ed for mineralization of trabecular bone and 
growth of cortical bone. Supplemental calcium 
(1,000–1,500 mg daily) and vitamin D (600–
1,000 IU daily) should be incorporated into 
the treatment of low bone mineral density.15,19 
 Additionally, weight gain has a positive ef-
fect on bone mineral density independent of 
its effect on the resumption of menses. How-
ever, weight gain alone does not normalize 
bone mineral density. Resuming normal physi-

ologic production of hormones with estrogen-
dependent effects on bone health is integral to 
normalization as well.23 
 Resistance training is encouraged to increase 
lean mass, although caution must be used to pre-
vent fractures during high-impact activity. Bone 
mineral density may take up to several years to 
improve and may not be fully reversible.4,25,39

 Pharmacologic therapy for low bone min-
eral density has unclear outcomes in women 
under age 50. The decision to treat should 
be based on bone mineral density along with 
fracture history. Given their unknown effects 
on the human fetal skeleton, bisphosphonates 
and denosumab should be used with caution in 
women of childbearing potential.24 No studies 
have used denosumab or teriparatide in women 
with the female athlete triad. Despite concerns 
regarding use of these drugs in premenopausal 
women, drug therapy should be strongly con-
sidered in women with a history of fracture and 
those with a high risk of subsequent fracture. 
The decision to treat can be made in conjunc-
tion with the athlete’s endocrinologist. 

 ■ RETURN TO PLAY 

If an athlete is noted to be at risk for or diag-
nosed with the female athlete triad, it is im-
portant to formulate a plan for her to return to 
play once her health improves. 
 De Souza et al provided a cumulative risk as-
sessment for risk stratifi cation and made recom-
mendations on when an athlete should return 
to play depending on her level of risk.23 Using 
this grading system, primary care physicians can 
risk-stratify their patients. Those at low risk may 
be fully cleared to return to play, while those at 
moderate to high risk must fi rst follow up with 
a multidisciplinary team to develop treatment 
strategies for improving their health. 
 Once a patient reaches her established goals, 
she may provisionally return to play under the 
close supervision of a team physician or primary 
care physician. A written treatment contract, 
including the goals set by the multidisciplinary 
team, should be followed closely as the athlete 
continues to participate in the sport.23 ■

Optimal energy 
availability: 
≥ 45 kcal/kg/day
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