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Chapter 11
The Female Athlete Triad

Andrea Kussman and Aurelia Nattiv

Introduction

The female athlete triad (Triad) is comprised of three interrelated conditions: low
energy availability (with or without disordered eating), menstrual dysfunction, and
low bone mineral density. Low energy availability contributes to both menstrual
dysfunction and low bone mineral density, and menstrual dysfunction also contrib-
utes to low bone mineral density. As illustrated in Fig. 11.1, these three conditions
occur on a spectrum ranging from optimal health (adequate energy availability,
eumenorrhea, and normal bone mineral density) to the end-stage that includes eat-
ing disorder, amenorrhea, and osteoporosis. Athletes with the female athlete triad
can present with these three conditions in different stages at different periods of
time, and diagnosis of the Triad does not require simultaneous clinical manifesta-
tions of all three conditions [1, 2].

It is crucial that sports medicine physicians are comfortable diagnosing and
treating the female athlete triad. If untreated, the consequences of the Triad can be
devastating, and include compromised reproductive health, increased rates of bone
stress injuries, and other soft tissue musculoskeletal injuries, osteoporosis, and eat-
ing disorders. Early recognition and prompt treatment may help patients avoid the
end-stage outcomes of the Triad.
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Fig. 11.1 The spectrum of the female athlete triad. The three inter-related components of the
Triad are energy availability, menstrual status, and bone health. Energy availability affects men-
strual status, and both energy availability and menstrual status affect bone health. (Reprinted with
permission from Wolters Kluwer: Medicine & Science in Sport & Exercise [1])

Terminology

In 1992 the American College of Sports Medicine (ACSM) convened a panel of
experts, which resulted in the initial description of the Triad [3] and subsequently in
the 1997 ACSM Position Stand on the Female Athlete Triad [4]. They defined the
Triad as a syndrome affecting active girls and women, comprised of the interrelated
conditions of disordered eating, amenorrhea, and osteoporosis. Since this time,
there has been a significant body of research dedicated to understanding the female
athlete triad, its diagnosis, its management, and its consequences. This has resulted
in two major updates. In 2007, the ACSM published an updated Position Stand on
the Female Athlete Triad, re-defining the Triad as low energy availability, menstrual
dysfunction, and decreased bone mineral density (BMD) [1]. An important feature
of this update was the recognition that each component of the Triad may exist on a
spectrum ranging from healthy, to subclinical or mild disturbances, to end-stage
consequences including eating disorders, amenorrhea, and osteoporosis. The 2007
Position Stand illustrated the Triad as a prism (see Fig. 11.1), where athletes could
move along the different axes of the prism at different rates, highlighting the impor-
tance of early recognition and treatment. In 2014, The Female Athlete Triad
Coalition Consensus Statement on Treatment and Return to Play of the Female
Athlete Triad was published to provide further guidance on clinical management of
the Triad and return to play decision making [2]. As our understanding of the female
athlete triad expands, we have also observed the existence of a similar condition in
males [5, 6] — most recently termed the male athlete triad [7]. This is comprised of
low energy availability, hypogonadism, and low bone mineral density. The male
athlete triad remains a promising area for future research and is further detailed
below in section “Return-to-Play Guidelines.”
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In 2014, the International Olympic Committee (IOC) published a paper on
Relative Energy Deficiency in Sport (RED-S) [5], which was followed by an update
in 2018 [8]. These papers are based upon research on the female athlete triad, and
are similar in that they describe the impacts of low energy availability (EA) on ath-
lete well-being. The RED-S model depicts low EA as the “hub” at the center of a
wheel. Each “spoke” of the wheel illustrates the downstream effects of low EA on
multiple organ systems, including those involved in the Triad (menstrual function
and bone health), as well as several others (immunologic, cardiovascular, etc.).
Although research does agree that low EA is the causative mechanism behind the
menstrual dysfunction and impaired bone health seen in the Triad, there is not yet
sufficient scientific evidence to directly link low EA to each of the other “spokes”
of the RED-S model. As such, we will continue to use the more researched term
“the female athlete triad.” Ongoing research on the health and performance effects
of low EA is welcomed and encouraged.

Epidemiology

Unfortunately, the female athlete triad is very common. Because individual athletes
may present at different points on each of the three spectra (low EA, menstrual dys-
function, and low BMD), it may be easier to quantify the prevalence of each of the
individual components of the Triad. In one study of 425 female collegiate athletes
at seven US universities, 3.3% reported a diagnosis of anorexia and 2.3% reported a
diagnosis of bulimia nervosa; however, the Eating Attitudes Test (EAT-26) identi-
fied “at-risk” behaviors in 15.2% of athletes, and the Eating Disorder Inventory
Body Dissatisfaction Subscale (EDI-BD) identified 32.4% of athletes as having “at
risk” behaviors for eating disorders [9]. Eating disorders are also more common in
athletes than in the general population. In one large study of 1620 athletes and 1696
controls, 20% of female athletes met criteria for an eating disorder compared to 9%
of controls [10]. Even in the absence of a formal eating disorder, athletes also dem-
onstrate a high frequency of disordered eating behaviors [11, 12]. Studies have
shown that in weight class sports, as many as 70% of athletes may rely on dieting
and disordered eating behaviors to make weight [13].

Menstrual irregularities have been reported in 31% of athletes not using oral
contraceptives [9]. Other studies have found that the prevalence of secondary amen-
orrhea may be as high as 65% in elite distance runners [14], and 79% in elite danc-
ers [15]. A Croatian study found rates of secondary amenorrhea were three times
higher in athletes when compared to a non-athlete control group [14].

Prevalence of low bone mass ranges from 22% to 50%, and prevalence of osteo-
porosis ranges from 0% to 13% in athletes [16]. However, it should be noted that the
World Health Organization definitions of low bone mass (osteopenia) and osteopo-
rosis in postmenopausal women were used at the time of this study, instead of the
current definitions for premenopausal women. Therefore T-scores were used in
young women instead of Z-scores. One review found that while 16-60% of athletes
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had at least one component of the Triad, 2.7-27% had two components, and
0-15.9% of athletes exhibited all three components of the Triad [17].

The incidence of the Triad remains highest in “lean sports” which include aes-
thetic sports (synchronized swimming, figure skating), sports with weight classes
(wrestling, lightweight rowing), and endurance sports (distance running, cycling).
In a population of high school athletes, the prevalence of both disordered eating and
menstrual irregularity was 15.4% in aesthetic sports, 10.1% in endurance sports,
and 7.6% in team/anaerobic sports [18]. A Norwegian study found similar trends —
the prevalence of eating disorders in aesthetic sports was 42%, in endurance sports
it was 24%, in technical sports it was 17%, and in ballgame sports it was 16% [10].
In a similar study on elite German athletes, the prevalence of eating disorder was
17% in aesthetic sports, 2% in ball sports, and 2% in non-athletes [19].

Although the Triad can occur in all races, the majority of research to date has
been performed in Caucasian populations, and further research is needed on the
influence of race on the Triad.

Low Energy Availability

Low energy availability (EA) occurs when an individual’s nutritional intake is not
sufficient to meet their body’s energy expenditure, including the energy expended
during exercise. This is defined as: energy intake (kcal) minus energy expenditure
(kcal) divided by the kg of fat free mass. Research has suggested that optimal physi-
ologic function occurs at an energy availability of 45 kcal/kg FFM. Energy avail-
abilities of 30 kcal/kg FFM and less have been associated with abnormal metabolic
markers and Triad symptoms in female athletes.

Low EA affects GnRH, which decreases LH pulsatility and estrogen levels [20].
The hypoestrogenic state contributes to menstrual dysfunction and decreases in
BMD. In addition, low EA can also decrease resting energy expenditure, decrease
total T3, increase Ghrelin, increase PYY, decrease leptin, decrease insulin-like
growth factor (ILGF-1), and increase cortisol [21, 20]. Even in athletes who have
adequate EA when averaged overall, periods of low EA throughout the day can
contribute to some of the above hormonal changes [20].

Although low EA is easily defined, it can be challenging to calculate in clinical
settings. Energy intake can be assessed via a food log or food frequency question-
naire. Energy expenditure can be estimated via metabolic equivalents of a task, heart
rate monitoring, or accelerometer. Lastly, fat free mass can be calculated via dual-
energy x-ray absorptiometry (DXA), air displacement plethysmography, bioelectri-
cal impedance, or skin fold caliper measurement [22]. Many clinicians will use low
body mass index (BMI) as an indicator of low energy availability. BMI is defined as
a patient’s weight (in kg) divided by their height (in meters) squared. Although nor-
mal ranges for BMI can vary considerably due to differences in body composition
and varying sport demands, a BMI of less than 18.5 is generally regarded as low.
Caution should be used when relying solely on BMI as an indicator of energy
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availability however, since evidence suggests that the body responds to chronic low
EA by decreasing the resting metabolic rate [20]. Although not a direct measure-
ment of EA, screening for restrictive eating patterns may identify red flags which
suggest low EA. These behaviors might include highly restrictive diets, avoiding
certain food groups completely, or skipping meals. In some patients who have devel-
oped an eating disorder, physical exam findings may be present, such as lanugo,
Russell’s sign (callus on finger from self-induced emesis), dental erosion, or large
parotid glands. Given the challenges of identifying low energy availability in the
clinical setting, it is very helpful to work with a sports dietitian whenever possible.

It is also important to note that low energy availability may be intentional or
unintentional. Unintentional low energy availability usually results from a lack of
awareness about the body’s nutritional needs, or from a recent increase in training
volume without a compensatory increase in dietary intake. A classic example can be
seen in the freshman collegiate athlete who transitions to a more intense training
schedule without making the necessary dietary changes their body needs in order to
compensate for their higher level of training.

Intentional low energy availability may occur due to disordered eating (DE)
behaviors, or if more severe, may meet criteria for an eating disorder (ED).
According to the DSM-V criteria, anorexia nervosa is defined as persistent restric-
tion of energy intake leading to significantly low body weight (“less than minimally
normal in adults or less than expected weight in children and adolescents”), fear of
gaining weight or persistent behavior that interferes with weight gain despite being
at a low weight, and a disturbance in the way one‘s body weight/shape is experi-
enced or a persistent lack of awareness of the seriousness of the low body weight
[23]. Changes from the DSM-IV include removing the diagnostic criteria of having
amenorrhea, and also adding that clinicians may infer fear of gaining weight or of
body image disturbance from patient behaviors, even if the patient does not admit to
these thoughts. Bulimia nervosa is defined as binge episodes and compensatory
behaviors which occur on average at least once per week for 3 months [23]. This
DSM-V diagnosis is also a change from the prior edition, as it reduces the minimum
frequency of binging episodes required to meet diagnostic criteria. Research dem-
onstrates that eating disorders are more common in athletes than in non-athletes
[24]. Unfortunately eating disorders have one of the highest mortality rates of all
mental health conditions, and also have a wide range of severe of health complica-
tions which can affect nearly every organ system in the body [24]. For this reason,
it is important to diagnose eating disorders as soon as possible in order to facilitate
prompt access to treatment.

Many athletes exhibit concerning behaviors or thought patterns around food,
without meeting full diagnostic criteria for one of the above eating disorders. There
are numerous disordered eating behaviors which fall into this category, including
over-exercising, making meals contingent on exercise, purging behaviors (such as
self-induced vomiting, or the use of laxatives and diuretics), avoiding certain food
groups completely, intentionally restricting intake, etc. Because patients with eating
disorders often deny or try to hide their condition, and eating disorders are associ-
ated with such significant health consequences, clinicians who identify disordered
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eating behaviors should screen athletes for eating disorders, and should have a low
threshold to refer them for further work-up or treatment as indicated.

DE and ED tend to be more common in “lean sports,” and part of this may be
propagated by the belief that a lower body weight will improve athletic success.
However, one large study which relied on self-report via online questionnaire found
that athletes with low EA were more likely to report decreased training response,
decreased coordination, decreased concentration, impaired judgment, irritability,
depression, and decreased endurance performance [25]. Another study on ten elite
junior swimmers found decreased performance results associated with ovarian sup-
pression due to low EA [26]. A population of elite level rowers who increased their
training volume without increasing their energy intake demonstrated reductions in
body mass and fat mass but also showed decreased performance in timed 5K racing
[27]. Similarly, in a study on elite endurance athletes, Tornberg et al. found decreased
neuromuscular performance in amenorrheic athletes when compared to eumenor-
rheic athletes [28].

As will be detailed below, low EA predisposes athletes to bony injuries such as
stress fractures, which further impair training and performance. However, evidence
also suggests that high school athletes who reported some disordered eating were
twice as likely to sustain a musculoskeletal injury in general [18]. In addition, low
EA is often associated with low iron levels, which can further reduce endurance
performance [29, 22].

Menstrual Dysfunction

Athletes should be regularly screened for menstrual dysfunction, because this is
associated with significant short-term and long-term consequences for bone health.
Menstrual dysfunction may take several different forms, including delayed men-
arche, oligomenorrhea, or amenorrhea. Delayed menarche is generally defined as
starting one’s period at age 15 or older. Oligomenorrhea refers to menstrual cycles
of 35 days or longer, or less than 9 menses per year. Secondary amenorrhea is diag-
nosed when it has been greater than 3 months since a patient’s last menstrual cycle.
Primary amenorrhea refers to a patient who has not yet undergone menarche. All of
these forms of menstrual dysfunction have been associated with increased incidence
of bone stress injuries (BSI) and low BMD [30]. Furthermore, athletes who reported
menstrual irregularities (oligomenorrhea/amenorrhea) may be up to three times as
likely to sustain a musculoskeletal injury [31]. Even in patients who do have regular
menstrual cycles, there may be subclinical menstrual disturbances such as luteal
phase defects and anovulatory cycles, which may only be appreciated on detailed
hormonal panels [20]. One study in recreational runners found the prevalence of
luteal phase defects to be as high as 79% over a 3-month period [32].

Patients with functional hypothalamic amenorrhea resulting from low EA dem-
onstrate decreased LH pulsatility, decreased FSH, decreased estrogen, and decreased
progesterone [20]. Estrogen plays a key role in balancing bone formation and bone
resorption and also inhibits bone turnover.
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Table 11.1 Suggested studies Suggested studies for the work-up of secondary
for the work-up of patients with amenorrhea
secondary amenorrhea

Luteinizing hormone (LH)

Follicle stimulating hormone (FSH)
Estradiol

Thyroid stimulating hormone (TSH)
Free T4

Total T3

Dehydroepiandrosterone (DHEA)
Testosterone (free and total)

Pregnancy test

Prolactin

All female athletes should be screened for menstrual dysfunction at their prepar-
ticipation physical exams, and more frequently as clinically indicated. When screen-
ing for menstrual irregularities, it is important to inquire about any form of
contraception that the athlete is using, as hormonal forms of contraception may
mask or artificially induce menses. For example, an athlete with a history of amen-
orrhea may have regular periods if taking an oral contraceptive pill; however, this
does not mean that she would be cycling regularly on her own, or that her bone
mineral density is adequate.

If amenorrhea is identified, then further work-up is indicated in order to identify
the cause of amenorrhea. While one of the most common causes of amenorrhea in
the athlete is functional hypothalamic amenorrhea due to low EA, it is important to
rule out other potential causes of amenorrhea including polycystic ovarian syndrome
(PCOS), thyroid disease, prolactinemia, premature ovarian failure, or pregnancy.
A suggested list of initial diagnostic studies for the work-up of secondary amenor-
rhea can be found in Table 11.1 and may need to be modified based on individual
clinical presentations. Young female athletes with primary amenorrhea may require
additional work-up including imaging to rule out structural abnormalities [2].

Low Bone Mineral Density

Low EA has been associated with low BMD (defined by low Z-scores) and also with
abnormal bone turnover markers [20]. Triad-related effects on bone health are pri-
marily due to two mechanisms: estrogen-dependent and estrogen-independent. In
the estrogen-dependent mechanism, hypoestrogenism associated with amenorrhea
causes upregulation of bone resorption and promotes bone loss by inducing osteo-
clastogenesis. The estrogen-independent mechanism is energy-dependent and
involves metabolic hormone adaptations to low EA such as IGF-1, leptin, and T3.
IGF-1 usually stimulates osteoblastogenesis and bone formation but is impaired in
low EA states. Similarly, leptin is also impaired in low EA states, and it normally
plays a role in osteoblast proliferation. T3 (also low in low EA states) normally stim-
ulates osteoblast proliferation and differentiation and promotes bone formation [20].
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Estrogen acts on osteoblasts and osteoclasts via a direct receptor-mediated fashion
and has indirect effects on calcitonin, parathyroid hormone, cytokines, and growth
factors [33].

Low bone mineral density (BMD) is very concerning in athletes and is associ-
ated with an increased incidence of bone stress injuries. Even excluding BSI, high
school athletes with a BMD Z-score < —1.0 were 3.6 times more likely to incur a
musculoskeletal injury [31]. Furthermore, low BMD predisposes athletes to BSIs in
more high-risk areas, including those in trabecular bone, which are associated with
prolonged recovery and complications such as non-union. A study in collegiate run-
ners found that lower BMD was associated with prolonged return-to-play times for
athletes with a BSI and also that athletes with multiple triad risk factors were more
likely to have a BSI in a high-risk location like the sacrum or femoral neck [34].
Similarly, Barrack et al. found that patients with multiple Triad risk factors had
increasing incidence of BSIs [35].

In addition to decreased BMD, newer modalities such as HR-pQCT suggest that
menstrual status affects the microstructure of bone. Ackerman et al. found greater
strength parameters (greater stiffness and failure load) at the tibia in eumenorrheic
athletes, but amenorrheic athletes lost this effect when compared to non-athletes.
Furthermore, the bone strength parameters seen in the amenorrheic athletes at non-
weight-bearing sites such as the distal radius were even lower than those seen in
non-athletes [36].

Adequate BMD is also of great concern because many patients with the Triad
present during periods of peak bone accrual. If an individual is expected to reach
their maximal BMD by age 30, then compromised bone health in one’s 20s may
significantly increase the risk of osteoporosis. Osteoporosis is an important health
concern in the United states, where 52% of adults over age 50 have low bone mass
at the femoral neck or lumbar spine and 1.5 million people sustain an osteoporotic
fracture each year [33].

In order to identify athletes with low BMD, it may be helpful to obtain a DXA
scan. DXA scans should be obtained on any athlete with one or more “high-risk”
Triad risk factors, as defined by the 2014 Triad Consensus Statement: history of an
eating disorder; BMI < 17.5, <85% of estimated weight, or weight loss >10% in
1 month; menarche at age 16 or older; current or history of less than 6 menses within
12 months; two prior BSI, one high risk BSI, or a low-energy non-traumatic frac-
ture; or prior Z-score < —2.0. In addition, athletes with two or more “moderate-risk”
Triad risk factors should also have a DXA. “Moderate-risk” factors include current
or history of disordered eating for >6 months; BMI between 17.5 and 18.5, <90%
estimated weight, or recent weight loss of 5-10% in 1 month; menarche between
age 15-16; current or history of 6—8 menses over 12 months; one prior BSI; and
prior Z-score between —1.0 and —2.0. In addition, clinicians should consider screen-
ing athletes with one or more traumatic fractures in the setting of other Triad risk
factors, or athletes on medications which may affect bone health (such as Depo-
Provera or oral prednisone). In athletes found to have low BMD, DXA scans should
be repeated every 1-2 years to monitor response to treatment. For premenopausal
women, Z-scores should be used, as these reflect a comparison to age-matched
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controls [2]. The American College of Sports Medicine (ACSM) defines low BMD
or BMC to be a Z-score of <—1.0 in females engaged in weight-bearing sports [1].

Screening

All athletes should be screened for the Triad during their preparticipation physical
examination (PPE). Screening questions for the Triad are included in the PPE
Monograph [37], and additional questions are suggested in the 2014 Female Athlete
Triad Consensus Statement [2]. Furthermore, the menstrual cycle can be used as a
vital sign at the PPE, in order to help identify athletes with the Triad [38]. If screening
identifies any one component of the Triad, thorough screening for the other two com-
ponents is strongly recommended [20]. The 2014 Female Athlete Triad Consensus
Statement also provided a cumulative risk assessment (CRA) tool intended to help
physicians quantify a female athlete’s risk level for bone stress injury and poor bone
health (see Fig. 11.2) [2]. This is discussed further in section “Follow Up.” The CRA
may be used at the time of the PPE, or when making return-to-play decisions [39, 40].

Low EA with or without D Some dietary restrictions; L

DE/ED D No dietary restriction current/past history of DE; E‘Meets EEMadentenaiion

Low Bl D BMI>18.5 or DBMI 17.5<18.50r D BMI <17.5 or < 85% EW or
ow >90% EW** or <90% EW or > 10% weight loss/month

weight stable 5 to < 10% weight loss/month

Relavedizenacas [ Menarche < 15 years [ Menarche 15 to < 16 years [ Menarche >16 years

Oligomenorrhea and/or

Amenorrhea D > 9 menses in 12 months* |:| 6-9 menses in 12 months* |:| < 6 menses in 12 months*

LomEsD [ zscore>-1.0 [ z-score-1.0"* < 2.0 [ z-score<-2.0

Stress reaction/fracture D None D 1 D >2; > 1 high risk or of

trabecular bone sitest

Fig. 11.2 The female athlete triad cumulative risk assessment tool. The cumulative risk
assessment provides an objective method of determining an athlete’s risk using risk stratification
and evidence-based risk factors for the Female Athlete Triad. This assessment is then used to deter-
mine an athlete's clearance for sport participation (see Fig. 11.3). £Some dietary restriction as
evidenced by self-report or low/inadequate energy intake on diet logs; scurrent or past history; ss
>90% EW; absolute BMI cut-offs should not be used for adolescents. s Weight-bearing sport;
high-risk skeletal sites associated with low BMD and delay in return to play in athletes with one or
more components of the Triad include stress reaction/fracture of trabecular sites (femoral neck,
sacrum, pelvis). BMD bone mineral density, BMI body mass index, DE disordered eating, EA
energy availability, EW expected weight, ED eating disorder. (Reprinted with permission from
BJSM [2])
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For many athletes with the Triad, their initial presenting symptom is a bone stress
injury, so all athletes with stress reactions and stress fractures should also be thor-
oughly screened for the Triad.

Treatment

Treatment of the female athlete triad is best accomplished with a multidisciplinary
team that includes the physician, sports dietitian, athletic trainer, and mental health
provider (as indicated), and otherwise as available resources may dictate. In many
cases, patients may require additional consultants based on their individual presen-
tations and complications. Good communication between members of the treatment
team is essential to success. In cases involving disordered eating or eating disorders,
the athlete often exhibits reluctance to “buy in” to the treatment plan. In such situa-
tions, a medical contract may be very helpful. This serves to clarify expectations for
the athlete and to describe the conditions necessary for ongoing sport participation.
The use of contracts is highly individual and must be tailored to the unique circum-
stances of each patient. An example contract is provided in the 2014 Female Athlete
Triad Consensus Statement [2].

Since the Triad is the result of low EA, treatment of low EA is crucial to success.
This is accomplished either through an increase in nutritional intake, a decrease in
training volume, or a combination of both. As mentioned above, this is best done
with the assistance of a registered sports dietitian, who can provide tailored guid-
ance to the athlete, and also continue to provide an assessment of energy availabil-
ity. There is robust evidence that restoration or normalization of body weight is
associated with resumption of menses and improvements in BMD [2]. Some ath-
letes may need to increase caloric intake, but other athletes may benefit from adjust-
ing the timing of meals and snacks, or altering the content of meals rather than the
volume. If an athlete has been diagnosed with an eating disorder, their treatment
team should include a mental health provider, as this is essential to treatment. For
patients with eating disorders, providing nutritional advice in isolation is not likely
to result in any clinical improvement. Most athletes with disordered eating behav-
iors would also benefit from seeing a mental health provider, in order to help treat
dysfunctional attitudes towards food and body image concerns.

For patients with menstrual dysfunction, the treatment goal is to regain normal
menses. As mentioned above, all patients with amenorrhea should undergo work-up
to rule out alternative causes of amenorrhea (such as thyroid dysfunction), which
would require different treatment approaches. For patients who have a laboratory
work-up consistent with functional hypothalamic amenorrhea, the first-line treat-
ment is to improve energy availability (see above). Although oral contraceptive pills
may be indicated for patients who require protection against pregnancy, they are not
indicated to treat menstrual dysfunction. Taking oral contraceptive pills may result
in resumption of menses, but this does not correlate with the return of spontaneous
menses or improvements in BMD, and may provide a false sense of reassurance
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[41]. The lack of benefit on BMD has been associated with first-pass effects of
hepatic metabolism on IGF-1 [2]. In cases of hypothalamic amenorrhea, which per-
sists for more than 1 year, despite non-pharmacologic treatment, treatment with
transdermal estrogen (which bypasses hepatic metabolism) and cyclic oral proges-
terone may be considered [2, 33]. It is important to note, however, that transdermal
estrogen and cyclic progesterone have not been proven to prevent pregnancy, so
patients should be counseled that this is not adequate for contraception.

The treatment of low BMD should also focus on improving EA. Monitoring for
the spontaneous return of regular menses can serve as a positive clinical indication
that factors which influence bone health are improving.

If low BMD is identified, patients should optimize their intake of calcium and
vitamin D in order to provide the important building blocks for bone formation and
remodeling. One study of female navy recruits found that the incidence of BSI was
reduced by as much as 20% with calcium and vitamin D supplementation [42].
Another study found that higher intakes of calcium, skim milk, and dairy products
were all associated with lower rates of stress fractures in active women. For every
additional cup of skim milk consumed per day, there was a 62% reduction in stress
fracture incidence [43]. Kelsey et al. also found that stress fractures were more com-
mon in female runners with low dietary calcium intake [44]. Per Institute of
Medicine (IOM) guidelines, the Recommended Dietary Allowance (RDA) of cal-
cium ranges from 1000 mg to 1300 mg per day for adults, with higher values recom-
mended for adolescents and the elderly [45]. It is recommended that whenever
possible, the majority of a patient’s calcium intake should be from their diet, rather
than supplements. This is particularly important since some studies have suggested
increased incidence of kidney stones and cardiovascular disease in patients with
high doses of oral calcium supplementation [46, 47].

Per IOM guidelines, the RDA for vitamin D is 600 international units (IU) per
day for adolescents, pregnant or lactating women, and adults up to age 70. Adults
older than age 70 have an RDA of 800 IU per day [45]. In patients who have low
BMD or a strong history of bone stress injuries, it is recommended to check a vita-
min D-25(0OH) level. If vitamin D deficiency or insufficiency is identified, then
patients may require higher levels of vitamin D supplementation. One study of pro-
fessional football players found increased incidence of fractures in patients with
vitamin D deficiency, and possibly decreased performance [48]. Another study in
competitive distance runners found that even among runners with normal vitamin D
levels, a higher vitamin D level in those with a history of bone stress injury was
associated with less time off from running [49]. However, it is worth noting that at
very high levels of vitamin D (such as may result from taking daily doses of 10,000
to 50,000 IU for extended periods of time), vitamin D intoxication may be seen
[45]. Vitamin D intoxication may include hypercalcemia, hypercalciuria, vascular
and tissue calcifications, renal complications, and heart arrhythmias [45]. One study
examined the effects of a single annual high dose of vitamin D (500,000 IU) and
actually found increased rates of falls and fractures in the elderly [50].

The specific sport played also affects BMD. Sports with multi-directional
loading and higher impact, such as basketball, volleyball, or soccer, have been



138 A. Kussman and A. Nattiv

associated with improved bone health. One study demonstrated that runners who
played a ball sport in their childhood had a 50% lower risk of stress fracture [51].
In another study, athletes in high-impact sports had a 3-22% higher BMD com-
pared to athletes in low-impact and moderate-impact sports [52]. Some low-impact
sports, such as swimming or cycling, may result in decreased BMD, while running
(repetitive impact but without multidirectional loading) seems to have a relatively
neutral effect on BMD. This evidence supports the health benefits of being a multi-
sport athlete, and demonstrates some of the potential dangers of early sports
specialization.

Pharmacologic measures should be considered as a second-line option only
when there is a lack of response to non-pharmacologic treatment for at least a year,
and if new fractures occur during non-pharmacologic management [2]. As men-
tioned above, pharmacologic treatment may include transdermal estrogen with
cyclic oral progesterone. Bisphosphonates may be considered in unique cases in
consultation with an endocrinologist, but are not currently FDA-approved for treat-
ment in premenopausal women. Furthermore, they are known to be teratogenic,
which is particularly concerning in reproductive age women, given the long half-life
of bisphosphonates. Specific criteria for the use of pharmacologic measures can be
found in the 2014 Female Athlete Triad Consensus Statement [2].

Follow-up

When treating low BMD, it is advantageous to obtain follow-up DXA scans at
1-2 year intervals to monitor for improvements in bone health over time. Time to
restoration of menses is highly variable, but in some cases, it may take longer than
a year of non-pharmacologic treatment [53]. Furthermore, one study found that
resumption of menses took longer in athletes who had amenorrhea for >8 months,
compared to those who had amenorrhea <8 months [54]. It is also concerning that
although restoration of adequate EA and resumption of menses results in improve-
ments in BMD, it is not clear whether patients can return to normal BMD compared
to healthy controls [55, 56]. This highlights the importance of early recognition and
prompt treatment of the Triad to minimize long-term health consequences.

Return-to-Play Guidelines

The 2014 Female Athlete Triad Consensus Statement provided a cumulative risk
assessment (CRA) tool to help clinicians quantify an athlete’s Triad risk factors
(Fig. 11.2) [2]. This tool may be implemented at the time of an athlete’s annual PPE,
in order to quantify their risk level and connect the athlete with resources to improve
their bone health and reduce their risk of injury. In addition, it may also be used
when an athlete has been diagnosed with a BSI or with the Triad, as a tool to help
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Fig. 11.3 The female athlete triad clearance and return-to-play guidelines based on risk
assessment score. The cumulative risk score is calculated using evidence-based risk factors dis-
played in Fig. 11.2. Athletes have differing clearance recommendations based on their risk assess-
ment scores. *Cumulative Risk Score determined by summing the score of each risk factor (low,
moderate, high risk) from the Cumulative Risk Assessment (Fig. 11.2). Clearance status for ath-
letes who are moderate-to-high risk for the Triad: provisional clearance—clearance determined
from risk stratification at time of evaluation (with possibility for status to change over time depend-
ing on athlete's clinical progress); limited clearance—clearance granted, but with modification in
training as specified by physician (with possibility for status to change depending on clinical prog-
ress and new information gathered); restricted from training/competition (provisional)—athlete
not cleared at present time, with clearance status re-evaluated by physician and multidisciplinary
team with clinical progress; disqualified—not safe to participate at present time, clearance status
to be determined at future date depending on clinical progress, if appropriate. It is the recom-
mendation of the Consensus Panel that athletes diagnosed with anorexia nervosa who have a body
mass index (BMI) <16 kg/m? or with moderate-to-severe bulimia nervosa (purging >4 times/week)
should be categorically restricted from training and competition. Future participation is dependent
on treatment of their eating disorder, including ascertainment of BMI >18.5 kg/m?, cessation of
bingeing and purging and close interval follow-up with the multidisciplinary team. (Reprinted with
permission from BJSM [2])

guide their safe return to participation. Based on the athlete’s risk score, different
clearance recommendations are suggested — full clearance, restricted/provisional
clearance, and restriction from training and competition (Fig. 11.3). Studies have
demonstrated that an athlete’s risk score does correlate with future risk of BSI [39,
40]. Since the Triad occurs on a spectrum of severity and represents a complex rela-
tionship between the three conditions which comprise the Triad, return-to-play deci-
sions for patients with the Triad must always be individualized. For example, several
of the points gained in the CRA tool are for non-modifiable risk factors. An athlete
with a history of delayed menarche will always carry risk points for this, even if she
has improved her overall energy availability. Other non-modifiable risk factors
include a prior history of an eating disorder and history of past BSI. Clinician judg-
ment is necessary for situations such as these. It has been suggested that a modified
weighted risk assessment tool may be useful for follow-up assessments. In addition,
physicians should utilize their individual judgment regarding consideration of other
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Fig. 11.4 Recovery from the female athlete triad. The three components of the Triad recover at
different rates, and full recovery may be a long process lasting months to years. The three compo-
nents of the Triad recover at different rates with the appropriate treatment. Recovery of energy
status is typically observed after days or weeks of increased energy intake and/or decreased energy
expenditure. Recovery of menstrual status is typically observed after months of increased energy
intake and/or decreased energy expenditure, which improves energy status. Recovery of bone min-
eral density may not be observed until years after recovery of energy status and menstrual status
has been achieved. IGF-1, insulin-like growth factor-1. (Reprinted with permission from BJSM [2])

known risk factors which are not included in the CRA, such as family history of
osteoporosis, vitamin D deficiency, low dietary calcium intake, or malabsorptive
disorders such as celiac disease [30]. The IOC has proposed a return-to-play model
based on red light (high risk), yellow light (moderate risk), and green light (low risk)
groups [5] (Fig. 11.4).

Because safe return-to-play is often contingent on specific criteria (such as the
athlete continuing to meet regularly with members of their care team), the use of
contracts may be helpful. These are documents which specify all of the necessary
conditions for ongoing safe participation, such as keeping appointments, adhering
to an exercise or meal plan, or achieving certain minimum weight or body composi-
tion. In addition, a contract may specify the consequences of failure to follow the
care plan, such as restricted participation, decreased training mileage, or even
removal from team training. The contract should be reviewed and agreed upon by
all members of the care team, and then reviewed with the athlete as well. The goal
of the medical contract is to establish the plan for safe return-to-play which priori-
tizes an athlete’s health and wellbeing, and does not expose them to undue risk dur-
ing their return to sport. An example of a contract can be found in the 2014 Female
Athlete Triad Consensus Statement [2].
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The Male Athlete Triad

Although historically most of the research on the Triad has been done in female ath-
letes, male athletes have also been found to have low EA and increased risks of
BSI. This has led to a description of the Male Athlete Triad, which mirrors the female
athlete triad, and consists of low energy availability, hypogonadism, and decreased
BMD [6, 7]. As in female athletes, low energy availability can be intentional or unin-
tentional. Although eating disorders are more common in female athletes than in male
athletes, male athletes have a higher prevalence of eating disorders than male non-
athletes. In one study, 20% of female athletes and 8% of male athletes met criteria for
an eating disorder, compared to 9% of female controls and 0.5% of male controls
[10]. As in female athletes, eating disorders are particularly common in male athletes
who participate in lean sports. One study found rates of eating disorders to be 22% in
antigravitational sports, 9% in endurance sports, and 5% in ball sports [10]. Another
study found the prevalence of eating disorders to be 42% in antigravitational sports,
17% in weight class sports, and 10% in endurance sports [57]. As was noted in female
athletes, male athletes also demonstrate high levels of disordered eating behaviors
even in the absence of a formal eating disorder diagnosis [58, 12, 59, 60, 61].

Evidence suggests that the EA cut-off for observing physiologic effects (impact
on reproductive and metabolic hormones) may be lower in male athletes than in
female athletes [62, 63]. One study found that a period of low EA reduced leptin and
insulin levels in men (similar to changes seen in women) but did not observe changes
in ghrelin, T3, testosterone, and IGF-1 [63]. More research is needed to better
understand the physiologic effects of low EA in male athletes [5, 6, 8].

Male athletes do not have menstrual periods that provide an easily observed indi-
cator of hypothalamic function; however, studies suggest that male athletes with high
training volumes or low EA may have decreased testosterone levels or sperm counts,
or may see changes in the hypothalamic-pituitary-gonadal axis [6]. As in females,
low EA and hypogonadism have important consequences for bone health. One study
found that either low estrogen (in females) or low testosterone (in males) was associ-
ated with 4.5-fold increased risk of BSI [64]. A study in male adolescent runners
found that risk factors for low BMD were cumulative and included weight less than
85% of expected, average weekly mileage greater than 30, prior history of stress
fracture, and less than one serving of calcium per day [65]. Furthermore, adolescent
male runners had lower weight, lower BMI, and lower spine BMD Z-scores when
compared with adolescent male athletes who were not runners. It is therefore impor-
tant to screen not only our female athletes but also our male athletes for the Triad.

The Triad in Para-Athletes

Similar to the general athlete population, para-athletes may also present with the
Triad [5]; however, para-athletes may have unique differences in their energy
demands, bone health, and menstrual function [66, 8]. Energy availability may vary
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for para-athletes — athletes in wheelchairs may have lower energy demands, but
some athletes with prosthetics, or with involuntary movements such as dyskinesis or
athetosis, may have increased metabolic demands. Central nervous system injuries
that disrupt the hypothalamic-pituitary axis may also affected menstrual function.
Para-athletes may also be predisposed to disuse osteopenia or osteoporosis from
altered skeletal loading patterns, which can further compound the effects of the
Triad. Para-athletes should also be screened for the Triad, and clinicians should be
mindful of factors which may affect a para-athlete’s presentation with the Triad.
Although awareness of Triad risk factors in para-athletes is increasing, more
research is needed in this area.

Prevention

As we have detailed earlier in this chapter, the potential long-term health conse-
quences of the Triad are significant. The sports medicine community should seek to
increase awareness of the Triad as much as possible. Increased awareness among
athletes, parents, coaches, athletic trainers, and physicians may help prevent the
Triad and may also assist in identifying athletes with the Triad as early as possible
in order to facilitate prompt treatment.

Unfortunately, studies have demonstrated that knowledge of the Triad is low in
several of these groups. In a study on US High School nurses, only 19% were able to
identify the three components of the Triad and only 25% reported working proactively
with coaches to help prevent health issues in their female athletes. However, more than
95% expressed interest in learning more about the Triad [67]. In a survey of multi-
specialty physicians, only 37% had heard of the Triad, and of these respondents, they
named an average of 2.1 components of the Triad correctly [68]. In one small study,
30% of coaches had heard of the Triad, but only 10% could name the three components
of the triad. Furthermore, 30% of the coaches thought that menstrual irregularities
were normal in athletes. When asked to list consequences of low energy or disordered
eating, 70% of the coaches listed impaired performance, but only 30% listed menstrual
dysfunction, and 20% listed injury [69]. NCAA Division I collegiate coaches faired
slightly better, in that 43% were able to correctly identify the components of the Triad,;
however, this still leaves significant room for improvement [70]. In one study on
Australian women who exercised regularly, only 10% of respondents could name all
three components of the Triad, and 45% did not think amenorrhea could affect bone
health. Athletes in lean sports, or with a history of amenorrhea or stress fracture, were
all significantly less likely to take action about amenorrhea [71]. When athletic trainers
at NCAA institutions were surveyed, almost all (98%) had heard of the triad, but on
average respondents could only identify two of the three components [72]. Given these
numbers, it is not surprising that many young women feel it is “normal” for a competi-
tive athlete to have irregular periods. Beliefs like these are important to address, in
order to avoid the long-term health consequences of the Triad.
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In addition to raising awareness of the Triad, it is also important to create a
healthy approach to exercise and nutrition at home and at school. Several promis-
ing evidence-based educational programs have been used in high school or col-
lege populations. One study in female college athletes found that two behavioral
modification programs were effective at reducing end-points associated with eat-
ing disorders at 6 weeks and at 1 year. Furthermore, after the programs, several
athletes came forward to seek medical care for the Triad [73]. Another study dem-
onstrated short- and long-term improvement in disordered eating behaviors and
body image among high school students who went through the ATHENA program
(Athletes Targeting Healthy Exercise and Nutrition Alternatives), which is a sport
team-based harm reduction and health promotion program [74]. Research has also
shown that in female college students, both clinician-led and peer-led dissonance-
based eating disorder prevention programs were effective in reducing eating dis-
order risk factors and eating disorder onset, and both were more effective than an
online program [75].

Conclusion

In conclusion, the Female Athlete Triad is comprised of the three interrelated condi-
tions: low energy availability, menstrual dysfunction, and decreased BMD. Each of
these three conditions can occur along a spectrum, and patients may move along
each portion of the spectrum at different rates. There are serious potential long-term
consequences of the Triad, and early recognition is key in order to facilitate prompt
treatment and reduce the risk of long-term complications. Clinicians should be
comfortable identifying and treating each of the three primary components of the
Triad. Working with a multidisciplinary team is key to successful treatment, and the
team should include a mental health professional whenever disordered eating or
eating disorders are present. The first-line treatment for the Triad is increasing EA
either by reducing energy expenditure, increasing energy intake, or both. If men-
strual dysfunction is identified, alternative causes of amenorrhea or oligomenorrhea
should be ruled out. In addition, clinicians should optimize bone health as much as
possible, including dietary intake of calcium and vitamin D. Return-to-play deci-
sions in athletes with the Triad are complex, and clinicians should rely on the risk
assessment tool provided in the 2014 Female Athlete Triad Consensus Statement as
well as their own clinical judgment. There is increasing evidence for the Male
Athlete Triad, and male athletes should also be screened for low EA, hypogonad-
ism, and decreased BMD. Due to the potential serious health consequences of the
Triad, preventative efforts are of the utmost importance. Evidence suggests the need
for increased awareness of the Triad. Educational programs about body image and
healthy eating demonstrate long-term efficacy and may help to promote healthy
attitudes towards exercise and nutrition.
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