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Abstract

The female athlete triad is a complex and multifaceted condition affecting women
engaged in athletic pursuits. This phenomenon occurs in a considerable percentage
of high-performance athletes, arising due to a relative energy deficiency. Low energy
availability is a result of insufficient caloric repletion to support exercise energy
expenditure. This leads to compromised physiologic processes, ensuing a spectrum
of dysregulation related to menstrual function, bone mineral density, and impaired
sports performance. This graduate thesis aims to explore the interplay between energy
availability, menstrual function, and bone health, which collectively constitute the triad.
This study intends to enhance our understanding of the unique set of challenges faced
by female athletes, through investigation of the etiology, pathogenesis, prevalence,
and consequences of this condition. Furthermore, this thesis highlights the lack of
efficacy of current screening in athletes and seeks to shed light on the significance of
early identification, prevention, and intervention strategies. Treatment is centered on
restoring energy availability to ensure the well-being and long-term health of women
participating in sports. Drawing upon a comprehensive analysis of existing literature
from a wide range of peer-reviewed work, this graduate thesis serves to promote the
acquisition of more consolidated knowledge into an understudied theme of the

hormonal imbalance and the altered metabolic milieu in female athletes.



Sazetak

Trijas sportasSica slozen je poremeca;j fizioloSkih procesa u Zena koje se bave sportom.
Javlja se u mnogih vrhunskih sportaSica kao posljedica relativnog manjka energije
zbog nedovoljnog unosa kalorija nuznih za potporu potro$nje energije tijekom
tielovijezbe. Nedostatak energije uzrokuje spekir poremecaja povezanih s
menstrualnim ciklusom, nepovoljno utjeCe na metabolizam odnosno mineralnu
gustoCu kostiju te rezultira slabijim sportskim ostvarenjima. Ovaj diplomski rad
istraZzuje povezanost dostupnosti energije, menstrualne funkcije i zdravlja kostiju, koji
zajedno Cine fenomen trijasa u sportaSica. Ova studija ima za cilj, kroz istrazivanje
prevalencije, etiologije, patogeneze i posljedica ovog specificnog stanja, unaprijediti
razumijevanje ovog specificnog patofizioloSkog mehanizma s kojim se suocavaju
sportaSice. Radom se naglasava nedostatak u€inkovitosti trenutnog probira trijasa kod
sportasa i nastoji pojasniti vaznost njegove rane identifikacije i prevencije kao i
strategija intervencije nakon utvrdene dijagnoze. LijeCenje je usmjereno na
obnavljanje raspolozivosti energije kako bi se osigurala dobrobit i dugoro¢no zdravlje
Zena koje se bave sportom. Na temelju sveobuhvatne analize postojece literature o
predmetnoj tematici, ovim diplomskim radom daje se konsolidirani prikaz postojecéih
spoznaja i znanja o jo$ uvijek nedovoljno i nepotpuno proucenoj temi hormonske

neravnoteze i promijenjenog metabolickog miljea kod sportasica.



Introduction

Over the past few decades, the participation of women in competitive sports has
observed an astonishing surge. The demanding nature of sports exposes females to
a unique set of challenges. The American College of Sports Medicine (ACSM) first
devised the term Female Athlete Triad in 1997. The distinct clinical features of the
condition were initially defined as the presence of eating disorders, amenorrhea, and

osteoporosis in physically active women (1).

Since then, the components of the triad extended beyond these terms, redefining the
condition as low energy availability (LEA), menstrual dysfunction, and altered bone
mineral density (BMD) (2). An athlete's condition may fall anywhere along a spectrum
of optimal energy availability, from an eating disorder, and menstrual regularity to
amenorrhea, and low BMD to osteoporosis. As a result, the female athlete may

present with some aspects of the condition without meeting the full triad criteria (3).

According to the International Olympic Committee (I0OC), the condition requires a
holistic approach and the term Relative Energy Deficiency in Sport (RED-S) may be
more appropriate. RED-S highlights that an imbalance between caloric intake and
metabolic demand of energy expenditure results in a disastrous effect on several
physiologic functions. Some of these compromised functions include growth,
development, gastrointestinal, endocrine, immunological, reproductive, and bone
health. The deleterious effect of low energy availability ultimately negatively influences

the performance and health of the female athlete (4,5).

Understanding the etiology, prevalence, and consequences of the female athlete triad
is critical for optimizing the health and performance of female athletes. The
multifactorial nature of the syndrome requires stakeholders involved in sports to
recognize and collaborate toward implementing effective preventative measures and
interventional strategies. Seeing as the female athlete triad poses significant potential
long-term implications, it is imperative to address this issue proactively and promote

overall well-being for female athletes (3,6).



The primary objective of this graduate thesis is to provide a comprehensive overview
of the female athlete triad. Conduction of extensive research into relevant literature,
this thesis aims to synthesize an overview of the prevalence, risk factors,
pathophysiology, clinical manifestations, consequences, and treatment approaches

related to the female athlete triad.

Methodology

To accomplish the objectives outlined above, this graduate thesis serves as a review
of the female athlete triad and its components using a comprehensive search of
electronic databases — such as PubMed and Google Scholar. This extensive search
utilized relevant scientific literature — including peer-reviewed articles, reports, books,
and authoritative guidelines. The following search terms were used: “female athlete
triad”, “amenorrhea”, “menstrual function”, “energy availability”, “low energy
availability”, “anorexia”, “osteoporosis”, “bone health”, “athletic performance” and
“‘intervention strategies”. The inclusion criteria for the review encompassed articles
addressing the empirical evidence, theoretical framework, prevalence, screening, and

management of the female athlete triad.

Epidemiology

The concept of the female athlete triad has evolved, and the syndrome is now
recognized as part of a broader condition, RED-S. Understanding RED-S increases
awareness that although the overall estimated prevalence of the triad is low, individual
components of the triad are common among athletes at multiple tiers of competing

levels and ages (7).

A meta-analysis on the prevalence of the triad in athletes across all levels of activity
reported a relatively small percentage (0% to 15.9%) exhibiting all three triad
conditions. However, the prevalence of individual disorders of the triad is much higher,
whereby athletes demonstrating any 2 conditions of the triad ranged from 2.7% to
27%. Furthermore, the prevalence of athletes with one condition of the triad ranged
from 16% to 60% (8).



Prevalence of low energy availability (LEA) in various sports ranges from 22 to 58%
(3,9,10). Moreover, 23.5% of female athletes experience menstrual dysfunction, with
18.2% exhibiting disordered eating, whereby 4.1% have low BMD (11). In addition to
this, according to current data, the prevalence of the female athlete triad ranges widely
depending on the population and sport examined. The triad in sports that emphasize
weight leanness — such as ballet, endurance running, and endurance cycling — is three

times more prevalent than other sports (3).

Pathophysiology
1.1Low Energy Availability

Exercise has a well-documented positive outcome on health in most individuals.
However, excessive energy expenditure and food scarcity in the setting of exercise
appear to initiate several physiological adaptations. These adjustments are crucial to
ensure the maintenance of essential processes at the detriment of secondary

functions such as growth, development, and reproduction (12).

1.1.1 Hypothalamic-Pituitary-Growth Hormone Axis

Body fat serves as an energy storer, which is vital for the regulation of many endocrine
axes. One of which includes the hypothalamic-pituitary-growth hormone axis. It
regulates a group of hormones that are involved in both catabolic and anabolic
responses, which are also known to be disrupted due to LEA. Under energy
equilibrium states, the pituitary gland releases growth hormone (GH). GH acts on the
liver to release insulin-like growth factor-1 (IGF-1), and IGF-1 receptors are found in
most tissues. In addition to exerting its physiologic effects, it provides a source for a
negative feedback loop on the pituitary to decrease GH secretion (13). Low body fat
in amenorrheic athletes is inversely related to circulating GH levels. The
gluconeogenic properties of GH serve as an adaption to maintain euglycemia in LEA
athletes (14).

During LEA, the liver becomes insensitive GH, which increases the pituitary release

of GH. This, however, is not associated with higher insulin-like growth factor 1 (IGF-



1). In fact, athletes with caloric deficit translate to lower IGF-1 secretion. This is
consistent with the development of a state of resistance to GH (15). Murphy and
Koehler (2020) et el. Investigated the post-exercise GH/IGF-1 response in athletes
with LEA after a resistance training effort. They demonstrated that LEA in athletes
performing resistance training resulted in reduced IGF-1 secretion by 20-30%.
Furthermore, these athletes exhibited a 2.5 times greater GH surge compared to
controls. This data presents an impairment in the GH-IGF-1 axis in LEA athletes.
Overall, this skewed axis decreases the anabolic response to exercise and

contrastingly promotes catabolism in these athletes (16).

Supplementally, the orexigenic hormone ghrelin - secreted by gastric oxyntic cells - is
also inversely related to fat mass. Ghrelin is a peptide and GH secretagogue, levels
of which are elevated in LEA and its release reflects energy status. Ghrelin secretion
is elevated in amenorrheic athletes compared to eumenorrheic athletes and non-
athletes (17)(18).

1.1.2 Leptin & Adipokines

The anorexigenic hormone, leptin, is secreted by adipocytes and under the regulation
of energy status. It is a key hormone in energy homeostasis, acting as a sensor of
energy availability. A balance between intake and expenditure is regulated by the
neuroendocrine axis involving hypothalamic control and peripheral tissue metabolism
(29).

In contrast to many hormones, leptin exerts its effect predominantly when its
circulating levels decrease. LEA - due to dietary restriction alone or related to exercise
- is related to decreased circulating leptin, independent of menstrual status (20,21).
Interestingly, leptin levels appear to follow a dose-dependent response to decreasing
energy availability. This finding has not been reported in men, suggesting that females

have a higher predisposition to the negative consequences of LEA (22).
A cross-sectional study conducted by Ackerman (2012) et al. investigated the effect

of low leptin levels and increased ghrelin on gonadotropin pulsatility. It was concluded

that young amenorrheic athletes with higher ghrelin and lower leptin than
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eumenorrheic athletes and nonathletes have lower luteinizing hormone (LH) secretion
(17). Both low leptin levels and high circulating ghrelin in athletes has been reported
to disrupt gonadotropin-releasing hormone (GnRH) pulsatility, thereby altering LH
secretion (23)(24).

Peptide YY (PYY) is secreted by endocrine L cells found in the distal gut. PYY is a
signal for satiety and is released after a meal. Paradoxically, PYY concentrations are
inversely related to body mass index (BMI) and fat mass, whereby high PYY
concentrations were associated with LEA (13). The lack of adaptation of PYY to low
nutritional status is believed to contribute to restrictive eating patterns observed in
anorexia nervosa (AN) (25). Consequently, PYY has demonstrated osteoblastic
inhibitory effects, leading to decreased bone mineral density in amenorrheic athletes
and AN (26). Furthermore, increased PYY in physically active women plays a role in

decreased GnRH and gonadotropins (27).

1.1.3 Hypothalamic-Pituitary- thyroid axis

The hypothalamic-pituitary-thyroid axis plays a critical role in the control of energy
balance and metabolic regulation. Thyroid hormones are responsible for processes
related to growth, development, differentiation, and metabolism (28,29). Adaptation to
decreased available energy leads to decreased total triiodothyronine (T3)
concentrations. Low T3 levels are positively correlated with BMI and leptin levels, and
inversely related to ghrelin and cortisol concentrations (13). Given the impact of T3 on
resting energy expenditure, lower total T3 is consistent with the required adaptions to
conserve energy in LEA (22,30)

1.1.4 Hypothalamic-Pituitary-Adrenal axis

Similar to GH, LEA is associated with higher cortisol concentration in female athletes.
(28)(31). Both individuals with anorexia nervosa and female athletes with low body fat
have disrupted hypothalamic-pituitary-cortisol axes. Cortisol is gluconeogenic and
acts to maintain euglycemia. Consequently, hypercortisolism has inhibitory effects on

LH pulsatility. Amenorrheic athletes have lower overnight LH concentrations than
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eumenorrheic athletes as well as an increase in basal cortisol (28) (32). Furthermore,
hypercortisolism has a deleterious effect on bone metabolism, increasing resorption
and decreasing formation (33). Data collected from various studies point toward an
understanding that lower leptin and higher ghrelin drive cortisol secretion in the
undernourished athlete. Together these hormones decrease GnRH pulsatility and

disrupt the hypothalamic-pituitary-gonadal axis (24)(33).

1.2 Menstrual Irregularities (Hypothalamic Amenorrhea)

Menstrual dysfunction in active females is complex. Menstrual irregularities present
with a spectrum of disorders, from delaying the onset of menarche to causing

subclinical menstrual disorders, oligomenorrhea, and amenorrhea (34).

Oligomenorrhea is defined as menstrual cycles occurring at intervals longer than 35
days. Secondary amenorrhea is defined as the absence of menstrual cycles for
greater than 3 months in a previously menstruating individual (35). Functional
hypothalamic amenorrhea (FHA) is defined as amenorrhea for at least 3 consecutive
months, with the exclusion of other etiologies of secondary amenorrhea. Some other
causes that are essential to rule out include hyperprolactinemia, thyroid dysfunction,
premature ovarian failure, and polycystic ovarian syndrome. FHA results in severe

hypoestrogenism and cessation of the menstrual cycle (36).

Seeing as oligomenorrhea is present in most girls during the first year after menarche,
diagnosing menstrual dysfunction in this age group can be challenging (35).
Nonetheless, an investigation of over 400 college athletes demonstrated that up to
22.2% of female athletes had not menstruated by age 16 years (37). Contrastingly, in

the general population, 1% of females have not reached menarche by 16 years (38).

As previously explained, the stress response to LEA leads to increased corticotrophin-
releasing hormone (CRH), cortisol, ghrelin, PYY, and adiponectin. LEA also has a role
in decreased leptin, insulin, and IGF-1. Overall, studies have shown that these altered

concentrations suppress the hypothalamic-pituitary-ovarian (HPO) axis.
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Increased CRH, cortisol and decreased leptin negatively influence the release of
GnRH. A decrease in the GnRH drive disrupts follicle-stimulating hormone (FSH) and
LH pulsation frequency from the anterior pituitary (39). The altered secretion of FSH
and LH alters ovulatory function and folliculogenesis, leading to a state of lower
progesterone and estradiol levels (40)(41-43). Without FSH, follicles are not
stimulated and granulosa cells are not probed to produce estradiol. As a result,
endometrial thickening does not occur during the follicular phase. With the lack of
pulsatile LH and the resulting spike in estrogen, the athlete remains in an anovulatory
state. The consequences of this include infertility during the peak of a woman's

reproductive years (39).

The suppression of the HPO axis during periods of LEA proves to be an adaptive effect
to preserve vital functions and prevent pregnancy. Pregnancy would divert energy
toward the growing fetus, further decreasing available energy for essential body
functions (44). Importantly, LEA can present with a spectrum of menstrual irregularities
in addition to frank amenorrhea, namely, luteal phase defects, and subclinical

menstrual dysfunctions (45).

Studies have shown that despite a relationship existing between LEA and menstrual
dysfunction, there appears to be no specific threshold. Each female athlete, thus, has
her own energy availability threshold to which LH pulsation is disrupted (46,47).
Contrastingly, other studies argue that there is a cutoff for energy availability that can
identify women at risk. Energy availability is determined by the difference between
energy intake and energy expenditure, divided by lean body mass (LBM) (6). Loucks
(2003) et al. presented a study that revealed stable LH pulsatility when energy
availability remained 45 kcals/kg of LBM/day or higher and disrupted when it dropped
below 30 kcals/kg of LBM/day (48). This was supported by another study conducted
by Koltun (2020) et al. demonstrating that the pulse frequency of LH over 3 months
was disturbed by a decreased energy availability of 28 kcals/kg of LBM/day (49).

Numerous investigations have determined that menstrual dysfunction prevalence is
highly dependent on the nature of the sport, the intensity of training, and the athlete's
nutritional status. Endurance athletes are associated with lower body weight than other
athletes and are at a higher risk for FHA (34).

13



1.3 Altered Bone Mineral Density

Prolonged energy deficiency and hormonal imbalances seen in the female athlete
contribute to compromised bone health, reduced BMD, osteoporosis, and increased
fracture risk. BMD in children and premenopausal women is expressed as Z scores.
The Z score of the athlete is compared to the average healthy BMD for their age.
Athletes have up to 15% higher BMD than nonathletes (50). As a result, the American
International Society for Clinical Densitometry (AISCD) has defined a Z score between
-1.0 and -1.9 as low BMD. This range applies to female athletes with a history of
hypoestrogenism, nutritional deficiencies, and stress fractures. Moreover,

osteoporosis in this group is defined as Z scores < - 2.0 (3).

Bone tissue constantly undergoes remodeling, regulated by osteoblasts (form new
bone) and osteoclasts (resorb formed boned). Bone metabolism is coordinated by an
intricate interplay between several growth factors, polypeptides, and thyroidal and
gonadal hormones. The dynamics of bone in hypoestrogenic and LEA states lead to
a loss of bone repair mechanisms, which have cumulative consequences on bone
health (51,52).

A decrease in bone formation and bone turnover serves as the main culprit of altered
BMD in female athletes (53). Amenorrheic athletes have abnormal bone architecture
due to changes in the metabolic milieu such as decreased IGF-1, leptin, and PYY as

well as nutrient deficiencies in vitamin D and calcium (54).

Numerous investigations among amenorrheic athletes exhibited a significantly higher
prevalence of low BMD at the lumbar spine, femoral neck, and whole body, compared
to both eumenorrheic and oligomenorrheic athletes (55,56). It is important to mention
that low BMD has been reported in athletes with eating disorders (LEA) but maintain
regular menstruation (57). Therefore, the combination of amenorrhea and LEA

together increase the likelihood of stress fractures (55).

Lastly, the triad may pose detrimental effects on adolescent female athletes, who may
not reach optimal peak bone mass during the narrow pubertal window. Adolescence
serves as an important time for bone acquisition, a time characterized by a maximal

increase in bone accrual. Young amenorrheic adolescents can suffer from long-lasting
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effects on their bone health, whereby the biological potential for peak bone mass may
not be reached (58,59).

Unfortunately, the beneficial nature of weight-bearing exercises in improving bone
microarchitecture and strength does not hold true for adolescent athletes without a
normal hormonal status (60). A 3-year longitudinal study followed adolescent
endurance runners with low BMD at baseline, to investigate the possibility of an
increase in bone mass. Despite weight gain and return of normal menses at the 3-year
follow-up, these athletes continued to exhibit low bone mass compared to their healthy

peers (60).

As a result, further research into the triad is required to promote a potential restoration
during adulthood. Effective behavioral treatment options must be explored, geared

toward promoting healthy behaviors to optimize healthy bone mass.

Psychological Dysfunction

Current data suggest a deleterious psychological impact of FHA on female athletes.
The hypoestrogenic state influences many areas of the brain, including the brainstem,
amygdala, mesolimbic and nigrostriatal system, hypothalamus, cerebellum, and
cerebral cortex (61). Various fluctuations occur regarding verbal memory, executive
function, mood, attitudes, drive for thinness, and cognitive flexibility, in amenorrheic

athletes compared to eumenorrheic athletes (62).

States of low estrogen alter neuromodulatory systems ensuing fluctuations in
serotonin and dopamine, neurotransmitters that regulate mood. Estrogen influences
cognitive function and emotion regulation by increasing cortical 5-HT2a binding. Thus,
low levels of these neurotransmitters in the brain are linked to the onset of depression
(63,64). In addition to this, women with FHA have a higher incidence of psychological
fixation on their physical appearance compared to women with normal menstrual

cycles (65).
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Women with FHA also present with dysfunctional feelings of inadequacy, lack of
control, and internal feelings of insecurity (66). In comparison to their eumenorrheic
counterparts, female athletes with FHA divert a higher degree of attention to the
judgments of others. This is correlated with the higher prevalence of perfectionistic
behavior seen among amenorrheic women (64). A study conducted by Baskaran
(2017) et el. demonstrated that combined hormonal replacement over a 6-month
period improved verbal memory, and cognitive flexibility as well as increased body
satisfaction scores (62). The negative psychological impact of hypoestrogenism in
female athletes worsens the state of hypercortisolism, exacerbating the disruption to
the GnRH neural network (66).

Fertility complications

As previously described, LEA results in decreased or inhibited GnRH secretion,
preventing the pulsatile secretion of LH and FSH from the pituitary, ultimately leading
to estrogen deficiency and anovulation (41). Furthermore, the lack of cyclical estrogen
and progesterone prevents endometrial thickening. FHA occurs in women of peak
reproductive years, causing an infertile state. Despite its reversibility, prolonged and
untreated FHA negatively impacts reproductive health. The estrogen deficiency seen
in these athletes parallels that of postmenopausal women - atrophic changes of the
urogenital mucosa, decreased vaginal reggaeton and lubrication, increased laxity of
uterine muscles as well as a higher vaginal pH which predisposes the genitourinary
tract to infection (67). Moreover, women with low BMI who become spontaneously
pregnant have a higher risk of miscarriage in the first trimester (68). In addition to this,

low BMI is related to preterm delivery (69)
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Cardiovascular Consequences

Estrogen plays a critical role in the maintenance of cardiovascular health in women.
This hormone has potent vasodilatory effects. The beneficial effects of estrogen are
well-studied in post-menopausal women, who suffer the consequences of the lack
thereof (70).

Contrastingly, investigations into the cardiovascular consequences of
hypoestrogenism in premenopausal women are lacking. Nonetheless, animal studies
in young female monkeys have demonstrated that poor psychological health led to
FHA. These hypoestrogenic monkeys subsequently developed accelerated
atherosclerosis as well as abnormal regulation of vessel diameter. Furthermore, the
administration of oral contraceptives to these premenopausal hypoestrogenic
monkeys resulted in a protective effect regarding the development of atherosclerosis
(72).

In addition to animal studies, early menopause (< 45 years old) and primary ovarian
insufficiency is associated with a 2.5-fold increased risk of developing cardiovascular
disease (CVD) compared to premenopausal women of the same age (72,73).
Interestingly, research in young women with irregular menstrual cycles reported up to
a 50% increased risk for future CVD (34). Turner's syndrome is a genetic condition
with an X-chromosome defect (45X), which results in severe estrogen deficiency due
to ovarian dysgenesis. Individuals with this syndrome have a reduced life expectancy
with the main cause of death being that of cardiovascular complications. Women with
Turner syndrome have a higher rate of hyperlipidemia, hypertension, diabetes, and
obesity, with a 7-fold higher rate of CVD (74,75).

This data sheds light on a potential link between hypoestrogenism in premenopausal

women and premature CVD development.
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Diagnosis

The diagnosis of a female athlete with LEA either due to low input, excessive
expenditure, or both, requires a low threshold of suspicion. A detailed medical history
is required, and questions including diet, exercise intensity and duration, stress, mood,

sleep, stress, menstruation, and weight fluctuations should be explored.

The 10C created a standardized clinical screening tool, with an aim to be used as part
of an athlete's annual health assessment. The tool should also be used when an
athlete presents with evidence of amenorrhea (both primary and secondary),
significant weight loss, and mood changes. Adolescents with LEA often display a stunt

in height regarding growth velocity curves (76).

The first manifestation of hypoestrogenism is typically dysregulation of the menstrual
cycle, ranging from irregularity, oligomenorrhea, or amenorrhea for more than 3
months. The diagnosis of FHA is one of exclusion and can be made in the absence of

anatomical or organic pathology (77).

Therefore, it is critical to consider other main causes of amenorrhea. Some of these
include genetic conditions (Kallman syndrome, Turner's, Mullarian dysgenesis,
androgen insensitivity syndrome), thyroid dysfunctions, drugs, and prolactinomas. A
complete physical examination and gynecological imaging studies often complement
the diagnosis. Identifying accompanying signs in the female athlete is useful in the
diagnosis of hypoestrogenism, such as androgen excess, bradycardia, BMI < 18.5

kg/m?, parotid hypertrophy, and breast and vaginal atrophy (77).

Diagnostic Tests

The initial investigation into amenorrhea includes the study of hCG, prolactin, FSH,
and thyroid-stimulating hormone (TSH). The presence or suspicion of an eating
disorder should include blood count, electrolyte panel, erythrocyte sedimentation
rate, C-reactive protein, liver and kidney function, and glycemia studies (77). When
signs of androgen excess are present, total testosterone, dehydroepiandrosterone
(DHEA-S), and 17-OH-progesterone should be considered (78).
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Results in female athletes with FHA are expected to display normal FSH, low normal
to decreased LH, and Estradiol (E2) < 50pg/ml. TSH, free thyroxine (T4), and
testosterone remain at the lower limit of normal. There is preservation in the response
to GnRH stimulation (77) (79).

BMD should be assessed in athletes with BMI < 17.5 kg/m?, significant weight loss
(>5% of body mass in 1 month), stress fractures, eating disorders, and menstrual
dysfunction. The Z-score scale is used since it is adapted to the age and gender of
these young athletes. BMD is considered lower than normal if Z-score is > -1. Stress
fractures, nutritional deficiency and hypoestrogenism are risk factors for low BMD with

Z-score between -1 and -1.9. Z-score < -2 presenting with osteoporosis (80,81).

Treatment

Non-pharmacological

Treating the female athlete triad is multifaceted. The success of treatment largely
depends upon the ability to identify the multifactorial nature of its etiologies — excessive

exercise, psychological stress, disordered eating, and weight loss.

Nonpharmacological treatment is a first-line modality in the approach to the female
athlete triad. Seeing as the central cause is based on LEA, restoring homeostasis
regarding an individual approach is crucial. Achieving an individualized plan that aims
to balance nutrition, psychology, and sports with the goal of reestablishing the HPO
axis (82).

Cognitive behavioral therapy (CBT) is a successful treatment option to address the
psychological component of the athlete. CBT lowers cortisol levels and provides
profound insight to the athlete about their condition. Through education and focus on
the psychological domain, athletes make constructive decisions regarding their
metabolic health (83).

19



Calcium and vitamin D supplementation have shown benefits in decreasing the risk of
stress fractures. A recommended daily dose of up to 1,500 mg/day of calcium and
1000 IU of vitamin D (84,85).

Pharmacological Treatment

Pharmacological treatment is generally only customary if the reestablishment of the
menstrual cycle failed after 12 months of nonpharmacological therapy. The use of oral
contraceptives (OCP) is often prescribed as an adjunct to normalize menstrual cycles.
Despite it serving as an estrogen replacement and providing a withdrawal bleed, it
does not support the resumption of normal endogenous hormonal activity. Often,
OCPs falsely provide psychological confidence to the athlete on their condition. In
addition to this, studies have not shown the efficacy of prescription OCPs in the
recovery of BMD (86).

Moreover, OCPs potentially suppress liver production of IGF-1 and further impair the
bone trophic effect (87). Therefore, when estrogen replacement is considered, it is
generally in the form of an E2 transdermal patch, which eliminates the issue of first-

pass metabolism as seen in OCP use (88).

A promising investigational therapy targets low leptin levels in women with FHA. Leptin
replacement therapy was administered subcutaneously twice daily for 3 months in
women with FHA. Results showed an increased concentration and pulse of LH,
increased follicular growth, and circulating estradiol. These findings all support a
promising treatment for the re-establishment of ovulation in these athletes.
Furthermore, leptin replacement therapy in women with FHA showed an increase in
markers of bone formation, such as IGF-1, bone alkaline phosphatase, and

osteocalcin (89).

Unfortunately, female athletes with restored menstrual cycles may maintain altered
follicular dynamics and decreased gonadotropins for years. As a result of decreased
progesterone section, luteal phase defects present as both longer and shorter cycles,
ultimately adversely affecting fertility. In addition to this, menstrual reestablishment

does not fully recover ideal BMD (90).
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Therefore, it is essential to promote education and awareness among athletes,
coaches, and healthcare professionals about the risk and warning signs associated
with the triad. Timely intervention and a multidisciplinary approach, including nutritional
counseling, psychological support, and a modified training regimen are imperative to

prevent and manage the consequences associated with the female athlete triad.

Conclusion

The female athlete triad arises due to a relative energy deficiency in sport. The low
energy availability status in female athletes has demonstrated deleterious effects on
menstrual function, bone health, cognitive outcomes, cardiovascular compromise and
eating disorders. Evidence suggests that altered endocrine functionality occurs
secondary to low energy availability. The condition presents a wide variation in the
energy deficit that female athletes of all ages may sustain before they present with
menstrual dysfunction or altered bone metabolism. Females may experience one
disorder of the triad and need not exhibit the other components for diagnosis.
However, an athlete displaying one aspect of the triad should be evaluated for all three

components.

Due to deficient knowledge of signs and symptoms, the prevalence of the triad is
underestimated resulting in a lack of and/or late diagnosis. The cornerstone of current
treatment focuses on energy repletion, whereby pharmacological intervention has
shown limited success. This necessitates a multidisciplinary approach including
nutritional counseling, psychological support, and a modified training regimen to

prevent and manage the consequences associated with the female athlete triad.

Future research should be aimed at identifying athletes at risk, allowing its prevention,
early diagnosis, and adequate treatment. This involves a widespread educational
effort involving coaches, athletes, and their families to increase alertness to this

condition.
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