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Adolescent female athletes experience health challenges
impacting not only athletic performance, but bone growth and
development1,2. Factors related to the female athlete triad (FAT),
growth/developmental demands and external factors such as diet
and decreased sleep3 place additional pressures on development.
Our recent review described the physiological processes that occur
during sleep and highlighted variables impacting sleep debt, many of
which are related to the daily life and training demands experienced
by female adolescent swimmers and gymnasts4. The evidence
supporting the impact of these variables including blue light
emission during screen time, social media and caffeine intake were
detailed in our review4. Understanding these variables can lead to a
holistic, preventative approach to care from an integrative treatment
team encompassing pediatricians, pediatric and adult orthopedic
physicians, and pediatric and adult allied health practitioners
for athletes exhibiting the risk factors for FAT. Practitioner, coach,
parent, and athlete education on the FAT, sleep, and early sport
specialization, could lead to its prevention. The purpose of this
commentary is to promote discussion and question how these
variables may play a role in identifying, treating and preventing FAT.

Considerations on the female athlete triad and sleep

Hallmarks of the FAT include: (a) menstrual dysfunction, (b) low
energy availability and (c) decreased bone mineral density (BMD)5.
Competitive female adolescent athletes expend high amounts of
energy training for their sport(s). Without proper energy intake, a
central component of the triad, the physiological processes for female
growth and bone development may become disrupted5. Sleep affects
energy expenditure. Research in sleep deprived adults quantified
an increase in energy expenditure after 1 night of missed sleep and
provided evidence for sleep leading to energy conservation6. More
recently, the hormonal implications of sleep loss7, specifically during
the pubertal period8, has been recognized. Could increased energy
expenditure from lost sleep compound with existing low energy
availability and physiological energy needs for growth in female
adolescent athletes? If so, would sleep debt over time have a similar
impact? Considering our review highlighted current factors leading
to a decrease in sleep in adolescence4, additional empirical evidence
is needed for pre-pubertal female adolescent athletes connecting
sleep debt, energy availability, and bone development in specific
sports with different physical demands. However, in the interim,
addressing sleep hygiene in female adolescent athletes is a lowrisk intervention that may improve the energy deficiency. Although
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our review specifically discussed female gymnasts and
swimmers, addressing sleep hygiene with all athletes will
be movement toward preventative efforts.

Contributing variable of early sport specialization
and female adolescent athletes

Research reflects the growing trend toward early sport
specialization in pre-adolescent and adolescent athletes9-12
as there is a perceived notion that specialization may improve
prospects in their sport13. Female adolescent athletes are
no exception, and this early specialization coincides with
critical points during growth and development. In one
study, high school athletes reported a higher prevalence of
sports injury if engaged with early sport specialization10.
Female athletes have the added concern of menarche
related difficulties that may adversely impact bone11. This
may serve as an opportunity for clinicians to screen and
identify potential risk factors for FAT and intervene. Future
research from a clinical research vantage point, including
the experience and observations of orthopedic specialists,
may contribute to the progression of research in this area.

FAT and RED-S?

The clinical relevance of the FAT has been investigated
extensively in the evidenced based medical literature since
199214. Since this time, scientific strides have allowed
clinicians and athletes to better understand the triad. The
unique women’s health feature to the triad for female
adolescent athletes is menstrual dysfunction. With the
advent of the 2014 International Olympic Committee (IOC)
consensus statement, a new term emerged, Relative Energy
Deficiency in Sport (RED-S)15. In Mountjoy’s paper, RED-S
is described as a broader term to encompass physiological
dysfunction from energy deficiency in multiple organ
systems, while still acknowledging and citing evidence of
the triad15.
After the IOC consensus statement, there was a cautionary
refutation of the RED-S terminology16. In the same timeline,
a FAT consensus statement for athletes emerged which
highlights: (a) a treatment model, (b) FAT risk assessment
tool for physicians, and (c) a clearance and return to
play assessment17. Since the FAT has been empirically
investigated, and well documented, the usage of the triad
terminology is supported18. In 2022, researchers have
elucidated a differentiation of models in the literature
for the FAT, Male athlete triad (MAT), and RED-S19. This
differentiation of models is critical for highlighting the
differences between male and female health.

A holistic approach to adolescent female athlete
care

While the FAT is growing in recognition, not all
practitioners may be aware of FAT or the impact of high
energy training, lack of sleep and poor nutrition on
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the young female athlete20. When a patient presents
with an overuse injury, the management of that injury
typically becomes the focus of care. Commonly, there are
both intrinsic and extrinsic factors contributing to the
overuse injury that might be overlooked. At a minimum,
screening for FAT should be done when a young female
athlete is seen in an orthopedic office for an injury. For
early intervention to prevent FAT, screening should be
completed at any encounter with health care providers,
school nurses, pediatricians and coaches who are aware
of the athlete’s intense training schedule. Kroschus et al.
studied 370 school nurses regarding their knowledge of
the FAT, only 19% identified all three components of the
triad. When asked about proactively working with coaches
on preventative measures, 25% indicated that they did21.
Working with coaches preventatively is an area that could
be improved to help avoid the FAT. Curry et al. surveyed
931 physicians among various specialties finding that only
51% were knowledgeable and felt comfortable referring
the athletes for further assessment and treatment22. The
authors conclude that increased awareness of the FAT
would be beneficial in screening and referral. Similarly,
85% of coaches surveyed were not knowledgeable of the
FAT nor were able to identify components of the FAT23.
These studies indicate a lack of awareness and screening
for FAT, thus, increasing knowledge and prescreening for
FAT risk factors would be beneficial to the athletes. In fact,
educating the athletes and families/care givers will be
beneficial to mitigate FAT before it occurs.

Conclusion

Who should assist with habits, routines, and role
adjustments for athletes? Ideally, it is healthcare providers,
school nurses, coaches, parents and the athletes themselves
using a preventative approach. They should be made aware
of the variables that can lead to FAT/RED-S so that the
athlete, parent, and coaches make a commitment to good
sleep habits, sound nutrition, and reasonable training
schedules. The competitive nature of these athletes requires
that habits be established early on in their specialization.

Although prevention is optimal, we are not there yet.
Research informs us that 16-60% of young women had a
least one component of FAT and therefore recommends
screening and early referral20. Young athletes seen in
primary care and orthopedic offices as well as by coaches
and school nurses who have symptoms of dysmenorrhea,
low body weight and bone stress should be screened
for weight, menstrual function, and bone health. A
comprehensive, holistic approach to these risk factors can
be obtained by referring these young athletes to physician
specialists such as endocrinologists, sports medicine
specialists and allied health practitioners who work with
athletes such as nutritionists, dietitians, occupational/
physical therapists, athletic trainers, social workers and
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psychologists dependent upon the need. Parents, coaches,
and athletes should be included in the care team.

Our narrative literature review4 highlights contemporary
variables influencing sleep and physiological processes
associated with FAT in adolescent female athletes. As these
variables impact this generation of athletes, along with
sport specialization at earlier ages, it will be imperative to
utilize a communicative holistic approach to care, taking
into consideration the daily routines and habits of young
adolescent female athletes. Updated public health data
related to sleep may also assist athletes, coaches, parents
and health care multidisciplinary teams to understand how
sleep debt may be impacting young athletes in a critical
time of growth and development.
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