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Athletes striving for success may feel pressure
from themselves and others to achieve ‘optimal’
physique, but reducing energy availability may
compromise their health for life.

ow energy availability (EA) in women is now known to

be central to the negative health consequences described

in the female athlete triad. In the 2014 Female Athlete

Triad Coalition Consensus Statement,' this triad was
defined as a medical condition involving three interrelated
components — low EA, with or without disordered eating; men-
strual dysfunction; and low bone mineral density (BMD) — each
of which exists on a continuum of severity (Figure)."? Recent
research and clinical experience have shown energy deficiency
to be the underlying cause of this condition, with insufficient
dietary energy to support physiological function after expenditure
in exercise is accounted for. There is now a substantial body of
scientific literature regarding the consequences of low EA in
female athletes.
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In 2014, a new term, ‘relative energy deficiency in sport’ (RED-S),
was proposed by the International Olympic Committee (IOC)
to further describe the clinical syndrome resulting from low EA
that affects aspects of physiological function in addition to those
components described in the female athlete triad.> However, the
term ‘female athlete triad’, with low EA associated with endocrine
and menstrual dysfunction and low BMD in women, is still
widely used. There is along history of published research regarding
the female athlete triad,* which is the focus of this article.

What is energy availability?

Energy availability (EA) is the amount of dietary energy available
for body functions after accounting for exercise energy expend-
iture (EEE). EA is reduced by decreasing energy intake (EI),
increasing EEE, or both.

Daily EA calculated for athletes is defined as the difference
between EI and EEE, expressed per kilogram of fat-free mass
(FFM):

EA = (EI - EEE)/FEM

EA is expressed per kilogram of FEM (rather than total body
weight) because more energy is expended in fat-free mass than
in fat mass. A healthy adult is in energy balance with an EA of
about 190 kJ/kgFFM/day (45 kcal/kgFFM/day). These values are
based mostly on studies in women.

The Female Athlete Triad Coalition provides an online calculator
that can be used to estimate EA (http://www.female athletetriad.
org/calculators).> However, the field techniques available to
determine EI, EEE and FEM are imprecise. A dual-energy x-ray
absorptiometry (DXA) scan can give an accurate measurement of
FFM.! Referral to a qualified sports dietitian may assist with the
estimation of EA. An example is described in Box 1.
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Figure. The three interrelated components of the female athlete triad.

At one end of the spectrum, optimal health is indicated by optimal energy
availability, eumenorrhoea, and optimal bone health. At the other end,
the most severe presentation of the triad is characterised by low energy
availability with or without an eating disorder, functional hypothalamic
amenorrhoea and osteoporosis. An athlete’s condition moves along each
continuum at different rates depending on her diet and exercise
behaviours.

Reproduced from: De Souza MJ, Nattiv A, Joy E, et al; Female Athlete Triad Coalition; American
College of Sports Medicine; American Medical Society for Sports Medicine; American Bone
Health Alliance. 2014 Female Athlete Triad Coalition consensus statement on treatment and
return to play of the female athlete triad: 1st International Conference held in San Francisco,
CA, May 2012, and 2nd International Conference held in Indianapolis, IN, May 2013. Clin J
Sport Med 2014; 24: 96-119 (reference 1). © Wolters Kluwer Health, Inc.

Consequences of low EA

The endocrine linkages between elements within the triad are
described in the 2007 American College of Sports Medicine
Position Stand.® EA is linked to bone strength by metabolic
hormones such as insulin, triiodothyronine (T3) and insulin-like
growth factor 1 (IGF-1) that regulate bone formation. EA affects
gonadotrophin-releasing hormone and has an impact on the
pulsatile release of luteinising hormone, which links EA to the
menstrual cycle and bone health. Oestrogen links the menstrual
cycle to bone health by inhibiting osteoclast activity, so a low
oestrogen level may lead to an increase in bone breakdown.
Thus, EA affects BMD both directly (via metabolic hormones)
and indirectly (via effects on menstrual function).

When BMD is reduced, it is mainly the trabecular bone that
is affected; therefore, the structural integrity of the bone is
ultimately impacted when BMD has decreased during periods
oflow EA. The ratio of cortical to total cross-sectional area and
bone strength may also be reduced in amenorrhoeic athletes.®
The loss of BMD may not be fully recovered.”® The risk of bone
stress injury may increase, from approximately 15 or 20% for
significant single risk factors as defined by the triad, to 30 or
50% for significant combined risk factors related to the triad.’
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1. Calculating energy availability: an example

Jane is 18 years old and a keen hockey player. She plays two
games and has four training sessions (drills and skills) each week.
She has been amenorrhoeic for six months.

Jane’s sports dietitian calculates her EA. She uses a seven-day
food diary and specialised dietary analysis software to estimate
Jane’s average daily El to be approximately 5972 kJ/day. She uses
an accelerometer to estimate her EEE to be approximately 2605 kJ.
Jane’s FFM is measured by DXA and estimated to be 38.4 kg.

Jane’s EA is calculated as follows:
EA = (El - EEE)/FFM
EA = (5972 - 2605)/38.4
= 87.7 kJ/kgFFM/day (20 kcal/kgFFM/day)

Jane has low EA. When EA is below about 126 kJ/kgFFM/day
(30 kcal/kgFFM/day), reproductive and bone health are likely to be
disrupted. By restoring her EA above 126 kJ/kgFFM/day, Jane is
likely to restore menstruation and prevent decline in her BMD. She
would need to aim for an El of at least 7443 kJ/day to achieve this,
but is likely to need more than 10,000 kJ/day for optimal health
and performance.

Abbreviations: BMD = bone mineral density; DXA = dual-energy x-ray absorptiometry;

EA = energy availability; EEE = exercise energy expenditure; El = energy intake;
FFM = fat-free mass.

It has been suggested that low EA could have an impact on
cardiovascular health, particularly endothelial function.!®!!
Women who have experienced previous oestrogen deficiency
or menstrual dysfunction may have an increased risk of cardio-
vascular disease (CVD),">* and endothelial dysfunction has
been associated with menstrual irregularities in premenopausal
athletes."'> Older female athletes who have a previous history
of menstrual dysfunction or who have participated in sports
where low body weight or dietary restriction was encouraged
could be screened for CVD.!6

Assessment and management

The 2014 Consensus Statement' identified the following risk

factors for the female athlete triad, which should be considered

in all female athletes:

« history of menstrual irregularities and amenorrhoea®"”

o history of stress fractures>”

o history of critical comments about eating or weight from
parent, coach, or teammate'®"®

« ahistory of depression?**

o ahistory of dieting?>?*

o personality factors (such as perfectionism, obsessiveness)*¢

o pressure to lose weight and/or frequent weight cycling®

o early start of sport-specific training®
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« overtraining®
« recurrent and nonhealing injuries?”
» inappropriate coaching behaviour.”*

Early detection of women at risk is important in the prevention
of the female athlete triad. Use of a screening questionnaire is
recommended for athletes at the time of the pre-participation
evaluation and also annually - see the Triad Consensus Panel
Screening Questions at http://journals.lww.com/cjsportsmed/
Fulltext/2014/03000/2014_Female_Athlete_Triad_Coalition_
Consensus.2.aspx (Table 1 of the statement).! The LEAF
questionnaire, published in 2014, is another screening tool for
identifying athletes at risk for the female athlete triad. Early
intervention is particularly important in adolescent girls who
are yet to achieve peak bone mass.*

Further evaluation should be undertaken if any indication
of the triad is present. Athletes may present with one, two or
three of the components in the triad; an athlete presenting with
any of these components should be assessed for the others.’
Athletes presenting with physical signs suggestive of low EA,
such aslow body mass index, weight loss, orthostatic hypotension,
presence of lanugo hair, hypercarotenaemia, bradycardia or
other signs of an eating disorder should be investigated further.!
If low BMD is suspected, a DXA scan can be undertaken to
investigate. Diagnostic DXA is listed on the MBS; the details of
criteria for subsidy for hypogonadism in women are available
online (http://www.mbsonline.gov.au).

Advice on diagnosing low EA, evaluating amenorrhoea,
prolonged oligomenorrhoea and BMD, and taking steps for
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treatment and return to play is presented in the previously
mentioned 2014 Consensus Statement.! An athlete with low EA
should be referred to a qualified sports dietitian for advice about
increasing EA, and a sports physician should oversee the care of
an athlete with the triad. If an eating disorder or body image
issue s present then a psychologist should be involved. An endo-
crinologist or gynaecologist could be consulted for advice regarding
hormonal and reproductive issues.

Conclusion

Low EA in women is associated with endocrine and menstrual
dysfunction and low BMD. There is now a substantial body of
literature on the female athlete triad, and understanding of this
complex area is still evolving. Clinicians may find it helpful to
regularly consult the latest guidelines for the current recom-
mendations. The 2014 Female Athlete Triad Coalition Consensus
Statement and 2007 American College of Sports Medicine Position
Stand provide up to date information."* Early detection and
treatment of patients at risk of the female athlete triad is essential
to prevent progression along each of the continuums of EA,
menstrual dysfunction and BMD, and also the long-term negative
health consequences. M

References

A list of references is included in the website version (www.medicinetoday.com.au)

and the iPad app version of this article.

COMPETING INTERESTS: None.

MedicineToday 1 APRIL 2015, VOLUME 16, NUMBER 4 63

Downloaded for personal use only. No other uses permitted without permission. © MedicineToday 2015.


http://journals.lww.com/cjsportsmed/Fulltext/2014/03000/2014_Female_Athlete_Triad_Coalition_Consensus.2.aspx
http://journals.lww.com/cjsportsmed/Fulltext/2014/03000/2014_Female_Athlete_Triad_Coalition_Consensus.2.aspx
http://journals.lww.com/cjsportsmed/Fulltext/2014/03000/2014_Female_Athlete_Triad_Coalition_Consensus.2.aspx
http://www.mbsonline.gov.au
http://www.medicinetoday.com.au

MedicineToday 2015; 16(4): 61-63

Low energy availability and
the female athlete

JANELLE GIFFORD pnp, Advard; HELEN O’CONNOR Pnp, APD

References

1. De Souza MJ, Nattiv A, Joy E, et al; Female Athlete Triad Coalition;
American College of Sports Medicine; American Medical Society for Sports
Medicine; American Bone Health Alliance. 2014 Female Athlete Triad Coalition
consensus statement on treatment and return to play of the female athlete
triad: 1st International Conference held in San Francisco, CA, May 2012, and
2nd International Conference held in Indianapolis, IN, May 2013. Clin J Sport
Med 2014; 24: 96-119. Available online at: http://journals.lww.com/
cjsportsmed/Fulltext/2014/03000/2014_Female_Athlete_Triad_Coalition_
Consensus.2.aspx (accessed April 2015).

2. The Female Athlete Triad Coalition: An International Consortium. The
female athlete triad. Available online at: http://www.femaleathletetriad.org
(accessed April 2015).

3. Mountjoy M, Sundgot-Borgen J, Burke L, et al. The I0C consensus
statement: beyond the Female Athlete Triad — Relative Energy Deficiency in
Sport (RED-S). Br J Sports Med 2014; 48: 491-497.

4. De Souza MJ, Williams NI, Nattiv AJ. Misunderstanding the female athlete
triad: refuting the 10C consensus statement on Relative Energy Deficiency in
Sport (RED-S). Br J Sports Med 2014; 48: 1461-1465.

5. Nattiv A, Loucks AB, Manore MM, et al; American College of Sports
Medicine. American College of Sports Medicine position stand. The female
athlete triad. Med Sci Sports Exerc 2007; 39: 1867-1882. Available at:
http://journals.lww.com/acsm-msse/Fulltext/2007/10000/The_Female_
Athlete_Triad.26.aspx (accessed April 2015).

6. Ackerman KE, Putman M, Guereca G, et al. Cortical microstructure and
estimated bone strength in young amenorrheic athletes, eumenorrheic
athletes and non-athletes. Bone 2012; 51: 680-687.

7. Hind K, Zanker C, Truscott J. Five-year follow-up investigation of bone
mineral density by age in premenopausal elite-level long-distance runners.
Clin J Sport Med 2011; 21: 521-529.

8. Drinkwater BL, Bruemner B, Chesnut CH 3rd. Menstrual history as a
determinant of current bone-density in young athletes. JAMA 1990; 263: 545-548.
9. Barrack MT, Gibbs JC, De Souza MJ, et al. Higher incidence of bone stress
injuries with increasing female athlete triad-related risk factors: a prospective
multisite study of exercising girls and women. Am J Sports Med 2014; 42:
949-958.

10. O’Donnell E, Goodman JM, Harvey PJ. Cardiovascular consequences of
ovarian disruption: a focus on functional hypothalamic amenorrhea in
physically active women. J Clin Endocrinol Metab 2011; 96: 3638-3648.
11.Temme KE, Hoch AZ. Recognition and rehabilitation of the female athlete
triad/tetrad: a multidisciplinary approach. Curr Sports Med Rep 2013; 12:
190-199.

12.Kaplan JR, Manuck SB. Ovarian dysfunction and the premenopausal origins

of coronary heart disease. Menopause 2008; 15(4 Pt 1): 768-776.

13. Solomon CG, Hu FB, Dunaif A, et al. Menstrual cycle irregularity and risk for
future cardiovascular disease. J Clin Endocrinol Metab 2002; 87: 2013-2017.
14.Hoch AZ, Papanek P, Szabo A, Widlansky ME, Schimke JE, Gutterman DD.
Association between the female athlete triad and endothelial dysfunction in
dancers. Clin J Sport Med 2011; 21: 119-125.

15. Rickenlund A, Eriksson MJ, Schenck-Gustafsson K, Hirschberg AL.
Amenorrhea in female athletes is associated with endothelial dysfunction and
unfavorable lipid profile. J Clin Endocrinol Metab 2005; 90: 1354-1359.

16. Gifford JA, O’Connor HT, Honey AL, Caterson ID. Nutrients, health and
chronic disease in masters athletes. In: Reaburn PRJ, ed. Nutrition and
performance in masters athletes. Boca Raton: CRC Press; 2014. pp. 213-241.
17. Gibbs JC, Nattiv A, Barrack MT, et al. Low bone density risk is higher in
exercising women with multiple triad risk factors. Med Sci Sports Exerc 2014;
46: 167-176.

18. Francisco R, Narciso |, Alarcao M. Individual and relational risk factors for
the development of eating disorders in adolescent aesthetic athletes and
general adolescents. Eat Weight Disord 2013; 18: 403-411.

19. Gomes AR, Martins C, Silva L. Eating disordered behaviours in Portuguese
athletes: the influence of personal, sport, and psychological variables. Eur Eat
Disord Rev 2011; 19: 190-200.

20. Jacobi C, Fittig E, Bryson SW, Wilfley D, Kraemer HC, Taylor CB. Who is
really at risk? Identifying risk factors for subthreshold and full syndrome eating
disorders in a high-risk sample. Psychol Med 2011; 41: 1939-1949.
21.Rosen L, Hough D. Pathogenic weight-control behaviors of female college
gymnasts. Physician and Sportsmedicine 1988; 16: 140-146.

22. Liechty JM, Lee MJ. Longitudinal predictors of dieting and disordered eating
among young adults in the US. Int J Eat Disord 2013; 46: 790-800.

23. Sundgot-Borgen J. Risk and trigger factors for the development of eating
disorders in female elite athletes. Med Sci Sports Exerc 1994; 26: 414-419.
24.Thompson RA, Sherman RT. ‘Good Athlete’ traits and characteristics of
anorexia nervosa: are they similar? Eat Disord 1999; 7: 181-190.

25. Sundgot-Borgen J, Torstveit MK. Aspects of disordered eating continuum in
elite high-intensity sports. Scand J Med Sci Sports 2010; 20 Suppl 2: 112-121.
26. Leon GR. Eating disorders in female athletes. Sports Med 1991; 12: 219-227.
27. Thein-Nissenbaum JM, Rauh MJ, Carr KE, Loud KJ, McGuine TA.
Associations between disordered eating, menstrual dysfunction, and musculo-
skeletal injury among high school athletes. J Orthop Sports Phys Ther 2011;
41: 60-69.

28.Melin A, Tornberg AB, Skouby S, et al. The LEAF questionnaire: a screening
tool for the identification of female athletes at risk for the female athlete triad.
Br J Sports Med 2014; 48: 540-545.

Downloaded for personal use only. No other uses permitted without permission. © MedicineToday 2015.


http://journals.lww.com/cjsportsmed/Fulltext/2014/03000/2014_Female_Athlete_Triad_Coalition_Consensus.2.aspx
http://journals.lww.com/cjsportsmed/Fulltext/2014/03000/2014_Female_Athlete_Triad_Coalition_Consensus.2.aspx
http://journals.lww.com/cjsportsmed/Fulltext/2014/03000/2014_Female_Athlete_Triad_Coalition_Consensus.2.aspx
http://www.femaleathletetriad.org
http://journals.lww.com/acsm-msse/Fulltext/2007/10000/The_Female_Athlete_Triad.26.aspx
http://journals.lww.com/acsm-msse/Fulltext/2007/10000/The_Female_Athlete_Triad.26.aspx

