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Abstract

Introduction and purpose: The numerous advantages of sport are widely known. Millions of
children worldwide are encouraged to start training and significant part of them decide to start
professional training. However, there are also certain health risk connected with intensive
physical activity. One of them is female athletes triad —a syndrome consisting of three
components: low energy availability (LEA), dysregulation of menstrual cycle and impaired
bone mineral density (BMD).

Description of the state of knowledge: The intensive physical activity, especially in
adolescent women may have deleterious influence on their health and, in consequence, on
further sports career. Female athletes triad often co-occurs with eating disorders, especially in
sports where slim shape is desirable. Inadequate energy availability results in menstrual cycle
dysfunction, meanwhile insufficient level of female sex hormones (estrogens) is detrimental for
bones health leading to frequent injuries and stress fractures. In result the vicious cycle of
female athletes triad is closed and general condition of athlete deteriorates.

Summary: This paper aims to briefly review current state of knowledge on female athletes
triad. It is vital to raise awareness of female athlete triad symptoms among medical
professionals as well as sportswomen and members of coaching team to facilitate early
diagnosis and proper treatment to avoid further complications.

Keywords: Female Athlete Triad Syndrome, Amenorrhea, Osteoporosis, Feeding and Eating
Disorders, Athletes

Introduction:

Female athletes triad is a health condition consisting of following constituents: low energy
availability (LEA), dysregulation of menstrual cycle and impaired bone mineral density (BMD)
affecting significant amount of professional sportswomen [1,2]. Insufficient calories intake may
derive from eating disorders, especially in sports where shape and low weight of athlete is
required, for example gymnastics, figure skating or dance. The percentage of athletes affected
by secondary amenorrhea can be as high as 69%, whereas in broad-range population it is
estimated to touch only 2-5% [3]. Hormonal adaptions, such as oligomenorrhea or amenorrhea
are consequences of relative energy deficiency simultaneously leading to osteoporosis, creating
therefore vicious cycle of female athletes triad [1,2].

Description of the state of knowledge:

Relative energy deficiency in sport

Low energy availability (LEA) is a state described by insufficient energy intake in comparison
to energy expenditure. When permanent, it impairs body homeostasis, affecting not only
endocrine and reproductive system, but also immune, gastrointestinal or cardiovascular system

[4].
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This concept, wider than female athletes triad itself, is known as relative energy deficiency in
sport (RED-S), was coined by International Olympic Committee (10C) in 2014. Normally, EA
is balanced when it reach 45 kcal/kg FFM/day, for healthy adults [5, 6]. LEA can be recognized
when EA is lower than 30 kcal/kg/FFM/day [12]. Under this threshold negative health
consequences appear, especially in endurance sports professionals e.g. cycling or running. [12,
13].

energy intakelkcal] — exercise energy expenditure [kcal|
fat — free mass|kg|

Energy Availability =

Figure 1. The energy availability equation. Adapted from Grabia, Monika et al. “Female

Athlete Triad and Relative Energy Deficiency in Sport (REDs): Nutritional Management.”
Nutrients vol. 16,3 359. 25 Jan. 2024

LEA in athletes may derive from numerous reasons — inadequate nutritional knowledge, low
appetite but there is also considerable group among professional sportsmen and sportswomen
that suffer from eating disorder [3,7]. Among eating disorders anorexia nervosa, bulimia
nervosa and eating disorder not otherwise specified can be distinguished. Term anorexia
athletica is also used to name condition concerning female athletes dismayed by the idea of
gaining kilograms, despite having appropriate or insufficient weight. Thus, they focus on
excessive trainings and creating calorie deficit but they do not meet criteria of anorexia nervosa
or bulimia nervosa [3]. The correlation between perfectionism and eating disorders is proved,
thus elite athletes are especially at risk group of developing eating disorders [22, 23]. A study
by Brook et al. showed that 32.4% of elite para athletes had elevated results in Eating Disorder
Examination Questionnaire (EDE-Q), meanwhile less than 10% study participants were aware
of Triad/RED-S [10]. Whereas Vardardottir et al. reported that 8.4% of Icelandic elite and sub
elite athletes had excessive amount of points in EDE-Q and 19.3% had positive results in
Exercise Addiction Inventory (EAI) [11].

Menstrual cycle dysregulation

Menstrual dysregulation is a wide term used to describe irregular or absent menses [3]. It is
estimated that about 19% up to 54% of female athletes are affected by various menstrual
disorders [7]. The most common menstrual cycle disorder among sportswomen is secondary
amenorrhoea, defined as lack of three sequent menstruation bleedings. Primary amenorrhoea is
defined as lack of menarche by the age of 15 years. Third among the most common menstrual
dysfunction is oligomenorrhoea — condition when period between menstrual cycles is greater
than 45 days [5].

According to Gimunova et al. primary amenorrhoea affects up to 53.8% of rhythmic gymnastics
athletes, in comparison to less than 1% in general population. The occurrence of primary
amenorrhoea is considerable also among football players (20%) and in swimmers (19%) [14].
Secondary amenorrhoea is observed mostly among endurance sports female athletes - as cycling
(56%), triathlon (40%) or aesthetic sports athletes — rhythmic gymnastics (31%) [14].
Oligomenorrhoea, triggered mainly by LEA, was noticed amid female boxers (55%), rhythmic
gymnasts (44%) and artistic gymnasts (32%) [14].



The main mechanism behind menstruation disturbances in sportswomen is functional
hypothalamic amenorrhea (FHA) [15]. FHA is defined as lack of menstruation as a result of
suppression in hypothalamic-pituitary-ovarian axis without organic changes in body organs
[3,16]. FHA is mostly triggered by intense training, considerable weight-loss or broadly
understood stress [16]. At the hormonal level, the mechanism of FHA is based on insufficient
secretion of hypothalamic gonadotropin-releasing hormone (GnRH), resulting in lowered levels
of pituitary gonadotropins - luteinizing hormone (LH) and follicle-stimulating hormone (FSH)
and in consequence lowered estrogen level. It is worth emphasizing that FHA is a diagnosis of
exclusion [16, 17].

Another hormonal axis that has influence on menstrual health in female athletes is a
hypothalamic—pituitary—adrenal (HPA) axis, which is imbalanced by excessive stress level.
Stress causes elevated corticotrophin-releasing hormone (CRH) and cortisol levels which in
negative feedback mechanism inhibit GnRH secretion [3, 16].

Impaired BMD:

The maximum level of BMD is reached around the age of 19 in females and 20.5 in males [5,
8]. The bones health is dependent from several factors: BMD, bone remodeling and bone
microarchitecture [3]. In general, physical activity, especially strength sports, have beneficial
impact on bone health, by the stimulation of bone remodeling [3, 18, 19]. However, non-weight-
bearing sports, as for example cycling can be detrimental for BMD. As Martinez-Noguera,
Francisco Javier et al. proved, only one season of professional cycling may result in lowered
bone health markers and therefore raise the fracture risk [9].

Additionally, one of the most deleterious effects of hypoestrogenism in course of
hypogonadotropic hypogonadism is increased fracture risk due to lowered BDM [1]. As
mentioned above one of the components of female athletes triad amenorrhoea or
oligomenorrhoa that are connected with estrogen deficiency [3].

The International Olympic Committee recommends BMD should be checked by dual-energy
X-ray absorptiometry (DXA) that in athletes from osteoporosis and stress fracutures risk groups.
Those groups include athletes with LEA, eating disorders or lack of menstruation for over 6
months. The DXA examination should be repeated after 12 months period in adults athletes and
6 months in young adults athletes from risk groups or undergoing osteoporosis treatment [5].

Screening and diagnosing

There are multiple clinical tools that facilitate screening for the components of female athletes
triad among athletes.

Among frequently used questionnaires Low Energy Availability in Females Questionnaire
(LEAF-Q) may be found. It was proposed by Melin et al. in order to identify female athletes at
risk for the triad [20]. The LEAF-Q is proven to be credible questionnaire which sensitivity is
78% and specificity is 90% with regard to asses energy availability, reproductive and bone
health [20]. The questions concern three thematic groups: injuries, gastrointestinal symptoms
and menstrual function and use of contraceptives. This tool in easy way allows athletes self-
reporting of female athletes triad syndrome which enables early diagnosis and intervention
[20,21].



Another questionnaire created in order to detect female elite athletes with eating disorders is e
Brief Eating Disorder in Athletes Questionnaire (BEDA-Q) proposed by Martinsen et al. in
2014 [22]. This questionnaire, unlike other screening tools for eating disorders, is specifically
validated for sportswomen. The BEDA-Q version 2 consists of 9 questions concerning body
dissatisfaction, perfectionist traits, dieting and losing weight or episodes of compulsive eating
[22].

However, questionnaires may facilitate screening for female athletes triad, the medical history
and physical examination, conducted by sports medicine doctor and followed by laboratory
tests, is the basis of diagnosing triad and starting point for treatment. Screening should take
place at annual or pre-competition check-ups [3, 24].

The detailed questions about diet and training, body image, history of injuries in the past and
reproductive health should me asked. Finding one symptom of the triad, should be alarming,
thus other symptoms should be looked for [3, 24].

On physical examination there are signs that suggest female athletes triad. They include low
heart rate, orthostatic hypotension or hypothermia, however, those are not specific signs, they
should be differentiated with hypothyroidism. Patents suffering from bulimia nervosa often
have damaged enamel, enlarged parotids and knuckle scars. Whereas signs of anorexia nervosa
include bradycardia, lanugo and dry skin. Obligatory part of psychical examination while
screening for female athletes triad is musculoskeletal system examination. Any inadequate or
unusual pain should raise alertness of osteoporosis [3,24].

The detailed laboratory test should be carried out. They should include complete blood count,
metabolic panel and electrolytes to screen for LEA. While patient presents amenorrhoea or
oligomenorrhoea, beta-human chorionic gonadotropin should be at first tested, in order to
exclude pregnancy. Further, more detailed bloody test should performed to determine the
etiology of menstrual dysfunction. The basic laboratory test include FSH, prolactin, TSH and
free thyroxine. If patient presents symptoms of hyperandrogenism, further tests are obligatory
— LH (to check ratio of LH/FSH which in characteristically >2:1 in polycystic ovary syndrome),
testosterone and sex binging globulin, dehydroepiandrosterone sulfate. The diagnostics can be
extended to include blood estrogen and progesterone levels [3, 24, 25].

In the diagnosis of osteoporosis, it is necessary to perform DXA, if any of female athletes triad
had appeared in the past (stress fractures, amenorrhea or the patient had a history of eating
disorders) [3, 26].

Treatment

The treatment of female athletes triad is challenging, because it requires multidisciplinary. The
cooperation between athlete, dietitian, psychologist or psychiatrist, coach, sports medicine
doctor and gynecologist or endocrinologist is vital in order to achieve therapeutic success. [2,
3, 27].

The non-pharmacological treatment lays at the basis of female athletes triad treatment. It
includes nutritional and psychological treatment. The first step should be increasing energy
availability, which in athletes usually should be achieved by increasing energy intake [27]. It
is proved that in regaining regular menstrual cycle may appear when energy availability is
increased up to 30 kcal/kg FFM per day and when it is greater than 45 kcal/kg FFM per day it
has beneficial impact on bone health [27].



The meaningful part of non-pharmacological treatment is psychotherapy, especially in athletes
suffering from eating disorders and athletes from ‘slim sports’ with perfectionist traits [3, 29,
30].

For increasing BMD, calcium and vitamin D supplementation is notable part of treatment. The
recommended daily dose of calcium is 1300 mg and 600-1000 U of vitamin D in minimalizing
risk of stress fractures [2, 27, 28]. The use of bisphosphonates is not suggested in young female
athletes. There are two reasons of this — first, due to teratogenic effect of bisphosphonates they
are generally avoided in young females treatment. Secondly, the mechanism of action of
bisphosphonates in focused mostly on decreasing bone reabsorption, while in female athletes
triad the osteoporosis is caused by decreased bone formation [27, 28].

The efficacy of combined oral contraception (OC) and hormonal replacement therapy (HRT)
in treatment of female athletes triad is ambiguous. Whereas OC may regulate menstrual cycle,
it can also mask symptoms of triad and give false sense of health by regular withdrawal
bleedings which are not equivalent to period bleedings. The beneficial effect of OC on bones
health is debatable — there are not strong evidence of growth of BMD while taking those
medications. This phenomenon can be described by “ first pass effect” occurring while oral
hormones are metabolized in liver, therefore hepatic production of insulin-like growth factor-1
and its’ positive impact on BMD is reduced [27, 30]. The more beneficial alternative for oral
hormonal treatment is transdermal estradiol therapy. It has beneficial effect on BMD that is not
diminished in hepatic “first pass effect”. However, it is noteworthy that this form of estrogen
therapy does not have contraceptive effect [2, 3, 30].

Conclusions

Female athletes triad is a grave syndrome affecting young sportswomen. The consequences of
undiagnosed triad may be harmful for athletes health, have deleterious influence on their results
and even it can result in earlier end of their sport carrier. The awareness of female triad
syndrome is crucial in early diagnosis and rapid treatment, which will prevent the development
of the disease.

Declarations
Funding:
This Research received no external funding.

Author contributions:

All authors contributed to the article.

Conceptualization, AB; methodology, AB; software, AB, HB, MB; check, JG, IC; formal
analysis, AB, HB; investigation, IC, JG, MB; resources, AB, IC; data curation, HB, MB; writing
-rough preparation, AB, HB, MB, IC, JG; writing - review and editing, AB, HB, IC, MB, JG;
visualization, HB, MB; supervision, AB; project administration, AB

All authors have read and agreed with the published version of the manuscript.

Conflict of Interest Statement:
The authors report no conflict of interest.



Financial Disclosure:
The study did not receive any funding.

Institutional Review Board Statement:
Not applicable.

Informed Consent Statement:
Not applicable.

Data Availability Statement:
Not applicable.

References

1.

Maya J, Misra M. The female athlete triad: review of current literature. Curr Opin
Endocrinol Diabetes Obes. 2022 Feb 1;29(1):44-51. doi:
10.1097/MED.0000000000000690. PMID: 34812202; PMCID: PMC8702454.

Coelho AR, Cardoso G, Brito ME, Gomes IN, Cascais MJ. The Female Athlete
Triad/Relative Energy Deficiency in Sports (RED-S). Rev Bras Ginecol Obstet. 2021
May;43(5):395-402. doi: 10.1055/s-0041-1730289. Epub 2021 Jun 2. PMID:
34077990; PMCID: PMC10304901.

Nazem TG, Ackerman KE. The female athlete triad. Sports Health. 2012 Jul;4(4):302-
11. doi: 10.1177/1941738112439685. PMID: 23016101; PMCID: PMC3435916.
Logue DM, Madigan SM, Melin A, Delahunt E, Heinen M, Donnell SM, Corish CA.
Low Energy Availability in Athletes 2020: An Updated Narrative Review of
Prevalence, Risk, Within-Day Energy Balance, Knowledge, and Impact on Sports
Performance. Nutrients. 2020 Mar 20;12(3):835. doi: 10.3390/nu12030835. PMID:
32245088; PMCID: PMC7146210.

Mountjoy M, Ackerman KE, Bailey DM, Burke LM, Constantini N, Hackney AC,
Heikura IA, Melin A, Pensgaard AM, Stellingwerff T, Sundgot-Borgen JK, Torstveit
MK, Jacobsen AU, Verhagen E, Budgett R, Engebretsen L, Erdener U. 2023
International Olympic Committee's (I0OC) consensus statement on Relative Energy
Deficiency in Sport (REDs). Br J Sports Med. 2023 Sep;57(17):1073-1097. doi:
10.1136/bjsports-2023-106994. Erratum in: Br J Sports Med. 2024 Feb 7;58(3):e4. doi:
10.1136/bjsports-2023-106994corrl. PMID: 37752011.

Elliott-Sale KJ, Tenforde AS, Parziale AL, Holtzman B, Ackerman KE. Endocrine
Effects of Relative Energy Deficiency in Sport. Int J Sport Nutr Exerc Metab. 2018 Jul
1;28(4):335-349. doi: 10.1123/ijsnem.2018-0127. Epub 2018 Jul 14. PMID: 30008240.
Grabia M, Perkowski J, Socha K, Markiewicz-Zukowska R. Female Athlete Triad and
Relative Energy Deficiency in Sport (REDs): Nutritional Management. Nutrients. 2024
Jan  25;16(3):359. doi: 10.3390/nul6030359. PMID: 38337644; PMCID:
PMC10857508.

Baxter-Jones AD, Faulkner RA, Forwood MR, Mirwald RL, Bailey DA. Bone mineral
accrual from 8 to 30 years of age: an estimation of peak bone mass. J Bone Miner Res.
2011 Aug;26(8):1729-39. doi: 10.1002/jomr.412. PMID: 21520276.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Martinez-Noguera FJ, Alcaraz PE, Ortolano-Rios R, Marin-Pagan C. One Season in
Professional Cycling Is Enough to Negatively Affect Bone Health. Nutrients. 2023 Aug
18;15(16):3632. doi: 10.3390/nu15163632. PMID: 37630821; PMCID: PMC10458969.
Brook EM, Tenforde AS, Broad EM, Matzkin EG, Yang HY, Collins JE, Blauwet CA.
Low energy availability, menstrual dysfunction, and impaired bone health: A survey of
elite para athletes. Scand J Med Sci Sports. 2019 May;29(5):678-685. doi:
10.1111/sms.13385. Epub 2019 Feb 6. PMID: 30644600.

Vardardottir B, Olafsdottir AS, Gudmundsdottir SL. Body dissatisfaction, disordered
eating and exercise behaviours: associations with symptoms of REDs in male and
female athletes. BMJ Open Sport Exerc Med. 2023 Oct 24;9(4):e001731. doi:
10.1136/bmjsem-2023-001731. PMID: 38348179; PMCID: PMC10860738.

Hooper DR, Mallard J, Wight JT, Conway KL, Pujalte GGA, Pontius KM, Saenz C,
Hackney AC, Tenforde AS, Ackerman KE. Performance and Health Decrements
Associated With Relative Energy Deficiency in Sport for Division | Women Athletes
During a Collegiate Cross-Country Season: A Case Series. Front Endocrinol
(Lausanne). 2021 May 12;12:524762. doi: 10.3389/fendo.2021.524762. PMID:
34054716; PMCID: PMC8149996.

Martinez-Noguera FJ, Alcaraz PE, Ortolano-Rios R, Marin-Pagan C. One Season in
Professional Cycling Is Enough to Negatively Affect Bone Health. Nutrients. 2023;
15(16):3632. https://doi.org/10.3390/nu15163632

Gimunova M, Paulinyova A, Bernacikova M, Paludo AC. The Prevalence of Menstrual
Cycle Disorders in Female Athletes from Different Sports Disciplines: A Rapid Review.
Int J Environ Res Public Health. 2022 Oct 31;19(21):14243. doi:
10.3390/ijerph192114243. PMID: 36361122; PMCID: PMC9658102.

Elliott-Sale KJ, Tenforde AS, Parziale AL, Holtzman B, Ackerman KE. Endocrine
Effects of Relative Energy Deficiency in Sport. Int J Sport Nutr Exerc Metab. 2018 Jul
1;28(4):335-349. doi: 10.1123/ijsnem.2018-0127. Epub 2018 Jul 14. PMID: 30008240.
Roberts RE, Farahani L, Webber L, Jayasena C. Current understanding of hypothalamic
amenorrhoea. Ther Adv Endocrinol Metab. 2020 Jul 30;11:2042018820945854. doi:
10.1177/2042018820945854. PMID: 32843957; PMCID: PMC7418467.

Gordon CM, Ackerman KE, Berga SL, Kaplan JR, Mastorakos G, Misra M, Murad MH,
Santoro NF, Warren MP. Functional Hypothalamic Amenorrhea: An Endocrine Society
Clinical Practice Guideline. J Clin Endocrinol Metab. 2017 May 1;102(5):1413-1439.
doi: 10.1210/jc.2017-00131. PMID: 28368518.

McKay H, Liu D, Egeli D, Boyd S, Burrows M. Physical activity positively predicts
bone architecture and bone strength in adolescent males and females. Acta Paediatr.
2011 Jan;100(1):97-101. doi: 10.1111/j.1651-2227.2010.01995.x. Epub 2010 Sep 14.
PMID: 20735362.

Birge SJ, Dalsky G. The role of exercise in preventing osteoporosis. Public Health Rep.
1989 Sep-Oct; 104 Suppl(Suppl):54-8. PMID: 2517702; PMCID: PMC1580364.
Melin A, Tornberg AB, Skouby S, Faber J, Ritz C, Sjodin A, Sundgot-Borgen J. The
LEAF questionnaire: a screening tool for the identification of female athletes at risk for
the female athlete triad. Br J Sports Med. 2014 Apr;48(7):540-5. doi: 10.1136/bjsports-
2013-093240. Epub 2014 Feb 21. PMID: 24563388.



21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Witko$ J, Btazejewski G, Gierach M. The Low Energy Availability in Females
Questionnaire (LEAF-Q) as a Useful Tool to Identify Female Triathletes at Risk for
Menstrual Disorders Related to Low Energy Availability. Nutrients. 2023 Jan
27;15(3):650. doi: 10.3390/nu15030650. PMID: 36771357; PMCID: PMC9920150.
Martinsen M, Holme |, Pensgaard AM, Torstveit MK, Sundgot-Borgen J. The
development of the brief eating disorder in athletes questionnaire. Med Sci Sports Exerc.
2014 Aug;46(8):1666-75. doi: 10.1249/MSS.0000000000000276. PMID: 24504432.
Keel PK, Forney KJ. Psychosocial risk factors for eating disorders. Int J Eat Disord.
2013 Jul;46(5):433-9. doi: 10.1002/eat.22094. PMID: 23658086.

Brown KA, Dewoolkar AV, Baker N, Dodich C. The female athlete triad: special
considerations for adolescent female athletes. Transl Pediatr. 2017 Jul;6(3):144-149.
doi: 10.21037/tp.2017.04.04. PMID: 28795004; PMCID: PMC5532188.

Boegl M, Dewailly D, Marculescu R, Steininger J, Ott J, Hager M. The LH:FSH Ratio
in Functional Hypothalamic Amenorrhea: An Observational Study. J Clin Med. 2024
Feb 20;13(5):1201. doi: 10.3390/jcm13051201. PMID: 38592037; PMCID:
PMC10931730.

LeBoff MS, Greenspan SL, Insogna KL, Lewiecki EM, Saag KG, Singer AJ, Siris ES.
The clinician’s guide to prevention and treatment of osteoporosis. Osteoporos Int. 2022
Oct;33(10):2049-2102. doi: 10.1007/s00198-021-05900-y. Epub 2022 Apr 28. Erratum
in: Osteoporos Int. 2022 Oct;33(10):2243. doi: 10.1007/s00198-022-06479-8. PMID:
35478046; PMCID: PMC9546973.

Kelly AW, Hecht S. The female athlete triad. Ann Jt. 2022 Jan 15;7:6. doi:
10.21037/a0j-2020-03. PMID: 38529159; PMCID: PMC10929343.

da Rocha Lemos Costa TM, Borba VZC, Correa RGP, Moreira CA. Stress fractures.
Arch Endocrinol Metab. 2022 Nov 11;66(5):765-773. doi: 10.20945/2359-
3997000000562. PMID: 36382766; PMCID: PMC10118812.

Thein-Nissenbaum J, Hammer E. Treatment strategies for the female athlete triad in the
adolescent athlete: current perspectives. Open Access J Sports Med. 2017 Apr 4;8:85-
95. doi: 10.2147/0AJSM.S100026. PMID: 28435337; PMCID: PMC5388220.

Indirli R, Lanzi V, Mantovani G, Arosio M, Ferrante E. Bone health in functional
hypothalamic amenorrhea: What the endocrinologist needs to know. Front Endocrinol
(Lausanne). 2022 Oct 11;13:946695. doi: 10.3389/fendo.2022.946695. PMID:
36303862; PMCID: PMC9592968.



