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Misunderstanding the Female Athlete
Triad: Refuting the 10C Consensus
Statement on Relative Energy Deficiency

in Sport (RED-S)

Mary Jane De Souza,' Nancy | Williams," Aurelia Nattiv,? Elizabeth Joy,?
Madhusmita Misra,* Anne B Loucks,”> Gordon Matheson,®

Marion P Olmsted,” Michelle Barrack,® Rebecca J Mallinson,’

Jenna C Gibbs,” Marci Goolsby,'® Jeanne F Nichols, "

Barbara Drinkwater,'? Charlotte (Barney) Sanborn, "* Rosemary Agostini, '
Carol L Otis, > Mimi D Johnson, '® Anne Zeni Hoch,” Julia M K Alleyne,”
L Tyler Wadsworth, '® Karsten Koehler,' Jaci VanHeest,"® Paula Harvey,’
Amanda K Weiss Kelly,® Michael Fredericson,?" George A Brooks,
Emma O’Donnell,” Lisa R Callahan,?* Margot Putukian,**

Lauren Costello,?* Suzanne Hecht,” Mitchell J Rauh,?® Jacalyn McComb?’

An TOC consensus group has recently
introduced a new umbrella term, that is,
‘Relative Energy Deficiency in Sport’
(RED-S) to describe the physiological and
pathophysiological effects of energy defi-
ciency in male and female athletes." The
authors assert that “new terminology is
required to more accurately describe the
clinical syndrome originally known as the
Female Athlete Triad” that is a “more
comprehensive, broader term for the
overall syndrome, which includes what
has so far been called the ‘Female Athlete
Triad”.”" This new terminology (RED-S)
is insufficiently supported by scientific
research to warrant adoption at this time.
The Female Athlete Triad has more than
30 years of published evidence to support
its existence in the scientific literature
with strong evidence for its clinical seque-
lae and should remain a focus of scientific
inquiry and translation.>® Moreover,
several major concerns and errors with
the IOC consensus statement should give
researchers and practitioners great pause
before adopting the IOC’s new termin-
ology, its theoretical construct and its pro-
posed recommendations for screening and
return to play.

As stated by the IOC authors, the
science of energy deficiency in the male
athlete and in other groups is still in its
‘infancy’.! In contrast, research on the
Triad has been published since the early
1990s* and, in fact, even earlier. Reports
of menstrual and other problems in ath-
letes were becoming prevalent in the litera-
ture as early as the 1960s, but particularly
in the 1970s and 1980s.”7'* The first sym-
posium related to the topic at the

American College of Sports Medicine
(ACSM) Annual Meeting was organised by
Barbara Drinkwater in 1981 and was
entitled “‘Menstrual Irregularities in Female
Athletes’. The term ‘Female Athlete Triad’
was introduced at a workshop in 1992.*
The first position stand from the ACSM
was published in 1997, and a revised pos-
ition stand was published in 2007.° In
2014, a comprehensive consensus paper
on diagnosis, treatment and return to play
on the Female Athlete Triad was published
by the Female Athlete Triad Coalition,® °
which has been endorsed by the ACSM,
the American Medical Society for Sports
Medicine and the American Bone Health
Alliance. The National Collegiate Athletic
Association in the USA has been highlight-
ing the Coalition’s Triad Consensus paper
in their Sports Science Institute Newsletter
by publishing a four-part series to highlight
the paper and to help with dissemination
of the treatment and return-to-play
guidelines.

While we appreciate the need for
improved thinking in medical science, we
strongly believe it is unwise and mislead-
ing to propose a new approach based on
faulty science. We strongly believe that it
is unwise to distract and mislead the
medical community from the well-known
term ‘the Female Athlete Triad’.!' The
IOC paper lacks scientific integrity in two
ways. First, the scientific evidence of
RED-S as it applies to men, non-
Caucasians and disabled individuals is in
its infancy and is not sufficiently devel-
oped to warrant a new theoretical con-
struct. We support the effort to call for
more research in these populations;

however, it should not be at the expense
of a focus on and priority of the female
athlete. Second, the IOC paper! is fraught
with errors and misinterpretations of the
scientific literature per se. The errors dis-
cussed in this paper include a flawed
framework for the RED-S model, an
incorrect representation of the Female
Athlete Triad, applying data in women to
make recommendations in men, frank
errors in treatment recommendations, a
return-to-play model that is ambiguous,
does not accommodate cumulative risk
and is difficult to apply in clinical practice,
errors in presenting the physiology of
energy deficiency and low energy avail-
ability and subsequent impact on repro-
ductive function, errors in the diagnosis
of low bone mineral density (BMD) in
adolescents, errors in effects of oestrogen
on bone and calcium, errors in calcium
and vitamin D recommendations and
many other errors as discussed below.

A unique feature of the IOC paper is the
introduction of the ‘hub and spoke’
diagram." However, this figure illustrates a
poorly developed concept referred to as
RED-S, and misrepresents three decades of
Triad science. What are illustrated as
‘spokes’ on a wheel with a RED-S hub are
the oversimplified listing of seemingly inde-
pendent physiological systems, functions
and mechanisms when in fact these physio-
logical systems, functions and mechanisms
are not independent of one another, but
rather interact and exhibit synergistic and
antagonistic effects. The complex interac-
tions of physiological factors with a causal
link to low energy availability have been
described and experimentally manipulated
in studies'*™” that provide the scientific
foundation for the most severe clinical out-
comes identified in the triangle diagram
illustrating the Female Athlete Triad. At the
centre of the RED-S hub and spoke
diagram is the term ‘relative energy defi-
ciency’ which, according to the I0C
authors, refers to the aetiological factor
underpinning RED-S, that is, “an energy
deficiency relative to the balance between
dietary energy intake (EI) and the energy
expenditure required to support homeosta-
sis, health and the activities of daily living,
growth, and sporting activities.” This defin-
ition of the ‘energy deficiency’ component
of RED-S in terms of energy balance is
incongruent with the definition of ‘energy
availability” used throughout the rest of the
I0C paper.' Energy balance and availability
are not synonymous.”’ Careful work by
Triad researchers has demonstrated that
Triad conditions can be present in women
who are in ‘energy balance’ and thus do not
exhibit ‘energy deficiency’ as defined in the
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IOC paper, but likely exhibit ‘low energy
availability’ as defined and supported in
work by Loucks and colleagues'~'” 2% and
included (albeit defined incorrectly) in the
IOC paper. The psychological portion of
the diagram also appears independent of all
other factors, another alarming misrepre-
sentation, as decades of research in the field
of eating disorders (ED) and the Triad
would substantiate.”'

Another error presented in the I0C
paper and its figure is the simplistic and
underdeveloped approach to understand-
ing the Triad by implying that the Triad
platform is limited to reproductive and
skeletal issues, and that the IOC RED-S
idea is more comprehensive. The 2007
position stand on the Triad® and the 2014
consensus paper’ ° include a discussion of
other medical issues, to include cardiovas-
cular issues such as impaired endothelial
vasodilation, impaired perfusion to
working muscles, impaired skeletal muscle
oxidative metabolism, lipid dysfunction,
problems with the central nervous system,
gastrointestinal system and renal system.
Certainly the psychological concerns are
highlighted in all of these publications on
the Female Athlete Triad®>~® when discuss-
ing disordered eating (DE) and ED. Stress
fractures are a component of the Triad
even though they are not specifically listed
in the diagram of the Triad; likewise,
metabolic and endocrine perturbations are
mechanisms of the components of the
Triad. Clearly, the most serious clinical
sequelae of the Female Athlete Triad
include ED, reproductive disorders and
skeletal outcomes. In particular, negative
bone outcomes are especially concerning
since they are questionably irrevers-
ible,” > ° © and as such, are highlighted in
the framing of the terminology of the
Triad. Such a highlight on the most
serious clinical sequelae benefits many
athletes who suffer from these clinical
outcomes, and does not exclude other
outcomes. The Triad framework is also
most favourable for knowledge translation
to the most frequently affected popula-
tion, namely young female athletes and
exercising women. Alternatively, the intro-
duction of a new term (RED-S), and a
new (flawed) illustration of the physiology
of the syndrome diffuses the messaging
about the heightened susceptibility to and
severity of effects of the Triad in girls and
women, and places too much emphasis on
‘sport’, thus overshadowing the many rec-
reational athletes that are similarly
affected.!! 2*

The IOC paper incorrectly claims the
recognition that energy deficiency can
impact male athletes as something new;

this is not new and Triad researchers and
others have been alluding to this concern
since 1993. The first 1993 ACSM work-
shop paper* and the 1997% as well as the
2007 versions of the ACSM Triad pos-
ition stands indicate that further research
is necessary to explore clinical outcomes
in male athletes. Although several studies
have documented the existence of
Triad-like conditions in male cyclists,®
judoists®® and horse jockeys,” almost two
decades later few data exist to support the
existence of serious clinical sequelae in
men relative to those in women that result
from energy deficiency.

Meanwhile, there is good reason to
suspect that sex differences protect men
against the serious clinical consequences
of energy deficiency that afflict women.
Testosterone promotes bone as well as
muscle growth, and effects of low testos-
terone on bone formation are different
from the effects of low oestrogen on bone
resorption.®® *! Testosterone endows men
with wider bones that are less susceptible
to fracture.*’ Furthermore, the energetic
costs of reproduction are much lower in
men than in women.*>*> Men do not have
to ‘fuel’ ovarian and menstrual cycles,
let alone gestation and lactation. Evidence
of effects of low energy availability on
sperm count and motility is largely non-
existent, in part because egg cells mature
by growing in size, whereas sperm cells
mature by shrinking. Sperm do not store
large quantities of energy derived from
the male body, and inside women they
derive their fuel for motility from the
female body. For these and other reasons,
reproductive and skeletal disorders may
occur in men in extreme energy defi-
ciency, but a prevalence as high as that in
women at less severe levels of energy defi-
ciency is doubtful.

Many more studies should document a
concerning prevalence of physiological and
clinical consequences of low energy avail-
ability in male athletes before a new term is
introduced for those specific conditions in
men. Moreover, the recent studies docu-
menting ED and low bone density in
men®*3¢ deserve to be extended without
bias stemming from existing literature in
women. It has taken decades to learn that
important sex differences exist in male and
female physiology, and we should not
repeat previous mistakes by establishing clin-
ical guidelines for both sexes when there are
data primarily only for one sex. It is mis-
leading in this regard that the risk stratifica-
tion and return-to-play guidelines in the
IOC paper are developed mostly from
studies in women,' include few male-
specific end points and ignore that

implementation problems will exist if
applied to male athletes. The preceding con-
cerns of lack of data and the errors in apply-
ing clinical guidelines to more than one
population are magnified when other issues
such as race, ethnicity and ability are consid-
ered. The point made by the IOC authors
that low energy availability has serious con-
sequences in male athletes, non-Caucasians
and individuals with disabilities is import-
ant, but there is no evidence for their
recommendation. Indeed, their recommen-
dations should have stopped at advocating
for more research and should not have
extended to screening, treatment and
return-to-play recommendations.

The IOC authors propose a new risk
assessment and return-to-play model, ‘Red
Light-Yellow Light-Green Light’, represent-
ing high-risk, moderate-risk and low-risk
athletes, respectively.! Concerning is both
the lack of evidence and lack of quantifica-
tion behind some of the risk factors noted
within this framework. For example, the
lack of clarity and quantification of ‘yellow
light’ risk factors, such as ‘prolonged abnor-
mally low per cent body fat’, ‘prolonged
energy deficiency’ and ‘lack of progress in
treatment’, makes each one of them difficult
to interpret in the return-to-play schema.
Likewise, this framework does not take into
account cumulative risk in a quantitative
way that can be measured over time to
assess improvement or decline. Similarly,
the return-to-play categories noted in table
3 do not provide the clinician any guidance
as to the number of risk factors within each
category that warrant the return-to-play
recommendations. As such, adopting the
IOC return-to-play model will lead to
ambiguous decision-making.

The IOC paper is also weakened by the
authors’ disregard for accuracy when refer-
encing scientific literature. The IOC paper’
is fraught with fundamental errors and mis-
interpretations of the literature. Several of
these errors are described below. Generally
speaking, the paper is poorly referenced
throughout. There are many instances
where inaccurate references are used,
several instances where statements are not
referenced and many instances where ori-
ginal research is not referenced. The most
important and blatant errors are listed
below.

HORMONAL AND METABOLIC

IMBALANCE SECTION

1. The authors state that “Abnormal levels
of hormones, LH pulsatility, inadequate
body fat stores, low energy availability
(EA) and exercise stress may be aetio-
logical factors in menstrual disorders
in athletes. Marked reduction in EA
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may disrupt the LH pulsatility by
affecting the hypothalamic hormone
gonadotropin-releasing hormone (GnRH)
output which subsequently alters the
menstrual cycle.” These statements are
incorrect. The hypothalamus can make
GnRH in varying amounts or patterns
(GnRH output) in different states of
energy availability, but it is specifically
abnormal GnRH  pulsatility  that
impacts gonadotropin pulsatility, as
opposed to GnRH output, and that
leads to amenorrhoea.>”

. The authors state that “Subtle men-
strual dysfunction, such as very light
bleeding, mildly extended menstrual
interval and premenstrual and post-
menstrual spotting may occur, and may
be underestimated by routine screen-
ing.” De Souza et al** is cited for this
statement.

Although De Souza et al** reported
that subtle menstrual disturbances are
prevalent among physically active
women, it was highlighted that these
subtle menstrual disturbances are diffi-
cult to detect clinically. In addition,
there is no mention of light bleeding
or spotting in the De Souza et al**

paper.

HEALTH AND PERFORMANCE
SECTION
1. The authors state that “hormonal and

metabolic abnormalities caused by
RED-S and carbohydrate deficiency can
result in a decreased production of
growth hormone.” This statement is
incorrect. Low EA is associated with an
increase in growth hormone, which is
most likely a result of reduced circulat-
ing insulin-like growth factor 1 (IGF1)
concentrations and hepatic growth
hormone resistance.>® 3

. The authors state that “Oestrogen
increases uptake of calcium into blood
and deposition into bone, while pro-
gesterone facilitates the actions of oes-
trogen through multiple complex
mechanisms.” This is also inaccurate.
Oestrogen acts by inhibiting osteoclast
activity, not by increasing uptake of
calcium into blood and deposition in
bone.* Calcium absorption from
the gut is driven by 1,25(0OH)2
vitamin D.*! It is not clear what (if
any) bone effects of oestrogen are
facilitated by progesterone and how.
No original research references are
provided to support the proposed pro-
gesterone effects on bone in the IOC
paper.

. The authors state that testosterone sti-
mulates osteoclast activity. Testosterone

does not stimulate osteoclast activity.
Testosterone directly stimulates osteo-
blast activity thereby upregulating bone
formation,®>® ** and may inhibit osteo-
clast activity through its aromatisation
to oestrogen (which has primarily anti-
resorptive effects).

The authors state that “DE/ED in male
jockeys are associated with low BMD”
and cite Dolan et al*® as a reference
for this statement. This is an inaccur-
ate reference for this statement. Dolan
et al*® did not assess DE or ED in
their study. Rather, Dolan et al*’
report that low BMD in jockeys was
associated with low IGF-1 and ele-
vated sex hormone-binding globulin
concentrations.

SCREENING AND DIAGNOSIS

SECTION

Bone health

The authors state that “In the adolescent,
DXA should include the whole body (head
excluded) in addition to the lumbar spine...
A value below —2.0 SD is considered as
osteoporosis with the presence of second-
ary clinical risk factors.” This statement
requires clarification. The International
Society of Clinical Densitometry (ISCD)
recommends assessment of lumbar spine or
whole body sites for assessment of bone
density in adolescents, and while it prefers
the assessment of whole body less head (to
whole body), when technically feasible, it
does not indicate that whole body BMD
assessment should not be performed.** In
addition, the ISCD defines osteoporosis in
adolescents as low bone density z-scores (
<-2) with a history of clinically significant
fracture” and not a low bone density
z-score alone. This stand has been reiterated
in the 2013 position statement from the
ISCD.** * It is important to clarify this and
to indicate what conditions constitute sec-
ondary clinical risk factors.

TREATMENT SECTION

1.

For the section regarding weight gain
and improvement in bone density, the
authors state “However, full recovery
may not be feasible, as bone microarchi-
tecture is also impaired.” The reason for
lack of full recovery is not that bone
architecture is also impaired. Impaired
bone architecture is a consequence of
many of the same factors that lead to
low bone density.*® *7 Lack of full
recovery of bone parameters is likely
consequent to incomplete recovery of
certain hormonal changes (such as corti-
sol elevation) despite an improvement
in energy status.*®

2. The

authors recommend that the
“athlete diet should include 1500 mg/
day of calcium.” The reference that is
cited for that statement*® does not dir-
ectly state that 1500 mg/day is the
appropriate calcium intake for athletes.
Rather, the article provides guidelines
for how to counsel individuals about
appropriate calcium intake, but does
not recommend a certain intake.
Furthermore, the appropriate calcium
intake for athletes is not mentioned in
the article.*” The current recommended
dietary allowance for calcium from the
2011 Institute of Medicine guidelines is
1300 mg/day for adolescents and
1000 mg/day for young adults.’® !
According to the American Academy of
Pediatrics Committee on  Sports
Medicine and Fitness,”> and others,*® it
is recommended that amenorrhoeic ath-
letes intake 1500 mg of calcium per day.
As such, this is an example of a state-
ment that uses imprecise wording and is
not properly referenced.

. The authors state that “Programmes of

high-impact loading and resistance
training should be implemented at least
2-3 days/week for athletes in non-
weight bearing sports and/or those with
decreased BMD.” This statement is not
supported by any reference. In fact, one
may argue that high-impact loading
activity may precipitate fractures in
amenorrhoeic women with very low
bone density. This issue is not discussed.

. The authors state that leptin “can be

used to stimulate appetite.” On the
contrary, leptin is an anorexigenic
hormone and therefore suppresses
appetite’*~° and, in fact, recombinant
leptin administration is associated with
suppression of appetite and weight
loss in women with functional hypo-
thalamic amenorrhoea.>” %

. The authors state that “The Endocrine

Society Guideline (2011) recommends
maintaining vitamin D [25(OH)D]
blood levels above 32-50 ng/mL, with
1500-2000 IU/day of vitamin D.” This
is inaccurate. The guidelines are as
follows®”: “We recommend using the
serum circulating 25(OH)D level, mea-
sured by a reliable assay, to evaluate
vitamin D status in patients who are at
risk for vitamin D deficiency. Vitamin D
deficiency is defined as a 25(OH)D
below 20 ng/ml (50 nmol/liter), and
vitamin D insufficiency as a 25(OH)D
of 21-29 ng/ml (525-725 nmol/liter)”,
and “We suggest that adults aged
19-50 yr require at least 600 IU/d of
vitamin D to maximize bone health and
muscle function. It is unknown whether
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600 IU/d is enough to provide all the
potential non-skeletal health benefits
associated with vitamin D. However, to
raise the blood level of 25(OH)D con-
sistently above 30 ng/ml may require at
least 1500-2000 IU/d of vitamin D.”
The Endocrine Society guidelines do
not provide a recommended target
range for vitamin D.

6. The authors state that “use of the oral
hormonal contraceptive pills in ath-
letes with functional hypothalamic
amenorrhea have been reported to
have a detrimental effect on BMD
through the suppression of androgen
secretion and cause premature closure
of the epiphyses compromising growth
of the long bones in adolescents.” The
authors cite Scheid et al.®® Scheid
et al®® is the wrong reference as that
paper has nothing to do with any of
these factors.

7. Throughout the treatment section, no
critical analysis of randomised con-
trolled trials versus prospective studies
is presented and no source literature is
referenced. This is a major flaw as treat-
ment recommendations are included in
the IOC paper. In addition, treatment
recommendations for bone health in
men are not based on studies in male
athletes.

SUMMARY

We are concerned that readers of the IOC
paper will be confused and misled by the
poorly referenced statements and frank
(and sometimes dangerous) errors in the
paper. The IOC authors should publish a
correction of these and other errors
noted. Broadening research of low energy
availability in other groups, such as the
male athlete, athletes of diverse ethnicities
and the disabled athlete may help to
advance science and may one day warrant
introduction of a specific term for what-
ever serious clinical sequelae of energy
deficiency may be discovered in future
research on men.

Research on the ‘Female Athlete Triad’
has forged a platform from which a
broad array of healthcare providers (eg,
physicians, sport dietitians, mental
health professionals and athletic trainers)
have made great strides in learning how
to manage and treat affected women.
Research on the ‘Female Athlete Triad’
has also been translated to the lay public
such that more and more affected
female athletes and exercising women
willingly seek education, prevention and
treatment.

Meanwhile, subsuming the term
‘Female Athlete Triad’ under the umbrella

of the term RED-S has the potential to
confuse rather than enlighten, and undo
decades of work educating and advocating
for awareness, prevention and treatment
for the Triad. The individual most
impacted by the de-emphasis on the Triad
will be the female athlete herself. The
overwhelming clinical importance of the
Female Athlete Triad compared with
other conditions under the proposed
RED-S umbrella will continue to make a
specific reference for the Triad useful for
those who deal with it, including physi-
cians, coaches, sport dietitians, athletics
trainers, parents and, most importantly,
female athletes. As such, efforts promot-
ing awareness, prevention and treatment
of the Female Athlete Triad remain critic-
ally important and should not be oversha-
dowed by an ill-conceived and poorly
defended new construct.

Author affiliations

'Department of Kinesiology, Pennsylvania State
University, University Park, Pennsylvania, USA
Division of Sports Medicine and Department of
Orthopaedic Surgery, University of California, Los
Angeles, California, USA

3Intermountain Healthcare, Salt Lake City, Utah, USA
“Massachusetts General Hospital, Boston,
Massachusetts, USA

>Ohio University, Athens, Ohio, USA

Estanford University School of Medicine, Stanford,
California, USA

"University of Toronto, Toronto, Ontario, Canada
8University of California, Northridge, California, USA
University of Waterloo, Waterloo, Ontario, Canada
10Hospital for Special Surgery, New York, New York,
USA

"University of California, San Diego, California, USA
"2Washington, USA

"3Texas Woman's University, Denton, Texas, USA
“Group Health, Seattle, Washington, USA

SWTA Tour Player Development, Portland, Oregon,
USA

"®University of Washington, Seattle, Washington, USA
"Medical College of Wisconsin, Milwaukee, Wisconsin,
USA

"8Advanced Orthopedics and Sports Medicine, St Louis,
Missouri, USA

'9University of Connecticut, Storrs, Connecticut, USA
20University Hospitals Case Medical Center, Cleveland,
Ohio, USA

2Istanford University, Stanford, California, USA
2niversity of California, Berkeley, California, USA
BHospital for Special Surgery, New York, New York,
USA

24princeton University, Princeton, New Jersey, USA
BUniversity of Minnesota, Minneapolis, Minnesota,
USA

285an Diego State University, San Diego, California,
USA

exas Tech University, Lubbock, Texas, USA

Correspondence to Dr Mary Jane De Souza,
Women's Health and Exercise Laboratory, 104 Noll
Laboratory, Department of Kinesiology, Pennsylvania
State University, University Park, PA 16802, USA;
mjd34@psu.edu

Authors: Sincerely signed by researchers and physicians,
authors of the 1993 Triad naming paper, 1997 and
2007 Triad position stands and the 2014 Triad
Consensus paper.

Contributors MIDS, NIW, AN, EJ, MM, ABL, RIM

and KK were involved in the drafting, reviewing and
editing of the manuscript. All other authors reviewed
and edited the manuscript.

Competing interests None.

Provenance and peer review Not commissioned;
internally peer reviewed.

CrossMark

To cite De Souza MJ, Williams NI, Nattiv A, et al. BrJ
Sports Med 2014;48:1461-1465.

Editor’s choice
Scan to access more
free content

Accepted 13 June 2014
Published Online First 18 July 2014

Br J Sports Med 2014;48:1461-1465.
doi:10.1136/bjsports-2014-093958

REFERENCES

1 Mountjoy M, Sundgot-Borgen J, Burke L, et a/. The
I0C consensus statement: beyond the female athlete
triad—relative energy deficiency in sport (RED-S). Br
J Sports Med 2014;48:491-7.

2 Otis CL, Drinkwater B, Johnson M, et al. American
College of Sports Medicine position stand. The
female athlete triad. Med Sci Sports Exerc 1997;29:
f—iX.

3 Nattiv A, Loucks AB, Manore MM, et al. American
College of Sports Medicine position stand. The
female athlete triad. Med Sci Sports Exerc
2007;39:1867-82.

4 Yeager KK, Agostini R, Nattiv A, et al. The female
athlete triad: disordered eating, amenorrhea,
osteoporosis. Med Sci Sports Exerc 1993;25:775-7.

5 De Souza MJ, Nattiv A, Joy E, et al. 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.

6 De Souza MJ, Nattiv A, Joy E, et al. 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, California, May 2012 and 2nd
International Conference held in Indianapolis,
Indiana, May 2013. Br J Sports Med 2014;48:289.

7 Shangold M, Freeman R, Thysen B, et al. The
relationship between long-distance running, plasma
progesterone, and luteal phase length. Fertil Steril
1979;31:130-3.

8 Erdelyi GJ. Gynecological survey of female athletes.
J Sports Med 1962;2:174-9.

9  Feicht CB, Johnson TS, Martin BJ, et al. Secondary
amenorrhoea in athletes. Lancet 1978;2:1145-6.

10 Loucks AB, Horvath SM. Athletic amenorrhea: a
review. Med Sci Sports Exerc 1985;17:56—72.

11 Gibbs JC, Williams NI, De Souza MJ. Prevalence of
individual and combined components of the female
athlete triad. Med Sci Sports Exerc 2013;45:985-96.

12 Loucks AB, Heath EM. Dietary restriction reduces
luteinizing hormone (LH) pulse frequency during


http://crossmark.crossref.org/dialog/?doi=10.1136/bjsports-2014-093958&domain=pdf&date_stamp=2014-07-18
http://bjsm.bmj.com/
http://group.bmj.com

20

21

22

23

24

25

26

waking hours and increases LH pulse amplitude
during sleep in young menstruating women. J Clin
Endocrinol Metab 1994:78:910-15.

Loucks AB, Heath EM. Induction of low-T3 syndrome
in exercising women occurs at a threshold of energy
availability. Am J Physiol 1994;266(3 Pt 2):R817-23.
Loucks AB, Horvath SM. Exercise-induced stress
responses of amenorrheic and eumenorrheic runners.
J Clin Endocrinol Metab 1984:59:1109-20.

Loucks AB, Thuma JR. Luteinizing hormone pulsatility
is disrupted at a threshold of energy availability in
regularly menstruating women. J Clin Endocrinol
Metab 2003;88:297-311.

Loucks AB, Verdun M. Slow restoration of LH
pulsatility by refeeding in energetically disrupted
women. Am J Physiol 1998;275(4 Pt 2):R1218-26.
Loucks AB, Verdun M, Heath EM. Low energy
availability, not stress of exercise, alters LH pulsatility
in exercising women. J Appl Physiol 1998,;84:37-46.
Williams NI, Caston-Balderrama AL, Helmreich DL,
et al. Longitudinal changes in reproductive hormones
and menstrual cyclicity in cynomolgus monkeys
during strenuous exercise training: abrupt transition
to exercise-induced amenorrhea. Endocrinology
2001;142:2381-9.

Williams NI, Helmreich DL, Parfitt DB, et al. Evidence
for a causal role of low energy availability in the
induction of menstrual cycle disturbances during
strenuous exercise training. J Clin Endocrinol Metab
2001;86:5184-93.

Loucks AB, Kiens B, Wright HH. Energy availability in
athletes. J Sports Sci 2011;29(Suppl 1):57-15.
Thein-Nissenbaum JM, Rauh MJ, Carr KE, et al.
Associations between disordered eating, menstrual
dysfunction, and musculoskeletal injury among high
school athletes. J Orthop Sports Phys Ther
2011;41:60-9.

Rauh MJ, Nichols JF, Barrack MT. Relationships
among injury and disordered eating, menstrual
dysfunction, and low bone mineral density in high
school athletes: a prospective study. J Ath/l Train
2010;45:243-52.

Bratland-Sanda S, Sundgot-Borgen J. Eating disorders
in athletes: overview of prevalence, risk factors and
recommendations for prevention and treatment. Eur J
Sport Sci 2013;13:499-508.

De Souza MJ, Toombs RJ, Scheid JL, et a/. High
prevalence of subtle and severe menstrual disturbances
in exercising women: confirmation using daily hormone
measures. Hum Reprod 2010;25:491-503.

De Souza MJ, Miller BE, Loucks AB, et al. High
frequency of luteal phase deficiency and an ovulation
in recreational women runners: blunted elevation in
follicle-stimulating hormone observed during
luteal-follicular transition. J Clin Endocrinol Metab
1998;83:4220-32.

Oosthuyse T, Badenhorst M, Avidon I. Bone
resorption is suppressed immediately after the third
and fourth days of multiday cycling but persistently
increased following overnight recovery. Appl Physiol
Nutr Metab 2014;39:64-73.

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

Campion F, Nevill AM, Karlsson MK, et al. Bone
status in professional cydlists. Int J Sports Med
2010;31:511-15.

Prouteau S, Pelle A, Collomp K, et al. Bone density
in elite judoists and effects of weight cycling on bone
metabolic balance. Med Sci Sports Exerc
2006;38:694-700.

Dolan E, McGoldrick A, Davenport C, et al. An
altered hormonal profile and elevated rate of bone
loss are associated with low bone mass in
professional horse-racing jockeys. J Bone Miner
Metab 2012;30:534—42.

Vanderschueren D, Vandenput L, Boonen S, et al.
Androgens and bone. Endocr Rev 2004;25:
389-425.

Notelovitz M. Androgen effects on bone and muscle.
Fertil Steril 2002;77(Suppl 4):534-41.

Turner RT, Wakley GK, Hannon KS. Differential
effects of androgens on cortical bone
histomorphometry in gonadectomized male and
female rats. J Orthop Res 1990;8:612—-17.

Bronson FH. Mammalian reproduction: an ecological
perspective. Biol Reprod 1985;32:1-26.

Misra M, Katzman DK, Cord J, et al. Bone
metabolism in adolescent boys with anorexia
nervosa. J Clin Endocrinol Metab 2008;93:
3029-36.

Misra M, Katzman DK, Clarke H, et al. Hip

structural analysis in adolescent boys with anorexia
nervosa and controls. J Clin Endocrinol Metab
2013;98:2952-8.

Castro J, Toro J, Lazaro L, et al. Bone mineral density
in male adolescents with anorexia nervosa. / Am
Acad Child Adolesc Psychiatry 2002;41:613-18.
Tsutsumi R, Webster NJ. GnRH pulsatility, the
pituitary response and reproductive dysfunction.
Endocr J 2009;56:729-37.

Misra M, Miller KK, Bjornson J, et al. Alterations in
growth hormone secretory dynamics in adolescent
girls with anorexia nervosa and effects on bone
metabolism. J Clin Endocrinol Metab
2003;88:5615-23.

Fazeli PK, Klibanski A. Determinants of GH resistance
in malnutrition. J Endocrinol 2014;220:R57—65.
Manolagas SC, Kousteni S, Jilka RL. Sex steroids and
bone. Recent Prog Horm Res 2002;57:385-409.
Anderson PH, Turner AG, Morris HA. Vitamin D
actions to regulate calcium and skeletal homeostasis.
Clin Biochem 2012;45:880-6.

Abu EO, Horner A, Kusec V, et al. The localization of
androgen receptors in human bone. J Clin Endocrinol
Metab 1997,82:3493-7.

Lewiecki EM, Gordon CM, Baim S, et al.
International Society for Clinical Densitometry 2007
Adult and Pediatric Official Positions. Bone
2008;43:1115-21.

Crabtree NJ, Arabi A, Bachrach LK, et al. Dual-energy
X-ray absorptiometry interpretation and reporting in
children and adolescents: the revised 2013 ISCD
Pediatric Official Positions. J Clin Densitom
2014;17:225-42.

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

Kalkwarf HJ, Abrams SA, Dimeglio LA, et al. Bone
densitometry in infants and young children: the 2013
ISCD Pediatric Official Positions. J Clin Densitom
2014;17:243-57.

Lawson EA, Miller KK, Bredella MA, et al. Hormone
predictors of abnormal bone microarchitecture in
women with anorexia nervosa. Bone
2010;46:458-63.

Ackerman KE, Nazem T, Chapko D, et al. Bone
microarchitecture is impaired in adolescent
amenorrheic athletes compared with eumenorrheic
athletes and nonathletic controls. J Clin Endocrinol
Metab 2011;96:3123-33.

Misra M, Miller KK, Almazan C, et al. Alterations

in cortisol secretory dynamics in adolescent girls
with anorexia nervosa and effects on bone
metabolism. J Clin Endocrinol Metab
2004,89:4972-80.

Kitchin B. Nutrition counseling for patients with
osteoporosis: a personal approach. J Clin Densitom
2013;16:426-31.

Ross AC, Manson JE, Abrams SA, et al. The 2011
report on dietary reference intakes for calcium and
vitamin D from the Institute of Medicine: what
clinicians need to know. J Clin Endocrinol Metab
2011,96:53-8.

Institute of Medicine. Dietary reference intakes for
calcium and vitamin D. Washington, DC: The
National Academy Press, 2011.

American Academy of Pediatrics. Committee on
Sports Medicine and Fitness. Medical concerns in the
female athlete. Pediatrics 2000;106:610—13.
Kunstel K. Calcium requirements for the athlete. Curr
Sports Med Rep 2005;4:203—6.

Mantzoros CS, Magkos F, Brinkoetter M, et al. Leptin
in human physiology and pathophysiology. Am J
Physiol Endocrinol Metab 2011;301:E567-84.

Shan X, Yeo GS. Central leptin and ghrelin
signalling: comparing and contrasting their
mechanisms of action in the brain. Rev Endocr
Metab Disord 2011;12:197-209.

Klok MD, Jakobsdottir S, Drent ML. The role of leptin
and ghrelin in the regulation of food intake and body
weight in humans: a review. Obes Rev
2007,8:21-34.

Welt CK, Chan JL, Bullen J, et al. Recombinant
human leptin in women with hypothalamic
amenorrhea. N Engl J Med 2004;351:987-97.
Chou SH, Chamberland JP, Liu X, et al. Leptin

is an effective treatment for hypothalamic
amenorrhea. Proc Natl Acad Sci USA
2011;108:6585-90.

Holick MF, Binkley NC, Bischoff-Ferrari HA, et al.
Evaluation, treatment, and prevention of vitamin D
deficiency: an Endocrine Society clinical practice
guideline. J Clin Endocrinol Metab
2011,;96:1911-30.

Scheid JL, Toombs RJ, Ducher G, et al. Estrogen and
peptide YY are associated with bone mineral density
in premenopausal exercising women. Bone
2011,;49:194-201.


http://bjsm.bmj.com/
http://group.bmj.com

Misunderstanding the Female Athlete Triad:
Refuting the IOC Consensus Statement on
Relative Energy Deficiency in Sport (RED-S)

Mary Jane De Souza, Nancy | Williams, Aurelia Nattiv, Elizabeth Joy,
Madhusmita Misra, Anne B Loucks, Gordon Matheson, Marion P
Olmsted, Michelle Barrack, Rebecca J Mallinson, Jenna C Gibbs, Marci
Goolsby, Jeanne F Nichols, Barbara Drinkwater, Charlotte (Barney)
Sanborn, Rosemary Agostini, Carol L Otis, Mimi D Johnson, Anne Zeni
Hoch, Julia M K Alleyne, L Tyler Wadsworth, Karsten Koehler, Jaci
VanHeest, Paula Harvey, Amanda K Weiss Kelly, Michael Fredericson,
George A Brooks, Emma O'Donnell, Lisa R Callahan, Margot Putukian,
Lauren Costello, Suzanne Hecht, Mitchell J Rauh and Jacalyn McComb

Br J Sports Med 2014 48: 1461-1465 originally published online July 18,
2014
doi: 10.1136/bjsports-2014-093958

Updated information and services can be found at:
http://bjsm.bmj.com/content/48/20/1461

These include:

References This article cites 59 articles, 9 of which you can access for free at:
http://bjsm.bmj.com/content/48/20/1461#BIBL

Email alerting Receive free email alerts when new articles cite this article. Sign up in the
service box at the top right corner of the online article.

Topic Articles on similar topics can be found in the following collections

Collections Editor's choice (240)

Notes

To request permissions go to:
http:/group.bmj.com/group/rights-licensing/permissions

To order reprints go to:
http://journals.bmj.com/cgi/reprintform

To subscribe to BMJ go to:
http://group.bmj.com/subscribe/


http://bjsm.bmj.com/content/48/20/1461
http://bjsm.bmj.com/content/48/20/1461#BIBL
http://bjsm.bmj.com//cgi/collection/editors_choice
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://bjsm.bmj.com/
http://group.bmj.com



