
SPORTS MEDICINE REHABILITATION (B LIEM AND BJ KRABAK, SECTION EDITORS)

Comparison of Female Athlete Triad (Triad) and Relative Energy
Deficiency in Sport (RED-S): a Review of Low Energy Availability,
Multidisciplinary Awareness, Screening Tools and Education

Alexandra Warrick1 & Marcia Faustin1
& Brandee Waite1

Accepted: 22 September 2020
# Springer Science+Business Media, LLC, part of Springer Nature 2020, corrected publication 2020

Abstract
Purpose of Review This paper aims to review low energy availability (low EA), compare the Female Athlete Triad (Triad) and
Relative Energy Deficiency in Sport (RED-S) screening tools and eating disorder/disordered eating questionnaires, and discuss
multidisciplinary awareness, education, and treatment strategies. It provides an overview on the current state of the Triad and
RED-S and assists clinicians with an overview of options for screening tools for their practice.
Recent Findings Triad Consensus Panel Screening Questions, Preparticipation Physical Exam (PPE), and Periodic Health Exam
(PHE) share overlapping questions from the Triad Consensus Panel Screening Questions. The Low Energy Availability in
Females Questionnaire (LEAF-Q) is used in complement with eating disorder/disordered eating questionnaires (Table 2).
Summary It is important to screen athletes for low EA during the PPE. If concerned for low EA, referral to healthcare professional and
registered dietician iswarranted. Education for athletes, coaches, andmultidisciplinary providers is needed to increase awareness of lowEA.
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Introduction

In 1992, the Female Athlete Triad (Triad) was originally de-
fined as an association of disordered eating, amenorrhea, and
osteoporosis [1••, 2, 3]. In 2007, it was re-defined as three
interrelated components of the Triad existing on a spectrum
of low energy availability (EA) (with or without disordered
eating), menstrual dysfunction, and low bone mineral density
among female athletes [4•, 5••, 6–10]. In 2014, the Female
Athlete Triad Coalition Consensus Statement proposed a risk
stratification system regarding sports participation and return
to play [1••]. That same year, the International Olympic
Committee (IOC) introduced the term Relative Energy
Deficiency in Sport (RED-S) as a more comprehensive syn-
drome than the Female Athlete Triad [11••].

Underpinning both the Triad and RED-S is low EA, which
is caused by insufficient energy intake to account for the cost
of exercise [1•, 11••]. Low EA can be challenging to diagnose
because of subtle symptomatology and health consequences
that are not readily apparent. Weight is not an accurate sole
indicator of energy availability [7, 12]; therefore, further in-
vestigation is indicated. Many athletes along with medical
providers are not familiar with the Triad or RED-S and their
risk factors. Critical and preventable health and performance
consequences are associated with low EA; thus, awareness
and education is needed for athletes and multidisciplinary pro-
viders who will have the opportunity to screen athletes. With
varied screening tools, it can be overwhelming for clinicians
to know which screening tools to use. This paper aims to
provide an overview on the current state of the Triad and
RED-S and assist clinicians with an overview of options for
screening tools while also reviewing low EA, multidisciplin-
ary awareness, education, and treatment strategies.

Comparing the Triad and RED-S

Both the Triad and RED-S call attention to the importance
of appropriate EA to prevent poor health outcomes [13].
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Relative Energy Deficiency in Sport (RED-S) is a com-
plex clinical syndrome referring to impaired physiological
functioning due to a relative energy deficit caused by
greater energy expenditure than energy intake. The
RED-S conceptual model expands upon the health conse-
quences from the Triad and is inclusive of endocrine,
metabolic, hematological, growth and development, psy-
chological, cardiovascular, gastrointestinal, and immuno-
logical health consequences [11••, 14••, 15••].

RED-S includes male athletes, adds broader context to
athletes with disabilities, and expands upon potential
health and performance consequences of low EA [11••].
Male athletes have historically been excluded from the
Triad; however, male athletes also experience low energy
availability and a review of the literature suggests that
male athletes may experience health issues parallel to
those of the Triad [5••]. Knowledge about mechanisms
unique to each sex will be helpful to create evidence-
based guidelines [5••].

Controversy exists regarding acceptance of RED-S [13].
The authors of the 2014 Female Athlete Triad Coalition
Consensus Statement refuted the IOC Consensus Statement
on Relative Energy Deficiency in Sport (RED-S) stating that
RED-S is a theoretical construct without scientific research
that de-emphasizes the most concerning health sequelae from
the Female Athlete Triad, notably negative bone outcomes,
reproductive disorders, and eating disorders/disordered eating
[16].

Despite the Triad being more rigorously researched, the
medical community continues to call upon both the Triad
and RED-S for additional research. Further inclusion of pop-
ulations and possible physiologic sequelae within the Female
Athlete Triad, and for additional scientific rigor to support the
RED-S and establish causal effects within the pinwheel (Fig.
1), which will take years of experiments and peer review [8,
13]. Rather than the Triad and RED-S being seen as adversar-
ial, much of the future research can improve understanding of
both syndromes given their unified link to low EA.

Emphasis needs to be on educating the athlete, coach,
and multidisciplinary providers on low EA and the
downstream consequences. Athletes may be less familiar
with the Triad and RED-S syndromes, but the concept
of fueling the body appropriately for their activity level,
will lead to a healthier long-term lifestyle which is an
understandable concept that should be presented to
athletes.

Low Energy Availability

The Triad and RED-S are caused by an energy mismatch
between an athlete’s energy intake and estimated energy ex-
penditure as defined by the equation below [15••]:

Energy availability kcal=kg FFM fat free massð Þ=dayð Þ

¼
�
Energy Intake EIð Þ kcalð Þ

−Exercise Energy Expenditure EEEð Þ kcalð Þ
�

=Fat Free Mass FFMð Þ kgð Þ; simplified

EA ¼ EI−EEEð Þ=FFM½ � [15••]

Optimal EA for physiological function is usually 45 kcal/
kg FFM/day, and generally considered low when < 30 kcal/kg
FFM/day; however, different studies have varying lower
limits of normal [7, 15••, 17].

Assessment of EA

Measuring EA is challenging. Many studies use screening
tools as a surrogate for low EA. There is no universal standard
for defining low EA (though many studies do use < 30 kcal/kg
FFM/day), and there is no single sensitive tool to detect low
EA among female and male athletes [18, 19]. There are lim-
itations to directly measuring EA both practically and reliably,
including wearable devices that may underestimate energy
expenditure [15, 20]. While dietary and exercise logs can pro-
vide energy estimates, dietary survey validity and reliability
are questioned for under-reporting [15••, 19, 21].
Questionnaires and blood hormone concentrations provide
more accurate markers of EA than dietary and training esti-
mations [18].

Fig. 1 Triad and RED-S. Reproduced from Mountjoy et al. [14••] with
permission from BMJ Publishing Group Ltd.
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Athletes can have a stable body weight and still have low
EA, therefore, body weight is not a sole reliable indicator of
energy balance [7, 12]. Imperfect surrogate markers for low
EA include BMI ≤ 17.5 kg/m2, ≥ 10% weight loss in 1 month,
or < 85% expected body weight for adolescents [1••, 15••]. It
has been suggested that low fat mass, low free T3, reduced
resting metabolic rate, and leptin levels may be useful as in-
dicators of low EA [1••, 7]. Supplemental EA tools include
Dual energy X-ray absorptiometry (DXA) measurement of
body composition [15••], heart rate monitor, and electrical
impedance body composition scale [17]. DXA, air displace-
ment plethysmography, skinfold measurements, and bioelec-
trical impedance estimate body fat; practical application of
these methods is limited by cost and availability [1••]. EA
can also fluctuate in time; therefore, diligence is needed with
routine screening tools.

Sport Pressures

Athletes experience internal and external pressure to achieve
“ideal” body types, which can increase the risk for nutritional
deficits, especially sports emphasizing aesthetics, leanness,
and weight-specific sports [5••, 22]. There are also sociocul-
tural demands, body weight pressures, and performance pres-
sures which may intentionally or inadvertently lead to low EA
[4•, 22, 23]. Athletes competing in weight-sensitive (i.e.,
wrestling) and leanness sports have known challenges with
attempting rapid weight loss, dieting, and frequent weight
fluctuations, which increases the risk of an energy deficit [22].

The pressure to achieve leanness is exemplified by Mary
Cain, the youngest American track and field athlete to make a
World Championships team in 2013 at the age of 17, later a
World Champion in 2014 [24]. Cain joined Nike’s Oregon
Project with a coach but without a sports psychologist or nu-
tritionist. She describes the pressure to get “thinner and thin-
ner” [24]. Cain cites a culture of body shaming by being
weighed publicly in front of her fellow runners, prescribed
birth control pills and diuretics, loss of her menstrual cycle
for a combined total of 3 years, and five fractured bones [24].
While her story of negative health outcomes is devastating, it
is a critical example of the multidisciplinary education and
support needed for athletes.

Prevalence

The prevalence of low EA among female athletes has been
described more so than the prevalence among male athletes
and para-athletes (para-athlete refers to athletes with a disabil-
ity who practice parasports and encompasses a wide range of
disabilities including but not limited to impaired mobility in
limb(s), visual impairment, and/or coordination impairments)
[10, 15••, 25]. Prevalence of low EA ranges from 22 to 58%

[26]. Among female athletes 15–30 years old presenting to a
sports medicine clinic, Ackerman et al. report a staggeringly
high 47.3% presentingwith lowEA [8]. Among recreationally
competitive male endurance athletes, the prevalence of low
EA is 47.2% [27]. Among national/world-class female and
male distance athletes, low EA was present in 25% of male
and 31% of female athletes [18].

Rates of US athletes qualifying for components of the Triad
are striking. Among female collegiate athletes participating in
various sports, 25.0% met criteria for disordered eating,
25.9% for menstrual irregularity, and 1.8% for low bone mass
[28]. Comparing lean versus non-lean sports athletes revealed
a higher prevalence of all three Triad criteria in lean sports
athletes 1.5–6.7% versus non-lean sports athletes 0–2.0%
[10]. The prevalence of disordered eating ranged greatly and
was similar between lean sports athletes and non-lean sports
athletes at 1.5–89.2% and 0.0–89.2%, respectively [10].

Male Athletes

The term Female Athlete Triad has been modified to the Triad
to be more inclusive given that males experience low EA [29],
hypogonadotropic hypogonadism with reduced sex steroids,
and low bone mineral density [5••]. Male athletes suffer from
suppression of serum testosterone [15••], influences on the
hypothalamic-pituitary-testicular axis, and metabolic hor-
mone levels [5••]. Compared with females, males may need
to have more restrictive thresholds of low EA to have effects
on bone metabolism and endocrine function [29]. While low
EA has been shown to have pathological effects on women at
< 30 kcal/kg FFM, Fagerberg et al. report that effects from low
EA are apparent at a lower threshold in men at ∼ 20–25 kcal/
kg FFM [30]. Specific populations of male athletes at risk of
low EA demonstrating symptoms of the RED-S have been
shown in cyclists, combat sports, jockeys, rowers, and dis-
tance runners [31]. Sex-specific screening inclusive of male
athletes is important to address modifiable risk factors [29].
The International Olympic Committee reports that the Low
Energy Availability in Males Questionnaire (LEAM-Q) is in
development, which is similar to the Low Energy Availability
in Females Questionnaire (LEAF-Q) [15••].

Para-athletes

There is no current data for what defines low EA among
athletes with various disabilities [32]; therefore, scant litera-
ture exists regarding the prevalence of the Triad/RED-S
among para-athletes. EA is calculated based on kilograms of
fat-free mass (FFM) which may be different in athletes with
disability [32]. Baseline energy expenditure is reduced among
athletes who use a wheelchair for mobility [15••, 32].
Amputees using a prosthesis may have increased energy
needs. Para-athletes are at risk for impaired bone health due
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to altered skeletal loading. Leg bone mineral density is signif-
icantly lower in wheelchair athletes with spinal disorders than
athletes with amputations [33]. Among para-athletes training
for the 2016 or 2018 Paralympic Games, who are survey re-
sponders, 9.2% of athletes reported bone stress injuries [34].
Among 260 elite para-athletes (150 male, 110 female), < 10%
of athletes reported awareness of the Triad/RED-S [35].
44.2% of these elite para-athletes felt pressure to maintain
body weight, and > 50% attempted to change their weight or
body composition for sports performance [35].

Health Consequences of Low EA on Organ Systems

Health consequences of low EA are multifactorial and span
several organ systems. Compared with athletes with adequate
EA, athletes with low EAwere more likely to have metabolic,
bone, cardiovascular, gastrointestinal [8], immunologic, and
hematologic issues [14••].

Endocrine During low EA, metabolic processes may be sup-
pressed including menstrual function in female athletes [1••,
36]. Low EA leads to disruption of the hypothalamic
gonadotropin-releasing hormone pathway and luteinizing hor-
mone pulsatility causing functional hypothalamic amenorrhea
[11••, 36, 37]. Only recently have the effects of low EA on the
endocrine system been described in male athletes [15••, 31,
36]. Koehler et al. reports an association with reduced leptin in
exercising men after 4 days of low EA defined as 15 kcal kg/
LBM·day [38].

Bone HealthBone remodeling depends onmechanical loading
as well as EA [15••, 17, 39]. Altered bone microarchitecture,
altered bone turnover markers, and decreased bone mineral
density are present in female athletes with oligomenorrhea/
amenorrhea or low EA secondary to hypoestrogenic state,
leading to an increased lifetime fracture risk [1••, 15••, 40,
41]. Bone stress injuries in collegiate athletes were found to
be twice as likely in moderate-risk athletes versus low-risk
athletes using the Female Athlete Triad Cumulative Risk
Assessment score when adjusting for age and cross-country
running participation [29].

Cardiovascular Hypoestrogenism in athletes with exercise-
associated amenorrhea is a risk for endothelial dysfunction
and unhealthy lipid profile leading to early atherosclerosis
among differing cardiac pathologies [1••, 15••, 42].

Gastrointestinal There is a higher self-reported incidence
of gastrointestinal dysfunction by female athletes be-
tween the ages of 15 and 30 with low EA, with report-
ed GI issues such as constipation and delayed gastric
emptying [8, 15••].

Immunologic A reduction in energy intake combined with an
increase in physical training demonstrated fat loss and an al-
teration of immune function parameters including white blood
cells, immunoglobulin G glycome, leukocyte transcriptome,
and cytokine profile, which recovers with regaining weight
[43].

Hematologic Iron is a part of oxygen transportation and
mitochondrial ATP production. Iron deficiency contrib-
utes to energy deficiency by decreasing metabolic effi-
ciency. Among the consequences of iron deficiency and
anemia, it may negatively affect bone health and thyroid
function [44].

Physical and Mental Consequences of Low EA

Athletic Performance

Questionnaires measuring low EA demonstrate strong associ-
ations between low EA and performance consequences [8].
Compared with athletes with adequate EA, athletes with low
EA were significantly more likely to report judgment impair-
ments, decreased training response, and decrease in endurance
[8]. While athletic performance may initially be improved by
overtraining, habitual overtraining may lead to low EA and
have a detrimental impact on athletic performance. Injuries
associated with low EA increase loss of practice and compe-
tition time [1••].

Mental HealthLowEA has demonstrated negative psycholog-
ical health consequences [8, 11••, 13, 15••]. Anxiety, depres-
sion, and disordered eating, including anorexia nervosa and
bulimia, may be present in athletes and precede a diagnosis of
the Triad/RED-S [45]. Conversely, low EA contributes to
psychological distress including depression and irritability
[14••, 15••, 30].

Eating Disorders

Eating disorders are clinical mental disorders and may be ac-
companied by other psychiatric problems including low self-
esteem, depression, and anxiety disorders [4•]. The DSM-5
includes eight different feeding and eating disorders [8]. In
contrast, disordered eating may include “restrictive eating,
fasting, frequently skipped meals, diet pills, laxatives, di-
uretics, enemas, overeating, binge-eating, and then purging”
[4•].

Eating disorders start to develop in adolescence, and the
timing may coincide with sports specialization [46]. While
nutrition counseling is important for many athletes, treatment
of clinically diagnosed eating disorders should include medi-
cal treatment from health professionals [4•, 9].
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There are many screening tools for eating disorders/
disordered eating in the general population, some of
which target athletes [15••]. Please see Table 2. The
Preparticipation Physical Exam (PPE) also includes spe-
cific questions to assess disordered eating behaviors and
attitudes [48].

Screening Tools

There is a lack of consensus regarding which screening/risk
assessment tools are best for assessing an athlete’s health risk
and consideration for sports participation [49••]. The optimal
time to screen for the Triad/RED-S is during the PPE, annual
check-ups, and/or when athletes/patients are evaluated by
their clinicians for health-related concerns [1••, 46, 50••].
The PPE at the high school and collegiate levels is a critical
screening tool for early warning signs and symptoms of the
Triad and RED-S [51]. The PPE includes evaluation for signs
of an eating disorder, menstrual history including contracep-
tive use, history of bone stress injuries, and body mass index;
positive responses require further investigation. [1••, 48, 51].

Table 1 compares the following screening tools: the Low
Energy Availability in Females Questionnaire (LEAF-Q)
[52•], the Triad Consensus Panel Screening Questions [1••],
the Preparticipation Physical Exam (PPE) 5th Edition [48],
and Periodic Health Exam from IOC Consensus Statement
[53].

The Triad Consensus Panel Screening Questions are
depicted in Box 1. There is significant overlap between the
Triad Consensus Panel Screening Questions, the
Preparticipation Physical Exam (PPE) 5th Edition Medical
History, and the Periodic Health Exam IOC Consensus
Statement on Evaluation of Elite Athletes as shown in
Table 1. All of the screening tools are beneficial because they
will screen for parts of the Triad/RED-S/Low EA; however,
some cast a wider net than others and are more time-intensive.
The PPE and Periodic Health Exam are the longest screening
tools and most useful for overall annual athlete screening. The
LEAF-Q and the Triad Consensus Panel Screening Questions
are shorter and more useful for a short office setting when time
is limited.

The PPE and the Periodic Health Exam IOC Consensus
Statement on Evaluation of Elite Athletes survey both male
and female athletes. The LEAF-Q and the Triad Consensus
Panel Screening Questions (Box 1) focus on female athletes
and the Triad. The LEAF-Q classifies current EA, reproduc-
tive function, and bone health, qualifying its usefulness as a
screening tool to identify female athletes at risk for the Triad
and complements validated eating disorder/disordered eating
screening tools [52•]. As referenced above, the Low Energy
Availability in Males Questionnaire (LEAM-Q) is in develop-
ment [15••].

Box 1 Triad consensus panel screening questions

Have you ever had a menstrual period/
How old were you when you had your first menstrual period?
When was your most recent menstrual period?
How many periods have you had in the past 12 months?
Are you presently taking any female hormones (estrogen, progesterone,

birth control pills)?
Do you worry about your weight?
Are you trying to or has anyone recommended that you gain or lose

weight?
Are you on a special diet or do you avoid certain types of foods or food

groups?
Have you ever had an eating disorder?
Have you ever had a stress fracture?
Have you ever been told you have low bone density (osteopenia or

osteoporosis)

Reproduced from 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, De Souza
et al. [1••] with permission from BMJ Publishing Group Ltd.

Screening Tools for Disordered Eating/Eating
Disorders

Both the Triad and RED-S fall on a spectrum of low EA with
or without disordered eating. There are specific screening
tools for disordered eating/eating disorders as summarized in
Table 2. Flagged responses from the general screening tools
should prompt further evaluation with specific disordered
eating/eating disorder screening tools. It is important to note
that under-fueling and overtraining can lead to low EA, and
disordered eating/eating disorder is not a prerequisite to the
Triad/RED-S. (Please see Table 2 for the details of the disor-
dered eating/eating disorder screening tools.)

Clinical Risk Assessment Tools for Sports
Participation

Overview of Triad CRA and RED-S CAT

The Female Athlete Triad Cumulative Risk Assessment (Triad
CRA) and the Relative Energy Deficiency in Sport Clinical
Assessment Tool (RED-SCAT) are clinical risk assessment tools
that are useful for multidisciplinary providers to assess health risk
and assess readiness for Sports Participation [1••, 14••, 49••]. The
Triad CRA uses a point system based on evidence-based risk
factors for the Female Athlete Triad including EA, body mass
index, delayed menarche, oligomenorrhea and/or amenorrhea,
and history of stress reaction/fracture to categorize athletes into
low, moderate, and high risk for sports participation [1••]. The
RED-S CAT similarly categorizes athletes into low, moderate,
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and high risk for sports participation [14•]. Holtzman et al. com-
pared the Triad CRA and RED-S CAT risk assessment tools and
found that the RED-S CAT tends to assign athletes to higher risk
levels than the Triad CRA and that the assessment tools agreed
on the same risk assessment level in 55.5% of participants [49••].
The risk level differences suggest different sensitivities and future
research should be focused on understanding health outcomes in
athletes to refine each scoring system [49••].

Multidisciplinary Awareness, Education, and
Treatment Strategies

Physician Awareness

Awareness of the Triad/RED-S is necessary among physi-
cians in multiple disciplines to provide screening, diagnosis,
treatment plans, and sports participation decisions. Few

studies demonstrate multidisciplinary awareness among the
Triad /RED-S. Among 931 multispecialty physicians, only
37% were aware of the Triad, and 51% felt comfortable refer-
ring or treating a patient with the Triad [50••]. There were a
broad spectrum of specialties surveyed from primary care to
surgical specialties [50••]. Categorized by specialty, the Triad
awareness rate was highest among orthopedic surgeons 80%,
then obstetrics and gynecology 55%, physical medicine and
rehabilitation/rheumatology 52%, psychiatry 11%, radiology
10%, and anesthesia 9% [50••]. Among all specialties, only
51% of physicians felt comfortable treating or referring a pa-
tient with the Triad [50••].

Athlete and Coach Awareness

Many athletes are not aware of the long-term health conse-
quences of low EA. Among Australian female exercisers ages

Table 1 Overview of screening criteria from the LEAF-Q, Triad Consensus Panel Screening Questions, Preparticipation Physical Exam, 5th edition,
and Periodic Health Exam from IOC Consensus Statement

Low Energy Availability in
Females Questionnaire
(LEAF-Q)

Triad Consensus Panel
Screening Questions
(Box 1)

Preparticipation Physical
Exam (PPE), 5th edition
medical history

Periodic Health Exam (IOC)
consensus statement on
evaluation of elite athletes

Screens for: Female Athlete Triad Female Athlete Triad Inclusive of triad
symptoms/physiologic
sequelae of low EA

Inclusive of triad
symptoms/physiologic
sequelae of low EA

No. of questions: 25 Qs 11 Qs 36 Qs 126Qs

What is it? Self-reported questionnaire
on low EA symptoms; use
in conjunction with eating
disorder questionnaires

The 2014 Female Athlete
Triad Coalition
Consensus Panel
Screening Questions

Assessment of general health
status prior to sports
participation, overlaps with
Triad Consensus Panel
Screening Questions

Assessment of general health
status prior to sports
participation

Sensitivity/specificity: Sensitivity 78%
Specificity 90%

Not reported Not reported Not reported

Target population: Female athletes; validated in
female endurance athletes

Female athletes Female and male athletes Female and male athletes

Screening questions:

Menstrual
irregularities and
menstrual history

√ √ √ √

H/o oral
contraception use

√ √ √ √

Worry about weight √ √ √
Pressure to change
weight

√ √ √

Restrictive dieting √ √ √
H/o eating disorder √ √ √
H/o low bone
mineral density

√ √

H/o injuries
(including stress
fractures)

√ √ √ √

Gastrointestinal
symptoms

√ √

Heart health √ √
Reference: [52•] [1••] [48] [53]
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Table 2 Specific screening tools for disordered eating/eating disorders

Part 1. General screening tools for disordered eating/eating disorders, not athlete-specific

Tool Year Key points Validation

EAT-26 1982 revised
from original
EAT-40,
1979

Most widely used standardized self-report
measure of symptoms and concerns
characteristics of EDs specifically

Web-based; easily accessible; free

Score of 20 or more-interview by a qualified
professional to evaluate for diagnostic criteria for ED;
concurrent validity; good discriminate validity

ChEAT-children’s version

SCOFF Questionnaire 1999 5 questions; 1–2 min to complete Two or more + responses, 100% sensitivity

Eating Disorders
Exam-Questionnaire
(EDE-Q)

1994 Self-completed, question form of EDE
Widely used measure of eating disordered

behavior 36 items; 15 min to complete
Overestimates binge-eating frequency

compared with EDE

Yes; criterion validity

Eating disorder
inventory-3 (EDI-3)

2011 Developed from EDI (1983) and EDI-2
(1991) 91 questions; 12 subscales; 6
composite scores

20 min to complete
Cost-associated

Clausen validating in 2011 EDI-C
children’s version

Eating disorder screen for
primary care (ESP)

2003 4 questions; 1–2 min to complete As effective as SCOFF

Bulimia test-revised
(BULIT-R)

Revised 1991 Bulimia nervosa screening; 28 question Content construct criteria

NEDA screening
program

Yearly, March Evaluates resources of colleges and
universities; online screen for students

No

Part 2. Screening for eating disorders/disordered eating in female athletes

Tool Year Key points Sex

Female athlete screening
tool FAST

2001 33 questions F
To identify DE and atypical exercise and

eating behaviors

Internal reliability; concurrent validity to
EDI and BULIT-R

Health, weight, dieting,
and menstrual history
questionnaire
HWDMHQ

2002 updated
2002

First study to assess combined prevalence of
all three components of Female Athlete
Triad

F

Developed from:

EDI symptom checklist

EDE-Q

Physiologic screening
test (PST)

2003 18 items: F
Four physiologic measurements

14 questions

15 min to complete

Validated; better than EDI-2 and BULIT-R

Female Athlete Triad
Coalition Screening
Questionnaire

2002 Internet-accessible F
12 questions; nutrition, 8; menses, 3; bone

health, 1

If positive, follow by in-depth evaluation
with detailed history of 19 questions and
full medical evaluation

Athletic Milieu Direct
Questionnaire
(AMDQ)

2000 19 questions F
Designed to assess DE/ED

Compared with EDI-2 and BULIT-R,
superior results on 7 of 9 epidemiologic
analyses

First instrument to operationalize the
construct of DE

Not validated in a clinical population

ATHLETE 2005 Female athletes at three division I
universities

F
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18–40 years, 45% of participants did not think that amenor-
rhea was related to bone health, and 22% of lean sports ath-
letes would not seek treatment if experiencing amenorrhea
(compared with 3.2% in non-lean sports athletes) [54].
Among American female high school track athletes, 90% of
athletes provided incorrect answers when asked about men-
strual irregularity and bone health [55]. Few adolescent girls
(7.5%) are aware that not having a menstrual cycle for
6 months increases the risk of getting osteoporosis [56].
Among young adult male and female dancers, only 29% of
dancers were aware of the RED-S [57].

Coach awareness was also surveyed to be low (average
2.97 out of 8 possible points) about the Triad [58]. Among
National Collegiate Athletic Association Division I, II, and III
institutions across the USA, athletic trainers and strength and
conditioning specialists were found to have adequate sports
nutrition knowledge; however, athletes and coaches were
found to have inadequate sports nutrition knowledge [59].

Education—Low Energy Availability

Education helps to prevent and treat low EA by assisting ath-
letes to first understand the etiology of their symptoms.
Registered dieticians (with a focus on sports nutrition) and
sports medicine specialists can provide education with the
use of online resources. Free nutrition handouts from the
Collegiate and Professional Sports Dietitians Association for
Collegiate are available in https://www.sportsrd.org/
downloadable-resources/ [60].

These nutrition handouts can be given to athletes, coaches,
athletic trainers, strength coaches, and other allied healthcare
members. The handouts include sport-specific athlete nutri-
tion for several sports. Educational interventions for athletes
have been successful when counseling and resources have
been provided to the athlete, their support network, [61] and
include an intervention with a registered dietitian [62].
Education needs to be adapted to all athletes (male and

Table 2 (continued)

6 subscales from EDI, modified to athletes

Developed to assess psychological
predictors of disordered eating in female
athletes

Construct validity confirmed by convergent
and discriminate validity

Part 3. Self-report screening tools, athlete-specific

Tool Year Key points Sex

College Health-Related
Information Survey
(CHRIS)

2003 College student athletes F, M
Based on Juvenile Wellness and Health

Survey (JWHS)

32 questions broken into four areas: mental
health, 9; eating problems, 13; risk
behaviors, 4; performance pressure, 6

Needs further validation

Survey of Eating
Disorders among
Athletes (SEDA)

1991 33 questions; self-reported eating pathology F, M
Athletic environment-related risk factors

Not validated in athletic population

Students athletes and students

De Palma 2001 ID pathologic eating in college students and
athletes

16 questions; 8 from SEDA and 8 from
DSED-diagnostic survey EDs

PPE monograph 2010 4 questions related to weight; 3 questions
related to menses

F, M

International Olympics
Committee screening

2010 Athlete periodic health evaluation (PHE)
form

F, M

11 Nutrition questions for both sexes

Female-specific questions: 6 menses, 2 bone
health, 1 STI

Stanford website Questions as part of PPE questionnaire F, M

Self-report questionnaire screening tools; not used to diagnose EDs

Reprinted by permission from Springer Nature Customer Service Centre GmBH: Springer Nature, Mitchell J.J., Robert-McComb J.J. (2014) Screening
for Disordered Eating and Eating Disorders in Female Athletes. In: Robert-McComb JJ, Norman RL, Zumwalt M (eds) The Active Female. Springer,
New York, NY. https://doi.org/10.1007/978-1-4614-8884-2_13), COPYRIGHT, Jan 1, 2014.
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female) of all sports and age levels [8, 63]. It will be important
to continue to develop sport-specific education that highlights
health and performance consequences [22].

Treatment

It is imperative to address the underlying causes leading to the
Triad/RED-S and center treatment on restoring EA by modi-
fying nutrition and exercise [1•, 9]. The goal is to increase
energy availability through modifications of nutrition and ex-
ercise [1••]. Athletic amenorrhea may be related to caloric
restriction [64]. It is recommended to focus on restoration of
body weight to resume menses and improve bone health [1••].

Non-pharmacologic Treatment Non-pharmacologic treatment
methods are recommended to encourage healthy nutrition and
weight gain in underweight athletes or athletes with low EA
[65]. Education about EA (increasing dietary intake and/or
decreasing energy expenditure) by a physician and dietitian
helps to restore regular menstrual cycles in female collegiate
athletes with menstrual disturbances without using pharmaco-
logic intervention [66]. Athletes with a ≥ 5-lb. (2.2 kg) weight
gain were twice as likely to resume menses compared with
athletes with less weight gain [65]. Arends et al. states that
weight gain or an increase in body mass index may be helpful
to predict the return ofmenses, yet may take longer than 1 year
to restore regular menstrual cycles [65]. On average in oligo/
amenorrheic female athletes, the athletes with spontaneous
return of menses tended to have a higher calorie intake than
women who stayed oligo/amenorrheic, and menses has prov-
en beneficial for bone health [64].

Nutrition Counseling A careful nutrition assessment is war-
ranted to ensure adequate energy availability as well as mac-
ronutrient intake [67]. Referral to a registered dietician that
focuses on sports nutrition is important, as is referral to a
sports medicine specialist.

Pharmacologic Treatment Treatment of amenorrheic female
athletes with oral contraception will mask amenorrhea, and
Keay et al. report that it does not support bone health and
may even exacerbate bone loss by suppressing IGF-1 [66,
68]. Exogenous estrogen replacement in young women can
potentially result in premature growth plate closure [65]. Cobb
et al. came up with inconclusive results from the first random-
ized trial to examine if oral contraceptives can protect female
athletes ages 18–26 from stress fractures [64]. There are no
studies evaluating bisphosphonate use in female athletes with
the Triad. Bisphosphonates are not FDA-approved to decrease
fracture risk in young athletes, and the 2014 Female Athlete
Triad Coalition Consensus Panel recommends that an endo-
crinologist oversee any consideration of bisphosphonate ther-
apy in a young woman [1••]. Adequate amounts of

micronutrients, calcium and vitamin D are recommended for
overall bone health [1, 69].

Psychological Treatment Certain mental health disorders may
present with a component of disordered eating or clinically
diagnosed eating disorder. Appropriate care with a team
consisting of physicians trained to treat mental health disor-
ders (with and without medication), psychiatrist, and psychol-
ogist is warranted for patients presenting with the Triad/RED-
S. Multidisciplinary care is imperative for the psychological
health of athletes. Education of the coaches, parents, and ath-
letic trainers who regularly meet with the athlete is important
to reinforce the psychological support needed for health
maintenance.

Conclusions

The Female Athlete Triad is a spectrum of low EA (with or
without disordered eating), menstrual dysfunction, and low
bone mineral density among female athletes. Relative
Energy Deficiency in Sport is a complex clinical syndrome
referring to impaired physiological functioning (including
Triad markers and other systems) due to a relative energy
deficit. The Triad has a greater body of evidence and valida-
tion, while the RED-S includes male athletes and adds broader
context to athletes with disabilities; both seek to expand upon
potential health and performance consequences of low EA.

Low EA affects multiple body systems and has serious
consequences for health and performance. Early detection
with screening tools in a multidisciplinary setting is crucial,
yet several challenges exist. Diagnosis can be challenging due
to health consequences that are not readily apparent, lack of
universal standard for diagnosis of EA, and no single sensitive
tool to detect low EA.

Educating medical professionals from a wide range of spe-
cialties is necessary in order to appropriately screen and initi-
ate the treatment process. Several screening tools exist, yet
consensus is lacking regarding which screening tools are best
for assessing athlete’s health risks. The preparticipation phys-
ical examination, annual check-ups, and clinic visits for
health-related concerns are optimal times to screen for the
Triad/RED-S. Screening tools have historically been limited
to specific genders and populations. To optimize health in this
population, there is a need to advance screening tools with
future research.

Further workup is warranted by medical professionals with
referral to physicians with specific low EA training (i.e., sports
medicine physicians), counseling by registered dieticians, and
mental health specialists. It is imperative to address the under-
lying cause leading to the Triad/RED-S and center treatment
on restoring EA through modifications of nutrition and exer-
cise. Awareness and education regarding the Triad/RED-S is
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needed for athletes, coaches, athletic trainers, and multidisci-
plinary healthcare professionals.
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