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LOW ENERGY AVAILABILITY AS THE MAIN COMPONENT TO IDENTIFY THE FEMALE
ATHLETE TRIAD OR RELATIVE ENERGY DEFICIENCY IN SPORT PREVALENCE IN BRAZILIAN
ATHLETES: A SYSTEMATIC REVIEW

ABSTRACT

Introduction and Aim: The Female Athlete Triad
(FAT) and the Relative Energy Deficiency in
Sports (RED-S) are known as syndromes that
affect athletes’ health and performance. Since
2007, the Low Energy Availability (LEA) is
considered as the etiological factor of both
conditions. This review aimed to identify the
prevalence of FAT and RED-S, in Brazilian
athletes, considering the LEA as the main
component. Materials and Methods: This is a
systematic review based on the Preferred
Reporting Items for Systematic Reviews and
Meta-Analyzes  (PRISMA) guideline on
reporting reviews. The following databases:
Scopus, EMBASE, Web of Science, PubMed,
BVS, Google Scholar and CAPES Theses and
Dissertations Catalog were searched from June
to August 2020. The Joanna Briggs Institute
(JBI) Critical Appraisal instruments were used
to evaluate the quality of studies. Results: The
initial search yielded 454 studies. After applying
the inclusion criteria, three studies were eligible
for this review. All selected studies determined
FAT prevalence, considering LEA as the main
component, in Brazilian athletes, while none
investigated the prevalence of RED-S. The FAT
prevalence found in Brazilian athletes ranges
from 4% to 4.2%, by the presence of LEA.
Conclusion: Although cases of disordered
eating in athletes often evolve into an energy
deficiency and, consequently, FAT and RED-S,
other unintentional eating behaviors can lead to
a LEA. Considering disordered eating as the
only risk factor to detect energy deficiency can
underestimate the prevalence of FAT, since
many athletes in LEA do not present eating
disorder.
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RESUMO

Baixa disponibilidade energética como principal
componente para identificar a triade da atleta
feminina ou relativa deficiéncia energética na
prevaléncia do esporte em atletas brasileiras:
uma revisao sistematica

Introducdo e Objetivo: A Triade da Mulher
Atleta (TMA) e a Deficiéncia Energética
Relativa no Esporte (RED-S) sdo sindromes
conhecidas por acometer a salude e
performance de atletas. Desde 2007, a baixa
energia disponivel (BED) é considerada como
o fator etiolégico de ambas as condic¢des. Essa
revisdio tem como objetivo identificar a
prevaléncia de TMA e RED-S, em atletas do
Brasil, considerando a BED como componente
principal. Materiais e Métodos: Essa é uma
revisdo sistemética baseada na diretriz
PRISMA (Principais Itens para Relatar
RevisBes sisteméticas e Meta-analises). As
seguintes bases de dados: Scopus, EMBASE,
Web of Science, PubMed, BVS, Google
Académico e Catalogo de Teses e
Dissertacdes da CAPES foram pesquisadas de
Junho a Agosto de 2020. Os instrumentos de
Avaliacdo Critica do Instituto Joanna Briggs
(JBI) foram utilizados para avaliar a qualidade
dos estudos. Resultados: A busca inicial
resultou em 454 estudos. Ap6s aplicar os
critérios de inclusdo, trés estudos foram
elegiveis para essa revisdo. A prevaléncia de
TMA encontrada em atletas brasileiras varia
entre 4% e 4.2%, a partir da presenca de BED.
Conclus@o: Embora os casos de transtorno
alimentar em atletas evoluam frequentemente
para uma deficiéncia  energética e,
consequentemente, para TMA e RED-S, outros
comportamentos alimentares nao intencionais
podem levar a BED. Considerar desordem
alimentar como o Unico fator de risco para
detectar deficiéncia energética pode
subestimar a prevaléncia de TMA, uma vez que
muitas atletas em BED n&o apresentam
transtorno alimentar.

Palavras-chave: Triade da Mulher Atleta.
Deficiéncia Energética Relativa no Esporte.
Atleta. Exercicio. Nutri¢&o.
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INTRODUCTION

The Female Athlete Triad (FAT) is a
medical condition described since 1992 as an
association of disordered eating (DE),
amenorrhea and osteoporosis presented by
physically active girls and women (Slater,
2015).

But the definition of FAT was revised in
2007, when the low energy availability (LEA)
was first implicated as its main component,
replacing DE (Nattiv et al., 2007).

Since then, the FAT has been
described as the interrelation of LEA, with or
without DE, menstrual dysfunction, and low
bone mineral density (BMD) (Nattiv et al., 2007).

This current definition places LEA as
the FAT etiological factor, given that its
presence can cause menstrual irregularities
(MI) and bone health impairments (Nattiv et al.,
2007).

In 2014, the new concept of RED-S was
proposed also considering LEA as its main
component (Mountjoy et al., 2014).

From this concept, LEA has been put as
the main reason for triggering not only
menstrual dysfunction and bone health
impairments, but also other dysfunctions, with
impact on metabolic rate, immunity, protein
synthesis, cardiovascular health and many
other aspects of physiological function, health
and athletic performance (Mountjoy et al.,
2014).

In addition to a wider range of
symptoms associated with LEA, RED-S can
impact both females and males (Mountjoy et al.,
2014).

EA is defined as the remaining
available energy to support athlete’s body
function, after the exercise energy expenditure
(EEE) is deducted from energy intake (EI)
(Loucks, 2004). EA can be estimated through
algebraic calculation: dietary EI minus EEE,
corrected for fat-free mass (FFM) (Loucks,
Kiens, Wright, 2011).

LEA is considered a state in which the
body does not have sufficient energy to
maintain all physiological functions required to
support optimal health (Wasserfurth et al.,
2020).

In females, an EA of 45kcal/kg FFM/day
has been considered optimal and healthy for
physiological functions, while EA below
30kcal/lkg FFM/day has been defined as a
threshold for LEA, as this level of EA can cause

substantial perturbation
(Mountjoy et al., 2018).

In males, EA cut-off points remain
unclear (Mountjoy et al., 2018), although
Koehler et al., (2013) suggested the cut-off point
of 40 kcal/kg/FFM.

LEA may occur due to DE, clinical
eating disorder (ED), or to unintentional or
deliberate unbalance between food intake and
exercise expenditure, without DE, resulting from
failure to adjust energy intake to training load
due.

in body systems

This unbalance may happen due to lack
of nutrition knowledge, to exercise-induced
appetite suppression, by the adoption an
inadequate program of weight control, or even
unawareness of the need to match EEE (Souza
et al., 2014; Burke et al., 2018; Juzwiak,
Joaquim, 2019).

Given the severity of FAT and RED-S
consequences on health and performance, it is
important to monitor the status of these
conditions in athletic population around the
world, following their current definition which
puts LEA as its main component.

The objective of this review was to
investigate the prevalence of FAT and RED-S in
Brazilian athletes in studies published from
2007, in which LEA came to be considered the
main component of both syndromes.

MATERIALS AND METHODS

This review was conducted according
to the Preferred Reporting Items for Systematic
Reviews (PRISMA) guidelines (Moher et al.,
2009).

The study protocol was registered on
PROSPERO International Prospective Register
of Systematic Reviews on 19th May 2020
(registration number CRD42020187192).

In order to determine the review
question and search terms, the Patient,
Intervention, Comparison, Outcome (PICO)
model was followed as a search strategy.

Review question

The purpose of the present review was
to answer the question: “What is the prevalence
of Female Athlete Triad or Relative Energy
Deficiency in Sport, in Brazilian athletes,
considering the low energy availability as their
main component?”
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Literature search

A systematic electronic search was
performed from June to August 2020 on the
following databases: Scopus, EMBASE, Web of
Science, PubMed, BVS, Google Scholar and

CAPES Theses and Dissertations Catalog.
MeSH (Medical Subject Headings) terms,
keywords and Boolean operators applied to
combine the keywords used in each database
are presented in Table 1.

Table 1 - Search strategy.

Database MeSH terms and boleean operators used

Scopus (“female athlete triad" OR "female athlete triad
syndrome" OR "relative  energy  deficiency in
sport") AND (brazil* OR brasil*) AND female

EMBASE (“female athlete triad" OR "female athlete triad

syndrome" OR "relative

energy  deficiency in

sport”) AND (brazil* OR brasil*) AND female

Web of Science

(“female athlete
syndrome" OR "relative

triad" OR "female athlete triad
energy  deficiency in

sport”) AND (brazil* OR brasil*) AND female

triad" OR "female athlete triad
energy  deficiency in

sport”) AND (brazil* OR brasil*) AND female

PubMed ("female athlete
syndrome" OR "relative
BVS (“female athlete

syndrome" OR "relative

triad" OR "female athlete triad
energy  deficiency in

sport") AND (brazil* OR brasil*) AND female

Google Scholar

(“female athlete
syndrome" OR "relative

triad" OR "female athlete triad
energy  deficiency in

sport”) AND (brazil* OR brasil*) AND female

CAPES Theses and
Dissertations Catalog

"female athlete triad" OR "relative energy deficiency in
sport" (in Portuguese)

Study selection

To be included, studies met the
following criteria: 1) FAT or RED-S prevalence
or frequency studies; 2) studies conducted with
Brazilian female athletes; 3) studies published
in Portuguese, English or Spanish, and; 4)
publications from 2007 to August 2020. In
addition to prevalence studies, systematic
reviews and meta-analyzes were scrutinized to
identify prevalence studies not revealed in the
searches.

As exclusion criteria studies in which
FAT or RED-S risk prevalence were measured
using questionnaires, case studies, opinion
studies, book chapters and conference
abstracts were not considered.

The first step was the removal of
duplicates of the initial articles retrieved. After
that, titles and abstracts of the remaining
articles were screened (by UPM) for eligibility.
The full texts of potentially eligible articles were
examined independently by both authors (UPM
and CRJ), and any disagreement regarding
eligibility of the studies inclusion were resolved

via consensus-based discussion between the
researchers.

Data extraction

Data extracted (UPM) from the studies
selected for inclusion were: first author, year of
publication, sports discipline, range age/mean
age (SD), country, sample size, methods used
to identify FAT or RED-S and prevalence of FAT
or RED-S. The authors of included studies were
not contacted for further information.

Quality assessment

The methodological quality of studies
was evaluated using the validated tool
developed by the Joanna Briggs Institute to
assess quality within prevalence studies (Munn
et al., 2014). Both authors (UPM and CRJ) used
the standardized form to conduct the quality
assessment independently, and discrepancies
were resolved by consensus.

The studies that obtained five or more
“yes” ratings out of nine were included in the

Revista Brasileira de Nutricdao Esportiva

S&o Paulo, v. 17. n. 103. p.153-164. Marco/Abril. 2023. ISSN 1981-9927 Versdo Eletrénica

www.rbne.com.br

155



RBNE

Revista Brasileira de Nutricao Esportiva

review and studies with a minimum of five “yes”
scores were excluded (Munn et al., 2014).

Synthesis of study findings

A formal narrative synthesis was used
to describe the studies. The variability of the
available data, including the screening
measures used were explored.

The studies were discussed, mainly,
according to the syndrome trigger component
reported and its relationship with the current
description of the condition.

RESULTS
Figure 1 presents the PRISMA flow

diagram with the selection procedures and the
reason for exclusion. A total of 454 records were

initially identified. After removing duplicates and
screening titles and abstracts, 45 studies
remained to be fully read.

Forty-two studies were removed
because they did not meet the inclusion criteria,
of which three FAT prevalence studies were not
eligible because LEA was not described as the
main component of the syndrome.

One excluded study determined risk for
the FAT prevalence by the Low Energy
Availability in Females Questionnaire (LEAF-
Q), which is a screening tool. The search
strategy and study selection process resulted in
three studies for inclusion in the present review.

During the search phase, no study
investigating RED-S in Brazilian athletes was
found. All studies that met the inclusion criteria
obtained more than five “yes” ratings out of nine
in JBI criteria.

Scopus (3)
EMBASE (7)

454 records identified through le
database searching

Web of Science (3)
PubMed (7)
BVS(3)
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“Relative Energy Deficiency in Sports™

45 selected after reading titles and abstracts
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Studies that did not identify FAT or
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| determine the risk for the FAT (1)
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Figure 1 - PRISMA flow diagram.

Characteristics of studies included

All the three studies (Coelho et al.,
2013; Coelho, 2015; Miranda, 2018) are cross-
sectional studies and were conducted in Rio de
Janeiro - Brazil.

The studies examined female athlete
teenagers to determine the presence of FAT.
The characteristics of each study are described
in Table 2.

The three studies that met the inclusion
criteria and showed a high level of quality were
conducted between 2013 and 2018.

Two included studies (Coelho et al.,
2013; Coelho, 2015) used the same inclusion
criteria: female athletes competing in tennis
events, who had to be associated with the
Federation, to have trained in the sport for at
least 6 months and to train for a minimum of 9
hours/week.
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As exclusion criteria of these two
studies, adolescents could not be pregnant or
breastfeeding, smokers, with history of
polycystic ovary syndrome or
hyperprolactinemia and/or users of oral
contraceptive, illicit drugs, corticoids and/or
thyroid hormones.

One of these studies also excluded
subjects with diabetes mellitus.

In the third study (Miranda, 2018),
participants should be female adolescents in
the 9t year of elementary school and enrolled
in a sport vocational school.

Subjects excluded were those who did
not participate in any sports discipline, were
unable to train, used contraceptive pills, were in

the first year of menarche or/and were
pregnant.

Components to determine the Female
Athlete Triad

The studies included in the present
review considered the presence of FAT by the
occurrence of concomitant LEA and/or (ED), Ml
and low BMD (Coelho et al.,, 2013; Coelho,
2015; Miranda, 2018).

Two studies (Coelho et al., 2013;
Miranda, 2018) classified participants as having
moderately severe FAT if they presented LEA,
MI (primary amenorrhea, secondary
amenorrhea or oligomenorrhea) and low BMD
(Z-score < -1.0 standard deviation - SD).

Table 2 - Summarized overview of the included studies.

athletics and
judo

Sports Sampl Methods LEA FAT
Authenyear  Country o ribline Age L cie =] EEE FEM _ EDIDE [ BMD_ Prevalence Prevalence
Coelho e Brazil Tennis 14.7 (2.1) 24* mean energy estimated by DXA  EAT-26, Self-report of DXA 87,5% 4.2%
colaboradores, intake from 3- activity logs, BITE primary
2013 day food record  reported by and/or BSQ amenorrhea,
of non- athletes, and secondary
consecutive calculated using amenorrhea or
days METs oligomenorrhe
a
Coelho, 2015 Brazil Tennis 15(2.3) 25* mean energy estimated by DXA  EAT-26, Self-report of DXA 88% 4%
intake from 3- activity logs, BITE primary
day food record  reported by and/or BSQ amenorrhea,
of non- athletes, and secondary
consecutive calculated using amenorrhea or
days METs oligomenorrhe
a
Miranda, 2018 Brazil Badminton, = 45 one day 24-hour  calculated using DXA  EAT-26, Self-report of DXA 62% 4%
SOCCEr, recall METs considering BITE primary
handball, table diary 100 minute- and/or BSQ amenorrhea,
tennis, training for secondary
volleyball, swimmers and 90 amenorrhea or
chess, minute-training for oligomenorrhe
swimming, other athletes a

However, the most severe
manifestation of the syndrome was defined as
the presence of ED, amenorrhea and low BMD
(Z-score < -2.0 SD).

The third study (Coelho, 2015)
identified FAT by the occurrence of concomitant
LEA and/or ED, MI and low BMD (Z-score < -
1.0 SD).

LEA was identified by the assessment
of energy intake, exercise energy expenditure
(EEE) and FFM. In two studies (Coelho et al.,
2013; Coelho, 2015), participants completed 3-
day food records in alternating days. In the third
study (Miranda, 2018), food intake was
estimated using 24-hour recall.

All studies calculated the EEE using the
compendium of energy expenditure for youth
which contains a list of activities and their
associated Metabolic Equivalent Task (MET)
intensity levels (Ridley, Ainsworth, Olds, 2008).

Notes: *sample number composed only by athletes. It does not refer to the total sample number of the study (athletes+contrals). **the age mean (SD) of the
total sample number was not reported. BITE = Bulimic Investigatory Test Edinburgh; BMD = bone mass density; BSQ = Body Shape Questionnaire; DE =
disordered eating; DXA = dual-energy X-ray absorptiometry; EAT-26 = Eating Attitudes Test-26; ED = eating disorder; EEE = exercise energy expenditure; EI
= energy intake; FAT = Female Athlete Triad:; FFM = fat-free mass; MET = Metabolic Equivalent of Task; Ml = menstrual irregularities

The EEE calculation considered
exercise duration, training intensity, body
weight and age. Studies whose participants
were only tennis players (Coelho et al., 2013;
Coelho, 2015) used the exercise duration
reported by athletes to estimate the energy
expenditure during training.

The study which recruited several
sports disciplines athletes (Miranda, 2018)
considered 100 minutes of training per day for
individuals who practice swimming and 90
minutes for other sports disciplines participants.

All the studies (Coelho et al.,, 2013;
Coelho, 2015; Miranda, 2018) used dual-energy
X-ray absorptiometry (DXA) to estimate FFM as
well as defined LEA as an energy availability
below 45 kcal/kg FFM/day.

In the revised studies (Coelho et al.,
2013; Coelho, 2015; Miranda, 2018), menstrual
status was evaluated based on athletes’
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information about age at menarche, oral
contraceptive use and changes in menstrual
cycle using a questionnaire (Oliveira et al.,
2003).

Studies also used the same definition of
oligomenorrhea, primary and secondary
amenorrhea (Practice Committee, 2008).

Primary amenorrhea was considered
as the lack of menstrual periods in adolescents
aged up to 15 years. Secondary amenorrhea
was determined when menstruation was
interrupted for three or more consecutive cycles
after having normal menarche or when athlete
presented less than nine menstrual cycles in
one year.

Oligomenorrhea was characterized by
intervals greater than 35 days between cycles.
Regular menstrual cycles were defined as
menstrual periods occurring every 28-30 days.

Three studies (Coelho et al., 2013;
Coelho, 2015; Miranda, 2018) used DXA to
assess bone mass.

FAT Prevalence

Overall FAT prevalence in the included
studies ranged from 4% to 4.2%. Coelho et al.,
(2013) observed only one tennis player
presenting concomitant EA<45kcallkg
FFM/day, Ml and low BMD.

However, among the 24 athletes
studied, 23 presented one of the three FAT
components. In Coelho et al., (2013) study, the
mean energy availability calculated for the
athletes was 31.17kcal/kg FFM/day.

Coelho (2015) identified the presence
of FAT in only one female tennis athlete, but
there is not a register if this adolescent
presented LEA and/or ED as this condition
trigger. The mean energy availability calculated
for the tennis players was of 31kcallkg
FFM/day.

In a study with several sports discipline
athletes, Miranda (2018) identified two athletes
presenting all the components of FAT
(EA<45kcal/kg FFM/day, Ml and low BMD). In
this study, Miranda (2018) divided athletes into
two groups according to the 1) risk for ED sports
discipline and 2) competition level.

Both teenagers with FAT were athletes
of no risk for ED sports disciplines (badminton,
soccer, handball, volleyball, chess and table
tennis) and lower competition level (school and
regional competition).

DISCUSSION

This is the first systematic review that
has searched and synthesized studies reporting
the prevalence of Female Athlete Triad and
Relative Energy Deficiency in  Sports,
considering low energy availability as their main
component, in Brazilian athletes.

This systematic review found three
studies that observed FAT prevalence ranging
from 4% to 4.2%, by the presence of LEA. The
studies included in this review evaluated the
same age group females and assessed FAT
components by similar methods.

Also considering LEA as the main FAT
component, Hoch et al, (2009) found a
prevalence of 1.2% among varsity female
athletes from a private high school in the
Midwest of the USA. However, Melin et al.,
(2015) identified 23% of endurance Danish and
Swedish athletes with FAT, assessed through
7-consecutive-day food records and training
logs (associated with heart rate data), DXA for
estimation of FFM, and transvaginal ultrasound

examination associated with  self-report
menstrual information for menstrual
dysfunction.

Athletes evaluated in studies included
in this review (Coelho et al.,, 2013; Coelho,
2015; Miranda, 2018) and by Hoch et al., (2009)
were adolescents, while the Scandinavian
sample (Melin et al., 2015) was composed of
females from 18-38 years old.

The adolescence is a transition period
when food choices become a more autonomous
and independent practice (Bittar, Soares, 2020).

However, depending on the autonomy
degree, adolescents’ food choices may be
related to obesity, with the consume of high
energy and poor nutrient-dense foods, and
disordered eating, with the adoption of
inappropriate eating behaviors such as skipping
meals and tendency to food restrictions (Ziegler
et al., 2021).

Moreover, adolescents face a period of
life full of changes, frailties and emotional
instability, while they go through the
construction of their body identity and body
image in an era in which the media is so
influential and propagates a certain model of
ideal body that produces a feeling of body
dissatisfaction (Bittar, Soares, 2020).

Athletes still must cope with the ideal
sports body demand which could be difficult to
attain and therefore may encourage
inappropriate eating practices and abnormal

Revista Brasileira de Nutricdao Esportiva

S&o Paulo, v. 17. n. 103. p.153-164. Marco/Abril. 2023. ISSN 1981-9927 Versdo Eletrénica

www.rbne.com.br

158



RBNE

Revista Brasileira de Nutricao Esportiva

exercise patterns (Greydanus, Omar, Pratt,
2010).

This environment in which adolescent
athletes are inserted can result in energy
deficiency and other FAT components (Nattiv et
al., 2007).

Although the FAT has been described,
since 2007, as a syndrome composed by LEA
(with or without the DE presence), amenorrhea
and osteoporosis (Nattiv et al., 2007), most
studies reported the FAT triggered only by the
presence of DE, excluding the fact that energy
deficiency can also happen due to an
unintentional inadequate energy intake (Burke
et al., 2018).

During the eligibility phase of this
systematic review, three studies (Parmigiano et
al., 2014; Perini et al., 2009; Schtscherbyna et
al., 2009) were excluded because DE, instead
of LEA, was considered the main component of
the FAT.

Parmigiano et al., (2014) reported that
none of the 148 Brazilian female athletes
assessed presented FAT, characterized as
concomitant Eating Attitudes Test (EAT-26) =20
(Bighetti, 2003), menstrual irregularity or
amenorrhea, and stress fractures. This study
considered that athletes who scored above 20
in EAT-26 were at greater risk of eating disorder
(Parmigiano et al., 2014).

Perini et al., (2009) also defined FAT as
a combination of DE (EAT-26 =221), amenorrhea
and osteoporosis and did not find Brazilian
rhythmic gymnastics athletes with FAT.

Similarly, Schtscherbyna et al., (2009)
reported the prevalence of FAT by the presence
of DE, amenorrhea, and osteopenia or
osteoporosis, but DE was diagnosed when
athletes scored positive for at least one of the
tests: 1) EAT-26 =20 (Garner et al., 1982); 2)
Bulimic Investigatory Test Edinburgh (BITE)
210 (Henderson, Freeman, 1987); or 3) Body
Shape Questionnaire (BSQ) =80 (Cooper et al.,
1987).

Despite 44.9% of athletes presented
positive status in at least one of the tests, only
1.3% were identified with FAT (Schtscherbyna
et al., 2009).

The EAT-26 questionnaire, used in all
excluded studies, is a valid instrument which
may identify symptoms of anorexia nervosa,
indicating the risk of a disordered eating
patterns (Garner et al., 1982).

This self-report questionnaire was
translated and validated in Brazilian female
adolescents by Biguetti (2003) to help pre-

diagnose possible cases of eating disorder from
guestions that identify behaviors related to
pathologic high-calorie food refusal, intense
fithness concern, binge eating followed by
vomiting and other behaviors to prevent weight
gain, self-control over food and recognition of
other people forcing food intake.

The BITE and BSQ questionnaires,
administered in Coelho et al., (2013) study, also
indicate disordered behaviors as bulimic
episodes and concerns about body shape,
respectively.

In a large proportion of LEA cases, DE
seems to be an important cause that affect
mainly weight-sensitive sports female athletes
who chase performance improvement or/and
aesthetic (Gibbs, Williams, Souza, 2013;
Sundgot-Borgen, Torstveit, 2004).

But using only eating behavior
instruments to detect energy deficiency can
underestimate the prevalence of FAT, since
many athletes in LEA do not present eating
disorder or DE risk, as observed by Torres-
McGehee et al., (2020) who identified 81% of
females with EA <30kcal/ kg FFM/day, but 76%
with eating disorder risk.

Similarly, some studies reported that
disordered eating itself is not an independent
predictor of increased FAT risk symptoms such
as stress fracture (Duckham et al., 2012; Field
et al., 2011; Sosa, Eriksen, 2016).

Questionnaires are not able to identify
or diagnose LEA and should be used as a
primary screening tool to identify subjects at risk
of presenting energy deficiency and
consequently FAT (Sim, Burns, 2021).

The screening tools can be important in
early detection of athletes at risk which is very
important to prevent the FAT (Souza et al.,
2014).

According to Souza et al, (2014),
history of menstrual irregularities, stress
fractures, depression, dieting, weight cycling,
overtraining, perfectionism and obsessiveness
traits, presence of critical comments about
eating and weight loss from parents, coaches
and peers and early start of sport-specific
training should be assessed and the existence
of any FAT component, or its risk, should
motivate the investigation of others.

Although there is no gold standard list
of risk factors for FAT, a narrative review limited
to papers from 2010 to 2020 (Sim, Burns, 2021),
observed that the most frequently used
validated questionnaires to determine LEA and
its consequences, as menstrual dysfunction,
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and injuries, is the Low Energy Availability in
Females Questionnaire (LEAF-Q) (Melin et al.,
2014) and the Eating Disorder Examination
Questionnaire  (EDE-Q) (Fairburn, Beglin,
1994).

LEAF-Q was developed to identify risk
for the FAT from the presence of injuries,
gastrointestinal and menstrual irregularities,
which are symptoms caused by LEA (Melin et
al., 2014). EDE-Q measures disordered eating
psychopathology based on factors as dietary
restraint, shape concern, eating concern and
weight concern.

Maria, Juzwiak (2021a) translated and
validated the LEAF-Q in Brazilian athletes
involved in several sports disciplines and found
that 34% of them were at risk for the FAT (Maria,
Juzwiak, 2021b).

EDE-Q has already been translated into
Brazilian Portuguese (Moser et al., 2020), but it
has not yet been validated for Brazilian athletes.

As LEAF-Q and EDE-Q assessed
symptoms and behaviors, respectively, the
application of these may act in a
complementary way to identify possible FAT
cases (Sim, Burns, 2021).

Moreover, using guestionnaires
presents the convenience, speed of
assessment and cost advantage to investigate
FAT risk (Burke et al., 2018).

As FAT represents the interrelationship
among LEA, reproductive dysfunction and
impaired bone health (Nattiv et al., 2007), its
diagnostic must be based on the evaluation of
each of the three components.

Coelho et al., (2013), Coelho (2015),
Miranda (2018) assessed all three FAT
components using similar methods.

EA can be estimated by calculation
from EI, EEE and FFM data (Heikura,
Stellingwerff, Areta, 2021). There are many
ways to estimate El, such as food records,
interviews and food frequency questionnaires
(Capling et al., 2017).

However, the errors of self-reported
intakes seem to be significant (~600kcal/day)
(Burke et al., 2018).

In this review, two of the included
studies (Coelho et al., 2013; Coelho, 2015)
estimated ElI from 3-day food records in
alternating days, and Miranda (2018) used the
24-hour recall.

Given that there is no standardized
guideline on El and EEE estimation, it is
common research and practitioners to observe
the dietary and training practice over periods of

3-7 days in order to analyze the athletes’
habitual practices (Burke et al., 2018) and
obtain more accurate information.

Studies in literature have used training
records, heart rate monitors, accelerometers, or
a combination of these methods (Burke et al.,
2018).

Training records are frequently used to
calculate EEE from using Metabolic Equivalent
of Task (Ainsworth et al., 2011), heart rate
monitors estimate EEE by relationship between
heart rate and Oz consumption/respiratory
exchange ratio determined during laboratory
testing and accelerometers monitor body
movements (Burke et al., 2018).

The three included studies (Coelho et
al., 2013; Coelho, 2015; Miranda, 2018)
estimated EEE using the compendium of
energy expenditure for youth (Ridley,
Ainsworth, Olds, 2008) and considering the
exercise duration, the training intensity, body
weight and age. However, two of these studies
used training logs provided by athletes (Coelho
et al., 2013; Coelho, 2015), while another study
determined diary 100 minute-training for
swimmers and 90 minute-training for other
athletes (Miranda, 2018), which may increase
inaccuracy.

In addition to the fact that the use of
activity logs is less precise than other methods
to estimate EEE, the use of different parameters
in the same population can still result in a non-
reliable EA calculation and make interpretation
difficult in practical conduct (Guebels et al.,
2014).

DXA, the gold standard method to
assess FFM and BMD, was used in studies
included in this systematic review (Coelho et al.,
2013; Coelho, 2015; Miranda, 2018).

But anthropometric measurements
(subcutaneous fat and girths) can also be taken
using standardized, accredited and more
affordable techniques, such as protocols
developed by the International Society for the
Advancement of Kinanthropometry (Burke et
al., 2018).

In the Position Stand by Nattiv et al.,
(2007), menstrual dysfunction is defined as the
presence  of  oligomenorrhea, primary
amenorrhea or secondary amenorrhea.

Oligomenorrhea is recognized as
menstrual cycles greater than 35 days, primary
amenorrhea occurs when menarche delays and
happens only after 15 years of age and
secondary amenorrhea is the absence of
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menstruation for longer than 3 months (Nattiv et
al., 2007).

Coelho et al., (2013), Coelho (2015),
Miranda (2018) investigated menstrual status
using the same definiton of menstrual
irregularities recommended by Nattiv et al.,
(2007).

There are many issues regarding LEA
that still must be better understood. For
example, as highlighted by Burke et al., (2018),
there is a lack of a single, universal protocol for
the calculation of EA and the use of different
methods with distinct accuracies to estimate ED
components may lead to imprecise LEA
diagnosis, rendering comparisons between
studies difficult. Furthermore, the cut-off value
of 30 kcal/kg/FFM/d was obtained from studies
on reproductive hormones of eumenorrheic,
non-athlete women, using a sophisticated
method, but also imprecise, and therefore, does
not provide a universal threshold value for all
athletes.

However, even with those caveats, LEA
is the main etiological factor of FAT and once
present it can lead to menstrual dysfunction,
and contribute to bone loss, resulting in
osteoporosis and stress fractures (Mountjoy et
al., 2018).

LEA can cause other functional
outcomes, involving different body systems and
impairing physical and mental health as well as
performance (Burke et al., 2018).

As LEA may occur without the presence
of DE/ED, when athletes fail inadvertently to
consume enough energy to meet energy
expenditure needs (Williams, Statuta, Austin,
2017), and considering the important
consequences of FAT, the investigation of LEA,
as its primary component, is of utmost
importance, especially when not associated
with DE/ED, due to difficulties in detecting it.

CONCLUSION

This systematic review found a
prevalence of FAT, considering LEA as its
trigger component, between 4% and 4.2% in
Brazilian adolescent athletes.

The aim of this review was to find FAT
prevalence in Brazilian female athletes in
general, however the only studies which
reported FAT, as a condition with etiology in
LEA, were those conducted in adolescents. No
studies on RED-S were identified.

Since 2007, FAT has been described
as an interrelationship among LEA, Ml and low

BMD, therefore the presence of a
psychopathological factor is not mandatory in
the occurrence of LEA.

However, when screening the studies
of this revision for eligibility, many of them,
published after 2007, were excluded because
they considered only DE/ED as the energy
deficiency cause.

Although cases of ED/DE in athletes
often evolve into an energy deficiency and,
consequently, FAT and RED-S, other
determinants of eating behavior, such as the
inadvertent undereating due to suppression of
hunger in response to the training intensity or
volume, inability to consume sufficient food to
match an extreme exercise period, lack of
motivation to prepare food due to fatigue,
reduced opportunities to food-time when
training demand many hours and presence of a
rich in fiber and low energy-dense diet which
promotes fast satiety (Burke et al., 2018; Burke
et al., 2001; Melin et al.,, 2016), can be the
cause of energy deficiency. Therefore, LEA for
reasons beyond ED/DE may be more frequent.

Investigating the occurrence of LEA,
regardless of DE/ED presence, is important for
FAT and RED-S diagnosis, even in athletes
who do not undergo intentional energy
restriction. This practice can prevent a large
number of female athletes from suffering health
and performance impairments.

FUNDING

This research did not receive any
specific grant from funding agencies.

DECLARATION OF INTEREST

The authors report no conflict of
interest.

REFERENCES

1-Ainsworth, B.E.; Haskell, W.L.; Herrmann,
S.D.; Meckes, N.; Bassett, D.R.; Tudor-Locke,
C.; Greer, J.L.; Vezina, J.; Whitt-Glover, M.C.;
Leon, A.S. 2011 Compendium of Physical
Activities: a second update of codes and MET
values. Med Sci Sports Exerc. Vol. 43. Num. 8.
2011. p. 1575-1581.

2-Bighetti, F. Translation and validation of the
Eating Attitude Test (EAT - 26) in female
adolescents in Ribeirdo Preto city - SP [in

Revista Brasileira de Nutricdao Esportiva

S&o Paulo, v. 17. n. 103. p.153-164. Marco/Abril. 2023. ISSN 1981-9927 Versdo Eletrénica

www.rbne.com.br

161



RBNE

Revista Brasileira de Nutricao Esportiva

Portuguese]. Master’s thesis. University of Sao
Paulo. Ribeirdo Preto. 2003.

3-Bittar, C.; Soares, A. Midia e comportamento
alimentar na adolescéncia. Cad Bras Ter Ocup.
Vol. 28. Num. 1. 2020.

4-Burke, L.M.; Cox, G.R.; Cummings, N.K;
Desbrow, B. Guidelines for daily carbohydrate
intake: Do athletes achieve them? Sports Med.
Vol. 31. Num. 4. 2001. p. 267-299.

5-Burke, L.M.; Lundy, B.; Fahrenholtz, I.L.;
Melin, A.K. Pitfalls of Conducting and
Interpreting Estimates of Energy Availability in
Free-Living Athletes. Int J Sport Nutr Exerc
Metab. Vol. 28. Num. 4. 2018. p. 350-363.

6-Capling, L.; Beck, K.L.; Gifford, J.A.; Slater,
G.; Flood, V.M.; O'Connor, H. Validity of Dietary
Assessment in Athletes: A Systematic Review.
Nutrients. Vol. 9. Num. 12. 2017. p. 1313.

7-Coelho, G.M.; Farias, M.L.; Mendonga, L.M.;
Mello, D.B.; Lanzillotti, H.S.; Ribeiro, B.G;
Soares Ede, A. The prevalence of disordered
eating and possible health consequences in
adolescent female tennis players from Rio de
Janeiro, Brazil. Appetite. Vol. 64. 2013. p. 39-
47.

8-Coelho, G.M.O. Association of dietary
components with disordered eating and its
complications in female tennis players and non-
athletes [in Portuguese]. PhD’s thesis. Rio de
Janeiro. Rio de Janeiro State University. 2015.

9-Cooper, P.J.; Taylor, M.J.; Cooper, Z,;
Fairburn, C.G. The development and validation
of the body shape questionnaire. Int J Eat
Disord. Vol. 6. 1987. p. 485-494.

10-Duckham, R.L.; Peirce, N.; Meyer, C.;
Summers, G.D.; Cameron, N.; Brooke-Wavell,
K. Risk factors for stress fracture in female
endurance athletes: a cross-sectional study.
BMJ Open. Vol. 2. Num. 6. 2012. p. e001920.

11-Fairburn, C.; Beglin, S.J. Assessment of
eating disorders: interview or self-report
questionnaire? Int J Eat Disord. Vol. 16. Num.
4.1994. p. 363-370.

12-Field, A.E.; Gordon, C.M.; Pierce, L.M.;
Ramappa. A.; Kocher, M.S. Prospective study
of physical activity and risk of developing a

stress fracture among preadolescent and
adolescent girls. Arch Pediatr Adolesc Med.
Vol. 165. Num. 8. 2011. p. 723.

13-Garner, D.M.; Olmsted, M.P.; Bohr, Y.
Garfinkel, P.E. The Eating Attitudes Test:
psychometric features and clinical correlates.
Psychol Med. Vol. 12. 1982. p. 871-878.

14-Gibbs, J.C.; Williams, N.l.; Souza, M.J.
Prevalence of individual and combined
components of the female athlete triad. Med Sci
Sports Exerc. Vol. 45. Num. 5. 2013. p. 985-
996.

15-Greydanus, D.E.; Omar, H.; Pratt, H.D. The
adolescent female athlete: current concepts
and conundrums. Pediatr Clin North Am. Vol.
57. Num. 3. 2010. p. 697-718.

16-Guebels, C.P.; Kam, L.C.; Maddalozzo,
G.F.; Manore, M.M. Active women before/after
an intervention designed to restore menstrual
function: Resting metabolic rate and
comparison of four methods to quantify energy
expenditure and energy availability. Int J Sport
Nutr Exerc Metabol. Vol. 24. Num. 1. 2014. p.
37-46.

17-Heikura, I.A.; Stellingwerff, T.; Areta, J.L.
Low energy availability in female athletes: From
the lab to the field. Eur J Sport Sci. Vol. 22.
Num. 5. 2022. p. 709-719.

18-Henderson, M.; Freeman, C.P.L. A self-
rating scale for bulimia. The BITE. Br J
Psychiatry. Vol. 50. 1987. p. 18-24.

19-Hoch, A.Z.; Pajewski, N.M.; Moraski, L.;
Carrera, G.F.; Wilson, C.R.; Hoffmann, R.G;
Schimke, J.E.; Gutterman, D.D. Prevalence of
the female athlete triad in high school athletes
and sedentary students. Clin J Sport Med. Vol.
19. Num. 5. 2009. p. 421-428.

20-Juzwiak, C.R.; Joaquim, D.P. Energy
availability in para athletes. In Broad, E. Sports
Nutrition for Paralympic Athletes. London. CRC
Press. 2019.

21-Koehler, K.; Achtzehn, S.; Braun, H.; Mester,
J.; Schaenzer, W. Comparison of self-reported
energy availability and metabolic hormones to
assess adequacy of dietary energy intake in
young elite athletes. Appl Physiol Nutr Metab.
Vol. 38. Num. 7. 2013. p. 725-733.

Revista Brasileira de Nutricdao Esportiva

S&o Paulo, v. 17. n. 103. p.153-164. Marco/Abril. 2023. ISSN 1981-9927 Versdo Eletrénica

www.rbne.com.br

162



RBNE

Revista Brasileira de Nutricao Esportiva

22-Loucks, A.B. Energy balance and body
composition in sports and exercise. J Sports
Sci. Vol. 22. Num. 1. 2004. p. 1-14.

23-Loucks, A.B.; Kiens, B.; Wright, H.H. Energy
availability in athletes. J Sports Sci. Vol. 29.
Suppl. 1. 2011. p. S7-15.

24-Maria, U.P.; Juzwiak, C.R. Adaptacao
cultural e validagdo do Low Energy Availability
in Females Questionnaire (LEAF-Q). Rev Bras
Med Esporte. Vol. 27. Num. 2. 2021a. p. 184-
188.

25-Maria, U.P.; Juzwiak, C.R. The risk for the
female athlete triad in Brazilian athletes. Hum
Mov. Vol. 22. Num. 2. 2021b. p. 53-59.

26-Melin, A.; Tornberg, A.B.; 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. Vol. 48.
Num. 7. 2014. p. 540-545.

27-Melin, A.; Tornberg, A.B.; Skouby, S.;
Mgller, S.S.; Faber, J.; Sundgot-Borgen, J.;
Sjodin, A. Low-energy density and high fiber
intake are dietary concerns in female
endurance athletes. Scand J Med Sci Sports.
Vol. 26. Num. 9. 2016. p. 1060-1071.

28-Melin, A.; Tornberg, A.B.; Skouby, S.;
Mgller, S.S.; Sundgot-Borgen, J.; Faber, J,;
Sidelmann, J.J.; Aziz, M.; Sjodin A. Energy
availability and the female athlete triad in elite
endurance athletes. Scand J Med Sci Sports.
Vol. 25. Num. 5. 2015. p. 610-622.

29-Miranda AC. Prevalence of Female Athlete
Triad in adolescents in municipal school
dedicated to the sport. Master’s thesis. Rio de
Janeiro State University. Rio de Janeiro. 2018.

30-Moher, D.; Liberati, A.; Tetzlaff, J.; Altman,
D.G.; PRISMA Group. Preferred reporting items
for systematic reviews and meta-analyses: the
PRISMA statement. Ann Intern Med. Vol. 151.
2009. p. 264-269.

31-Moser, C.M.; Terra, L.; Behenck, A.S;
Brunstein, M.G.; Hauck, S. Cross-cultural
adaptation and translation into Brazilian
Portuguese of the instruments Sick Control One
Stone Fat Food Questionnaire (SCOFF), Eating
Disorder Examination Questionnaire (EDE-Q)

and Clinical Impairment  Assessment
Questionnaire  (CIA). Trends Psychiatry
Psychother. Vol. 42. Num. 3. 2020. p. 267-271.

32-Mountjoy, M.; Sundgot-Borgen, J.; Burke, L.;
Carter, S.; Constantini, N.; Lebrun, C.; Meyer,
N.; Sherman, R.; Steffen, K.; Budgett, R.;
Ljungqvist, A. The 10C consensus statement:
beyond the female athlete triad-relative energy
deficiency in sport (RED-S). Br J Sports Med.
Vol. 48. Num. 7. 2014. p. 491-497.

33-Mountjoy, M.; Sundgot-Borgen, J.K.; Burke,
L.M.; Ackerman, K.E.; Blauwet, C.; Constantini,
N.; Lebrun, C.; Lundy, B.; Melin, A.K.; Meyer,
N.L.; Sherman, R.T.; Tenforde, A.S.; Torstveit,
M.K.; Budgett, R. IOC consensus statement on
relative energy deficiency in sport (RED-S):
2018 update. Int J Sport Nutr Exerc Metab. Vol.
28. Num. 4. 2018. p. 316-331.

34-Munn, Z.; Moola, S.; Riitano, D.; Lisy, K. The
development of a critical appraisal tool for use
in systematic reviews addressing questions of
prevalence. Int J Health Policy Manag. Vol. 13.
Num. 3. 2014. p. 123-128.

35-Nattiv, A.; Loucks, A.B; Manore, M.M;
Sanborn, C.F.; Sundgot-Borgen, J.; Warren,
M.P. American College of Sports Medicine.
American college of sports medicine position
stand. The female athlete triad. Med Sci Sports
Exerc. Vol. 39. Num. 10. 2007. p. 1867-1882.

36-Oliveira, F.P.; Bosi, M.L.M.; Vigario, O.S.;
Vieira, R.S. Comportamento alimentar e
imagem corporal em atletas. Rev Bras Med
Esporte. Vol. 9. Num. 6. 2003. p. 348-356.

37-Parmigiano, T.R.; Zucchi, E.V.; Araujo, M.P.;
Guindalini, C.S.; Castro, R.A.; Di Bella, Z.1;
Girao, M.J.; Cohen, M.; Sartori, M.G. Pre-
participation gynecological evaluation of female
athletes: a new proposal. Einstein. Vol. 12.
Num. 4. 2014. p. 459-466.

38-Perini, T.A.; Oliveira, G.L.; Dantas, P.M.S;
Fernandes, P.R.; Fernandes Filho, J.
Investigagdo dos componentes da triade da
mulher atleta em ginastas. R da Educacao
Fisica/UEM. Vol. 20. Num. 2. 2009. p. 225-233.

39-Ridley, K.; Ainsworth, B.E.; Olds, T.S.
Development of a compendium of energy
expenditures for youth. Int J Behav Nutr Phys
Act. Vol. 45. 2008. p. 1-8.

Revista Brasileira de Nutricdao Esportiva

S&o Paulo, v. 17. n. 103. p.153-164. Marco/Abril. 2023. ISSN 1981-9927 Versdo Eletrénica

www.rbne.com.br

163



RBNE

Revista Brasileira de Nutricao Esportiva

40-Schtscherbyna, A.; Soares, E.A.; de
Oliveira, F.P.; Ribeiro, B.G. Female athlete triad
in elite swimmers of the city of Rio de Janeiro,
Brazil. Nutrition. Vol. 25. Num. 6. 2009. p. 634-
639.

41-Sim, A.; Burns, S.F. Review: questionnaires
as measures for low energy availability (LEA)
and relative energy deficiency in sport (RED-S)
in athletes. J Eat Disord. Vol. 9. Num. 1. 2021.
p. 41.

42-Slater, J. Low energy availability in New
Zealand recreational athletes. 169f. Thesis
master's in science. University of Otago.
Dunedin. New Zealand. 2015.

43-Sosa, D.D.; Eriksen, E.F. Women with
previous stress fractures show reduced bone
material strength: microindentation
measurements in a retrospective case-control
study of 60 subjects. Acta Orthop Scand. Vol.
87. Num. 6. 2016. p. 626-631.

44-Souza, M.J.; Nattiv, A.; Joy, E.; Misra, M.;
Williams, N.l.; Mallinson, R.J.; Gibbs, J.C;
Olmsted, M.; Goolsby, M.; Matheson, G.; Expert
Panel. 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. Vol. 48. Num. 4. 2014. p. 289.

45-Sundgot-Borgen, J.;  Torstveit, M.K.
Prevalence of eating disorders in elite athletes
is higher than in the general population. Clin J
Sport Med. Vol. 14. Num. 1. 2004. p. 25-32.

46-The Practice Committee of the American
Society for Reproductive Medicine. Current
evaluation of amenorrhea. Fertil Steril. Vol. 90.
Suppl. 5. 2008. p. S219- 225.

47-Torres-McGehee, T.M.; Emerson, D.M.;
Pritchett, K.; Moore, E.M.; Smith, A.B; Uriegas,
N.A. Energy availability with or without eating
disorder risk in collegiate female athletes and
performing artists. J Athl Train. Vol. 56. Num. 9.
2020. p. 993-1002.

48-Wasserfurth, P.; Palmowski, J.; Hahn, A.;
Kriger, K. Reasons for and consequences of
low energy availability in female and male
athletes: social environment, adaptations, and

prevention. Sports Med Open. Vol. 6. Num. 1.
2020. p. 44.

49-Williams, N.l.; Statuta, S.M.; Austin, A.
Female Athlete Triad: future directions for
energy availability and eating disorder research
and practice. Clin Sports Med. Vol. 36. Num. 4.
2017. p. 671-686.

50-Ziegler, A.M.; Kasprzak, C.M.; Mansouri,
T.H.; Gregory, A.M.; Barich, R.A.; Hatzinger,
L.A.; Leone, L.A.; Temple, J.L. An ecological
perspective of food choice and eating autonomy
among adolescents. Front Psychol. Vol. 12.
2021. p. 654139.

E-mail do autor:
uyaramaria@uol.com.br

Orcid dos autores:
0000-0002-6903-073X
0000-0003-1101-0063

Correspondence:

Uyara Pereira de Maria.
uyaramaria@uol.com.br

Department of Human Movement Sciences.
Federal University of Sdo Paulo.

Rua Silva Jardim, 136. Vila Matias, Santos-SP,
Brazil.

Recebido para publicagéo em 31/08/2022
Aceito em 23/10/2022

Revista Brasileira de Nutricdao Esportiva

S&o Paulo, v. 17. n. 103. p.153-164. Marco/Abril. 2023. ISSN 1981-9927 Versdo Eletrénica

www.rbne.com.br

164


https://orcid.org/0000-0003-1101-0063

