
HUMAN MOVEMENT (ISSN 1899-1955) 

53
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ABStrAct
Purpose. the female athlete triad (triad) is a medical condition observed in athletes and physically active females. Its com-
ponents are low energy availability, with or without an eating disorder, amenorrhea, and osteoporosis. the aims of this study 
were to identify the triad risk in Brazilian athletes and to characterize the prevalence of symptoms associated with the 
triad risk.
Methods. crossFit, endurance, aesthetic, combat, and team sports female athletes aged 18–39 years, training  5 hours/week 
and regularly competing answered the Brazilian version of the Low Energy Availability in Females Questionnaire (LEAF-Q).
Results. triad risk, corresponding to a LEAF-Q score  8, was identified in 34% of the participants. combat athletes pre-
sented the highest mean LEAF-Q score [10.6 (3.0); p < 0.05] and injury score [4.8 (1.6); p < 0.05]. Overall, 48 athletes reported 
an injury due to training overload in the previous year; this type of injury was associated with the triad risk (p < 0.05). 
A LEAF-Q score  8 was related to gastrointestinal (p < 0.05) and menstrual dysfunctions (p < 0.001). A high prevalence 
(46.4%) of self-reported menstrual dysfunction was observed. A higher percentage (50%) of weight-sensitive sports athletes 
than of team sports athletes presented LEAF-Q score  8.
Conclusions. triad risk was observed in Brazilian athletes competing in numerous sports; however, weight-sensitive sports 
athletes, especially combat athletes, are more vulnerable to the triad risk. LEAF-Q is a reliable tool to identify athletes at 
risk of developing the triad and symptoms related to low energy availability.
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Introduction

In 2007, the American college of Sports Medicine 
described the female athlete triad (triad) as a syndrome 
that associated 3 components: low energy availability 
(LEA), with or without an eating disorder, amenorrhea, 
and osteoporosis [1].

Energy availability is the difference between the 
energy intake and the exercise energy expenditure ad-
justed to the fat-free mass [2]. LEA represents a mis-
match between an athlete’s energy intake and the energy 
expended during exercise, leading to an inadequate 
remaining amount of energy to support normal meta-
bolic processes required by the body to maintain opti-
mal health and performance [3]. Disordered eating is 
the most common component in LEA cases and typi-
cally occurs among weight-sensitive sports athletes [4]. 
However, LEA may happen without this psychological 

component, when athletes intentionally follow extreme 
methods to reduce body mass or body fat or when they 
are unaware of their high exercise energy expenditure 
and remain unable to consume enough food to com-
pensate it [5].

there are several methods to estimate energy intake, 
exercise energy expenditure, and fat-free mass in ath-
letes, and there is no standardized protocol for un-
dertaking them [3]. Energy intake can be assessed by 
using 3–7-day dietary logs, 24-hour food recall, or 
a food-frequency questionnaire [6]; however, food re-
cords are subjected to errors of underreporting and do 
not reflect long-term usual intake [5]. to objectively 
measure exercise energy expenditure, GPS units, heart 
rate monitors, power meters, and doubly labelled water, 
the gold standard, are used, but besides their being 
costly and challenging to apply in free-living athletes 
[5, 7], there is no consensus on which activities con-
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stitute the exercise to be evaluated [5]. Dual-energy 
X-ray absorptiometry provides a reasonably precise 
measure of fat-free mass, yet it is also costly, requires 
specialist training and equipment, and investigators 
have to be aware of factors such as hydration status 
or recent exercise or food/drink intake [5, 8], which 
can influence results. In summary, the estimation of 
energy availability is difficult, time-intensive, expen-
sive, bothersome for athletes, and dependent on the 
subject’s commitment and compliance; it also requires 
resources and professional expertise [5, 7].

Given the difficulty in measuring energy availability 
components and in identifying LEA, Melin et al. [9] 
developed and validated the Low Energy Availability 
in Females Questionnaire (LEAF-Q), whose purpose 
is to identify female athletes at risk for the triad, with 
the consideration of LEA as its main component.

the triad prevalence in the Brazilian population is 
poorly studied. A literature review on the triad preva-
lence in Brazilian athletes yielded 4 studies, and LEA 
was considered as the triad main component in only 
1 study, conducted among tennis players [10]. On the 
other hand, 3 studies indicated an eating disorder and/
or disordered eating as triad main component [11–13]. 
the prevalence of the triad in these studies varied from 
1.3% to 4.2% [10–13].

Given the importance of knowing more about the 
triad, in its current definition, in the Brazilian setting, 
the aims of the present study were: (1) to identify the 
risk for the triad in Brazilian athletes of several sports 
disciplines using the Brazilian version of LEAF-Q [14]; 
(2) to characterize and compare the prevalence of fac-
tors associated with the risk for the triad by using an 
international criterion [9]; and (3) to compare the risk 
for the triad among Brazilian athletes of several sports 
disciplines.

Material and methods

Participants

A total of 160 Brazilian female athletes, from 4 cities 
(São Paulo, campinas, Santos, and curitiba), engaged 
in several sports disciplines, were contacted. they were 
eligible for inclusion if they were women between 18 
and 39 years of age who trained  5 hours/week and 
were regularly competing. the exclusion criteria were 
pregnancy, chronic illnesses, the use of hormonal con-
traceptives, and the presence of injuries at the time of 
the questionnaire application that prevented them from 
training for  2 weeks. the inclusion and exclusion cri-
teria adopted were the same as those used by Melin 

et al. [9] in the original LEAF-Q development and vali-
dation process.

A total of 33 athletes reported using hormonal con-
traception methods and therefore they were excluded. 
the final sample that completed the study included 
127 athletes of several sports disciplines: crossFit, en-
durance (running, triathlon, swimming, and cycling), 
aesthetic (rhythmic gymnastics), combat (Muay thai, 
jiu-jitsu, and mixed martial arts), and team sports (bas-
ketball, volleyball, handball, soccer, indoor soccer, and 
rugby). 

Low Energy Availability in Females  
Questionnaire (LEAF-Q)

LEAF-Q is a self-reported screening tool developed 
and validated among endurance athletes and dancers 
of English, Swedish, and Danish origin, used to iden-
tify female athletes at risk for the triad [9]. the ques-
tionnaire includes 25 items on previous year injury 
history, as well as the gastrointestinal and menstrual 
function, which are physiological symptoms related 
to LEA [9]. Participants who score  8 in LEAF-Q are 
considered at risk for the triad [9]. Furthermore, each 
LEAF-Q domain presents a cut-off point indicating 
dysfunction:  2 for injury history,  2 for gastrointes-
tinal function, and  4 for menstrual function [9].

the Brazilian version of LEAF-Q was translated, 
culturally adapted, and validated among 127 Brazilian 
female athletes of several sports disciplines [14]. After 
a complete translation, adaptation, and content validity 
process with the contribution of a sports experts panel 
with triad knowledge, the Brazilian LEAF-Q main-
tained the original format and number of questions, 
without any addition, removal, or rearrangement of 
items [15, 16]. the final version had an adequate per-
formance in the test-retest reliability, presenting an 
excellent intraclass correlation coefficient of 0.92, 
which was reinforced by the Bland-Altman plot and 
McNemar’s test and paired t-test that demonstrated 
p  0.05, revealing no difference in the LEAF-Q score 
or risk for the triad diagnosis between test and retest 
[14]. the Brazilian version also showed validation evi-
dence, by construct validity analysis using the known-
groups method, which corroborated that athletes who 
compete in weight-sensitive sports presented higher 
LEAF-Q scores than team sports athletes (p  0.05), 
to identify Brazilian female athletes at risk for the 
triad [14]. the international cut-off point based on the 
Anglo-Saxon population proposed by Melin et al. [9] 
was adopted in this first study in which the Brazilian 
version of LEAF-Q was applied.
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In this study, the participants completed a paper 
version of the Brazilian version of LEAF-Q [14].

Statistical analysis

Data were processed with the IBM SPSS statistical 
software version 22.0 for Windows (New York, USA). 
Descriptive, anthropometric, and demographic data 
are presented as means and standard deviations. For 
categorical data, results were expressed as absolute 
numbers (n) and percentages (%). chi-square analy-
sis was used to compare categorical variables and to 
explore associations between the triad risk and vari-
ables of interest, such as sports discipline and the 
LEAF-Q constructs or domains. One-way analysis of 
variance was applied for the comparison of the scores 
among athletes of different sports disciplines, with 
the Bonferroni method for post-hoc correction. Sig-
nificance was set a priori at p < 0.05.

Ethical approval
the research related to human use has complied 

with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Declara-
tion of Helsinki, and has been approved by the research 
Ethics committee of the Federal University of São Paulo 
(reference number: 2.044.177).

Informed consent
Written informed consent has been obtained from 

all individuals included in this study.

Results

the athletes’ anthropometric characteristics, train-
ing loads, and LEAF-Q scores are shown in table 1. 
the risk for the triad, with a LEAF-Q score  8, was 
identified in 33.8% of the 127 participants who an-
swered the Brazilian version of the questionnaire.

the risk for the triad, or LEAF-Q  8, was associ-
ated (p  0.05) with each LEAF-Q domain score (injury, 
gastrointestinal symptoms, and menstrual dysfunc-
tion). table 1 summarizes the mean scores presented 
by athletes in each sports discipline. Overall, 63 par-
ticipants (49.6%) reported the absence of training and/
or competition due to the occurrence of injury in the 
previous year and 48 athletes (37.8%) experienced 
training overload injuries in the same period. the oc-
currence of this type of injury was statistically signifi-
cantly associated with the risk for the triad (p = 0.02).

the results showed a relationship (p = 0.001) be-
tween combat sports and the risk for the triad, as 
84.6% of combat athletes scored  8 in LEAF-Q. On 
the other hand, there was no association between the 
risk for the triad and team sports or crossFit. No as-
sociation between the triad risk and body mass, body 
mass index, or weekly hours of exercise was found in 
this study.

A total of 29 athletes (22.8%) scored  4 in the 
menstrual function domain; 11 participants (8.7%) 
self-reported menstrual cycles longer than 45 days, 
25.9% indicated absence of menstruation for at least 
3 consecutive months, and 11.8% have had menarche 

table 1. characteristics and LEAF-Q scores of Brazilian female athletes (n = 127)

characteristics
Endurance sports

(n = 22)
Aesthetic sports

(n = 3)
combat sports

(n = 13)
team sports

(n = 57)
crossFit
(n = 32)

Age (years) 32.8 (5.3) 18.3 (0.6)a 28.1 (5.4) 23.5 (4.6)b 29.8 (6.0)
Height (cm) 163.3 (5.8) 164 (1.7) 168.1 (8.1) 167 (7.5) 164.4 (7.7)
Body mass (kg) 60.9 (6.5) 53 (1.0)c 68.8 (11.3) 64.4 (9.1) 65.7 (8.5)
BMI (kg/m2) 22.9 (2.6) 19.7 (0.8)d 24.3 (2.8) 23.1 (3.1) 24.2 (2.1)
training (hours/week) 10.6 (5.9) 22 (5.2) 14.8 (5.8) 10.7 (5.9) 10.3 (4.2)
LEAF-Q score 6.4 (3.6) 6.3 (0.6) 10.6 (3.0)e 5.3 (3.2) 5.9 (3.5)
Injury score 1.4 (2.0) 0.7 (1.2) 4.8 (1.6)f 1.5 (2.1) 1.7 (2.0)
Gastrointestinal function score 2.6 (3.0) 3.7 (1.2) 2.5 (2.0) 1.8 (2.0) 1.5 (1.8)
Menstrual function score 2.2 (1.9) 1.3 (0.6) 3 (1.8) 1.6 (1.5) 2.4 (2.4)

Values are presented as means (standard deviations).
LEAF-Q – Low Energy Availability in Females Questionnaire, BMI – body mass index
a Athletes of aesthetic sports were younger than crossFit, endurance, and combat athletes
b team sports athletes were younger than crossFit and endurance athletes
c Athletes of aesthetic sports presented lower body mass than combat athletes
d Athletes of aesthetic sports presented lower BMI than combat and crossFit athletes
e combat athletes presented higher LEAF-Q score than crossFit, endurance, and team sports athletes
f combat athletes presented higher injury score than all other sports athletes (p  0.05)
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at the age of 15 years or more. Sixty athletes (47.2%) 
answered they noticed menstrual function changes 
due to modifications in exercise frequency or inten-
sity or an increase in exercise duration.

When the athletes were divided into 2 groups 
(table 2): (G1) weight-sensitive sports athletes and (G2) 
team sports athletes, 50% of G1 athletes were identi-
fied at risk for the triad, while 24.6% of G2 athletes 
scored  8 at LEAF-Q (p = 0.01). In the menstrual func-
tion domain, G1 had a higher mean score than G2 (2.4 ± 
1.8 vs. 1.6 ± 1.5; p = 0.03), as 26% of weight-sensitive 
sports athletes self-reported menstrual irregularities 
(score  4 in the menstrual function domain), while 
only 9% of team sports athletes scored  4.

Discussion

this is the first study to use the Brazilian version 
of LEAF-Q to identify female athletes at risk for the 
triad from LEA symptoms. It revealed that almost 34% 
of 127 Brazilian athletes from 4 different cities and 
practising several sports disciplines were considered 
at risk for the triad when assessed by the Brazilian 
version of LEAF-Q. Studies that applied the original 
instrument [9] showed the triad risk in 40% of active 
Irish females competing in different sports with varied 
competition levels [17], in 31% of Swedish cross-coun-
try skiing female athletes [18], in 39% of elite female 
sprinters from canada [19], in 62.2% of English, 
Swedish, and Danish endurance athletes [9], and in 
65% of caucasian dancers [20]. In addition, Black et al. 
[8] identified 63.2% of physically active females at risk 
for the triad as assessed by a version of LEAF-Q adapted 
to New Zealand culture.

this study indicates that the triad risk prevalence 
is higher when LEA, rather than an eating disorder 
and/or disordered eating [12, 13], is considered the 
main component of this syndrome. Energy deficiency 
may occur owing to an eating disorder and/or disor-
dered eating [21]; however, athletes have many other 

reasons for failing to adjust the energy intake to exer-
cise energy expenditure, such as loss of appetite due 
to the high intensity training, adoption of low energy 
density ultra-healthy diets or restrictive diets in order 
to optimize body mass or body composition, whether or 
not to gain competitive advantage [5, 22], lack of finan-
cial or time resources [23], and high fibre diet intake, 
which leads to satiety before providing the needed 
energy [22].

Melin et al. [9] observed that athletes with LEAF-
Q  8 tended to have lower body mass and lower body 
mass index compared with participants classified at 
a low risk for the triad. However, in this study, there 
was no association between the LEAF-Q score and self-
reported body mass or body mass index; this lack of 
association may indicate the need for cut-off point re-
assessment for the Brazilian version of LEAF-Q. In-
dividuals with an energy deficit may become weight 
stable by the occurrence of compensatory metabolic 
adaptations, such as a reduction in the resting meta-
bolic rate [24]; thus, body mass is not the most reliable 
parameter to evaluate the risk for the triad.

combat athletes had the highest mean LEAF-Q 
score, mainly because they presented the highest score 
in the injury domain when compared with other sports 
disciplines athletes. the high prevalence of risk for the 
triad among combat athletes in this study was similar 
to the findings by torstveit and Sundgot-Borgen [25], 
who reported more than 70% of weight-class athletes at 
risk for the triad. Weight-sensitive sports athletes are 
considered more susceptible to the risk for the triad as 
they commonly use one or more pathological methods 
of weight control [25]. Furthermore, it must be consid-
ered that in this contact sport, athletes are subjected 
to injuries due to the high physical demand of combats, 
training, and specific techniques to end combat [26], 
and the high prevalence of injuries cannot be attrib-
uted solely to the presence of the triad risk.

Each LEAF-Q domain presents a cut-off point indi-
cating dysfunction [9]; thus, one can use the instru-

table 2. Number of athletes in each sports discipline and group

Group of athletes* characteristic Sports discipline

G1: weight-sensitive sports
(n = 38)

Endurance sports
triathlon (n = 5), medium- and long-distance running (n = 14),  
cycling (n = 1), swimming (n = 2)

Aesthetic sports rhythmic gymnastic (n = 3)

combat sports Muay thai (n = 1), jiu-jitsu (n = 10), MMA (n = 2)

G2: team sports
(n = 57)

team sports
Soccer and indoor soccer (n = 31), handball (n = 1),  
volleyball (n = 9), basketball (n = 10), rugby (n = 6)

* 32 crossFit athletes were not included in this analysis. MMA – mixed martial arts



U. De Maria, c. Juzwiak, the risk for the female athlete triad in Brazilian athletes

HUMAN MOVEMENT

57
Human Movement, Vol. 22, No 2, 2021 

humanmovement.pl

ment to evaluate independent symptoms, as Ackerman 
et al. [27] did when applying the questionnaire to 
identify the gastrointestinal status of female athletes. 
the authors reported a statistically significant asso-
ciation between the gastrointestinal variable and the 
risk for the triad. In the present study, LEAF-Q  8 
was significantly associated not only with gastrointes-
tinal dysfunction but also with menstrual dysfunction 
and the occurrence of injuries in the previous year, 
when the cut-off points of each domain were analysed 
separately, as reported by Melin et al. [9] in the original 
LEAF-Q validation study.

this research also demonstrated an association 
between the risk for the triad and injury caused by 
training overload. Other studies have indicated this 
type of injury in 58.7% of physically active females [28], 
59.1% of ultra-marathon athletes [29], and 62% of in-
dividual and team sports athletes [17]. Hence, besides 
being an instrument to identify athletes at risk for 
the triad, LEAF-Q, both in its original and Brazilian 
version, seems to be a tool capable of identifying ath-
letes at risk of injury and its potential relationship 
with LEA [17].

there was a high prevalence of self-reported men-
strual dysfunction (46.5%), such as oligomenorrhea, 
secondary amenorrhea, and primary amenorrhea, 
which was also recently identified in dancers (40%) 
[20]. Menstrual irregularities are common symptoms 
of the triad and relative energy deficiency in sport, 
since LEA is the main cause of functional hypotha-
lamic amenorrhea [3]. this scenario was reported by 
Fahrenholtz et al. [30], who observed an association 
between a daily energy deficit of > 300 kcal and ath-
letes’ menstrual function changes. In the present study, 
the prevalence of athletes who scored  4 in the LEAF-Q 
menstrual function domain and consequently presented 
menstrual function disturbances was similar to that 
observed in elite sprinter athletes [19]. It is important 
to monitor these disturbances, as almost half of the 
participants reported an association between them and 
an increase in the intensity, frequency, or duration of 
exercise. the same was observed in 1/3 of Irish physi-
cally active females studied by Logue et al. [17]. the 
menstrual function of female athletes during periods 
of intense training and/or weight reduction should be 
observed to avoid oestrogen deficiency and, conse-
quently, bone loss and osteoporosis risk [17].

As observed in this study, torstveit and Sundgot-
Borgen [25] also demonstrated that a higher percent-
age of athletes competing in weight-sensitive sports dis-
ciplines were identified at risk for the triad compared 
with athletes practising team sports. Many weight-sen-

sitive sports athletes use extremely restrictive methods 
to lose body mass or maintain a low mass to gain com-
petitive advantage [31]. Serious health issues with some-
times fatal consequences may result from underweight 
or drastic body mass reduction [2]. Menstrual dysfunc-
tion is a well-known consequence of LEA [32]; there-
fore, weight-sensitive sports athletes turned out more 
susceptible to the occurrence of menstrual irregularity 
than team sports athletes [25].

Conclusions

this is the first report about the risk for the triad 
in Brazilian female athletes assessed with the Brazilian 
version of LEAF-Q. In the present study, the triad risk 
was observed in almost 34% of Brazilian athletes par-
ticipating in 14 different sports disciplines. Moreover, 
the risk for the triad was associated with gastrointes-
tinal and menstrual dysfunctions and injury occur-
rence, especially with training overload lesions. Weight-
sensitive sports athletes, mainly combat athletes, were 
more vulnerable to the risk for the triad when compared 
with team sports athletes. Given the important preva-
lence of the triad risk and the physical and physiological 
consequences of this clinical condition in Brazilian 
athletes, the results obtained by using the Brazilian 
LEAF-Q must be objectively examined, since the in-
strument is a screening tool. Also, concerns should be 
directed to educating athletes and the coaching staff 
about LEA and the risk for the triad to avoid health 
and performance impairments.
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