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ABSTRACT
Introduction: The Relative Energy Deficiency in Sport (RED-S) syndrome has become a significant issue 
for endurance athletes, with low energy availability (LEA) being its main cause. There is no gold standard 
for diagnosis, but in 2023, the 3rd consensus on the subject proposed a new protocol. Objective: The ob-
jective was to evaluate the risk of LEA in female street runners to screen athletes at risk for RED-S, and 
to characterize weekly training volume. Methods: This is a cross-sectional observational study conducted 
with 34 female street runners (33.3 ± 5.8 years old, 6.2 years of training experience, BMI 23.2 ± 2.9), whose 
LEA risk was assessed by the Low Energy Availability in Females Questionnaire (LEAF-Q). The cutoff for 
risk classification consists of ≥ 8 total score, with emphasis on ≥ 2 score for the injuries subscale, ≥ 2 score 
for the gastrointestinal function subscale, and ≥ 4 score for the menstrual function subscale. Results: The 
prevalence of LEA risk was 23.5%; among the eight athletes identified at risk, 75% had high scores above 
cutoffs for more than one subscale. Menstrual dysfunction had a score ≥ 4 in 75% of those classified at 
risk. Although no significant correlation was found between LEA risk and training volume, the highest 
prevalence of risk was identified among athletes with volumes between 41-45 km weekly. Conclusion: The 
results indicate a high prevalence of LEA risk among endurance runners, suggesting the importance of 
screening for RED-S and the need to continue diagnostic processes in this population.
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RESUMO
Introdução: A síndrome de Deficiência de Energia Relativa no Esporte (RED-S) tornou-se problema rele-
vante para atletas de endurance, sendo a baixa disponibilidade de energia (LEA) sua principal causa. Não 
há padrão ouro para diagnóstico, mas em 2023 o 3º consenso internacional sobre o tema sugeriu novo pro-
tocolo. Objetivo: Objetivou-se avaliar o risco de LEA em corredoras de rua para triar atletas em risco para 
RED-S, e caracterizar volume semanal de treinamento. Métodos: Estudo observacional transversal realiza-
do com 34 mulheres corredoras de rua (33,3 ± 5,8 anos de idade, 6,2 anos de experiência em treinamento, 
IMC 23,2 ± 2,9), cujo risco de LEA foi avaliado pelo Low Energy Availability in Females Questionnaire (LEA-
F-Q). O corte para classificação de risco consiste em ≥ 8 de pontuação total, com destaque para pontuação 
≥ 2 para a subescala de lesões, ≥ 2 para a subescala de função gastrointestinal, e ≥ 4 para a subescala de 
função menstrual. Resultados: A prevalência de risco de LEA foi 23,5%; dentre as oito atletas identificadas 
com risco, 75% apresentaram elevadas pontuações para mais de uma subescala. A disfunção menstrual 
apresentou pontuação ≥4 em 75% das classificadas com risco. Embora não tenha sido encontrada corre-
lação significativa entre o risco de LEA e volume e frequência de treinamento, as maiores prevalências 
de risco foram identificadas entre atletas com volume semanal entre 41-45 km. Conclusão: Os resultados 
indicam elevada prevalência de risco de LEA entre as corredoras de endurance, sugerindo a importância 
da triagem para RED-S e a necessidade de dar continuidade aos processos diagnósticos nessa população. 

Palavras-chave: deficiência de energia relativa no esporte; corrida; ingestão de energia; ciclo menstrual; densi-
dade óssea.
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Introduction

The syndrome known as Relative Energy Deficiency in Sport (RED-S) has been 
considered a significant problem for endurance athletes, who generally have a high 
training volume, high caloric expenditure, gastrointestinal difficulties for adequate 
energy intake during exercise, need to be light to achieve better results in competi-
tions and training, and a greater risk of restrictive eating habits, especially among 
women [1-4].

The main etiological factor of this syndrome is low energy availability (LEA), 
a situation observed when the daily caloric intake is not sufficient to satisfy both the 
demand of physical exercise and the energy needs of all the physiological systems 
of the body at rest [5]. For women, LEA has been suggested as energy availability 
(energy available only for extra-workout moments) of less than 30.0 calories per day 
per kg of lean mass, and when this situation is maintained for prolonged periods, a 
decline in sports performance and clinical complications may occur, such as changes 
in menstrual and bone functions, reductions in metabolic rate, immunity and pro-
tein synthesis, and damage to cardiovascular and psychological health, among others 
[6-9].

Understanding the complexity of RED-S, its risk factors, and complications is 
essential for implementing effective preventive and intervention strategies to ensu-
re the health and performance of these athletes, and the first step is diagnosis [10]. 
However, diagnosing RED-S is still challenging for health professionals, as there isn’t 
a gold standard protocol for this purpose.

Until 2023, studies used very different protocols to diagnose RED-S and some-
times mistakenly adopted the terms LEA and RED-S as interchangeable, resulting in 
prevalences between 23 and 79.5% in women and 15 and 70% in men [3]. However, in 
September 2023, the 3rd international consensus on this syndrome was published [8], 
which proposed a three-stage assessment model. First, the application of screening 
questionnaires to detect possible symptoms of low energy availability; for this stage, 
one of the recommended questionnaires for women who exercise is the Low Ener-
gy Availability in Females Questionnaire (LEAF-Q), recently translated and validated 
into Brazilian Portuguese [11]. The following steps involve anamnesis and evalua-
tions by a multidisciplinary team, which may or may not confirm the diagnosis of 
RED-S and, if necessary, guide appropriate treatment. 

The scarcity of studies that have applied the RED-S assessment method sug-
gested by the 2023 consensus makes it difficult to compare and generalize epidemio-
logical data on this syndrome. Therefore, there is an urgent need for more studies 
that follow the recommendations of the 2023 consensus to assess the prevalence and 
impact of RED-S in different sporting contexts, especially in endurance athletes [6]. 
Thus, the present study aimed to evaluate the risk of LEA in female runners of long-
-distance road races to screen athletes at risk for RED-S development.
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Methods

Experimental design
This observational, cross-sectional, quantitative study was carried out in 

three stages [1]. After the approvement of the research project by the Research Ethics 
Committee, the first meeting happened virtually; on this occasion, the aim was to 
present the objectives and procedures related to the study to coaches and runners; 
the terms of free and informed consent (TCLE) were also presented to the runners, for 
later reading and signing by those who met the inclusion criteria and were interes-
ted in participating [2]. One week after the initial presentations, interested runners 
were instructed on how to fill out the questionnaires, and any possible doubts were 
clarified [3]. Finally, the LEAF-Q questionnaire was completed online, with questions 
necessary to characterize the participants. 

Participants
Thirty-four female street runners engaged in training programs, whose objec-

tive was to complete street races longer than 21.1 km (half marathon), were included. 
Recruitment was carried out by contacting the coaches responsible for prescribing 
running training at the six main running clubs in the city of Aracaju. 

The main inclusion criteria were to currently have or have had in the last 12 
months an average weekly training volume greater than 35 km and to be over 18 ye-
ars of age. The exclusion criteria were: (a) having locomotor system diseases capable 
of increasing the risk of injuries, regardless of caloric intake; (b) having diseases 
capable of causing changes in intestinal rhythm and/or menstrual cycles, regardless 
of caloric intake; (c) not having chronic thyroid problems; (d) not being pregnant or 
lactating. 

Assessment instruments
For the evaluation of the participants, the Low Energy Availability Question-

naire in Women (LEAF-Q) was adopted, consisting of a self-administered question-
naire originally presented in English (2015) and recently translated into Portuguese 
[11]. It consists of items related to menstrual and gastrointestinal status and the oc-
currence of injuries, that is, factors associated with persistent energy deficiency that 
allow the identification of the risk of low energy availability when the score is ≥ 8.0. 
Additionally, partial cutoff points can be adopted; as follows: ≥ 2.0 for the section on 
questions about injuries; ≥ 2.0 for the section on gastrointestinal changes; ≥ 4.0 for 
the section on menstrual function.

According to Logue et al. [3], the LEAF-Q is an easy-to-administer instrument, 
validated for use in endurance-trained women to investigate the risk of LEA, alle-
viating some of the challenges associated with the direct measurement of energy 
availability, as well as being considered an adequate screening tool for RED-S among 
young female athletes [12].
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Finally, a semi-structured questionnaire was developed to characterize the 
participants regarding their training routine, experience in the sport, age, and an-
thropometry. 

Statistical analysis
Descriptive statistics were used, with some data presented as mean, standard 

deviation, minimum, and maximum, and others as absolute and relative frequency. To 
test possible correlations between variables, data normality and homogeneity were 
initially tested using the Shapiro-Wilk and Levene tests, respectively. Depending on 
the results, Spearman or Friedman correlation tests were used for nonparametric and 
parametric data, respectively. All analyses were performed using SPSS-22.0 software 
(IBM, SPSS Inc., Chicago, IL, USA). Significance was set at p < 0.05.

Results

Tabela I - Characterization of participants regarding age, anthropometry, weekly frequency of run-
ning training, and weekly training volume (n = 34)

Variables Mean SD Min Max

Age 33.3 5.8 27.0 48.0

Street-running training experience (years) 6.2 4.1 1.0 20.0

Weight (kg) 61.6 8.5 41.0 79.0

Stature (m) 1.60 0.1 1.50 1.72

BMI (kg/m2) 23.3 2.9 18.2 29.17

Weekly training frequency 4.1 0.7 2.0 6.0

Maximum weekly training volume in the last year (km) 49.0 20.7 25.0 110.0

Current training volume (km) 35.9 10.1 28.0 60.0

Table II shows that most participants are training volumes between 25 and 
30 km per week, followed by volumes between 31 and 35 km, and those who train 
between 46-50 km. 

Table II - Distribution of participants according to current weekly running training volume.  

Current weekly volume n %

25-30 km 16 47.06

31-35 km 6 17.65

36-40 km 2 5.88

41-45 km 2 5.88

46-50 km 4 11.76

51-55 km 1 2.94

55-60 km 3 8.82
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Table III - Total and subscale scores that make up the LEAF-Q (n=34)

Variables Mean SD Min Max

Injury subscale (risk score ≥ 2 points) 1.11 1.06 0 5

Gastrointestinal function subscale (risk score ≥ 2 points) 2.14 2.28 0 10

Menstrual function subscale (risk score ≥ 4 points) 2.83 1.99 0 8

Total score (risk score ≥ 8 points) 6.06 3.82 0 20

Figure 1 demonstrates a predominance of runners without risk of LEA; howe-
ver, among those screened with risk of LEA (LEAF-Q with a total score equal to or 
higher than 8 points - Figure 2), it is noted that most of the runners presented high 
scores (higher than the cut-off scores) for more than one LEAF-Q subscale, with a 
predominance of menstrual dysfunctions.

 

Figure 1 - Distribution of endurance runners from Aracaju according to LEA risk, tracked by LEAF-Q. 
N = 34 

Figure 2 shows that among the participants screened for LEA risk (LEAF-Q 
with a total score equal to or greater than 8 points), the majority presented scores 
higher than the risk score for more than one subscale, and menstrual dysfunction 
appears prominently among 75% of participants at risk for LEA. 
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I = Injury subscale; MF = Menstrual function subscale; GF = Gastrointestinal function subscale
Figure 2 - Distribution of runners at risk of LEA (LEAF ≥ 8 points), according to the risk subscales (in-
juries ≥ 2; Gastrointestinal function ≥ 2; Menstrual function ≥ 4). N = 8

Figure 3 shows that among the participants screened for LEA risk (LEAF-Q 
with a total score equal to or higher than 8 points), the majority were subjected to a 
running training volume less than or equal to 30 km per week, followed by athletes 
with a volume between 31 and 35 km per week. However, Figure 4 shows that, when 
correcting the frequency of athletes with LEA risk according to the number of parti-
cipants in each category of weekly training volume, it is noted that the emphasis is 
on athletes with volumes between 41 and 45 km and greater than 55 km.
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Figure 3 - Distribution of runners at risk of LEA (LEAF ≥ 8 points), according to the current weekly 
running training volume

 

Figure 4 - Prevalence of LEA risk (LEAF-Q ≥ 8 points) in each category of runners, considering the 
current weekly training volume

Correlations
After thoroughly analyzing all variables, no correlation was found between 

them in this study. However, it is worth noting that even without any correlations 
being observed, this does not necessarily rule out the possibility of relationships be-
tween the variables but only that it was not possible to identify statistically signifi-
cant associations between them. Therefore, it is suggested that future research in this 
regard is necessary.
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Discussion

This study aimed to evaluate the risk of LEA in female endurance runners as 
a way of screening for risk and RED-S, as well as to describe the weekly training vo-
lume and test the correlation between these variables. The main findings were that 
23.5% of the participants were at risk for LEA, according to the total LEAF-Q score, 
with an average of 6.06 total points. The menstrual dysfunction subscales stood out, 
and there was a higher frequency of LEA risk for those who had a weekly running 
volume between 41 and 45 km. However, there was no statistically significant cor-
relation between the risk of LEA and training volume. Regarding the prevalence of 
LEA risk through the LEAF-Q instrument, it is possible to observe similarity with the 
data mentioned in the 3rd RED-S consensus, which reports a risk of LEA and RED-S 
between 23% and 79.5% in female athletes. However, the biggest criticism mentio-
ned in this consensus is precisely the fact that the terms LEA and RED-S are used as 
if they refer to the same phenomenon, which is not true. Not all athletes with low 
energy availability will develop relative energy deficiency syndrome in sports, with 
its characteristic symptoms in performance and/or health [8]. Adopting a common 
analogy in the area of nutrition, it can be said that LEA is for iron deficiency, just as 
RED-S would be for iron deficiency anemia; that is, not every athlete with iron de-
ficiency will develop iron deficiency anemia, just as not every athlete at risk of LEA 
will develop RED-S. In fact, in the last consensus on RED-S, the term adaptive LEA 
was adopted for the first time, with benign effects and mild and rapidly reversible 
changes in biomarkers of several body systems, but which, if maintained chronically, 
could become a problematic LEA, culminating in RED-S [8].

For these reasons, it is essential that the prevalence of LEA found in the pre-
sent study, using the LEAF-Q, be compared to data obtained using the same instru-
ment. Therefore, in our searches, we found some recent studies that used the same 
instrument to verify the risk of LEA [12-21], but few were conducted with endurance 
runners [15,18,21], which makes the contribution of the present study explicit.

Black et al. [22] evaluated 38 female recreational athletes (mean age 22 years) 
who performed between 2.5 and 5 hours of moderate-intensity exercise per week, or 
1.25 to 2.5 hours of vigorous exercise per week, or an equivalent combination of both 
types of exercise, regardless of the modality. The authors found a prevalence of LEA 
risk of 63.2%, with a mean of 8.9 points on the LEAF-Q. Civil et al. [14] also found a 
high prevalence of LEA risk (65% with LEAF-Q ≥ 8) when evaluating 20 students in 
professional ballet training in Scotland, which is an aesthetic modality and, there-
fore, with a bigger concern related to thinness and dietary restriction. With similar 
results, Łuszczki et al. [12] found a prevalence of 64.7% of LEA risk in adolescent soc-
cer players; this age group also being considered at high risk for LEA and RED-S [23].

Meng et al. [16] evaluated women in aesthetic modalities, comparing elite 
athletes (n = 52) with recreational athletes (n = 113), and found a prevalence of LEA 
risk (LEAF-Q ≥ 8) of 55.8% and 35.1%, respectively. Similar results were found by Sla-
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ter et al. [17], who evaluated 109 women who practiced recreational exercises in gyms 
and fitness spaces and found a 45% prevalence of LEA risk through the LEAF-Q.

Among the studies carried out with running and LEAF-Q, Kyte et al. [21] 
evaluated amateur endurance runners and obtained a prevalence of 44.0% of LEA risk 
through LEAF-Q, while Dambacher et al. [16] found 54.5% in a study carried out with 
156 of the same type of athlete. Among elite runners, Heikura et al. [15] found that 
among those who presented energy availability between 30 and 45 kcal/kg MMg, the 
average LEAF-Q was 9.04 points, and in those with low energy availability (<30 kcal/
kg MMg), 11.04. However, the authors did not report the prevalence of LEA risk based 
on this instrument. 

Although the risk in our study (23.5%) is relatively lower than the risks obser-
ved in the studies described above, it is important to highlight that the prevalence of 
LEA risk found in our study is still considered high, according to Mountjoy et al. [8], 
since practically a quarter of the sample studied has a chance of developing RED-S, 
which can culminate in serious health problems and performance impairments. 

In the same sense, although our average total LEAF-Q score (6.06) was lower 
than that of the study by Heikura et al. [15] (between 9.04 and 11.04), probably due 
to the difference in training level [18], it is essential to highlight that the athletes we 
identified as at risk should be referred to the next stages of evaluation, to investigate 
possible clinical symptoms of RED-S and the need for treatment [20].

Concerning training volume, the study by Meng et al. [16] showed that elite 
Chinese athletes with higher training volumes and frequencies than amateur athle-
tes had a higher risk of developing LEA with menstrual and bone disorders. Slater et 
al. [17] also found that for each extra hour of weekly exercise practiced by recreatio-
nal athletes, there was a 1.13-fold increase in the risk of LEA. However, in the present 
study, no correlations were found between training volume and frequency and the 
risk of LEA. The absence of this correlation in the present study may be related to two 
possible factors: a) regardless of the training volume, the energy intake of athletes 
at risk of LEA should be evaluated because even if the training volume is reduced, 
if the energy availability is very low, menstrual and gastrointestinal symptoms and 
the emergence of injuries may occur; that is, it is not only how much you train that 
matters, but also how you replace the energy expended over the 24 hours; b) reduced 
sample in the categories with the highest weekly volume (in the present study), de-
monstrating the relevance of future research involving larger groups, with different 
training volumes and frequencies. 

The presence of menstrual dysfunction in most participants in this study cor-
roborates many studies that evaluate LEA, since the time when the female athlete 
triad was evaluated [8]. According to Mendes et al. [5], the menstrual disorder rela-
ted to LEA is based on the relationship between the insufficient arrival of metabolic 
fuels to meet the needs of the brain and the interruption of the pulsatility of the 
gonadotropin-releasing hormone (GnRH) in the hypothalamus. Consequently, there 
are changes in the release of luteinizing hormone (LH) and follicle-stimulating hor-
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mone (FSH) by the pituitary gland and a drop in blood concentrations of estradiol 
and progesterone [22]. Such changes can culminate in subclinical menstrual disor-
ders (anovulatory cycles) up to long menstrual cycles and primary/secondary ame-
norrhea (functional hypothalamic amenorrhea). 

The lesions scored in the LEAF-Q, especially the bone ones, as observed in the 
present study, have been justified by a decrease in bone mineral density caused by 
multifactorial conditions related to LEA, such as hypoestrogenism, decrease in blood 
concentrations of leptin, insulin, insulin-like growth factor 1 (IGF-1), and increa-
sed cortisol. Such factors are associated with reduced osteoblast activity and reduced 
synthesis of type I collagen, culminating in bone demineralization and increased risk 
of stress fractures [5,24]. 

With regard to changes in gastrointestinal function, also scored in the present 
study, it is possible to report that LEA is usually accompanied by insufficient iron in-
take, as well as training sessions capable of promoting an increase in interleukin-6 
and hepcidin, culminating in reduced intestinal iron absorption. Given the lower 
bioavailability of iron, it is possible that there will be less synthesis of thyroxine and 
a decrease in its conversion to triiodothyronine, thus increasing the risk of develo-
ping hypothyroidism, which in turn can cause changes in intestinal rhythm [5;25].

After the diagnosis of LEA risk (LEAF-Q score ≥ 8), the recommended referral 
is a comprehensive and holistic multidisciplinary approach to investigate possible 
cases of RED-S, categorize severity, and, if necessary, define treatment strategies [8].

It is worth noting that the continuity of the diagnostic process, in addition 
to screening via LEAF-Q, is essential, as this is a complex syndrome that can become 
serious. In addition to the injuries and menstrual and gastrointestinal dysfunctions 
addressed in LEAF-Q, other changes are also observed in athletes diagnosed with 
RED-S, such as changes in glucose and lipid metabolism, impairment of cardiovas-
cular and endothelial function, impairment of the immune system, impairment of 
sleep quality and general well-being. From a mental point of view, some women have 
difficulty motivating themselves, as well as developing anxiety, addiction or depen-
dence on training, and depression [6]. Thus, the consequences of RED-S syndrome 
are devastating, serious, and even fatal, ranging from an unwillingness to train to 
extreme complications, such as suicide [8]. The most reported consequences of athle-
tic performance are decreased response to training, loss of strength, reduced recovery 
capacity, and a general impairment in endurance events and exercises [8].

Therefore, according to Witkoś et al. [20], carrying out screening processes for 
RED-S may represent a fundamental strategy for identifying and treating this syn-
drome to avoid extreme complications, improving not only the athletic performance 
of this athlete but also her quality of life.
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Conclusion

A high prevalence of LEA risk was found among endurance runners (23.5%), 
with a predominance of menstrual dysfunctions (75%) among athletes at risk and a 
higher relative prevalence among runners with a weekly training volume between 41 
and 55 km, demonstrating the need to continue the diagnostic processes for RED-S 
in this population.
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