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ABSTRACT

Background. With an increasing number of research, sports nutrition becomes an important topic both in professional and
recreational athletes. In case of insufficient caloric supply, organism slowly shuts down expendable functions and that
presents a health hazard. The first term trying to describe consequences of low energy availability (LEA) was Female Athlete
Triad (eating disorder, menstrual disturbances and low bone density), later expanded to Relative Energy Deficiency in Sport
(RED-S) which also includes fatigue, sleeping problems, hormonal imbalances, cardiovascular complications.

Aim. In this review we aimed to identify research of interest and sum up available information.

Material and methods. In order to identify research of interest, we used the following online databases: MEDLINE,
CENTRAL and manually looked for applicable titles in references of identified publications.

Results. Identified researches showed that consequences of LEA are common which becomes a serious problem in sports
medicine. The reasons for calorie restriction are connected to personal self-perception and discipline regulations. It is
important to identify athletes at risk of complications and implement procedures aiming to improve their health while
simultaneously understanding their motivation for sports success.

Conclusions. Although research on the topic is vast, it is still crucial to educate athletes and their ecosystem about risks and
consequences of LEA.
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Sports Nutrition, Relative Energy Deficiency in Sport, RED-S, Low Energy Availability, LEA, Female Athlete Triad,
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Introduction

It is common knowledge that how and what we eat affects our well-being in many ways, most notably
energy levels. Nevertheless, consumed nutrients can not only affect physical health, but also greatly impact
mental well-being'. Maintaining a healthy balance necessitates supplying the body with adequate energy and
essential nutrients to support physiological functions including but not limited to: cellular maintenance, growth,
thermoregulation, reproduction, immunity, and movement?. In both amateur and professional athletes, the
energy demand is naturally higher than in a sedentary or not regularly exercising person. Therefore focusing
on both quantity and quality of meals is of utmost importance for reaching optimal performance. Considering
different metabolic demands and type of exertion, performers of various disciplines require individual
approach regarding macro and microelements intake®. Despite sport nutrition being a constantly developing
and vast branch of science, in this review we decided to focus mainly on caloric intake. In order to identify
research of interest, we used the following online databases: MEDLINE, CENTRAL and manually looked for
applicable titles in references of identified publications.

The importance of diet

One of the theories trying to explain what determines health in individuals is one of Health Fields
suggested by Marc Lalonde*, a former Canadian Minister of Health. According to his views, environmental,
genetic and health care factors are of importance. However, around 50% of well-being is influenced by
personal lifestyle choices. This perspective can be extremely motivating since everyone starts with a different
genetic load and one might not have total control over their environment. On the other hand, it is possible to
have a great impact on one’s health by eating nutritious and quality food, as well as engaging in regular physical
activity. Various dietary patterns have been connected to decreasing the risk of illnesses such as Alzheimer’s
Disease’ or cardiovascular diseases®.
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How much is enough

The easiest way of understanding calorie requirements is understanding that Total Energy Expenditure
(TEE) is the sum of basal metabolic rate (BMR) and the Thermic Effect of Food (TEF) and the Thermic Effect
of Activity (TEA). The latter comprises Exercise Energy Expenditure (EEE), Spontaneous Physical Activity
and Non-exercise Activity Thermogenesis. It’s crucial to assess EEE in athletes since if deducted from Energy
Intakes, the result is what the organism is left with when it comes to maintaining its function - Energy
Availability’, which in general population has been assessed to be 45 kcal/kg of fat free body mass.

Relative Energy Deficiency in Sport

Concept of EA emerged from the context of the Female Athlete Triad (FAT). First position stand
regarding FAT was published in 1977 by Task Force on Women's Issues of the American College of Sports
Medicine®. It is defined as three interrelated yet distinct conditions: low energy availability with or without
disordered eating, (2) menstrual dysfunction and (3) low bone mineral density. With more research and
investigation on this topic, sport scientists included FAT in a broader group of symptoms constituting a
Relative Energy Deficiency in Sport (RED-S)°. Updated definition of RED-S describes it as:

a syndrome of impaired physiological and/or psychological functioning experienced by female and male
athletes that is caused by exposure to problematic (prolonged and/or severe) low energy availability. The
detrimental outcomes include, but are not limited to, decreases in energy metabolism, reproductive function,
musculoskeletal health, immunity, glycogen synthesis and cardiovascular and haematological health, which
can all individually and synergistically lead to impaired well-being, increased injury risk and decreased sports
performance. (Mountjoy et al, 2023)!°

Above-metioned consequences show the importance of proper balance of energy intake and expenditure.

Why would athletes restrict food intake?

Although it might seem that negative body image is the most common reason for suboptimal calorie
consumption, the review by Chapa et al. showed that female athletes were significantly more satisfied with
their bodies when compared to nonathletes''. Simultaneously, levels of overall eating disorders
patopsychology (sense of losing control while eating, drive for thinness and restricting food) were similar in
both groups. It was shown that traits of disordered eating were influenced by sport type. Athletes participating
in sports with weight categories (martial arts, rowing) or in which leanness is of value (e.g. gymnastics), were
at higher risk of dissatisfaction with their body. Per contra, athletes engaging in strength related sports seemed
to be much less impacted. Taking rowing as an example, lightweight rowers need a significant amount of lean
body mass while not exceeding the weight threshold of 70 kg for men and 57 kg for women, weighing 2 hours
before a race'’. The very strict norms cause many sportsmen to maintain an unsustainably low body fat
percentage while additionally implementing calorie and fluid deficit before the race, causing acute weight-loss
to meet weight requirements'®. Although this behaviour is known to be related to negative health consequences
such as higher risk injury, lower performance, bone mass loss, hormonal imbalances and psychological
problems, athletes still continue to lower energy availability as part of preparation for regatta'?.

Making the weight

Studies suggest that among lightweight rowers very few are naturally predisposed to this category, since
average weight difference in body mass in and out of competing season is around 8%'*. Main strategies for
weight loss are calories and fluid restriction, increased exercise volume, active or passive sweat production
and use of laxatives'?

Gillbanks et al. conducted interviews with former and current lightweight rowers trying to understand
their motives as well as implications of LEA. Participants were sharing their experiences with the physical and
emotional load of “making the weight”, as well as the consequences of these extreme measures. Rowers also
admitted that engaging in additional high intensity exercises while being lightweight, negatively impacted their
relationship with sport. Some declared still feeling pressured to continue controlling their weight with
excessive exertion even once they retired. Additionally, all of the reviewed rowers admitted restricting their
calorie intake in order to reduce body mass before competitions. It is crucial to notice that competing athletes
are usually people in their 20s and 30s. However, in order to get to high level sports, many start training in
their teen years, when humans experience many physical and physiological changes'”. In this period, LEA can
lead to even more enhanced complications than in older age'®.
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Hungry mind

Rowers with experience in lightweight rowing mention that in periods before competing they
experienced episodes of low mood, using words like ‘I felt rubbish’, and poor emotional regulation which was
reflected in worsened team relationships in the crew. Since eating is also of importance in social interactions,
many rowers were skipping meetings with friends as it was not in line with their diet. This behaviour connected
to worsened emotional control led to difficulties in maintaining friendships. Athletes reported poor
concentration which impelled the quality of their professional work and academic studies. Considering how
much self control is required to restrain oneself from listening to the body's hunger cues, rowers developed a
sense of guilt and anxiety around food, while also comparing themselves to other athletes. Even when weight
control was no longer necessary, behaviors related to disordered eating were still implemented in their daily
routine'”.

Hungry body

Physiological balance in the body occurs when available energy is adequate to meet the metabolic needs.
Processes in the body can be divided into essentials (circulation, neural activity, cell maintenance), reducible
(growth, thermoregulation, locomotion) and expendable (reproduction, fat storage)?. If the energy intake does
not cover all of the demand, some processes, starting from the last ones mentioned, begin to slow down or
completely shut down. One of the physical consequences of RED-S included also in FAT are menstrual
disturbances of which the most severe form is amenorrhea. They are the effect of hormonal imbalances such
as increased ghrelin and decreased leptin and insulin level by influence of LEA on the hypothalamus and
anterior pituitary's. Menstrual abnormalities are estimated to affect 20% of exercising females, with prevalence
reported as high as 44% in ballet dancers and 51% in female endurance runners. The hormonal disturbances
have been linked to increased risk of cardiovascular disorders'’. They are also connected to bone metabolism
by increasing bone reabsorption and impairing repair processes, making them prone to fractures®®. Other
consequences include compromised immunity, bowel disruption connected not just to LEA but also decreased
volume of food, fiber scarcity and laxative use.

Weaker body

LEA does not only affect the previously mentioned body functions, but can also impair athletes’ results'.
Problematic LEA can be the reason for decreased training availability due to injury or illness as well as omitting
key competitions regardless of performance level?'. It is also causing perturbations in the recovery process,
defined as self-reported failure to recover between training sessions, as well as a reduction in muscle glycogen,
protein synthesis, and phosphocreatine recovery. LEA has been connected also to decreased muscle strength,
endurance and power output. Jurov et al. in their trial with endurance athletes showed progressive decrease in
performance in correlation with reducing EA?2.

Reversing the damage

Ideally, athletes and people from their entourage should be aware of mechanisms leading to LEA, be
able to recognize and prevent its development and avoid further consequences. Primary prevention of RED-S
can include carefully planning athlete workout and nutritional programs, conducting workshops to strengthen
and demystify athletes' knowledge about nutrition, eating disorders, and teaching them healthier coping
mechanisms. It might be beneficial to refrain from assessing athletes’ bodyweight and body composition if it
is not medically recommended®. The first step to help athletes with RED-S or at risk of developing its
symptoms, is to be able to recognize them. In 2023, the International Olympic Committee published updated
tools for RED-S risk stratification and for its assessment'’. Indicators of RED-S include both laboratory and
clinical markers of disturbances, hence athletes should be supervised by a multidisciplinary team including
coaches, nutritionists and doctors®*. It is also crucial to be aware of red flags that should not be dismissed and
require urgent medical attention such as BMI <75% of median for sex and age, hypotension with bradycardia
and electrolyte imbalances'®. Recovering from RED-S includes reversing LEA which can be achieved by
increasing EA, decreasing exercise volume or preferably combination of both. To ensure a smooth process it
is recommended to involve a team that might consist of clinicians specializing in sports nutrition, sports
psychology, sports psychiatry, gynecology and endocrinology. Recovery time and intensity should be
individually assessed according to symptoms severity, duration of LEA and other individual factors. Although,
menstrual disturbances®, other hormonal disbalances, unfavourable lipid profile and arrhythmias, tend to
subside with resolution of LEA.; It might be beneficial to refer an athlete to specialists since they require
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temporary support. When it comes to impaired bone health, it is important to ensure sufficient calcium and
vitamin D intake, including supplementation if needed. In adolescents and women with persistent menstrual
disruption after reasonable EA increase, transdermal 17-beta-estrogen with oral progesterone has been proven
to increase bone density?.

Conclusions

Nutrition cannot be separated from sports. Fortunately, there is an increasing number of studies
regarding balanced training and nutrition, as well as the consequences of neglecting them. RED-S’ risks and
methods of treatment have been receiving more attention in the scientific field which can help raise awareness
on the importance of providing the best support possible to the athletes. Nevertheless, educating both athletes
and their ecosystem is still the most effective way to synergise optimal performance with long lasting mental
and physical well-being.
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