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Abstract
Coaches and PE teachers play a significant role in the development and improvement of athletes and have the power to create healthy, strong individuals. It is vital that coaches and PE teachers create positive environments which put their students/athlete’s health at the forefront and promotes sustainable performance. Coaches and PE teachers who criticise body image and overemphasise the need for a leaner/smaller physique, face the risk of initiating restrictive food intake and excessive exercise, in their athletes. Likewise, Coaches and PE teachers who fail to give adequate education surrounding the importance of nutrition, put their athletes and students in danger of low energy availability, and ultimately RED-S (Relative Energy Deficiency in Sport). It is paramount that we have a clear understanding of what coaches and PE teachers know about this topic and identify any gaps in knowledge that may be present. Therefore, the aim of this study was to ascertain existing knowledge held by coaches and PE teachers and determine whether the creation of an educational resource was necessary to deepen their understanding of RED-S and related issues. 
12 coaches, and 13 PE teachers completed a questionnaire which determined the different aspects of RED-S they had knowledge on and identified whether gaps in knowledge were present. Participants were teachers and coaches of recreational athletes, from a variety of sports including athletics, netball, football, rugby, distance running, swimming and others. The general results of the study were that both coaches and PE teachers lacked knowledge surrounding RED-S, low energy availability, the female athlete triad and interrelated issues such as menstrual cycles and bone health. No difference was found between the knowledge of coaches and PE teachers, which could suggest that their training courses and education were similar to one another. Both coaches and PE teachers stressed their personal need for more education to be given to them surrounding RED-S, and therefore because of this, an educational resource has been created, which can be delivered in the form of an educational session, to help improve knowledge. Practical implications of this resource and study include the prevention of RED-S in athletes and to create an awareness that some student’s concentration and disengagement in class, could be stemming from underlying RED-S, as these are some of the key symptoms. The most important practical implication is to create a resource to help teachers and coaches guide their athletes and students to recovery from RED-S and direct them onto a path to lead healthier lives, and achieve more sustainable performances.
Introduction
Relative Energy Deficiency in Sport (RED-S) is the consequence of insufficient caloric intake and/or excessive energy expenditure. As a result of this low-energy state, several things can be impacted and many physiological systems can be damaged, including metabolism, menstrual function, low libido, bone health, immunity, protein synthesis, and cardiovascular and psychological health (Mountjoy., et al 2014; Schulz., et al 2025). The driving cause of this condition is being energy deficient which means having an inadequate balance between dietary energy intake and energy expenditure. Energy availability is the amount of energy remaining in the body from food after training and exercise, and is used by the body to carry out various physiological functions (Loucks., et al 1998). When the body is in a state of prolonged low energy availability, it focuses on movement as opposed to other bodily functions such as reproductive systems (Melin., et al 2015). Over the last few years, it has been reported that there has been a greater appreciation of the harsh consequences of Relative Energy Deficiency in Sport (Hamer., et al 2021). Whilst the exact figures of the number of athletes suffering from RED-S are unclear, some findings suggest that up to 65% of endurance athletes may be at risk of developing it (Colangelo., et al 2025). Additionally, studies suggest that eating disorders are 20% higher in athletes than in non-athletes, most likely due to the pressure that in most sports, weight supposedly plays a big part in performance (Joy., et al 2016; Statuta., et al 2017). Given the significant, detrimental impacts of RED-S, it is clear that early detection and prevention is critical. Coaches and PE teachers can play a massive role in the prevention of this condition, but they can also unintentionally contribute to its development (Tesch7uk., 2024). 
Anecdotally, through the researcher’s own experience, they realised that many coaches and teachers were unaware of the concept of RED-S, when mentioned in general conversation. This became a great concern for the researcher, having experienced the condition personally. Therefore, it became apparent, that it could be a much larger issue, with many more coaches and PE teachers being unaware of the condition, and therefore unable to detect it in their own athletes and students.  Many studies suggest that sports coaches have very limited, or no awareness that the condition even exists (Hamer., et al 2022). This study also suggests that there is an urgent need to develop educational frameworks for coaches to improve their knowledge and understanding to support their athlete’s health and performance (Hamer., et al 2022). A previous study by (Hamer., et al 2021), suggests that there is limited knowledge on how RED-S is incorporated into endurance sports coaches’ training programmes. This suggests that more research is needed to fully understand the complexity of what coaches are taught in their own training, not just endurance sport coaches, but also coaches of other sports and PE teachers. Further studies suggest that there are often false beliefs held by coaches, regarding nutrition, female menstruation, and body weight/shape (Mukherjee., et al 2016; Pantano., 2017). It is important to mention that most studies investigating knowledge, has been conducted on coaches primarily in endurance sports or aesthetic sports, for example, figure skating and has mainly been conducted in America and Canada. There is limited research conducted in the UK particularly on teachers of Physical Education and other sports such as Football and Netball. Also, many studies have examined knowledge on ‘the female athlete triad’, as opposed to RED-S, which suggests that these studies have been primarily focused on coaches/PE teachers’ knowledge of female athletes. Further to this, many studies have found that female coaches have more awareness and feel comfortable communicating with their athletes about conditions such as menstruation regularity compared to male coaches (Schulz., et al 2025). 
This study aims to discover the current knowledge held by sports coaches and PE teachers about the condition ‘Relative Energy Deficiency in Sport’ (RED-S).  There has been a great deal of research looking into endurance sports coaches’ knowledge, however little attention has been focused on PE teacher’s knowledge, and coaches of non-endurance sports. This study will therefore aim to address these inadequacies and seek to give a broader understanding of the knowledge held from a wider range of coaches and teachers, to give a clearer perspective of the issue. The study will do this by surveying approximately 25 coaches/PE teachers about their knowledge and understanding of RED-S in the form of a questionnaire. The questionnaire will aim to examine aspects such as, general knowledge of the concept of ‘RED-S, LEA (low energy availability), and the female athlete triad as well as the specific sport(s) they teach.  It will also determine if the coach/PE teacher has existing knowledge and where this knowledge has come from as this will help to address whether it is currently included in their coaching/teacher training programmes. A questionnaire was chosen as it should give the scope to target more responses, in a shorter timescale than for example interviews, which would be time consuming and less easy to target a wider range of responses. Depending on the outcomes, there is the potential to develop an educational resource which can either be implemented into coach/PE teacher training courses, or as a standalone course/app/booklet, which will educate coaches and PE teachers about RED-S, and how to recognise, treat, and prevent it in their athletes. This will give good practical use of the study and hopefully help to better inform coaches/PE teachers, and ultimately prevent more athletes from developing RED-S. 























Literature review
Introduction to RED-S
As previously mentioned, relative energy deficiency in sport (RED-S), arises when an athlete is in a state of low energy availability (Unke., 2024). Energy deficits usually occur either intentionally or unintentionally by athletes (Melin., et al 2015). One of the factors contributing to RED-S is the suppression of appetite usually experienced after completing high-moderate intensity training, but also a lack of knowledge held by athletes on the optimum sports nutrition required for their training needs (Howe., et al 2016;). There also appears to be a normalisation of some of the red flags for recognising RED-S, for example menstrual dysfunction in females, which can deter athletes from seeking help/suspecting something is wrong (Verhoef., et al 2021). Primitively, RED-S was named ‘the female athlete triad’ as it was recognised only in females. The most common, and often first symptom of the female athlete triad in females was the absence of a menstrual cycle each month, as energy availability regulates reproductive functioning in females (Loucks., 2003). In conjunction, amenorrhea is associated with low oestrogen levels, and oestrogen plays a critical role in the absorption of calcium. Therefore, the lack of calcium absorption, can lead to low bone density and osteoporosis (Todd., et al 2022). The female athlete triad was comprised of three main entities including energy availability, menstrual function, and bone health.   However, in 2014, the International Olympic committee (IOC) changed the name of the condition to RED-S as it became apparent that it also effects men (Jeukendrup., et al 2024). Some athletes will restrict their calorie intake to increase their training load whilst remaining on the same calorie intake, with the purpose to lose weight. Alternatively, other athletes might not be aware that they are not meeting their daily energy requirements. Athletes may not understand how to correctly fuel for the increases in energy expenditure with caloric supplementation in order to achieve optimal health (Gumowitz., 2024). 
RED-S has been found to most commonly effect athletes involved in sports where leanness and/or low weight are important because of their role in performance, appearance or requirement to meet a competition weight category (Sundgot-Borgen., et al 2013).  Long distance runners and other athletes competing in endurance events tend to be at increased risk of developing RED-S due to the necessity of high-volume exercise regimes, and subsequently high energy expenditure levels. This is closely linked to the fact that these sports often encourage the notion of ‘lighter = faster’ (Mountjoy., et al 2018). RED-S is most common in sports where there is a perceived benefit, or performance advantage the lighter you are, or in an aesthetic focused sport like dance and figure skating (Todd., et al 2022). However, whilst initially weight loss may benefit performance in the short term, long term low energy availability hinders the bodies’ ability to adapt to training and ultimately lead to a decline in performance or a plateau (Logue., et al 2018).
The effect of RED-S on an athlete’s health/performance
There are a plethora of issues which stem from the condition RED-S, besides the physiological aspects. RED’S/low energy availability can affect athletes’ performance significantly, including reduced training adaptions, impaired judgement, diminished co-ordination, and decreased endurance capacity (Schulz., et al 2025). Additional symptoms include gastrointestinal disturbances, reduced sleep quality, and stunted growth in paediatrics (Todd., et al 2022). Besides physical factors, RED-S can also lead to serious psychological issues such as elevated anxiety, depression, reduced wellbeing, lack of concentration and social withdrawal (Pensgaard., et al 2023). The common occurrence with RED-S is that athletes discover they are suffering from it when it’s too late, and they may have picked up an injury for example and need significant time off from the sport.  Low energy availability is one of the most prevalent causes of athlete injury and illness (Tenforde., et al 2015). A cross-sectional study by (Heikura., et al 2018), examined athletes over a 7-day period, taking into account body composition, injury and illness rates, energy intake, expenditure, metabolic and reproductive hormonal functioning. It found that females who were amenorrhoeic, and males with low testosterone levels, had a 4.5 times greater risk of injury than those who have periods and normal testosterone levels. Injury can cause significant stress to athletes, and lead to a further decline in mental health. Studies have shown that there is a significant correlation in athletes between injury and reporting of depression symptoms (Haugen., 2022). If RED-S is left undiagnosed/untreated for a prolonged period, it can also lead to serious complications such as osteoporosis and amenorrhea (Gummowitz., 2024). The problem with identifying RED-S is usually a combination of things, one being the athlete’s reluctance to admit that they are over training and or under fuelling. Another issue for males, is that it is particularly difficult to recognise the warning signs, as symptoms tend to be vague, in comparison to females, where the main red flag is a loss of menstrual cycle (Todd., et al 2022). Athletes in weight bearing sports, often experience an improvement in performance in the short term, following a period of low energy availability (Jeppesen., et al 2025).  Runners, often experience a phase of excellent performances when they are competing at a lighter weight, as this is proven for runners to have better running economy if they have a lighter frame and smaller legs (Foster and Lucia., 2007). This can lead athletes into false pretences and make them believe that lighter = faster/more efficient. However, this has been proven to not be entirely true. A study by (De Souza., et al 2008) found that short term low energy availability is detrimental to a female athlete’s exercise capability. Early detection of RED-S in athletes is of paramount importance to protect the health of the athlete and maintain/improve their performance. One example of the effect RED-S has on athletes is ‘Bobby Clay’, who was a prospering athlete with a gold medal in the European 1,500m championships. She was forced to leave the sport due to developing osteoporotic fractures at just aged 19, due to under fuelling and overtraining (Langbein., et al 2021, Cluley., et al 2021). 
Impact of coaches/PE teachers’ intervention on development and prevention of RED-S
Primary prevention of RED-S is critical in minimising the number of athletes suffering from the condition. This would involve an athlete’s coach/PE teacher being able to identify the early warning signs but also begin with them highlighting the importance of adequate fuelling and rest to prevent the athlete from falling into these detrimental traps (Schultz., et al 2024). Currently, the ‘RED-S CAT’ (Relative energy deficiency in sport clinical assessment tool), can be utilised if an athlete is displaying symptoms of RED-S, and can be used as a guide in decision making regarding return to play and how much time off is required from the sport in order to recover from the condition (Mountjoy., et al 2015). However, the overarching issue faced is the lack of knowledge held by coaches/PE teachers and athletes of the condition, making early detection almost impossible, and therefore resulting in the RED-S CAT tool being ineffective. Coaches and PE teachers are important role models, who have the potential to create environments that encourage healthy, sustainable performances (Hamer., et al 2022). Coaches and PE teachers who over-emphasise body composition and weight can have the complete opposite effect. They tend to have control over their athletes’ training regimes and schedules, which places them in the prime position to be able to adapt their training plans accordingly if low energy availability is suspected (Martin., 2024). A study which examined athletes’ knowledge of RED-S in a Canadian cross-country team, stated that they would be more inclined to tell their coaches if they were exhibiting symptoms of RED-S, if their coach was knowledgeable and supportive of the condition. Alternatively, the athletes who felt their coaches did not understand RED-S, stated they were less inclined to report symptoms, as they were afraid of losing their spot on the team (Schultz., et al 2024). This poses an urgent need for more education to be made available to coaches and PE teachers addressing the issue of RED-S.
Many athletes face pressures from their coaches, parents or friends to lose weight due to the belief that a leaner physique will improve performance and may feel it enhances their reputation when their athlete/child is performing well. A study by (Voelker., et al. (2022) which examined the role of the coach in athletes’ eating habits, found that disordered eating habits stemmed from coach pressure. Another study reported that parents of adolescent athletes were neglectful and used psychological abuse towards their children about bodyweight, and this was particularly prevalent towards adolescent female athletes (Boudreault., et al 2022; Baceviciene., et al 2023). Further evidence of these pressures is found in a study by Beckner and Record. (2016) which investigated the influence of coach communication on female athlete’s body image and health choices. The general response from athletes was that their coach’s opinion of their weight and body image played the biggest part in their selection for the team. For example, one athlete stated their coach said, “You are not going to get better no matter how hard you work unless you lose 15 pounds”. Another stated “I was not getting that opportunity because I’m not as small as her. Like if I want that opportunity, maybe I need to be smaller so that was difficult, and it frustrated me.” These responses highlight the critical need for coaches/PE teachers to understand the driving causes of RED-S, and the consequences it can have on athletes, and the immediate intervention required to deter coaches/PE teachers from making such remarks in the future. 
Research by Monserrat., et al (2024), found that PE teachers are poorly trained in eating disorders, in relation to detection, as well as how to treat them. It also found that there was little support from healthcare professionals given to schools and PE departments, on how to safely intervene with children if they believe they may have an eating disorder. This is problematic, whilst RED-S is not classified as an ‘eating disorder’, the symptoms of RED-S are often very similar (Mountjoy., et al 2023). Characteristics such as over compliance with a training plan, perfectionism and excessive exercise regime are behaviours usually highly awarded in sports and are signs of a ‘good athlete’. However, these signs are also found in individuals with serious eating disorders too (Sangenis., et al 2005). Data from NHS (2023), stated that 77.5% of girls and 42.3% of boys aged 17-19, were reportedly suffering with eating disorders, with the development of these likely to be during secondary school years. For some athletes, restrictive energy intake and excessive exercise can occur following bad experiences at school for example bullying, negative body shaming and social pressures and can lead to a poor mental health state (Martin., 2024). Subsequently, these results reflect those found by (Ackerman., et al 2019), who stated that athletes with low energy availability had a 2.4 times increased likelihood of psychological issues compared to those with adequate energy levels. 
Another study, which investigated the knowledge of super league netball coaches, found that all of the coaches were unfamiliar with condition RED-S (O’Donnell., et al 2023). A study by (Gummowitz., 2024) which investigated the knowledge of secondary school PE teachers, found that only 59.6% of teachers had a knowledge of RED-S. Additionally, it was found that secondary school teachers had no knowledge of the screening or referral practices required if RED-S is detected. A significant number of adolescent athletes have been found to restrict calorie intake for performance purposes, therefore meeting the criteria for clinical eating disorders (Martinsen., et al 2013). Most young athletes will begin their sporting journey in a school PE setting, making it critical for coaches/PE teachers to at least obtain a basis of knowledge surrounding eating disorders and RED-S to look after and maintain the health of their students and athletes. Having this understanding and support early on in their sports journey, should reduce the likelihood of complications like RED-S, as they move onto a more competitive club environment with a professional coach. As coaches and PE teachers are usually the first point of contact for athletes, if they can be taught the importance of protecting them from developing RED-S, then this can hopefully stem through into parents’ knowledge and understanding too. The awareness and expertise of the coach/PE teacher could contribute to the screening process, identification and eventually treatment of RED-S (Gumowitz., 2024). 
Current guidance suggests that treatment of RED-S should involve a multi-disciplinary team including mental and physical health professionals and nutritionists, to optimise the athlete’s health (Schultz., et al 2025). Research clearly suggests that there is a clear lack of knowledge currently held by coaches, but also PE teachers. However, it should be noted that most of these studies have been conducted outside the UK, and very minimal research conducted in Wales. Many studies have also been conducted on the ‘female athlete triad’ and not RED-S, therefore excluding males from the results. The studies also tend to focus primarily on elite sports coaches, and little research is conducted on grass root level coaches, where arguably, these coaches should be more knowledgeable as this is likely to be where athletes are trying various methods to improve their performance to reach elite level. Also, many research studies have focused on specific sports like distance running, and minimal studies have been carried out on coaches/PE teachers of different sports. Finally, most research has been conducted on coaches, not PE teachers, providing a clear gap in the research that needs to be addressed. Therefore, this research study aims to examine the current knowledge of RED-S and low energy availability held by PE teachers, and sports coaches in Wales. The research was carried out on recreational athletes’ coaches and PE teachers, in a multitude of different sports, to close these gaps. The research also aimed to address if coaches/PE teachers had existing knowledge of RED-S and low energy availability and where this knowledge had come from, to help form a better understanding of what is currently covered in their own training programmes. The concluding aim of the research is to create an educational resource to provide knowledge to coaches/PE teachers about RED-S and how to identify the condition in their athletes. Studies have shown that there has been some progress made in the development of educational interventions, however, these are not diverse enough and require more focus on different sports and underrepresented populations to prevent RED-S (Chantler., et al 2025). 














Methodology
Participants
For the study, there was a total of 25 participants, 12 coaches, and 13 PE teachers. Their sporting backgrounds varied from team sports to individual sports. The types of sports coached/taught by the participants included athletics, netball, football, swimming, cycling, gymnastics, basketball, rugby, dance, badminton, running, and tennis. Participants ranged from younger, newly qualified teachers to experienced coaches and older PE teachers and lecturers.  Participants for the study were acquired using a convenience sampling method. Convenience sampling is a sampling method that is readily available to the researcher, and participants can be easily contacted (Hall., 2020). Convenience sampling was used as due to the researcher’s location, access to coaches and PE teachers was readily available and therefore considered the most suitable option. An element of snowball sampling was also utilised, as participants also forwarded the questionnaire to coaches and PE teachers they knew, to get a greater field of responses. Snowball sampling is where subsequent participants are recruited through a referral process (Hall., 2020).  To be eligible for this study, participants had to be either a sports coach, or PE teacher and be able to answer questions in English. Also, participants had to agree to use only their prior knowledge to answer the questionnaire, the use of the internet and other resources was prohibited as this would hinder the study’s results. All participants gave consent to partake in the study as there was a declaration at the beginning of the questionnaire stating that by completing the questionnaire they were agreeing to be in the study. The study was approved by University of Wales Trinity Saint David and conformed to the standards set by them. All participants had the option to contact the researcher via email if they had any questions before commencing in the study. 
	Sport coached/taught 
	Teacher
	Coach 

	Athletics 
	4
	2

	PE
	6
	0

	Netball
	3
	1

	Swimming
	2
	0

	Cycling
	1
	0

	Gymnastics
	2
	1

	Basketball
	1
	1

	Rugby
	4
	3

	Dance
	1
	1

	Hockey
	1
	0

	Badminton
	1
	0

	Football
	2
	4

	Cricket
	1
	1

	Tennis
	2
	2

	Running
	0
	3


Please note, some teachers/ coaches answered yes to multiple sports.
Questionnaire
For the study, a questionnaire was used to test coaches/ PE teachers’ knowledge. This was chosen because questionnaires allow researchers to gather large quantities of data in a short amount of time and are useful in being able to compare and contrast different subgroups to spot trends. They are also easier to apply statistical analysis to (Bartram., 2019). The questionnaire was devised of 28 questions, and participants had to answer every question to be able to submit their response. On average, participants took 7 minutes and 26 seconds to complete the questionnaire. The questionnaire was divided into two sections, the first section was a mixture of quantitative and qualitative responses, and the second section was solely quantitative responses, with participants having to answer yes (true) or no (false) to the questions.  The questionnaire was sent to participants via email, and their email addresses were kept securely stored and anonymous from the study.  Questionnaires were sent out and participants had to respond within 2 weeks. The survey used was based around the questionnaire devised by (Pai., et al 2022), as it was found to have high content validity when health professionals assessed it. The questionnaire was adapted slightly to tailor it for PE teachers too. Also, responses to the questions were altered from the original, to better suit this studies’ purpose. The study encapsulated a mixed method approach, which recognises the importance of both qualitative and quantitative data, and therefore utilizes both to generate a broad and diverse range of data (Hall., 2020).  Qualitative data is beneficial as it allows descriptive and more unique data to be gathered (Almalki., 2016). Whereas, quantitative data is easier to measure, allows for easier statistical analysis, and reduces the likelihood of any bias interpretation of results. Both types of data have their flaws. For example, qualitative data can be quite time consuming to analyse, whereas quantitative data can be less effective in understanding more personalised, individual perspectives. Therefore, using a combination of both types, helped to counteract the weaknesses of each, and lead to a more well-rounded, detailed and measurable set of results (Munhurrun and Durbarry 2017).  Several open-ended questions were asked in the questionnaire as these provide more detailed, thoughtful responses and require the participants to foster critical thinking. 
Data analysis 
To analyse the data, SPSS software was utilized for the quantitative data. An independent T-test was performed to compare the knowledge scores between coaches and teachers. Descriptive statistics helped to analyse whether there was a correlation between coaches/PE teachers of specific sports, who answered ‘yes’ to knowledge of RED-S; Descriptive statistics were utilised to distinguish if there was a correlation between participants having an awareness of the main symptoms/health effects of RED-S, and whether this was linked to a specific sport. For the qualitative responses, these were analysed using thematic analysis (Braun and Clarke., 2017). Thematic analysis is a method for distinguishing, analysing, and interpreting different themes within sets of qualitative data (Braun and Clarke., 2017). This was particularly useful for this study as it helped to identify different themes in how coaches/ PE teachers incorporated RED-S knowledge into their teaching/coaching. 













Results 
[image: ]The findings of the study generally suggest there is a significant lack of knowledge in coaches and PE teachers on RED-S. 44% of participants answered, ‘No awareness of RED-S’, 24% of participants answered, ‘Not sure, some awareness’, whilst 16% answered, ‘yes’ to either ‘high’ or ‘moderate’ awareness of RED-S. When these results were analysed further and some of the specific sports types were investigated, 75% of athletic coaches and PE teachers, had a moderate to high awareness of RED-S. Whilst, 87.5% of PE teachers had no, or little knowledge of RED-S. For rugby coaches and teachers, 75% had no knowledge of the condition, and only 25% had some awareness.

For the question relating to ‘Low energy availability’ knowledge, 52% answered ‘No, no awareness’, 24% answered ‘Not sure, some awareness’, 16% answered ‘Yes, moderate awareness’, and only 8% answered ‘Yes high awareness’.

[image: ]







For the question relating to knowledge of ‘the female athlete triad’, 60% of participants answered ‘No, no awareness’, 20% of participants answered ‘Not sure, some awareness’, 12% of participants answered ‘Yes, some awareness’, and only 8% of participants answered ‘Yes, high awareness’. 
[image: ]
An independent samples t-test was conducted to compare overall knowledge scores between coaches and PE teachers. There was no significant difference in scores for PE teachers (M=11, SD=4.601,) and coaches (M=9.67, SD=4.418); t23=.738, p= .958. 
The highest possible knowledge score for the questionnaire was 19. The (Mean) score for coaches and PE teachers combined was 10.36. This equates to just over half of the questions answered correctly (54.53%).  The highest score was 17, and the lowest score was 1 showing a range of 16. 
96% of participants stated that they needed an educational resource to better their knowledge of RED-S.  16% of participants said they would prefer an app based educational resource, 32% would prefer a website, 28% would prefer an online course, and 24% would prefer a booklet/pamphlet.
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40% of participants answered correctly to it not being normal for female athletes to miss their periods. However, the remaining 60% were either unsure, or thought it was normal. Further to this, 60% of participants answered correctly to understanding that not consuming enough energy could result in the absence of periods. Whereas the remaining 40% were not sure or thought it didn’t have an effect. When asked if ‘fractures (very small cracks or breaks) occur more often in girls/women who miss their period than those who don’t’, 52% knew that it occurs more often in girls who miss their period, whilst 40% were not sure, and the remaining 8% thought it was more common in those who didn’t miss them. 32% of participants understood that absence of periods was related to developing weaker bones, whilst 60% were not sure and 8% thought it didn’t have any effect. 
88% of participants had a high awareness that insufficient energy intake increases the likelihood of infections such as cold and flu. A further 84% understood that inadequate energy intake, results in a lack of concentration, and 64% understood that it affects an individual’s coordination as well. 60% of participants understood that weight changes are related to chronic insufficient energy, and 54% understood that it can also affect body composition. 68% of participants were aware that increased injuries can stem from insufficient energy intake, however, it is still alarming that 32% of participants were not aware of this.











Discussion
Key findings and links to literature 
The study aimed to examine the current knowledge of sports coaches and PE teachers on the topic of RED-S. It also aimed to address whether coaches/PE teachers of specific sports knew more, or less about RED-S than the other. This discussion section will dissect the main findings from the study, compare them to previous literature, examine the strengths and weaknesses of the study, and outline the practical implications with guidance for future research in this field. The findings from this study will guide the development of an educational resource to be made available for coaches/PE teachers to utilise. 
The findings indicate that the majority of participants had a strong lack of knowledge of the definition ‘RED-S’, but also the ‘female athlete triad’, and ‘Low energy availability’. Although this generally could suggest a lack of knowledge of all the terms, it could also highlight that the coaches/PE teachers were not aware of the actual definition of these terms but did have some knowledge of the key characteristics of the condition. Further to this, participants may have answered, ‘yes’ to hearing about it, but their actual understanding of the condition is incorrect. However, by not understanding or being aware of the definitions, is a clear red flag as this can have a detrimental impact on the key health symptoms of RED-S going unnoticed and unaddressed under these coaches and teachers’ supervision. This therefore could result in them having reduced capacity to protect their athletes/student’s health, which can cause long term consequences like low bone density and chronic fatigue. These findings correlate with a previous study by (Gummowitz., 2024) which found that secondary school athletic trainers lacked knowledge of LEA, RED-S and the female athlete triad too. However, the study highlighted that there was a growing awareness amongst athletic trainers and therefore differs from this study. A further study which examined super league netball coaches’ knowledge, found that they had a significant lack of knowledge of the effects of RED-S (O’donnel., et al 2023). Most of the participants could vaguely link it to fuelling issues and energy imbalance but struggled to define the term. However, it should be noted that this study was conducted on elite netball coaches, and therefore their exposure to resources surrounding RED-S may be different to the participants in this study who were just coaches and PE teachers of recreational athletes/students.
Another of the major findings from this study was that there was no significant difference between the knowledge of coaches and PE teachers. It was hypothesized that coaches would have a greater awareness of RED-S, yet this finding was not found. This suggests that there are minimal differences between the level of education given to coaches and PE teachers during their different coach/teacher training programmes. This extends to current studies which have shown that coaches and PE teachers have a lack of knowledge of RED-S (O’Donnell., et al 2023). This finding could be explained by the relatively small sample size this study consisted of and therefore may not have been large enough to see a significant difference in the results.  This finding suggests that current coach/PE teacher training programmes are both similar and possibly both lack education surrounding these issues as the knowledge level in both group types was relatively low. This finding can also suggest that neither a coach nor PE teacher is more/less knowledgeable than the other. This is strengthened further by research that states both coaches and PE teachers significantly lack knowledge in these areas (Unke., 2024, Gummowtiz., 2024). One possible reason for this could be a lack of educational content surrounding RED-S and LEA, being included in coach/PE teacher’s training programmes. From the results, it was evident that some knowledge coaches/PE teachers had on RED-S, came from ‘personal interest and research’, ‘conversations with other athletes’, ‘TV/online’, ‘articles about an athlete online’, and ‘small bouts of personal research’. These findings indicate that there is a very weak/non-existent presence of RED-S within teacher and coach training. This gives some indication to the question posed by (Hamer., et al 2021) which questioned to what extent RED-S education is included in coach/teacher training.  There were a mix of responses with regards to the question, ‘How do these topics influence your coaching/teaching?’, 68% of participants’ general response was that they didn’t have any effect on their coaching/teaching. However, a general trend from the remaining responses suggests that some coaches/PE teachers try to promote the importance of proper nutrition and fuelling, keeping themselves accountable to how they talk about ‘weight’ and performance in front of their athletes and students, and reinforce to female athletes the importance of taking a period every month. The issue faced is to ensure that these responses become the majority, and the ‘no influence’ responses become the minority.
Furthermore, the results also indicate that there is a significant lack of knowledge that amenorrhea (absence of periods), is associated with reduced bone density. Also, 60% of participants either thought it was normal for female athletes to miss their periods or were not sure. This clearly indicating a strong knowledge gap. Yet, over half of participants understood that missing periods was a sign of under fuelling. This suggests that there could be a lack of knowledge about why periods are important, and how they are an indicator of a female’s health (Popat., et al 2008). This is a significant concern as low oestrogen from missed periods, plays a significant role in the reduction of bone density, and long-term osteoporosis (Mountjoy., et al 2014; Schulz., et al 2025).  Over half of the participants understood that missing periods resulted in a greater chance of cracks or breaks in bones. This is a positive sign, yet still nearly half of participants were not sure or thought it would happen more often in those who do not miss their period. This again highlighted a knowledge gap.  Adolescence years are a critical window for developing bone mass, so therefore amenorrhea during these years will have a significant detrimental effect on young girl’s long-term health. This therefore reinforces the need for education to be given to coaches surrounding this. This is a significant issue as athletes whose coaches have reduced knowledge of the importance of periods, hindered communication about these issues with their coaches (Höök., et al 2021). This again portrays the need of education for coaches/PE teachers.
Strengths and limitations of the study
One of the major limitations of the study was the sample of participants. A total of only 25 participants took part in the questionnaire, and if there were a greater field of responses, then this could have strengthened the research results further. Also, there was a chance that participants may have over, or under-estimated their knowledge, for example coaches/PE teachers may have felt they needed to appear ‘knowledgeable’ about their athlete’s health. Another limitation in terms of the questionnaire is that many questions asked for a ‘yes’, ‘no’, ‘not sure’ answer, not allowing participants to go into more depth with their answers to display knowledge. Most of the questions were quantitative responses and may not have captured knowledge that could have been gained from qualitative responses. Further to this ‘not sure’ could be interpreted in many ways such as ‘lack of knowledge’, ‘uncertainty’, ‘disagreement’ and misunderstanding. There is also the possibility that participants may have misunderstood and interpreted the terms ‘RED-S’, ‘Female athlete triad’ and ‘LEA’, in a different way to their actual definition, therefore reducing accuracy of the results. The way some of the questions were worded e.g. ‘Increased sprint performance is a result of chronic insufficient energy’, could lead participants towards a desired answer and be seen as desirability bias thus not indicating true knowledge and more guesswork. The high number of questions asked, offering only a Yes/No option, only tests their recognition and not their deeper understanding behind the questions.
Just because the findings indicated that there was a strong gap in knowledge regarding RED-S, this does not necessarily mean that the coaches/PE teachers are engaging in harmful behaviours such as, promoting ‘skinnier=faster’ or under fuelling which would increase the likelihood of developing RED-S. On the contrary, even the coachers/PE teachers who seemed knowledgeable on some of the key issues surrounding RED-S, did not necessarily indicate that they teach/coach in a manner to prevent this. Another weakness of the study was a lack of demographic information such as age/gender.  This could have helped to form a better understanding of the participants knowledge as it could have identified whether those who have been teaching for a longer period of time had a greater understanding than newly qualified teachers. It could therefore have determined whether newer coachers/PE teachers’ training included educational content about RED-S. 
One strength of the study is that it was conducted on coaches/PE teachers of amateur athletes so therefore differs from many other studies that have been carried out as these were performed primarily on coaches of elite/professional athletes. There have been minimal studies conducted on teachers too, and these arguably are more likely to have the knowledge as they have a broader applicability to the population. Also, it could be argued that recreational coaches/sports teachers have less support than elite athlete coaches and therefore their knowledge could be significantly different. Another strength of this research is that it can raise awareness of the important issue of RED-S and there is potential that the participants, whilst answering the questionnaire, realised they were actually unsure what the question was and recognised that as a coach, they had gaps in their knowledge and this therefore led them to do their own independent research. This may have beneficial impact as they may have brought the issue into the wider context and addressed the subject in their future teaching. Furthermore, the questions asked were comprehensive and covered a wide range of factors to assess general RED-S knowledge. This helped to deepen the researchers understanding of the knowledge held by coachers/PE teachers.  For example, they may have been aware of the symptoms but not the actual term.



Need for educational resource question 
There was an overwhelming demand, (96% of participants) for an educational resource to be made available to help them better understand and recognise RED-S. This significant result is very concerning and identifies that existing knowledge is extremely limited. Improvements to the training and education given to coaches and PE teachers in this area is crucial to ensure that they are better equipped to successfully identify and give the correct support and training to their athletes. The content included in existing training programmes is clearly not comprehensive enough and is lacking in certain areas.  These findings are strengthened in a report by (Chantler., et al 2025) where it was concluded that existing training programmes are not diverse enough and require more focus on different sports and underrepresented populations. The remaining 4% of participants state they do not feel the need for an educational resource, and this could highlight that although these are in the minority, their existing knowledge could be from personal research. There was little difference in the preferred method of receiving an educational resource, the majority stated a website, or online course would suit them better. The researcher decided to create a coaching resource that cbecause their expertise and knowledge are in education and lesson planning as opposed to an infographic or an app based educational approach. The formation of the educational resource was guided by knowledge gaps identified in the questionnaire and includes things such as importance of periods in female athletes, and also knowledge gaps identified from other research.
Future research 
Future research in this area could include more of a mixed methods approach, with a greater emphasis on qualitative responses and possibly interviews. This would allow for the opportunity to harness a deeper understanding of coaches/PE teachers’ behaviours and knowledge. A larger sample size of participants would allow for greater scope of understanding. Another dimension further studies could explore is an intervention-based study, whereby coach/PE teacher knowledge and behaviours are assessed after the implementation of a RED-S education programme, for example the one created as part of this research.  Exploring how gained knowledge from an educational resource translates into practice is a critical element for generating a useful way of educating PE and sports specialists on the topic. 

Educational resource This was created following an overwhelming demand for an educational resource obtained from the results of the study. Also, various studies have suggested that athletes would be more inclined to tell their teachers and coaches if they were exhibiting symptoms of RED-S if they felt they were knowledgeable and understood the condition (Schultz., et al 2024).
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[image: ]The definition of RED-S is a prominent focus of the resource as the study identified that participants had a significant knowledge gap about the condition ‘RED-S’ and even what it stood for.
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The female athlete triad was also a condition that many participants were not familiar with, so therefore this was included to create more awareness.
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Including sections that check knowledge and understanding will help to ensure that coaches and PE teachers are retaining the information they are being presented with and will increase engagement.
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Knowledge scores of RED-S in the questionnaire were found to be low in coaches and PE teachers so therefore this was thought to be an important element to add into the resource.








This section was added to the educational resource as many participants were unaware of the definition of low energy availability. Further to this, a study by (Pursey., et al 2022) found that teachers felt education surrounding eating disorders was critically needed to broaden their understanding, and the fact that RED-S can be classified as an eating disorder. too.
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Including sections that check knowledge and understanding will help to assess comprehension, increase engagement and encourage active participation.






This section was added to the educational resource as it is useful for coaches and PE teachers to understand which sports carry the most risk of developing RED-S, so they have a greater likelihood of recognising the signs in certain athletes. Also, many previous studies have been conducted predominantly on sports such as distance running and athletics, so it is important to highlight that RED-S can impact athletes in a multitude of sports, not just athletics.
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The questionnaire highlighted that coaches and PE teachers lacked sufficient knowledge about the importance of periods and their role in bone health. Further to this, a study by (Solli., et al 2020) found that athletes felt they couldn’t discuss menstrual cycles with their coaches as they lacked knowledge, and this finding was stronger for male coaches. Therefore, highlighting this critical area needed to be addressed.
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[image: ]This section was added because studies have shown that coaches need support on what to do if they think their athlete is suffering from RED-S (Langbein., et al 2022). Also, this is a significant step in the treatment and recovery for athletes, which is ultimately the aim of this resource. Early intervention and detection are critical in minimising the negative effects of RED-S on an athlete’s health. 








[image: ]Similarly, this was a key feature to include because it signposts coaches and PE teachers to the correct things they can do if they suspect their athletes or students have RED-S, allowing them to safely intervene and provide advice and support.









Prevention of RED-S was included as various studies state that coaches have had a significant impact on some athletes developing RED-S and eating disorders (Beckner and Record., 2016). Therefore, it is critical to emphasize to coaches and PE teachers the impact they can have on the condition, and how they can play a vital role in preventing it.
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Conclusion
The main aim of the research was to examine the current knowledge held by sports coaches and PE teachers about ‘RED-S’. The main findings of the research indicated a strong lack of knowledge held by both, but also many aspects linked to RED-S like low energy availability and the female athlete triad. Furthermore, it was found that participants had a relatively strong knowledge of the impact of under fuelling on the development of illnesses and injuries. Participants also displayed a good degree of knowledge surrounding menstrual cycle importance in females. Rugby coaches and teachers were found to have the lowest knowledge scores of all participants, but not by a considerable amount. There was also no significant difference between coaches and PE teachers’ level of knowledge, suggesting the education they have received is similar. Despite this, overall knowledge scores for the different aspects of RED-S, were relatively low amongst most participants, and most thought they needed more knowledge and guidance on the topic. Findings from this research are strengthened by other research conducted in the field, for example Hamer., et al’s (2022) study which stated a need for more education for coaches surrounding RED-S. This research clarifies knowledge levels from coaches and PE teachers of recreational sport, so therefore fills a gap in the research, as many previous studies have been on elite level coaches. As a result of this study, an educational resource was created, which can be delivered to coaches/PE teachers, to help improve their knowledge of RED-S, and foster positive outcomes, such as reducing levels of RED-S, and helping to improve the support students/athletes receive if they believe they are suffering from the condition. The study had a few limitations, such as a relatively small sample size, and as the research was only conducted in Wales, it lacks generalisability to the rest of the United Kingdom and world. Directions for future research could investigate the effectiveness of the educational resource in the prevention and detection of RED-S amongst athletes and students.
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4. Have you ever heard of Relative Energy Deficiency in Sports (RED-S)?
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3. Have you ever heard of Low Energy Availability (LEA) ?
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5. Have you ever heard of the Female Athlete Triad (Triad)?
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28. If a resource was available, would you prefer?
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PE Teacher and Sports Coach’s educational resource for RED-S
RED-S- What is it? How to spot, How
to treat, and how to prevent RED-S in
your athletes and students.
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RED-S stands for ‘relative
energy deficiency in sport’.
Relative Energy Deficiency in
Sport (RED-S?IS a condition,
which commonly effects athletes. It
is where energy imbalance leads
to imFairec[ physiological function
of multiple’organ systems.
Researchers attribute the
physiological and medical

complications of RED-S to low
engrl?y availability, which
essentially means the energy left

in the body after exercise and
bodily functions have taken place
(Dave and Fisher., 2022).
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Red-s background

Regrettably, whilst the notion of ‘RED-S’ has been around for nearly a decade, there is still a
strong lack of knowledge held by athletes, coaches and PE teachers of the condition
(Tenforde., 2020).

What we now know as ‘RED-S’, was previously called the ‘female athlete triad’, as it was
predominantly recognised in females. (Jeukendrup., et al 2024).

The term “female athlete triad” was developed years ago to describe three interrelated
components: disordered eating, menstrual dysfunction, and low bone mass in females.
However, it became clear that there was a need to broaden the term, as the disorder is not
an issue of only three interrelated problems but of a whole spectrum of things that result
from low energy, that can affect any exerciser or sportsperson, no matter the gender
(Dipla., et al 2020).
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Task (5 minutes)

Split into 3 teams- Fach team
must present to the rest of the
group
+ Group 1 must define ‘RED-S’
+ Group 2 must define low

energy availability
« Group 3 must define ‘female
athlete triad’
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SYMPTOMS
OF RED-S
(Relative

energy
deficiency in
sport)
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WHAT CAUSES RED-S

Low energy availability (LEA), is the driving cause of RED-S, and is also one
of the main causes of injury (Heikura., et al 2018).

High training loads, with minimal rest, or insufficient calories is also a main
contributor to the condition developing.

RED-S can occur either intentionally or unintentionally. Whilst some athletes
will unknowingly be underfueling, others will be doing this deliberately to
lose weight with the belief that it will improve their performance. This would
then be classified as disordered eating (Melin., et al 2015).
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TASK (5 minutes)

With the person sat next
to you, write down 5 of
the main symptoms of

RED-S, and the main
cause of RED-S.





image13.png
WHAT ATHLETES ARE MOST AT RISK OF RED-S?

RED-S has been found to most commonly effect athletes involved in sports where leanness
and/or low weight are important because of their role in performance, appearance or
requirement to meet a competition weight category (Sundgot-Borgen., et al 2013).

Figure skating
include.. ¢ =

Endurance cycling Distance running
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RED-S and menstrual cycles

* One of the most common symptoms of RED-S in
female athletes is the loss of a regular menstrual
cycle.

* Females who miss their periods are at a 4.5times greater likelihood
of injury than females who take a regular cycle (Heikura., et al
2018).

MENSTRUAL CYCLE

Qestrogen levels are regulated by regular menstrual cycles. Oestrogen plays a vital role
in absorbing calcium from food, so therefore amenorrhea (loss of periods), leads to a
decline in oestrogen levels. Low levels of oestrogen are one of the most common

causes bone stress injuries (Pai., et al 2022).
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What to do if you think your athlete/
student is suffering from RED-S

Monitor symptoms —
For example,
continuing drops in
performance, low
energy, poor workouts/
sessions can be a sign
of fatigue and
underfueling. Also,
frequent bouts of
injury and illness are
common symptoms too!

Educate athlete/
student on
importance of
nutrition and
refuelling after pe

lessons and training.

reduce exercise load
if you feel it is

necessary for that

individual.

Seek help from
medical
professionals. For
examble specific
sports doctors, GP’s,
nutritionists and
eating disorder
specialist
psychologists.
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TREATMENT FOR RED-S

Current guidance suggests that treatment for RED-S should involve a multi-
disciplinary team including mental and physical health professionals and
nutritionists, to optimise the athlete’s health (Schultz., et al 2025).

Restoring Energy
Balance, Typically
Involves Eating More
and Training Less.

Increased Calcium
And Vitamin D Intake
For Bone Health.





image17.png
HOW YOU CAN PREVENT RED-S

- As coaches/ teachers you have the power to prevent
RED-S in your athletes and students, however, you can
also be a contributor to the development of it too!

- Watch how you talk about weight, and its impact on

performance, as small conversations that you might feel

aren’t harmful, can be seriously harmful and detrimental
to an athletes health and body image.

- Encourage adequate fuelling and the importance of
fuelling for muscle recovery after workouts and exercise.

- Promote the importance of menstrual reglilarity in female
athletes/ students.
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Lets help create healthy, sustainable
performances for our athletes, together!
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A study to find out the current knowledge of coaches/ physical education teachers of RED-S.

Background information of the study
- Current research suggests that coach knowledge of RED-S is very limited/non-existent.

- However, most of this research is primarily on coaches of endurance sports, and there is limited research on Physical Education teachers, or different types of
sport.

- The research aims to identify what knowledge coaches/ teachers of 2 variety of sports currently have on RED-S

- Depending on the results, there is potential to create an educational resource for coachesteachers to extend/ give knowledge of RED-S and how to prevent it
in athletes/students.

Why do the study?
Current data suggests that there s an increase of athletes developing RED-S, and as a result are experiencing the negative effects from this. This study aims to
find out Coach and Physical education teacher knowledge of RED-5, and develop an educationl resource to better inform them of the condition and how to pre-
ventit.

Confidentiality and withdrawal
- All responses taken from this questionnaire will be anonymous, and results will be protected by a digital password, and authentication processes.

fyou have any further questions please feel free to contact me:
Lead Researcher - Lucy Richards.
Email- 2318074@studentuwtsdacuk

By submitting answers to this questionnaire. you are agreeing to the following:
“Ihave been fully informed of the research aims, and have had chance to discuss any questions with the lead researcher.
- 1 understand that | ill not benefit financially, or otherwise, from taking part in this research.

“lwill not be identified, and all responses will remain confidential

Please only use your existing knowledge to answer this questionnaire. Please refrain from using any additional resources (e.g. Google), as this will
inder the studies results. Thankyou!
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1. Are you a coach or a teacher in sports?

Coach

Teacher

2. Please specify which sport (or sports) you coachy teach? *

Athletics

3. Have you ever heard of Low Energy Availability (LEA) ? *
Ves- High awareness
Yes- Moderate awareness
Not sure- Some awareness

No- No awareness

Other

4. Have you ever heard of Relative Energy Deficiency in Sports (RED-S)? *
Ves- High awareness
Yes- Moderate awareness
Not sure- Some awareness

No- No awareness




image22.png
10. Do you think fractures (very small cracks or breaks) occur more often in girls/women who miss their period for 3 or more months than in
girls/women who have regular periods? *

More often in girls/women who miss their period

More often

;/women who do not miss their period

Not sure

1. Do you think irregular or the absence of periods is associated with developing weaker bones? *

Yes

No

Not sure
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5. Have you ever heard of the Female Athlete Triad (Triad)? *
Ves- High awareness
Yes- Moderate awareness
Not sure- Some awareness

No- No awareness

6. If you answered (VES), to any of the above questions, please state where you have this knowledge from?

No answer provided.

7. Please share your thoughts on how these topics influence your coaching or teaching *

Knowing more about it would help me teach my students

8. Do you think it is normal for female athletes/active individuals to miss their periods? *

Yes
No

Not sure

9. Do you think that not consuming enough energy could result in the absence of periods? *

Yes
No

Not sure
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15. Inadequate energy intake affects coordination? *

Yes
No

Not sure

16. “Improved endurance performance" is a result from chronic insufficient energy. *
Yes
No

Not sure .

17. “Decreased (short term) performance” is a result from chronic insufficient energy. *

Yes
No

Not sure

18. Increased sprint performance” is a result from chronic insufficient energy. *

Yes
No

Not sure




image25.png
Agree or disagree

In the following questions. Please state if you agre (yes) or disagree (no) with the statements

2. : “Intensive training with inadequate rest’ can increase an athlete’s risk of infections such as cold and flu? *

Yes
No
Not sure

13. "Insufficient energy intake’ can increase an athlete’s risk of infections such as cold and flu?

No

Not sure

14. Inadequate energy intake affects concentration? *

Yes
No

Not sure
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23. Decreased muscle strength s a result from chronic insufficient energy *

Yes
No

Not sure

24. Increased muscle strength” is a result from chronic insufficient energy *
Yes
No

Not sure

25. Decreased muscle mass” is a result from chronic insufficient energy *

Yes
No

Not sure

26. Increased injuries" is a result from chronic insufficient energy. *

Yes
No

Not sure
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19. Decreased sprint performance” is a result from chronic insufficient energy. *

Yes
No

Not sure

20. “Weight changes" is a result from chronic insufficient energy. *

Yes
No

Not sure

21. Body composition changes is a result from chronic insufficient energy *

Yes
No

Not sure

22. Increased bone mass” s a result from chronic insufficient energy. *

Yes
No

Not sure
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27. Do you think you would benefit from a coach/teacher resource to better understand RED-S and how to help your athlete/student if they
are suffering from it? *

Yes

No

28. If a resource was available, would you prefer? *
App
‘Website
Face to face/ online course

Booklet/ Pamphlet

Thank you!

‘Thank you so much for filing in my questionnaire.
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3. Have you ever heard of Low Energy Availability (LEA) ? More detais
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7. Please share your thoughts on how these topics influence your coaching o teaching

More getais
Latest Responses
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5. Have you ever heard of the Female Athlete Triad (Triad)? More details
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9. Do you think that not consuming enough energy could result in the absence of periods? More detais
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11. Do you think irregular or the absence of periods is associated with developing weaker bones? More detais
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15. Inadequate energy intake affects coordination? More detais
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13. ‘Insufficient energy intake" can increase an athlete's risk of infections such as cold and flu? More detais
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17.“Decreased (short term) performance" is a result from chronic insufficient energy. More detais
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16. Decreased sprint performance” is a result from chronic insufficient energy. More detais
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23, Decreased muscle strength is a result from chronic insufficient energy
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21. Body composition changes is a result from chronic insufficient energy More detais
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25. Decreased muscle mass* is a result from chronic insufficient energy
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27. Do you think you would benefit from a coach/teacher resource to better understand RED-S and how to help your athlete/stude
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