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Abstract 
 

Implementation of a Routine Screening of Relative Energy Deficiency Syndrome in Female 

Athletes 

​

By  Maura Jordan Dianno 

 

​ Relative Energy Deficiency Syndrome (RED-s) can be explained as the short- and 

long-term health consequences of being in a continuous state of low energy availability (LEA).1 

Consequences include key bodily functions slowing down such as the reproductive system, bone 

health, immunity, metabolism, cardiovascular health, and psychological health. Despite notable 

symptoms, defined diagnosis criteria, and treatment guidelines, RED-s persists in female athlete 

populations, especially aesthetic and endurance sports. Additionally, athletes often seek care 

from multiple medical professionals such as gynecologists, sports medicine doctors, 

cardiologists, and gastroenterologists before RED-s is discussed.2 Once RED-s is diagnosed 

however, athletes are often pulled from their sport and undergo expensive and extensive medical 

testing.  

This paper tested the effectiveness of the implementation of a routine clinical screening 

athletes completed during key checkpoints of their season to monitor warning signs and habits 

that contribute to LEA. This would allow for earlier intervention leading to less severe 

consequences and less time away from the sport. Findings suggest that a screening is well 

accepted by a college track and field team and reflects expected trends and correlations. 

However, this paper also highlights the culture of college athletics, specifically track and field, 

and how different norms, assumptions, judgements, and knowledge gaps in women’s sports 

contribute to the development of RED-s and the effectiveness of a clinical screening in reduction 

of cases.   
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Introduction 
 
​ This study aimed to test the effectiveness of the implementation of a routine, preventative 

screening in detecting warning signs and habits in female collegiate athletes that could 

potentially lead to the development of Relative Energy Deficiency syndrome (RED-s). 

Effectiveness of the screening was measured by feasibility, results, and impact on culture through 

both screening data and interviews with team members. The team consists of 56 members, 

including sprinters, middle- and long-distance runners, jumpers, and throwers. A total of 38 

athletes filled out the first screening, 28 on the second screening, and 15 team members were 

interviewed over the course of a season. The primary goal of this study was to implement a 

routine clinical screening to all the athletes on the track and field team and compare the data to 

existing RED-s screenings and research in order to see if a baseline screening could identify 

common symptoms. Additionally, to see if the screening was sensitive enough to detect any 

warning signs or concerning habits on the track and field team that could lead to RED-s. In order 

to create an effective screening, this study aims to understand what knowledge and education the 

athletes, coaching staff, and medical staff have on RED-s. The last goal is to identify where gaps 

in care or knowledge fall short.   

The two research questions this study explores are: 

1.​ Could a simple, self-administered screening at key parts of the athlete’s season detect 

warning signs, symptoms, or habits that could develop into RED-s? 

2.​ What cultural and social factors allow RED-s to persist in an athletic community despite  

the causes, symptoms, and treatments being well known? 
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The focus of this study was the implementation of the new screening. Although RED-s 

already has developed screenings, previous developed screenings propose two major challenges: 

I.​ Lack of accessibility, time constraints and simple measurable outcomes 

Current screenings often must be hand scored and completion time ranges from 10 to 30 

minutes. Some also require extensive laboratory testing and specialized doctors, which severely 

impact accessibility. This also places a burden on medical staff. Additionally, open ended 

responses allow for subjective outcomes and complicated scoring methods. To address this issue, 

a new screening would need to be easily accessible to all athletes. Questions also must be 

tailored in a way that minimizes subjectivity and conclusions. For example, other screenings 

offer scoring algorithms where higher numbers are ‘bad’, leading athletes to not truthfully 

answer questions. The proposed screening was designed with an algorithm that emphases the 

change in an individual's scoring over different parts of a season, not the score itself.   

II.​ Timing of screening 

The existing screenings are given once symptoms are noticed. However, early symptoms 

often mimic other medical issues. An athlete also might seek help from many different specialists 

who do not connect all the symptoms. Many times, the screenings have been performed too late, 

when medications and athletic activity have already been altered. Furthermore, athletes often fill 

out many screenings in a year such as a concussion testing, balance testing, illness symptoms, 

sleep surveys, and more. Adding this screening before symptom development could catch early 

onset or even habits that may lead to low energy availability.  

RED-s has clear diagnostic criteria and treatment guidelines developed by the 

International Olympic Committee, however, 80% of female elite runners still exhibit one or more 



3 

symptoms of RED-s.12 A new screening does not have to mean immediate treatment, but it is a 

tool for athletes and athletic staff to be aware of the full health picture for each athlete. 

Qualitative research is also necessary to determine the feasibility of implementing a new 

screening. RED-s often gets associated with disordered eating and being withheld from 

participation in one’s sport, so the screening must be trusted by the athletes so they fill it out 

truthfully. By adding qualitative research to discover knowledge gaps and cultural attitudes, the 

screening will be better adapted to the athletes and the training staff. 
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Literature and Context 

The definition of RED-s including the driving factors, symptoms, and causes are essential 

to understanding the gaps in recognition, diagnosis, and treatment. Boston Children’s Hospital’s 

world renown sports medicine program defines Relative Energy Deficiency in sport as poor 

health and declining athletic performance due to an athlete’s diet not meeting the demands of 

their training and daily lives.1 Athletes are at risk if they are continually in a state of low energy 

availability, and without a corrective diet, this could lead to severe long term health 

consequences. 1 The International Olympic Committee defines RED-s 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.’4 Essentially, this means an athlete is exerting more energy or calories than they are 

consuming per day for an extended period of time. Some of these consequences include major 

bodily functions being impaired or slowed down such as the reproductive system, bone health, 

immunity, metabolism, cardiovascular health, and psychological health.1   

There are many known symptoms of RED-s including fatigue, rapid weight loss, missed 

periods, frequent illness, irritability, depression, hair loss, in addition to consequences to athletic 

performance.1 In addition to an entire medical history, in the diagnosis stage, Boston Children’s 

emphasizes an athlete's diet and attitude towards food.1 During treatment, there is emphasis on 

working with a dietitian and psychologist to help address underlying nutrition and food habits.1 

With an emphasis on the correct nutrition habits, low energy availability can be corrected, 

lowering an athlete’s risk of RED-s.1 However, despite concrete research around RED-s being 

tied to low energy availability, there are still substantial cases seen in female and male athletes. 



5 

Many hospitals, sports programs, and researchers are seeking to discover where the gaps 

are in understanding, knowledge, and treatment. Researchers at Boston Children’s propose the 

idea that sports that ‘tie athletic success to a thin body can increase an athlete’s risk of RED-s.’1 

In endurance and aesthetic sports such as track and field, there is evidence of team culture 

contributing significantly to RED-s including winning at all costs or achieving ideal physique.1 

Therefore, a more comprehensive dive into the motivation and factors including intrinsic and 

extrinsic factors are necessary to see gaps in knowledge, diagnosis, and treatment.  

 An article published in the Scandinavian Journal of Medicine and Science in Sports 

states that the true driving factors of RED-s in extreme fitness sports and sports aesthetics is not 

a widely studied topic, but it’s well understood that the culture and type of the sport play a large 

role in development of low energy availability. This study published by the Scandinavian Journal 

of Medicine & Science in Sports followed twenty five female fitness athletes and twenty five 

female references and completed assessments at a baseline, two weeks (pre-competition), and 

one month (post-competition). The study notes that 35% of the female fitness athletes and 12% 

of female references reported a history of eating disorders.  

​ The study argues that the role of fitness physique sports and the pressure of the ideal 

body type has a large impact on the development of RED-s.4 Many sports that are characterized 

as high risk for low energy availability (gymnastics, bodybuilding, running, dance) focus on the 

‘athletic toned female body ideal’.4  Furthermore, diets advertised to athletes are high-protein, 

low sugar, and fiber, combined with tracking of total energy and macronutrient intake allow for a 

slow rate of body weight loss during the seasoning which contribute to risk. Additionally, female 

athletes are often understudied when it comes to physical and mental health variables.  
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Many of the warning signs, predispositions, and risk criteria were acknowledged before 

the athletes went into competition season. The progression of RED-s symptoms was first 

observed in every female fitness athlete with the prevalence of amenorrhea increasing from 8% 

to 24% before the competition season started.4  Some female fitness athletes' symptoms persisted 

after one month-post competition mark. The study shows the importance of surveillance on 

individuals at risk before competition season, and after competition. Surveillance, despite being 

informative, is often rare for these at-risk athletes.  

A plausible explanation for why there is a lack of surveillance and early diagnosis of 

RED-s is that the developed criteria for screenings are complicated and lengthy. These 

screenings are also largely developed to be conducted after the presentation of RED-s or 

suspected cases. Under the investigation of RED-s, the International Olympic Committee (IOC) 

has developed a clinical assessment tool for use by medical professionals in diagnosing athletes 

with low energy availability and RED-s. The IOC RED-s CAT2 is most commonly conducted by 

sports medicine professionals when problematic low energy availability or RED-s is suspected. 

An identified issue with this assessment is the emphasis on suspected, which often comes when 

an athlete has persistent symptoms despite targeted treatment of the same symptoms.5  

The IOC’s original three step screening begins with a population-specific questionnaire. 

Typically, the questionnaire is only presented when an athlete presents with multiple symptoms 

including disordered eating, weight loss, suppressed endocrine function, etc. Additionally, it is 

often presented when multiple severe idiopathic clinical symptoms are present despite the 

questionnaire being inexpensive and easy to conduct. However, there are several shortcomings of 

the questionnaire itself, and why it would not be feasible to administer to all athletes..  
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The levels of the screening often require laboratory testing that is inaccessible to some. 

Additionally, the screening takes time and thorough examination from a medical professional. 

The threshold of administering the questionnaire is also highly critiqued due to the effects of low 

energy availability existing on a continuum, some being more severe and present than others, 

making it a judgement call by medical professionals. The original model assesses the level of 

risk of an athlete based on their questionnaire responses and medical history. Based on step one, 

step two involves more comprehensive testing including laboratory work. This model laid the 

groundwork for other newer assessments to hopefully correct the shortcomings of this model. 

​ The structure of the new CAT2 Clinical assessment tool is divided by two parts. The first 

part is the health conceptual model which outlines the potential health consequences of RED-s. 

Examples of these consequences include impaired bone health, reproductive function, growth 

and development, and cardiovascular function, as well as mental health issues, sleep disturbances 

and impaired neurocognitive function. This assessment criteria was fundamental in developing a 

self-reported questionnaire. The second part of the CAT2 assessment includes the RED-s 

Performance Conceptual Model. This model includes physical indicators or RED-s in sport such 

as decreased power performance, decreased training response, decreased endurance performance, 

and decreased muscle strength. The second part of the assessment also includes mental health 

aspects such as decreased motivation and cognitive performance. These are all indicators that are 

considered during step one of the original RED-s Screening but highlighted in the CAT2. 

Limitations to this model include subjectivity in answers, and unmeasurable symptoms. 

​ This article includes multiple objective signs such as weight, blood work, blood pressure, 

and heart rate, but also highlights many subjective considerations such as competition level, 

sport, motivation, endurance, etcetera. The objective and subjective aspects of diagnosis play a 
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large role in treatment. Treatment includes a range of approaches such as monitoring, follow-ups, 

modified training and/or competition, removal from training and competition, and in the most 

severe cases, hospitalization. The IOC’s CAT2 provides a comprehensive guide to diagnosing 

and treating RED-s, or the early signs, low energy availability. The first step of the diagnosis 

involves minimally invasive evaluation of risk and is relatively low cost and accessible. 

However, it is a time-consuming test and usually only offered to suspected cases.  

A study done by Nicolas Iragorri and Eldon Spackman on the value of these screening 

tools expresses how important screening tools are in preventive medicine. Additionally, it 

highlights the cost-effectiveness of these preventative strategies before moving to higher cost 

diagnostic testing.2 As RED-s progresses, expensive diagnostic treatment such as Bone Density 

Scans, Electrocardiograms, Magnetic Resonance Imaging (MRIs), and extensive blood panels 

are often needed to diagnose and gauge the severity of RED-s. The goal of a new screening 

would be preventative, which is both cost effective and more beneficial to the athlete and their 

season.  

​ One of the main problems identified in the study was the challenge of modeling disease 

progression. It defines pre-symptomatic diseases as the point in progression when the disease is 

developing but no symptoms are apparent.2 This would be the gold standard for a RED-s 

screening, but due to the nonspecific symptoms of RED-s, the goal needs to shift to finding the 

distinct jump in progression of the disease by a numerical score. The time the survey hopes to hit 

is the sojourn time, or the interval before clinical symptoms appear and after when disease onset 

is identifiable by screening tools.4  Using guidelines from the International Olympic Committee 

(IOC)4, it would mean catching the progression as there is a move from ‘green’ or little risk to 

‘yellow’ or mild risk.  
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​ Another problem noted in the article is non-compliance and that screening is effective 

only if the participants and providers are actively engaged and up to date on knowledge.5  

Common discourse on RED-s diagnosis is that the screening criteria is often very long, and 

diagnosis is a very long journey. The most notable screening criteria, the LEAF-Q, was 

developed by Anna Melin from the Department of Nutrition, Exercise and Sports Life Science at 

the University of Copenhagen. The LEAF-Q involves many parts with a complex scoring 

process which has been very beneficial in assessing risk and severity in patients with already 

suspected RED-s. This screening, while effective, does not contribute to the goal of catching 

athletes in the sojourn period. Considering these two major issues, the proposed screening in this 

study needs to be quick and easy for an athlete to fill out. Additionally, having a simple scoring 

process, simple questions, and a comparison approach where the athlete is only compared to their 

prior answers removes the bias of RED-s being an eating disorder and something that will end a 

season. It is a way to track and risk stratify to prevent long term effects. 

Limitations 

​ A major limitation of screening mechanisms is the bias and social factors surrounding 

RED-s. A new screening must consider how to address bias and the role of social factors in 

RED-s treatment, which has been a large deterrent to early diagnosis.6 In a study by Lauren 

Masden, 105 female athletes were surveyed using the LEAF-Q in addition to sources of nutrition 

information scale (SONI scale), the group environment questionnaire (GEQ), and the revised 

exercise group social provisions scale (EXSPS questionnaire). This study had a goal of 

addressing athletes’ knowledge of nutrition, exercise, and the effect of group culture on the 

athletes. Results showed 62.8% of participants were at risk for low energy availability and 

among these participants there was a significant correlation between the individuals comfort 
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discussing nutrition with coaches or teammates.6 However, in this study,  group cohesion, social 

support, and where athletes nutrition information comes from does not definitively predict or 

correlate to RED-s incidence.6 The study concludes that while group cohesiveness and social 

support likely influences development of RED-s, it is not always the case.6 Therefore, focusing 

on core, simple questions can give an accurate risk stratification for collegiate female athletes. 

This study does limit the role social behavior can predict RED-s, but also shows an example on 

how to incorporate both into a screening.   

Even if a screening criteria exists, there is still a complication with treating and 

diagnosing RED-s. There are significant economic, social, and cultural barriers to diagnosing 

and accepting the diagnosis and treatment. Diagnosing too soon may lead to athletes thinking 

they were falsely diagnosed. Margo Mountjoy references an analogy of a red card in a soccer 

match, once a player obtains a red card, they are pulled from the game and do not return to play 

for a period of time. This journal discusses the steps to protecting athletes in a clinical setting 

from the ‘RED-s’ card. Most importantly, it brings awareness to non-invasive strategies to 

educate clinical staff and athletes on long energy availability and ways to mitigate their risk. 

Mountjoy believes that athletes often balance on a fine line between maintaining their health but 

while maximizing their sports performance. These doctors also caution that developing RED-s 

can lead to reversible and irreversible health consequences to the athlete, so it is crucial to not 

‘scare’ athletes out of truthful answers.7 

Another limiting factor is that RED-s has very ambiguous symptoms, but the 

consequences of RED-s affect many different health systems, but is not well known by 

specialists. For example, if an athlete has been without a menstrual cycle for extended periods of 

time, a Gynecologist may prescribe estrogen heavy birth control to emulate a menstrual cycle, 
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not addressing the root cause. Consideration should be made for diagnostic criteria before 

notable hormone alterations are discovered in athletes with RED-s. Many hormone changes can 

be reversed and improved with subtle training choices, nutrient and calorie intake, as well as 

addressing the root causes of low EA (energy availability) before an athlete is pulled from 

competition or even training.  

To examine these root causes, researchers developed RED-s from the female athlete triad 

when it was noted that low energy availability could lead to impaired menstrual function and 

bone health. RED-s expands on the female athlete triad including 10 physiological and 10 

performance-related effects of low EA.8 The most detrimental effects of low energy availability 

including metabolic, endocrine, menstrual function, and bone health consequences, and 

unfortunately are not uncommon in elite female athletes.8  More than 50% of female athletes deal 

with FHA or irregular menstruation.8 The study concludes that once there is a presence of 

hormonal effects; it’s likely the athlete already self-reported other warnings of RED-s.8  However, 

in these cases, low energy availability was not considered.8 The study recommends a more 

descriptive clinical explanation of RED-s instead of “low EA” which is a vague diagnosis often 

overlooked. Identifying how low energy availability affects endocrine pathways can better 

inform research, surveillance, and treatment of RED-s.8 

​ A major take away from this study is ‘How will it change what we do?’ It argues that 

‘knowledge translation to stimulate desired changes in behavior is an important outcome of 

consensus statements’.7 This knowledge needs to come from the athlete's ecosystem and 

everyone involved in their care including eating and training loads, performance goals, and an 

overall cultural shift towards a more sustainable physique.7  It argues that a multifaceted 

approach with trainers, coaches, the athlete, and physicians can help mitigate risk of RED-s and 
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stop early signs in their tracks. Knowledge, screening and awareness will go a long way to 

improve short-term and long-term health of an athlete as well as better performance and mental 

state.  

​ RED-s must be treated with a multifaceted approach including a physician, a dietician, 

and a psychologist in order to address all aspects of nutrition, body image, and medical 

consequences.7 The danger of the multifaceted approach is LEA being conflated with an eating 

disorder, despite it falling on the disordered eating spectrum.7 Although there are similarities, 

RED-s is not classified in the DSM-5 diagnostic tool as an eating disorder.7 These similarities 

however prevent athletes from seeking treatment, even though disordered eating is suspected in 

12-20% of elite female athletes.7 This is another barrier to diagnostics and treatments that can 

only be addressed through cultural team changes. 

​ Many of the symptoms overlap between RED-s and eating disorders due to the symptoms 

coming from the body not receiving enough calories to support all bodily functions.9 It is an 

important distinction to make that not all people who have RED-s have eating disorders, and not 

everyone with an eating disorder develops RED-s.9 But it is essential to consider that both 

diseases have symptoms that are either driven by or defined by low energy availability, which 

causes them to often be linked in public perception. This link would be a limitation to athletes 

answering screening questionnaires honestly in fear of action from training staff and coaches. 

Diagnosis of an eating disorder can lead to being held back from activity and treatment. Many 

athletes feel as if they do not fit into the category of traditional disordered eating behaviors, 

therefore are cautious about being honest about eating and nutrition habits.   

​ Another major limitation of this study is compliance. The benefit to the participants may 

not be seen directly, but the collective benefit would be improved awareness and treatment of 
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RED-s for all female athletes. There could be an issue with noncompliance due to the fear of 

completing a screening and potentially getting pulled from participation or “accused” of 

disordered eating. These fears could potentially encourage people to not complete the screening 

or complete the screening with caution.  

The final limitation of this study is time constraints. Ideally, this data would be conducted 

over various points of the season, even after the conclusion of the season. Due to the IRB 

approval process and research timeline, only two screenings were performed, three months apart. 

Ideally, there would be repeated studies to decide the best balance between not overloading the 

athlete, but being able to catch habits or symptoms early enough. An ideal schedule as per the 

Emory University Track and Field Program is pictured below: 

Preseason: Midseason: Postseason:  As needed basis: 

To be completed in 
August with physical 

To be completed 
around the winter 
break point, 
approximately 4 
months of training 

To be completed at 
the conclusion of the 
semester (April), 
approximately 4 
months after 
midseason 

Whenever an athlete 
has a new injury or 
medical concern 
consistent with 
RED-s symptoms, 
compare to most 
recent screening 

Ideal Screening Timeline for Emory Track and Field 
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Methods 

​  In order to gauge if a screening would be successful among collegiate female athletes,  

an ethnography of the Emory University Women’s Track and Field team was conducted over the 

course of a season. The goal of this ethnography was to understand the social, cultural and 

medical factors affecting the development of RED-s. Track and field athletes were chosen due to 

a focus on the correlation between endurance athletes, body image, and low energy availability. 

Additionally, the length of the season allowed for more data collection points. The ethnography 

consisted of two main components: interviews and a clinical screening survey.  

Ethnography was utilized to gain a broader understanding of the culture surrounding 

RED-s,  but the major objective of the study was testing the implementation of routine screening 

among these athletes. The success of this objective is measured by its ability to detect changes 

within a core set of risk factors, acceptability by athletes, and ease of completion. The screening, 

like many of its predecessors, were numbered, scorable questions with a few short answers. The 

difference is the comparison design. This survey will be filled out at different points of the 

season, in order to compare scores, being more efficient at screening risk factors and changes in 

behavior or health. This was designed so athletes could fill out the survey more honestly, and so 

that a streamlined screening can hold up to the sensitivity of prior screenings.   

The first screening was sent out on Wednesday, September 18th to all members of the 

team. The second screening was sent out on Monday, January 6th. Ideally, there would be one 

more screening in April, but due to the time constraints of the thesis, all data was collected from 

these two screenings.  

The screening itself is divided into different sections of the most commonly identified 

RED-s warning signs: Injuries, Gastrointestinal Symptoms, Menstrual Cycle, and Sleep. From 



15 

the other screenings, these are the easiest symptoms to self-assess. The goal was for student 

athletes to fill these out without having to track any habits or get any lab work done.  

Although the main objective of the study revolves around the screening tool, RED-s is as 

much a product of the social environment as much as it is a physical disorder. In order for a 

screening to be successful, this study investigated the environment surrounding where the 

screening criteria would be implemented to adjust the tool to the social climate. This included 

conducting interviews of the target study group. A variety of interlocutors were chosen from the 

target group and a semi-structured interview was performed. There were four guiding questions 

throughout the interviews to gain a better understanding of the athlete’s perception of injuries, 

nutrition, and rest. 

1.​ If you have been injured, describe the response from your coaches, trainers, doctors, and 

peers at the time of injury? One week later? Three weeks after? 

2.​ Do you feel you were adequately educated about nutrition and rest by your coaches, 

trainers, doctors, and peers?  

3.​ How important is diet and nutrition to you 

4.​ Do you ever feel like injury was inevitable?  

​ In order to address non-compliance as well as assess feasibility, interviews also focused 

on participant’s attitudes about the screening itself.  

1.​ What would your reaction be to a screening if your athletic trainer had you fill it out once 

a month? Once every three months? Would you continue to answer honestly? 

2.​ When you were filling out the survey did you ever worry about retaliation like being 

pulled out of your sport? 

3.​ Were any questions particularly hard to answer or recall?  
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A crucial component of the findings was a diet analysis. This was conducted by asking 

multiple athletes in different event groups to track their diet for three days. Additionally, multiple 

event coaches were asked to describe an ideal diet for their athlete. From there, the average 

calories were calculated on WebMD’s online calorie tracker. This was conducted to assess 

knowledge surrounding nutrition and further the search for gaps in knowledge, precursors, and 

symptoms of RED-s. 
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Results 
 

Interview Findings 

 

Perception of Injury and RED-s 
 

Interviews were done with three primary goals: the first was understanding the 

perception, knowledge, and awareness of RED-s. The first team member interviewed was a 21 

year old female, long distance runner. The athlete reflected on her experience with injuries and 

the response to being injured. In regards to nutrition, she stated the coaches feel that nutrition is 

essential to recovery, but often rest and nutrition is not as emphasized as cross-training and 

returning to running. She feels that there is a certain “team culture between injured people who 

have a group called ‘the cross-training core’.” However, injuries are divided into two groups, 

athletes serious about recovery and athletes not taking recovery seriously.  Since there is not 

much coach guidance, she states athletes must “create their own brand and have the flexibility 

and freedom to decide your workouts.” There is a distinct pressure to “run through things” or be 

done. Essentially, there is no one protocol that fits all athletes returning to competition, and not 

much guidance through the process. This can cause feelings of isolation when injured, which she 

claims encourages athletes to push through injuries.  

Another athlete, a 22 year old sprinter, answered similar questions surrounding injuries. 

“You’re on your own.” She states that you must drive your recovery by seeking out help from the 

athletic training staff, talking to coaches, and returning to run without much support. She 

expressed that being injured is incredibly lonely and frustrating. Additionally, she stated, “track 

injuries are extremely frustrating because they are rarely sudden. They seem inevitable and creep 
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up over time, jeopardizing your season.” This athlete admitted she pushed through some of the 

worst pain just to avoid isolation from teammates and coaches.  

A 19 year old jumper shared her time being injured not as isolating, but disappointing. 

She felt that injuries were often seen as completely avoidable if you “do the right things” but 

expressed there were not clear expectations on what those things were. They felt pressure and 

guilt from the coaches and their teammates that their injury was their fault. The emphasis during 

injury was “more of a what can we do to still put hard work in and not a focus on recovery, 

nutrition, and injury prevention.” This athlete expressed that she felt the coach or trainers did not 

intentionally contribute to this pressure and guilt, it was just “there.”  

The most prevalent finding related to injuries throughout all the interviews was that 

athletes are reluctant to admit and accept injury. This is likely due to team pressure, coach 

pressure, guilt, and fear of isolation. A culture issue that relates back to the RED-s card, and 

amplifies the need to identify symptoms early.  

One of the interviews was with an athlete who was actually diagnosed with RED-s 

following multiple femoral stress fractures. She expressed that she had multiple symptoms she 

worked for years with doctors to resolve such as extreme bloating, irregular menstruation, and 

Postural orthostatic tachycardia syndrome (POTS).  

“It was such an intense feeling of shame and guilt, like I did this to myself. And the worst 

part was, all I thought I was doing was what I was told.”  

She stressed that she wished there was something like a screening and more preventative 

meetings.  

“You never expect it to be you. It was made to be something so extreme and I didn’t even 

have an eating disorder.”  
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This misconception is important to realizing that the prevalence of RED-s is not well 

understood by athletes and coaches alike, and more awareness could help cut down these 

misconceptions about the syndrome. One athlete expressed that she was never concerned about 

RED-s because she thought it was an eating disorder, and she didn’t have any trouble eating. I 

asked a 21 year old middle-distance runner if she would have done anything differently in her 

college athletic career if she knew about RED-s. She expressed that she would have been way 

more conscious of her body’s signals such as injury cues, illness, and hunger.  

“I thought it was just part of the sacrifice of being a college athlete, I never thought it 

would cause me physical harm.”  

Another sprinter expressed they would have focused on a higher volume of food, and less 

on aesthetics if they had been aware of RED-s. This athlete explained the RED-s was mentioned 

one time in the beginning of the year presentation, and presented usually as “something so 

extreme that you are thinking, this would never happen to me.”  

 

Nutrition Knowledge Gaps  

The next interviews were focused on diet and nutrition. The first overarching theme was 

a major concern brought up in RED-s literature: physique. Sports such as running, swimming, 

dance, gymnastics, and figure skating are seen as the sports with the highest prevalence of body 

image issues and are often regarded as “aesthetic/lean sports.”10 Many members of the team 

expressed that they actually ran faster when they were not “bulky” and shared that their nutrition 

intake on meat days was focused on whole fruit and vegetables. The idea of “bulky” leading to 

slower performance is a common misconception and knowledge gap seen in Track and Field.  
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The most overwhelming theme throughout the interviews was the lack of information. 

Most athletes expressed not knowing they had free nutrition counseling through student health. 

They shared that the only nutrition information they have access to is a once a year seminar to all 

athletes. The 22 year old sprinter stressed that the nutrition advice given was not applicable to 

everyone. Especially during travel and meet days when they are not provided with adequate 

nutrition by the coaches. The sprinter suggested that on long meet days where she runs many 

events, food is only available at inopportune time. “By the time I finished my four events, the 

only thing that was left was a small salad. I survived off fruit snacks and apple sauce for day 

one.”   

The lack of food availability, quantity, and type was a common theme throughout the 

athletes particularly athletes with dietary restrictions or preferences. A 19 year old middle 

distance runner shared, “after 12 hours at a track meet, the athletic program failed to provide 

vegetarian options for dinner, so all I had to eat was the granola bar in my bag for a three hour 

bus ride home.” Many athletes claimed they wish they had nutrition education and more practical 

recommendations for competition days and days on campus, especially when dining options at 

Emory University are limited.  

The 21 year old distance runner shared her experience with nutrition  The main 

takeaways from this athlete was a lack of adequate and thorough education on nutrition. She 

states that she gets some education about fueling and hydration, but no guidelines of what that 

means. She recommended an addition to the education stating, “it would be nice if there was a 

recurring or meal plan idea. We usually all get in the rut of the same stuff, like an athlete's guide 

for Emory Resources.” Oftentimes, collegiate athletes only have access to on campus nutrition 

such as the dining hall and quick service options. This athlete suggested a meal plan using 
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Emory resources or repeat ingredients, since most athletes cook for one person. This highlighted 

the lack of access to reasonable and attainable nutrition advice.  

A 18 year old female jumper, freshman, shared with me that she had multiple 

misconceptions about what her diet should look like. She believed that whole foods would keep 

her lean and thinner to compete better in her sport. This highlighted the increased need for 

education to close the gaps in knowledge. It’s important to acknowledge that these needs and 

outcomes look different in every athlete. For one of Emory’s top sprinters, their diet is packed 

full of carbs, healthy fats, protein, and fiber. The problem however, lies in the calories, or in 

RED-s terms, energy in. In addition to this athlete, I surveyed a middle distance athlete, a 

distance athlete, the sprints coach, middle-distance, and distance coach. The diets were very 

encouraging, clean, with food intake every few hours. However, the average calorie count for 

these diets ranged anywhere from 1,300 and 2,100 calories. The recommended calorie intake for 

female athletes is 2,000 to 2,400 calories a day, with recommendations up to 3,000 calories for 

endurance athletes.8  

Nutrition education and a registered dietician is available to all Emory athletes. However, 

many of them rely on one nutrition education session a year. Many expressed that this nutrition 

education session is unrealistic for those eating in a dining hall, or those who are on the go 

constantly. In addition to nutrition education, a program must look at how it communicates the 

risks, symptoms, and prevalence of RED-s. It should be a constant conversation and reminder to 

athletes to speak up if something is not right, and to advocate for themselves.  
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Feasibility of Screening 

From a feasibility standpoint, the last interview goal was to ask athletes how they felt 

about the screening itself. First was a question about the opinions on a potential required form. A 

20 year old jumper reflected on the implementation of the survey. 

 

I think it is a good idea to have some kind of screening/check in for athletes, especially if 

you feel comfortable with your trainer and/or coach. I would answer honestly because I 

feel comfortable talking to my trainer and coach. 

 

We talked about how a targeted check in to the issue could help athletes have access to 

the treatment they need, when they might not even realize the path they are headed down. A 22 

year old thrower who was previously diagnosed with RED-s agreed with the screening.  

 

 I think a screening would be a great idea and may have prevented me from developing 

my stress injuries. I would answer honestly. Looking back, I didn’t know how much food 

I should be eating, what a normal menstrual cycle looks like for a runner, etc. therefore, if 

someone was able to view my answers and intervene, my stress injuries could have been 

stopped before they were developed. 

 

 This screening is not only beneficial to the health of athletes, but opens up a 

conversation line between athletes and their support staff to talk about RED-s, prevention, and 

treatment. 
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A major concern of the screening is honesty. Many athletes already conflate RED-s with 

an eating disorder, therefore they are hesitant to fill out the survey. Some athletes expressed that 

they felt the screening could be used as a ‘trick’ and athletes could be forced into treatment they 

did not want. Additionally, they are worried that filling out the screening would cause them to be 

pulled from their sport and risk retaliation from the coaches. The same jumper expressed “that 

would be in the back of my mind, as my sport is very important to me and I would not want to 

jeopardize my participation.” To the same question, the thrower elaborated saying,  

 

I may worry a little bit in the case that my answers would result in me being pulled from 

the team. I could see how this would make me answer untruthfully, but I think for my 

best interest, I would still answer honestly. I may worry about feeling judged or perceived 

differently by coaches for how I answer. If the best thing for my health was to be pulled 

from competing for a bit, I would be okay with that intervention. 

 

This led to a conversation on how although the screening could be avoided and filled out 

dishonestly, it is also a great tool for those who are uneducated or looking for an outlet to get 

help. Most athletes appreciated the screening as either a reminder or an introduction to RED-s, 

and expressed that they would be more mindful in the future.   
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Preliminary Screening Data 
 
​ The first survey conducted in the fall semester received thirty eight responses. The 

screening was conducted in the middle of the cross country competition season, and 

approximately three weeks before the first track and field meet. From a feasibility standpoint, 

median completion time is 146.0 seconds and there were 38 total responses. For reference, other 

screenings mentioned such as the LEAFQ and RST Questionnaire take approximately eight to 

ten minutes to complete and additional time for a provider to score. Due to the number of 

responses, no statistically significant conclusions could be made, but when analyzed alone, there 

were certain trends discovered as “trends to watch”. 

 

Menstruation Trends Pre-Competition 

The first trend is the results of normal menstruation among the athletes. Out of the 38 

respondents, 28% of respondents did not have normal menstruation. Although there are many 

causes to irregular menstruation, almost 30% of the team warrants further investigations to 

factors preventing normal menstruation. Many conversations around RED-s discuss abnormal 

menstruation as one of the top warning signs. From interviews, many athletes felt like losing 
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their period was just a normal thing that happens every season. However, it also could put 

athletes in a different risk level for low energy availability and RED-s, especially if there are 

other self reported symptoms. To further investigate the severity of the risk of abnormal 

menstruation, menstruation status was compared against frequency of injury. 

 

Injury Frequency versus Normal Menstruation  

​ This result was of interest due to the correlation between normal menstruation and the 

number of injuries in the last year. The correlation between an athlete not having normal 

menstruation and a higher number of injuries shows that lack of normal menstruation could be a 

factor to consider when evaluating athletes' risk factors. It is important to consider that this is a 

correlation, because there are many medical explanations to a female not having a period, but 

shows promising results of the screening’s sensitivity to pick up warning signs. 

​ An additional trend identified was a behavioral trend worth exploring, especially when it 

comes to prevention and treatment recommendations. In participant interviews, respondents' 

answers about diets ranged from positive to negative. Notable trends in answers included that 

there were not enough resources on campus to eat full meals, and that there was not proper 
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guidance on how much they should be eating, therefore they do not know if they are fueling 

properly.  

 

Athlete’s Opinions on Their Eating Habits 

​ However, in the first iteration of the screening, most of the participants feel like they eat 

enough food daily. This trend can simply highlight a knowledge gap, or is a cause for concern 

about the truth of the athlete’s answers. Supported by interviews, many athletes are hesitant to 

report answers that may be seen as disordered eating or other psychological issues. Part of this 

fear relates to being pulled from participation, or being diagnosed with an eating disorder. 

Therefore, it is not surprising to see 72% of the athletes reported that they eat enough.  

 A new iteration of this screening may seek to ask this question in a different way to gain insight 

similar to interview answers. 

However, when asked to rate their diet, athletes on average rated their diet a 6 to 7.  
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Athlete’s Diet Rating 

This almost contradicts above and shows that the main dietary concerns must be 

substance, and not amount to the athlete. This is important in understanding ways to interpret 

results and ask the questions on the screening itself. Many times in literature, RED-s references 

LEA as an amount of calories in versus out issue, but it may need to be addressed through what 

the athlete is eating and has access to avoid the disordered eating stigma.   

Secondary Screening Data 

​ When the screening was conducted later in the season, analysis was focused on the 

change from the first screening to the second of the individuals themselves. The first notable 

trend was a change in menstrual status, length and number. Six individuals changed their 

menstrual status between the first and second screening. One individual reported a complete 

cessation of their menstrual cycle. Two athletes reported fewer periods. Three individuals 

reported a substantial decrease in period length. Potential reasons for these changes could reflect 

amenorrhea or hormonal imbalances which are concerning for the development of RED-s. 
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Depression and anxiety levels also increased overall, potentially reflecting the stress of the 

season. Three athletes in the second screening changed their diet ratings to lower numbers and 

reported they are eating too little. This could be correlated with stress of the season, increased 

training demands, and raise a concern about nutrition as training increases.  

​ In one specific individual that reported an increase in bone injuries, the athlete also had 

an increase in gastrointestinal issues and other injuries. This aligns with the progression of 

RED-s, meaning this athlete could potentially be at risk for RED-s and should be further 

evaluated. Another athlete who reported a cessation of her menstrual cycle also reported an 

increase in gastrointestinal issues. Overall, there were multiple indicators of RED-s progression 

both small and large. As the season progressed, athletes reported an increase in missed training 

and injuries, worsening bone health and injuries, increased gastrointestinal issues, and more 

instances of amenorrhea and other menstrual disturbances. Between the screening and the 

interviews, it can be assumed that as training increases, these issues also increase. Due to the 

small sample size, no statistically significant conclusions could be made.  

Additionally, only 28 people filled out the second screening, which means 10 athletes 

were lost to follow up cases. A few of the athletes lost to follow up had high levels of missed 

training, bone injuries, and gastrointestinal issues in the first screening. Based on the interviews, 

there is a potential link between attrition and three major factors. One being worsening RED-s 

symptoms that athletes were too fearful to report at risk of being pulled from participation. 

Another possibility is injury related drop out where the athlete had either quit or stopped 

competing. Lastly, underreporting; many athletes felt like RED-s did not apply to them therefore 

they might not have felt the need to complete the screening. On average, those lost to follow up 
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had higher missed sessions, more frequent bone injuries, a higher overall injury count, and more 

cases of amenorrhea.  
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Discussion 

​ The main focus of this study was the design and implementation of the routine clinical 

screening for RED-s in female track and field athletes throughout a season. The screening was 

designed as a comparative scoring screening; meaning athletes' answers at different points would 

be compared to their own answers. Due to time constraints, only two screenings were performed 

over the season. The screening was evaluated by feasibility, accuracy, and necessity. These were 

measured based on quantitative data from the survey itself in combination with literature and  

interviews.  

The first evaluation point is feasibility. The screening sought to address a major problem 

with the formerly developed screening: accessibility. Many other screenings are done once 

RED-s is suspected, meaning there are much more thorough questions and scoring algorithms 

which take time from both the athlete and the medical professional to parse through. This also 

includes the time it takes for someone to become suspicious of RED-s and initiate the testing 

process. Once in this process, extensive and expensive lab work and imaging must be done to 

address ongoing health issues. This screening worked differently. In the first iteration of the 

screening, the median completion time was 146.0 seconds or a little over 2 minutes to complete. 

The athletes were able to complete the form on their own personal device, and it was 

electronically scored. This cuts out the need for one on one screening with a medical professional 

and instead allows medical professionals to review the results and scores online. With more 

development and iterations of the screening, an algorithm could be produced to highlight the 

highest warning criteria to cut down the time and load on the medical provider even more.  

From a feasibility standpoint, it is also important to talk about the acceptance of the 

screening among team members. The first screening was well received with 38 responses from 
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the team. Interviews and trends suggested that there might be a few questions of concern that 

athletes did not want to fill out honestly, which would need to be addressed in future iterations. A 

lack of participation on the second screening, only 28 athletes, suggests fatigue and 

non-compliance later in the season. A limitation of this study is that participants are anonymous, 

there is no data on those who did not participate why. Future research could explore performing 

this screening in a medical setting to see if athletes are more compliant. The athletes that 

completed the first screening and not the second had higher warning signs of RED-s. This could 

suggest that athletes were apprehensive to fill out the form knowing they had concerning 

symptoms. 

In conclusion, from a feasibility standpoint, implementing a short two minute screening 

at various points of the season can save an athlete from multiple unfavorable outcomes. 

Outcomes such as reduced participation, extensive lab work and imaging, and even severe and 

long-lasting health complications. A screening should be used as a baseline, not with the hopes 

of finding causes of concern, but being able to act early when symptoms or habits could lead to 

concern. Athletes undergo baseline concussion screenings every year. In a three year study done 

by the NCAA Injury Surveillance System (ISS), concussions accounted for 5.9% of all reported 

college injuries (Male and Female) and 3.9% of all high school injuries (Male and Female).11 

RED-s however, when studied in a population of athletes aged 15-32 years showed that 80% of 

participants demonstrated at least one symptom with 40% exhibiting at least two symptoms.12 

Baseline and continued monitoring screenings would help advise and focus treatment and 

prevention efforts. 

The second evaluation point is accuracy. Since this study did not test the actual medical 

and psychological condition of the athletes, accuracy was a measure that was focused on how 
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well the questions were able to produce trends and relevant data. The first screening was able to 

identify the start of trends that the literature suggests we would see such as a correlation between 

menstrual cycle and injury. Also, the largest ‘cause’ of RED-s is linked to undereating, which the 

screening did reveal some athletes have concerning or inconsistent eating habits. Many athletes 

felt they were eating enough, but were not rating their diets highly. Additionally, the first 

screening was able to recognize warning signs of RED-s. When comparing the second screening 

to the first, trends showed that RED-s symptoms such as abnormal periods, gastrointestinal 

issues, and injuries were potentially correlated with increased bone injuries, amenorrhea, and 

missed training on the second screening. Combined with the interviews, there was an obvious  

knowledge gap between the coaches, athletes, and staff about what nutrition looks like for an 

athlete and access to practical and reasonable nutrition.  

Lastly, the necessity of the screening. Many of the interviewees expressed they never 

were made aware of how severe RED-s was, how common it is, and how easy it can happen to 

them. This screening would be awareness and education to not only the symptoms, but be a 

reminder to athletes how fast things can change to be in tune with their bodies. It would be up to 

the trainers, the athletes, and the program if this is reasonable for their program, but combining 

feasibility with athlete testimony, this screening is a chance for athletes to have assistance 

advocating for themselves and their health. 
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Conclusion 

This study sought to identify the effects of implementing a routine clinical screening for 

RED-s. The interview portion discovered that many of the athletes on the track and field were 

not aware of the symptoms and progression of RED-s. The screening produced some correlations 

and results expected from the literature, but mainly it showed the athletes and staff what 

symptoms to be aware of for a more timely diagnosis and treatment plan. The most common 

warning symptoms were bone injuries, injuries, missed training, menstrual disturbances, and 

gastrointestinal issues. The screening would need to be redeveloped and corrected to better 

identify symptoms. Additionally, loss to follow up would need to be addressed. The screening 

was well accepted by the team, and most interviewees were grateful and accepting of the 

education about RED-s and low energy availability.  

​ As for what to do with the results of the screening, research has shown that a multifaceted 

approach between a sports medicine practitioner, a dietician, and a psychologist is most effective. 

The benefit of the study is early intervention with a multifaceted approach using a trainer, the 

sports team’s psychologist, and the designated registered dietician. This intervention can be done 

while the athlete is still in full participation, to avoid missing competition and practice. It also 

has other benefits such as not needing as many expensive and invasive tests.  

In addition to education, there needs to be more tailored nutrition information to these 

athletes. Blanket nutrition recommendations are confusing; students don’t have access to the 

nutrition recommendations during the day and at competition. The types of food and the 

frequency of meals is not possible with limited dining options. In addition, more clear nutrition 

goals need to be addressed as many athletes refrain from counting calories.   
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​ Further research would include implementing this in other endurance sports to see if it 

produces the same results. If it was repeated at different Universities, there might be different 

findings based on coaching, training, food availability, and other confounding variables. Overall, 

there is no risk to athletes by completing this screening. It takes less time than a concussion 

screening conducted yearly, and less time than yearly physicals and paperwork. Implementing a 

routine clinical study could bring awareness to the athlete and staff about potential health issues, 

aid in more comprehensive health care, and give the athletes a stronger voice.  
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Appendix 

IRB Information 

STUDY00007903 was approved by the Institutional Review Board at Emory University 

by an Expedited Approval on September 18th, 2024. All data, transcripts, and notes were stored 

on Emory Onedrive and will be deleted upon my graduation from Emory University in May 

2025. Data will not be shared in the publication process. All participants completed the survey 

using their Emory 7 digit ID numbers. No names were collected in the process. For recruitment, 

emails were sent to the coaching staff and directly to the all athletes on the team via groupme 

channels and email.  
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Screening Consent Form 
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Screening Survey  
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LEAFQ Questionnaire12 
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RST Questionnaire13 
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IOC CAT 2 Diagnostic Criteria4 
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IOC CAT 2 Calculation Tool4
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