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ABSTRACT  

In recent years, the detrimental consequences associated with inadequate 

fuelling and excessive exercise among athletic populations have been emphasised. 

Low energy availability (LEA) refers to a physiological state in which energy intake 

(EI) is insufficient to meet the daily energy demands of the body, once exercise 

energy expenditure (EEE) has been considered, while Relative Energy Deficiency in 

Sport (RED-S) describes a syndrome of impaired health and physical performance 

underpinned by LEA. Despite propositions that psychological factors may precede, 

or result from LEA, and symptoms of RED-S, there remains a paucity of evidence to 

explain this. Therefore, the aim of this PhD was to explore the psychological 

experience of LEA in sport and exercise. 

 Study 1 explored qualitatively the subjective experience of RED-S in 

endurance athletes. By interviewing twelve participants reporting previous or current 

experiences of RED-S, it aimed to elucidate contexts and mechanisms perceived to 

influence its onset and outcomes, as well as subjective meanings of “recovery” from 

its consequences. Regardless of whether LEA was initiated intentionally, its short-

term implications (e.g., weight loss, performance improvements) promoted a 

psychopathological cycle of disordered eating (DE) and compulsive exercise, 

resulting in numerous symptoms represented within the RED-S models. 

Furthermore, athletes reported considerable psychological conflict in their attempts 

to overcome physiological consequences of RED-S. 

Study 2 adopted an integrated qualitative multiple-case study design to 

further explore psychological conflict experienced during RED-S recovery among 

eight female endurance athletes identifying as “in recovery” or “recovered” from 

RED-S. Together, a topical life-history interview, online diary task, photovoice 
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activity, and stimulated-recall interview captured the psychological experience of 

RED-S recovery, including sources of psychological conflict and responses to these 

in the pursuit of optimal energy availability (EA). The findings provided insights 

into eating psychopathology, additional mental health concerns, and fears that 

pursuing recovery may hinder competitive sports participation. Several adaptive and 

maladaptive coping strategies were reported in the management of psychological 

conflict, which ultimately dictated recovery progress.  

Study 3 employed a sequential explanatory mixed methods design to 

examine psychological factors contributing to perceived LEA in the presence and 

absence of eating psychopathology. Initially, a cross-sectional questionnaire 

assessing eating psychopathology, compulsive exercise, psychological stress, and 

subjective EA appraisals was completed by sport and exercise participants (N=177). 

Subsequently, 13 endurance-trained individuals categorised as ‘at-risk’ of intentional 

or inadvertent LEA participated in semi-structured interviews exploring their prior 

appraisals of EA and any changes since completing the questionnaire. Past 

experience of physiological symptoms associated with LEA facilitated ongoing 

efforts to achieve adequate EA for many, while a history of eating psychopathology, 

sociocultural sporting norms, and fears of losing control over eating and exercise 

practices perpetuated a cycle of LEA for others.  

Together, the three empirical studies in the thesis contribute new insights into 

psychological factors underlying a phenomenon that has, to date, been 

predominantly explored from a physiological perspective. Furthermore, findings 

emphasise the need for holistic prevention and early intervention approaches, which 

incorporate nutritional and psychological support, to ameliorate the occurrence of 

behaviours that can initiate LEA and produce adverse long-term health outcomes. 
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CHAPTER 1: INTRODUCTION 

It is widely acknowledged that engagement in regular exercise can be 

beneficial for mental health, with research highlighting its potential role in the 

prevention and management of psychological concerns associated with both 

subclinical mental health conditions and severe mental illness. For example, exercise 

interventions have been shown to: reduce depression and anxiety symptoms in non-

clinical populations (e.g., Rebar et al., 2015); induce clinically-significant reductions 

in symptoms of posttraumatic stress disorder (PTSD; e.g., Fetzner & Asmundson, 

2015); and elicit improvements in subjective wellbeing and reductions in 

psychological stress among individuals with schizophrenia (e.g., Vancampfort et al., 

2011).  

Despite this evidence, individuals engaging in consistently high volumes of 

exercise, such as athletes and committed exercisers, are also susceptible to 

experiencing various mental health concerns, including: anxiety; behavioural 

addictions; depression; eating disorders (ED); and substance misuse (Reardon et al., 

2019). These populations commonly face psychological stressors associated with 

engagement in sport and exercise, such as competitive failure (i.e., falling short of 

performance expectations) and injury (Hughes & Leavey, 2012), which, when 

combined with insufficient recovery from arduous training, can contribute to 

declines in both physical and psychological functioning (Moesch et al., 2018).  

In light of growing evidence concerning the potential prevalence of mental 

health symptoms and disorders in competitive sport (e.g., Currie et al., 2021; 

Gouttebarge et al., 2019), the topic of athlete mental health has become an 

increasingly visible global concern in recent years. In response, a number of large 

sporting organisations have taken tentative steps towards producing management and 
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treatment recommendations (Reardon et al., 2019), and improving mental health 

literacy across the ‘elite’ sport continuum, from sub-elite to world-class (Gorczynski 

et al., 2019). One particular area of growing concern in the sporting arena of late is 

the detrimental psychological implications of low energy availability (LEA), which 

occurs when an individual’s energy intake (EI) is insufficient to meet the daily 

energy requirements of their body after accounting for their exercise energy 

expenditure (EEE; Loucks, 2004) and has been estimated to affect up to 58% of 

sport and exercise participants (Logue et al., 2018).  

In recent years, concerning numbers of athletes and exercisers have 

provided insights into their experiences of impaired physiological 

functioning and poor mental health as a result of inadequate fuelling and/or 

excessive exercise training via mainstream media outlets (e.g., Robinson, 

2018; Watson, 2021) or personal social media networks. To date, these 

accounts appear to reveal cultural practices of body shaming, unsustainable 

training volumes, and abusive coach-athlete relationships, which have, for 

some, eventually culminated in long-lasting psychological consequences (i.e., 

depression, clinical ED) and potentially irreversible physiological 

implications (i.e., osteoporosis). As elite distance runner Mary Cain 

described in a video interview accompanying the New York Times article, “I 

was the fastest girl in America, until I joined Nike” (Crouse, 2019): 

Here’s a biology lesson I learnt the hard way. When young women are forced 

to push themselves beyond what they are capable of at their given age, they 

are at risk of developing RED-S. Suddenly you realise you’ve lost your 

periods for a couple of months and then a couple months becomes a couple 

years…and if you’re not getting your period you’re not gonna be able to have 

the necessary levels of oestrogen to maintain strong bone health. And in my 

case, I broke five different bones. 

 



 3 

Such candid, public airings of grievances have prompted calls for a “drastic 

paradigm change” (Ackerman et al., 2020, p. 1), particularly within women’s sport, 

to ensure that female athletes and exercisers are provided with education, support, 

and training environments that promote optimal fuelling and exercise practices, 

while simultaeously discouraging harmful attitudes and behaviours.  

The physiological consequences of LEA have been well-established in the 

sports medicine literature for almost 30 years within the evidence base on the Female 

Athlete Triad (Triad). The Triad acknowledges interrelationships between LEA, 

impaired menstrual function, and compromised bone health among active females 

(Otis et al., 1997; Nattiv et al., 2007). Following substantial advances in 

understandings of LEA in the intervening decades, however, it has since been 

recognised that the harmful implications of LEA are not exclusive to females, 

athletes, or indeed just two interrelated physiological systems (i.e., menstrual 

function and bone health). For instance, recent evidence suggests that LEA can 

affect male athletes (e.g., De Souza et al., 2019), Paralympic athletes (Brook et al., 

2019), and recreational exercisers (Slater et al., 2016). Furthermore, it has been 

proposed that LEA may compromise a multitude of body systems that extend far 

beyond skeletal and reproductive health (De Souza et al., 2014b).  

In response to emerging perspectives on LEA in sport, the term Relative 

Energy Deficiency in Sport (RED-S) was introduced by the International Olympic 

Committee (IOC) in 2014 as a new and more inclusive concept to capture the wide-

ranging implications of LEA (Mountjoy et al., 2014). Such implications were 

proposed to include impaired health (e.g., immunity, cardiovascular function) and 

performance decline (e.g., decreased training response and coordination; Mountjoy 

et al., 2014). Whilst some researchers have embraced the concept of RED-S within 
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their academic inquiry or clinical practice (e.g., Ackerman et al., 2019; Rogers et al., 

2021; Torstveit et al., 2019), it remains a source of considerable debate in the field of 

sport and exercise, with several of the leading scholars investigating the Triad among 

many refuting its credibility as an evidence-based syndrome (De Souza et al., 2014; 

Williams et al., 2019). 

Although the RED-S models refer to psychological elements (Mountjoy et 

al., 2014), the psychological causes and consequences of LEA have received 

considerably less attention than its physical implications. This trend may, in part, be 

attributable to the considerable similarities that RED-S shares with the 

manifestations of clinical eating psychopathology (Williams et al., 2017). For 

example, recent research has identified associations between LEA and the presence 

of anxiety (e.g., Tranoulis et al., 2019) and depression (e.g., Ackerman et al., 2019) 

symptomatology. Tranoulis et al. (2019) found eating psychopathology scores to be 

significantly higher in athletes with LEA than healthy controls, and positively 

correlated (r = .26) with anxiety symptoms, whilst Ackerman et al. (2019) reported 

that female athletes with LEA were 2.41 times more likely to report a history of 

impaired psychological health and 2.3 times more likely to report feelings of 

depression than athletes with adequate EA. Due to the inclusion of ED screening 

measures in data analysis (Tranoulis et al., 2019) or as an indicator of LEA 

(Ackerman et al., 2019), neither study was able to establish whether an increased 

likelihood of reporting these symptoms was attributable to a physiological state of 

LEA, or coexistent DE/ED. In turn, this could make it more difficult to distinguish 

between individuals with DE/ED and those who may experience unintentional 

reductions in EA and are, as such, just as susceptible to its consequences. 
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The short-term consequences of LEA (i.e., a reduction in body fat mass, 

performance improvements; Koehler et al., 2016) could be considered desirable or 

even necessary for performance improvements in certain sport and exercise contexts 

(e.g., Sundgot-Borgen & Garthe, 2011). Thus, it is important to improve current 

understanding as to how and why a cycle of LEA may be adopted and maintained, as 

well as what can be done to prevent it from becoming chronic and resulting in 

potentially irreversible clinical consequences (e.g., ED, impaired fertility). It has 

been broadly posited that an athlete or exerciser may experience LEA as a result of: 

(a) a pre-existing clinical ED; (b) intentional efforts to modify body shape or weight 

for sports competition, with or without DE; or (c) inadvertent under-fuelling as a 

result of high training loads and/or insufficient knowledge of their energy 

requirements (Loucks et al., 2007). The extent to which each of these causes may 

contribute to the onset of LEA, and subsequent symptoms associated with the Triad 

or RED-S, however, remains largely unsubstantiated by evidence (Williams et al., 

2017).  

Given that LEA can have damaging consequences for both physical and 

mental health, further research on the psychology of LEA is a warranted to deepen 

understanding of factors that could not only curtail an athletic career but also impair 

long-term wellbeing. Together, these psychological and physiological concerns have 

the potential to further perpetuate behaviours that initiated LEA in the first place 

(i.e., restrictive eating practices, excessive exercise), however, to date, there has been 

limited exploration of the interactions between psychological and physiological 

components of LEA in the extant literature (Schofield et al. 2020a). Furthermore, 

there is a need for greater methodological diversity surrounding the psychology of 
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LEA to advance conceptual understanding of athletes' and exercisers’ experiences 

and move beyond solely quantitative interpretations. 

One potential way to learn more about the psychology of LEA is to use 

methods that enable further exploration of the individual experience and subjective 

meaning ascribed to LEA in sport and exercise. Based on their capacity to generate 

rich and detailed insights into subjective experiences (Creswell et al., 2007), 

qualitative methods could help to illuminate the complexities of LEA from a 

psychological perspective, by exploring the underlying contexts and mechanisms at 

play in the development of subsequent health and performance impairments. The 

addition of quantitative measures would enable a distinction between the various 

origins of LEA and psychopathological risk factors.  

This could, in turn, aid the development of an evidence base that informs the 

design of holistic, individually-tailored education and treatment interventions that 

seek to optimise the long-term health and athletic performance of exercising 

populations. In doing so, such programmes could help to address the widely-

acknowledged need for a multidisciplinary approach to reduce the prevalence of 

LEA, and associated concerns in sport and exercise (Thein-Nissenbaum & Hammer, 

2017). In the words of Drinkwater, a highly influential scholar in the 

conceptualisation of the Triad and advocate of embracing RED-S as new 

terminology reflecting the evolution of science in the field of LEA:  

Any athlete with energy deficiency needs to be identified and be given help, 

above all else. The more cohesive the sports medicine community is, the 

better it will be for the athletes. Collegiality will accelerate our cause-the 

more working towards the same goal, the better. In unison we can speed up 

delivering the treatment that these athletes so desperately need. (Carter, 2018, 

p. 333)  
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 Thesis Aim and Objective 

The aim of this thesis was to explore the psychological experience of LEA in 

sport and exercise, by contributing new qualitative and quantitative insights into the 

contexts and mechanisms influencing its onset, maintenance, and recovery from its 

consequences. More specifically, this thesis sought to bridge the current gap between 

objective physiological research concerning EA and the relevant sports psychology 

literature that seeks to explore and understand the various correlates of LEA. 

To further elucidate psychological factors that may interact with LEA and 

contribute to the associated syndromes of the Triad and RED-S, qualitative methods 

could help to provide more in-depth insights that give voice to the individuals who 

experience LEA first-hand. Exploring subjective experiences of LEA and RED-S 

could help to generate understanding of not only what is experienced, but how and 

why it may be initiated and subsequently overcome from a psychological 

perspective. Furthermore, the use of mixed methods research could enable a broader 

overall understanding of LEA to be gained, by illuminating potential mechanisms 

underlying the initiation of, and recovery from, LEA, and contributing new 

knowledge to inform future education and prevention efforts (Schofield et al., 

2020a). To address the primary thesis aim, four specific research objectives were 

developed throughout the research project, which informed the design and 

implementation of the three empirical studies present in Chapters 4 - 7. The 

following sections of this chapter introduce each objective, in turn. 

1.1.1 Objective 1 

 Since its initial conception in the sport and exercise literature as the 

cornerstone of the Triad (Nattiv et al., 2007), and its proposed aetiological role in the 

development of RED-S (Mountjoy et al., 2014), LEA has been a topic of 
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considerable academic interest. To date, most research investigating LEA has 

predominantly been conducted by researchers adopting quantitative and cross-

sectional measures that seek to statistically examine the relationship between 

numerous parameters of physiological health (e.g., bone mineral density, 

reproductive hormones, such as oestrogen and testosterone). Several recent cross-

sectional studies have also attempted to ‘classify’ LEA based upon the quantification 

of self-reported symptoms associated with the RED-S models (e.g., Ackerman et al., 

2019; Rogers et al., 2021; Torstveit et al., 2019). Although these studies have 

highlighted potential correlates of LEA, they provide limited insight into how and 

why LEA might be initiated.  

Furthermore, while the authors of the RED-S consensus paper specified that the 

conceptual models serve primarily as an educational tool and do not define what 

constitutes an experience or indeed a diagnosis of RED-S (Mountjoy et al., 2014), a 

screening tool was subsequently developed to aid the recognition of individuals at 

risk of the “syndrome” (Mountjoy et al., 2015, p. 1). In turn, anecdotal accounts 

suggest an increasing number of athletes, particularly those engaging in endurance 

pursuits, are being diagnosed with RED-S (e.g., based upon their clinical 

presentation at sports medicine clinics), or are self-identifying as having the 

condition. Individuals engaging in regular endurance sport and exercise are 

considered to be at a heightened risk of experiencing LEA due to disproportionately 

high training volumes and duration, in many cases, and additional pressures to 

achieve and maintain a lean physique. Thus, exploring the experiences of such 

individuals could provide valuable insights into the psychology of LEA and 

meanings associated with predominantly objective, observable events (i.e., health 

and performance impairments), which are yet to be explicated in the sport and 
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exercise literature. Objective 1 of this thesis was, therefore, to explore qualitatively 

the subjective experience of RED-S in endurance athletes. 

1.1.2 Objective 2 

 Despite RED-S being primarily regarded as a physiological condition, 

psychological health has been proposed to share a reciprocal relationship with LEA, 

whereby psychological concerns can precede or result from LEA and symptoms 

associated with RED-S (Mountjoy et al., 2014, 2018). Despite this proposition, the 

psychology of RED-S has received limited attention in the extant literature, and its 

interactions with physiological health remain largely unexplored (Schofield et al., 

2020a). Currently, there is a lack of understanding of the psychological health risks 

of LEA (Mountjoy et al., 2018) and what constitutes “psychological complications” 

(Mountjoy et al., 2014, p. 495) within the RED-S health model (Koltun et al., 2019, 

p. 2440). Furthermore, there remains a paucity of evidence concerning factors that 

could influence both psychological and physiological recovery in those who 

experience LEA (Williams et al., 2017). 

 It has been suggested that if an athlete demonstrates resistance to a treatment 

plan that seeks to increase EA by improving EI and/or reducing EEE, an underlying 

psychological issue is likely present (Robertson & Mountjoy, 2018). As such, it is 

crucial to understand potential psychological stressors that may serve as barriers to 

restoring optimal EA, overall physical functioning, and psychological health. To 

date, however, the majority of the literature providing treatment recommendations 

for RED-S focuses on biometric indices (e.g., bone mineral density; Mountjoy et al., 

2015) and has somewhat overlooked psychological factors that may influence 

physiological outcomes in recovery from LEA. Consequently, Objective 2 of this 
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thesis was to explore endurance athletes’ psychological experiences of recovery 

from RED-S. 

1.1.3 Objective 3 

 A reliance on quantitative physiological measures to investigate LEA, to 

date, has contributed to conclusions that metabolic stressors alone (e.g., 

physiological repercussions of excessive exercise and restrictive eating practices) 

induce detrimental health and performance effects among athletes and exercisers 

(Berga, 2019). Notwithstanding the role of physical antecedents, a large body of 

evidence has also demonstrated associations between indicators of DE/ED (e.g., 

drive for thinness, cognitive dietary restraint) and LEA for some individuals (Scheid 

et al., 2013; Wood et al., 2021). A reliance on cross-sectional measures to assess 

DE/ED (e.g., survey-based screening tools) has, however, made it difficult to 

distinguish between physiological and psychological causes of LEA, and establish 

whether eating psychopathology preceded or succeeded the onset of LEA. 

Furthermore, the use of DE/ED screening tools as a marker of LEA struggles to 

capture potential cases of inadvertent LEA, which likely occurs in the absence of 

such a psychological overlay (Hill & Williams, 2014). 

 The principal three origins of LEA (i.e., psychopathological, intentional, and 

inadvertent LEA; Loucks, 2007) cited within numerous review articles (e.g., De 

Souza et al., 2014a; Logue et al., 2018; Wasserfurth et al., 2020) and introductory 

sections to original research papers (Brook et al., 2019; Sharps et al., 2021) have yet 

to be robustly supported by evidence. Furthermore, Loucks (2020) recently proposed 

that social factors external to the sporting context (e.g., societal pressure to lose 

weight for aesthetic reasons), which is considered to be particularly prominent 

within females, should be considered as a fourth cause of LEA. Despite this, 
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research suggests that males also face social pressures that can influence their eating 

and exercise behaviours, such as a desire for social acceptance and approval 

(Papathomas & Lavallee, 2006), media pressures, and an emphasis on a “largely 

unattainable muscular ideal” (Daniel & Bridges, 2010, p. 33), often causing them to 

express more concern about altering body shape than modifying body weight per se. 

This suggests that social factors external to the sporting environment could interact 

with sports-specific pressures (e.g., to achieve a specific physique or maintain a 

restrictive diet) to produce DE behaviour. To date, however, few studies have sought 

to explore the aetiology of LEA among individuals presenting with its consequences 

(Slater et al., 2017).  

 To address the current uncertainty surrounding the various potential origins 

of LEA, and explore potential interactions between them, illuminating additional 

psychological factors that may be experienced in the absence of eating 

psychopathology could be beneficial. By seeking to distinguish between individuals 

displaying the presence or absence of existing eating concerns, this could help 

inadvertent and intentional cases of LEA to be better identified, understood, and 

appropriately managed in the long-term, with a view to preventing a cycle of 

sustained LEA that can result in health and performance impairments associated with 

RED-S. For this reason, Objective 3 was to examine eating psychopathology, 

compulsive exercise and psychological stressors in athletes and exercisers reporting 

differing subjective EA appraisals. 

1.1.4 Objective 4 

 Researchers of LEA have consistently acknowledged that individuals may 

initiate a cycle of under-fuelling and/or excessive exercise for a number of reasons, 

including intentional efforts to reduce body size or shape for sports performance, and 
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an inadvertent failure to consume sufficient EI to support the demands of exercise 

that occur in the absence of DE (Nattiv et al., 2007; Loucks et al., 2007). Despite 

this, the majority of research investigating LEA has sought to establish its 

pathophysiological role in the development of physical health impairments, such as 

FHA (Morrison et al., 2021) and subsequent bone loss in female athletes 

(Lambrinoudaki & Papadimitriou, 2010). In doing so, such studies have tended to 

overlook the potential underlying psychological or contextual causes of these 

physiological consequences (Schofield et al., 2021). Moreover, as Wasserfurth et al. 

(2020) recently described in a review of the aetiology and consequences of LEA, 

“the boundaries between unintentional LEA and the development of an eating 

disorder are marginal and fluid, e.g., small dietary changes that were started for 

weight loss can become compulsive” (p. 3). In turn, this suggests that what may 

begin as well-intentioned efforts to improve sports performance can ultimately 

become pathological if these behaviours are not appropriately detected and 

addressed.  

 To unravel and deepen understanding of the somewhat ambiguous origins of 

LEA, further exploration of the proposed boundaries between its intentional and 

inadvertent causes is needed (Williams et al., 2017). In turn, this could help to enable 

earlier detection of individuals who may be in need of psychological support, and 

others who may require additional educational, nutritional, or practical guidance. 

Accordingly, Objective 4 was to explore perceptions of intentional and inadvertent 

LEA among athletes and exercisers engaging in endurance pursuits without 

apparent eating psychopathology. By doing so, this objective sought to develop 

understanding of psychological stressors that may pose barriers to achieving optimal 

EA among these populations.  
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 Layout of the Thesis 

The thesis chapters are organised in the following manner. First, Chapter 2 

provides a review of the literature surrounding LEA in sport and exercise and 

highlights the gap in current knowledge that this thesis sought to address. Chapter 3 

provides an overview of the general methodology employed within the three 

empirical studies (Chapters 4-7), including the philosophical orientation 

underpinning the chosen research methods and ethical considerations informing the 

research process. The research objectives of the thesis are subsequently addressed, in 

turn, by four empirical chapters.  

Chapter 4 presents an exploratory qualitative study (Study 1) that employed 

semi-structured interviews to investigate the subjective experience of RED-S in 

endurance athletes. Chapter 5 describes an in-depth, integrated, multiple-case study 

(Study 2) that sought to understand female endurance athletes’ psychological 

experiences of recovery from RED-S. Chapter 6 contains the quantitative phase of a 

sequential explanatory mixed methods study (Study 3) that compared subjective EA 

appraisals of participants engaging in a variety of sports and exercise activities. 

Subsequently, Chapter 7 introduces the qualitative phase of Study 3, which sought to 

further explicate experiences of inadvertent and intentional LEA in the apparent 

absence of eating psychopathology. Chapter 8 then offers a general discussion of the 

resultant findings from empirical Chapters 4-7 and presents the theoretical, 

methodological, and applied implications of the thesis. Chapter 8 also acknowledges 

a number of limitations of this thesis, and in doing so, proposes areas that future 

research might usefully address. The aim, core objectives, and layout of this thesis, 

are outlined in more detail in Figure 1.1 (p. 14). 
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: LITERATURE REVIEW 

This chapter provides a review of literature concerning LEA in athletes and 

exercisers. Initially, an introduction to energy availability and associated 

terminology is provided (see Table 2.1, p.18 for summary), followed by an overview 

of the current evidence base surrounding the implications of LEA within exercising 

populations. In addition to a brief review of literature concerning physiological 

aspects of LEA, this chapter synthesises and discusses current knowledge about the 

psychological underpinnings of LEA, as well as its aetiology and long-term 

consequences. Finally, it concludes by outlining how the current thesis seeks to 

expand upon this knowledge base, by contributing novel insights into the 

psychological experience of LEA.  
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 Energy Balance and Energy Availability 

Dietary energy intake (EI) is recognised as an important physiological factor 

underlying the optimisation of health and sporting performance. The field of 

dietetics has long approached the study of dietary energy from the perspective of 

energy balance (Loucks et al., 2011). Energy balance (EB; see Figure 2.1, p. 16) is 

defined as the dietary energy lost from, or added to, the body’s energy stores after 

taking its total daily energy expenditure into account (Loucks, 2004). Therefore, EB 

can be considered an output of these physiological processes. True EB occurs when 

EI and total energy expenditure (TEE) are equal (EI -TEE = 0), however, EB can 

also be described as positive (EI > TEE) or negative (EI < TEE). Provided that an 

individual has no difficulties with nutrient absorption, energy should begin to be 

stored when EI exceeds TEE (Spiegelman, 2001), which, in turn, will result in 

increased body mass. As such, this ‘energy equation’, which has dominated much of 

the obesity literature since the early 20th century (Wells & Siervo, 2011) and 

educational material within undergraduate nutrition courses (Loucks et al., 2011), 

serves as a tool to calculate an individual’s energy requirements for body mass gain 

or loss over time. 

 

 

 

In contrast, the field of bioenergetics acknowledges that dietary energy is 

expended through a number of vital physiological processes, comprising: cellular 

maintenance; growth; immunity; locomotion; reproduction; and thermoregulation 

(Wade & Jones, 2004). When more energy is expended in one of these processes, 

this leaves less energy available to carry out the remaining demands of other systems 

EB (kcal) = EI (kcal) – TEE (kcal) 

Figure 2.1  

Energy balance equation 
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(Loucks, 2004). The energy that remains after carrying out these physiological 

processes is defined as energy availability (EA), and is calculated by subtracting an 

individual’s dietary EI from their energy expenditure (EE) in a particular metabolic 

demand of interest (Wade & Jones, 2004).  In the context of human physiology, the 

primary physiological demand necessitating energy is locomotion. Energy expended 

through locomotion is termed as exercise energy expenditure (EEE; Loucks et al., 

2011). Thus, EA refers to the amount of remaining energy available for 

physiological functioning after the demands of exercise have been considered (EA = 

EI – EEE; Loucks, 2004), proportionate to an individual’s fat free mass (FFM). It is, 

as such, regarded as an input to these systems. 

 

 

 

 

Note. Abbreviations used as follows: kcal = kilocalories; kg = kilograms; 

FFM = fat free mass 

 Low Energy Availability 

 When there is insufficient energy to support normal bodily functioning, after 

EEE has been taken into account, energy is redirected away from non-essential 

physiological functions (e.g., growth and reproduction), to prioritise functions 

critical for survival (e.g., locomotion and thermoregulation; Wade & Jones, 2004). In 

turn, this results in a physiological state of LEA (Loucks et al., 2011), whereby some 

physiological systems downregulate or cease to function in a bid to conserve energy 

(Williams et al., 2001). A detailed review of the extant literature investigating the 

consequences of LEA is provided later in this chapter (section 2.4, p. 28).  

EA (kcal/kg/FFM) = EI (kcal) – EEE (kcal) 

Figure 2.2  

Equation for calculating energy availability 
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Table 2.1  

Definitions of key terminology 

 
Term Definition 

Energy balance The amount of dietary energy added to or lost from the body’s 

energy stores after the body’s physiological systems have done all 

their work for the day (Loucks et al., 2011) 

Energy availability Dietary energy intake minus the energy expended in the particular 

metabolic demand of interest (Loucks, 2013, p. 15) 

Energy availability  

(in an exercise 

context) 

The amount of dietary energy remaining after exercise training 

for all other metabolic processes (Loucks, 2007, p. 348) 

Low energy 

availability 

When an individual’s energy intake is insufficient to support 

optimal physiological functioning, after exercise energy 

expenditure (expressed in relation to fat-free mass) has been taken 

into account (Loucks et al., 2011) 

 

2.2.1 Low Energy Availability in Sport and Exercise 

 When EEE increases, it may not be sufficiently accounted for by increased 

EI. Energy is, therefore, redirected away from non-essential functions and towards 

the working muscles to prioritise locomotion (De Souza et al., 2019). A wealth of 

cross-sectional research suggests that a large proportion of athletes and exercisers 

across a variety of disciplines do not meet their daily energy requirements in terms 

of key macronutrients and overall caloric intake (see Heaney et al., 2011 for a 

review). In female college athletes (N = 54), average EI (M = 30 kcal/kg) was 

significantly lower (p < .001) than estimated energy needs determined by 

anthropometric measures (e.g., height, body mass, body composition), with 91% of 

the athletes failing to meet these requirements (Shriver et al., 2013). Furthermore, 

carbohydrate intake (M = 4 ± 1g/kg) fell significantly (p <.001) short of minimum 

recommended intake ( 5 g/kg). Similarly, a study that employed self-reported food 

diaries in professional Australian football athletes indicated that none of the 46 

athletes met their daily EI or carbohydrate recommendations (Jenner et al., 2018). 
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The methods used within these studies, however, might lead to underestimation of 

the extent to which inadequate EI is a concern, as they may result in participant 

underreporting and offer little insight into why individuals may be failing to meet 

their energy requirements.  

 A recent narrative review identified that prevalence estimates of LEA range 

from 22% to 58% across a variety of sports (Logue et al., 2020), although more 

recent research has demonstrated even higher prevalence estimates of 60% among 

male (n = 12) and female (n = 60) endurance runners (Matt et al., 2021) and 90% of 

male (n = 6) and female (n = 4) competitive cyclists during at least one training 

period (Viner et al., 2015). Whilst prevalence studies continue to be conducted in the 

field of LEA research, due to the considerable heterogeneity in the methods used to 

determine LEA and a reliance on quantitative physical markers, such figures are 

unlikely to represent the scale of the issue (Logue et al., 2018). Overall, it appears 

that unless energy deficiency is overcome through improved EI and/or reductions in 

EEE, a substantial proportion of athletes may be at risk of experiencing LEA, and 

are, therefore, susceptible to adverse health (Melin et al., 2015) and performance 

consequences (Vanheest et al., 2014). Consequently, operationalising an athlete or 

exerciser’s energy needs in terms of EA, as opposed to EB, may be important in 

monitoring long-term health and performance indices. 

2.2.2 Energy Availability as a Marker of Health and Performance 

Early research in the field of LEA suggested that there is a specific threshold 

of EA below which physiological impairments occur. In clinical studies, impaired 

reproductive function, bone health, and metabolic health have been observed below 

an EA of 30 kcal/kg FFM/day, with this figure broadly acknowledged by many 

scholars as indicative of LEA (Loucks et al., 1998; Loucks & Thuma, 2003; Melin et 
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al., 2019). Additional thresholds of EA have since been proposed in the extant 

literature (Melin et al., 2018) to indicate: high EA (i.e., healthy weight gain or 

maintenance); optimal/adequate EA (i.e., normal physiological function); and 

reduced EA (i.e., minor metabolic and menstrual disturbance).  

For the purpose of this review of literature, an overview of recognised values 

for adequate/optimal EA, reduced EA, and LEA, is provided in Table 2.2 (see p. 20). 

It is acknowledged, however, that LEA is an evolving field of research and that these 

values are not necessarily representative of all individuals, nor are they a gold-

standard method for identifying individuals at risk of impaired health. Furthermore, a 

number of scholars have criticised the notion of absolute EA thresholds, arguing that 

absolute EA thresholds are not a valid tool for determining susceptibility to 

physiological impairments due to the degree of individual variability in the level at 

which impairments are initiated (De Souza et al., 2019; Lieberman et al., 2018).  

Although EB has commonly been used as an indicator of individual energy 

requirements, it has been proposed that EA serves as a more reliable measure in the 

case of athletes and exercising individuals, as it reflects whether an individual has 

sufficient energy for all physiological processes, and, as such, provides an indication 

of overall health status (Holtzman & Ackerman, 2019). Indeed, individuals 

chronically exposed to a state of LEA may still present with a stable body weight, 

due to hypometabolic adaptations within the body (e.g., reduction in metabolic 

hormones and resting energy expenditure), whereby a new steady-state of EB is 

induced (Vanheest et al., 2014). This new steady-state can, however, often be 

insufficient to maintain healthy bodily function (Thomas et al., 2016). 
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Table 2.2  

Recognised thresholds of energy availability in sport and exercise  

 
Energy 

availability 

classification 

Males 

(kcal/kg 

/FFM/day) 

Females 

(kcal/kg 

/FFM/day) 

Reasons for initiation/  

associated outcomes 

High energy 

availability 

> 40 > 45 • Healthy weight gain or 

maintenance 

Optimal energy 

availability 

 40  45 • For weight maintenance 

• Adequate energy for all 

physiological functions 

• For periods of injury with 

alternative or rehabilitation 

training at low/moderate intensity 

for 1.5hr/day 

Subclinical low 

energy 

availability 

30-40 30-45 • May be tolerated for short periods 

during a well-constructed weight-

loss programme 

Clinical low 

energy 

availability 

< 30 < 30 • Health implications with 

impairment of many body systems 

including training adaptation and 

performance 

Note. Adapted from Melin et al. 2019. 

 Importantly, Burke et al. (2018) proposed that EA may be a more practical 

and “empowering” (p. 352) barometer of energy needs than physiological markers 

that are unobservable to the athlete, because necessary changes to EI and EEE are 

under their behavioural control. Despite this, the distinction between EB and EA 

does not appear to be sufficiently understood by many sports medicine professionals 

(Burke et al., 2018; De Souza et al., 2014). Thus, many cases of LEA may go 

undetected until individuals present with more obvious physiological impairments 

than visible weight loss or changes in body composition (i.e., bone stress injuries). 

Therefore, in order to develop effective prevention strategies and targeted 

interventions for individuals experiencing energy deficiency, there is a need to look 

beyond EB and direct focus towards LEA to ensure that its potential causes, 
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manifestations, and approaches to overcome its effects are better understood by 

athletes, exercisers, and the wider sports medicine community. 

 Antecedents of Low Energy Availability in Sport and Exercise 

 Following increased recognition of the detrimental impact of LEA on 

reproductive function and bone health in active females in the early 1990s, the 

American College of Sports Medicine (ACSM) proposed three broad origins of 

LEA: psychopathological; intentional; and inadvertent (Nattiv et al., 2007). Despite 

considerable developments in the extant literature in the intervening years as regards 

the physiological consequences of LEA (described later in this chapter), there is a 

need to advance understanding of its proposed origins. The sections that follow 

provide an overview of the knowledge base for each proposed cause of LEA among 

exercising populations, in turn. 

2.3.1 Psychopathological Causes 

The most prominently studied cause of LEA is eating psychopathology (De 

Souza et al., 2014). Eating psychopathology involves frequently dietary restriction 

(i.e., reducing EI) with or without increases in EEE, which commonly manifests 

itself in an intense preoccupation with food, body weight, and appearance (Nattiv et 

al., 2007). The term disordered eating (DE) refers to a spectrum of eating 

disturbances that range from non-pathological dieting behaviour to clinically severe 

eating disorders (ED; Shisslak et al., 1995). In the context of sports participation, DE 

has been described as “a wide spectrum of harmful and often ineffective eating 

behaviours used in attempts to lose weight or achieve a lean appearance” (Otis et al., 

1997, p. 4). Between the polarities of optimised nutrition and a clinical ED, an 

individual may engage in a multitude of potentially dangerous eating behaviours and 

practices, including: severe dietary restriction; fasting; meal skipping; purging; and 
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use of diet pills, laxatives or diuretics to induce weight loss (Nattiv et al., 2007). 

While these behaviours represent harmful practices that may carry with them 

significant psychological distress, these symptoms do not satisfy diagnostic criteria 

for a clinical ED, and may, therefore, be categorised as subclinical in nature 

(Sundgot‐Borgen & Torstveit, 2010).  

Clinical EDs are serious psychiatric conditions associated with a variety of 

potentially life-threatening physiological and psychological consequences. These 

disorders can manifest themselves in an individual’s: cognitions (e.g., fear of losing 

control over eating and other situations); emotions (e.g., negative affect); and 

behaviour (e.g., restrictive or disinhibited eating; Legenbauer et al., 2018). Whilst 

past research has documented higher self-reported DE/ED in male and female 

athletes (13.5%) than in non-athletes (4.6%; Torstveit & Sundgot-Borgen, 2005), the 

actual prevalence of eating psychopathology remains largely unknown across 

broader exercising populations due to considerable heterogeneity in the methods 

used to quantify cases of DE and/or ED (Joy et al., 2016). Consequently, some 

scholars have expressed concern over a continued abundance of prevalence studies 

in the ED in sport literature due to their potential to underestimate the extent of the 

issue and inability to distinguish between causes and effects of eating 

psychopathology (Papathomas & Lavallee, 2010; Papathomas & Lavallee, 2012). A 

more comprehensive review of eating psychopathology in sport and exercise is 

provided in section 2.5.1 of this chapter (see p. 44), along with diagnostic criteria for 

the three most common EDs among athletes and exercisers (anorexia nervosa; 

bulimia nervosa; and eating disorders not otherwise specified; Giel et al., 2016).  

Taken together, the evidence indicates that a variety of harmful eating and 

exercise behaviours reflective of DE or a more severe clinical ED could initiate or 
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maintain a state of LEA in exercising populations. Treatment recommendations for 

LEA caused by an ED include physical examination (e.g., Mountjoy et al., 2015), 

nutritional counselling (e.g., De Souza et al., 2014a), and referral for psychological 

treatment (e.g., Mountjoy et al., 2018). It has been suggested that reversal of LEA in 

the presence of ED will not occur if psychological treatment is not provided 

(Kussman & Nattiv, 2020). This demonstrates the importance of considering 

psychological factors at play in the development and potential maintenance of LEA. 

2.3.2 Intentional Causes 

 For some athletes and exercisers, engagement in restrictive eating practices 

and/or excessive exercise may also occur as a result of intentional efforts to reduce 

body fat percentage and body mass, which can be triggered out of necessity (e.g., to 

make weight for a competition) or the perception that a lean physique could confer 

additional performance benefits (Burke et al., 2018). These intentional changes to 

eating and exercise behaviours are particularly common in weight-sensitive sports, 

which can be further separated into: weight-class sports (e.g., lightweight rowing and 

horse-racing jockeys); aesthetic sports (e.g., gymnastics and synchronised 

swimming); and gravitational sports (e.g., running, skiing, cycling; Khodaee et al., 

2015).  

Weight-class and weight-category sports dictate the body mass that an athlete 

must achieve to be eligible for competition. Thus, individuals often deliberately aim 

to reduce or maintain body mass at a level that is suboptimal for their health 

(Crighton et al., 2016). Some common strategies employed to reduce or maintain 

weight include: avoidance of entire food groups; laxative or diuretic abuse; meal 

skipping; and self-induced vomiting (Franchini et al., 2012). Similarly, participation 

in aesthetic sports (e.g., gymnastics, diving), whilst not dictated by weight 
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categories, commonly demands a slim physique to fulfil aesthetic criteria or 

perceived physical performance requirements (Sundgot-Borgen & Garthe, 2011). 

Therefore, individuals may adopt a number of restrictive eating practices to maintain 

this body composition. Finally, endurance athletes participating in gravitational 

sports, such as distance running and cycling, often seek to reduce body mass and fat 

in pursuit of an optimal ‘race weight’, but also face additional time and energy 

demands of prolonged exercise, putting them at a heightened risk of LEA (Hutson et 

al., 2021). 

A term that is considered useful for the identification of restrictive eating 

behaviours that may predispose an individual to LEA is cognitive dietary restraint, 

which refers to the extent to which an individual consciously restricts their food 

intake while driven by a desire to achieve or sustain a particular body weight 

(Vescovi et al., 2008). In a cross-sectional study of female university athletes (N = 

15), a significant, positive association (r = .50, p < .05) was found between cognitive 

dietary restraint and body weight, whereby individuals with higher body weight 

expressed an increased desire to reduce weight (Wright et al., 2014). Moreover, 

individuals exhibiting higher cognitive dietary restraint reported significantly lower 

EI (r = -.46, p <.05) and EA (r = -.67, p < .001), with an average EA below 20 

kcal/kgFFM/day, thus indicating LEA (see Table 2.1, p. 18). Additional research 

suggests that elevated cognitive dietary restraint is associated with a number of 

consequences related to LEA, including: lower BMD (Wood et al., 2021); altered 

appetite hormone concentrations (Scheid et al., 2013); increased cortisol (McLean et 

al., 2001); and reduced cognitive performance (Green et al., 1996).  

While intentional efforts to control or modify body weight have been 

described as “rational but mismanaged” strategies, which “may or may not include 
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disordered eating behaviours that are inherent to the culture of certain sports” 

(Loucks et al., 2011, p. S8), these statements are somewhat confusing and 

contradictory. Indeed, they appear to imply that some DE behaviours are rational 

practices in the sporting contexts within which they operate, in that they are 

perceived to favourably influence physical performance or are considered 

fundamental practices in securing qualification for competition. In turn, this has 

created ambiguity as to whether the proposed psychopathological and intentional 

causes of LEA represent distinct origins. The normalisation of these potentially 

harmful practices within some sport and exercise contexts has made it increasingly 

difficult to understand and explore experiences of DE independent of these practices 

(Cosh et al., 2015). 

2.3.3 Inadvertent Causes 

 Whilst conscious dietary restrictions, with or without DE/ED, are purported 

to be the most common causes of LEA (Williams et al., 2017), it is important to 

consider alternative factors that may contribute to LEA in the absence of eating 

psychopathology. Finally, it has been proposed that LEA can occur inadvertently, 

whereby individuals do not intentionally restrict EI or significantly increase EEE, yet 

they fail to maintain adequate EA for optimal physiological functioning (Loucks, 

2020). One explanation for this among physically active populations is a reduction in 

ad libitum EI (i.e., eating without restriction, and to satiety) due to the absence of a 

biological drive to increase EI, which can be induced by prolonged exercise (e.g., 

endurance pursuits - Loucks et al., 2007). Sustained endurance activity can double or 

even quadruple the energy expended in exercise (Loucks et al., 2011), which may 

result in a reduced biological drive to increase EI in line with the increased EEE 

(Douglas, 2017). Evidence suggests that subjective feelings of appetite are briefly 
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suppressed by single bouts of exercise, especially during aerobic activity at 60% 

peak oxygen uptake or greater (Deighton et al., 2013; King et al., 2011). However, 

the majority of studies conducted on ad libitum EI and appetite suppression have 

utilised non-athletic (Hagobian et al., 2013; King et al., 2011), or obese/overweight 

populations (Sim et al., 2014; Thivel et al., 2014). Therefore, the extent of 

inadvertent LEA among athletes and exercisers remains largely unknown. 

 Inadvertent LEA could also occur due to a lack of sufficient knowledge of 

good quality nutrition practices to maintain optimal EA (Magee et al., 2017). 

Therefore, individuals who lack sufficient knowledge may unintentionally under-fuel 

relative to their EEE. Research concerning the association between nutritional 

knowledge and actual EI in athletes remains equivocal (Heaney et al., 2011). In a 

cross-sectional study of 579 athletes and wider members of the athletic community 

(e.g., athletic trainers, strength and conditioning specialists), only 9% of athletes 

were found to have adequate sports nutrition knowledge, which was considerably 

lower than the proportion of coaches (35.9%), athletic trainers (71.4%), and strength 

and conditioning staff (83.1%; Torres-McGehee et al., 2012). Furthermore, a 

shortage of knowledge regarding nutrition to aid performance and nutrition-related 

health complications has been highlighted among female cross-country athletes 

(Zawila et al., 2003), as well as biathletes, cross-country skiers, and orienteers 

(Heikkilä et al., 2018). 

2.3.4 Social Causes  

Before proceeding, it is worth noting that Loucks et al. (2007) also suggested 

that LEA can be socially-driven (i.e., restrictive eating to improve appearance for 

social approval) and unrelated to sport, with social causes recently proposed as a 

fourth distinct origin of LEA (Loucks, 2020). More research is necessary to 
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understand the extent to which social factors influence EA, however, as no other EA 

literature to date has suggested that social influences beyond the sporting context 

constitute a unique origin of LEA. Indeed, it could be the case that this proposed 

fourth cause of LEA falls within intentional control or modification of body weight 

and/or shape, but the motivation for this may be dictated by a desire for social 

approval as opposed to sporting pressures and demands. 

2.3.5 Summary 

 Taken together, it appears that LEA can occur for a variety of reasons, and 

may not necessarily feature DE, ED, or even intentional dietary restriction. Despite 

suggestions that the boundaries between unintentional and pathological LEA are 

minimal (Wasserfurth et al., 2020), very little is known about the potential 

interactions that occur between its proposed origins. Furthermore, there is a need to 

advance understanding of the aetiology of LEA to bring greater clarity to this area as 

regards the different reasons why an athlete or exerciser may experience transient, or 

more concerningly, chronic periods of energy deficiency. To date, present 

understandings of the aetiology of LEA appear to be largely based upon quantitative 

correlational associations, but such methods have struggled to provide in-depth 

insights into the contexts and mechanisms underlying LEA onset.  

 Presentations of Low Energy Availability 

2.4.1 The Female Athlete Triad 

The adverse health implications associated with LEA in sport were first 

formally recognised by the ACSM’s Task Force on Women’s Issues at a consensus 

conference in 1992. The task force sought to discuss the increasing incidence of 

three interrelated disorders observed in female athletes: DE; amenorrhea; and 

osteoporosis in the emerging literature (Drinkwater et al., 1984; Yeager et al., 1993). 
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These discussions were reflected within the sport and exercise literature five years 

later in a position stand published by the group, which introduced a syndrome 

observed in physically active girls and women, termed the Female Athlete Triad 

(Triad; Otis et al., 1997).  

When first introduced, the Triad was believed to be primarily caused by the 

pressures to achieve an unrealistically low body weight among young girls and 

women, especially those participating in sports emphasising a lean physique ‘ideal’, 

(e.g., subjectively-judged sports; endurance sports; weight-category sports; Otis et 

al., 1997). Such individuals were considered susceptible to developing patterns of 

DE that, in turn, increased their risk of developing clinical consequences of 

amenorrhea and osteoporosis (Otis et al., 1997). A decade after the initial position 

stand was published, however, the definition of the Triad was revised and expanded 

in an updated ACSM position stand, which proposed that female athletes are 

positioned on a continuum of health and disease across three spectra: EA (with or 

without DE); menstrual function; and BMD (Nattiv et al, 2007).  

The Triad model (Figure 2.2, p. 17) depicts how a female athlete’s condition 

can move along each spectrum in a bi-directional manner, at a rate determined by her 

diet and exercise habits. Following chronic exposure to LEA, females may present 

with clinical conditions, namely clinical eating disorder (ED) psychopathology, 

impaired fertility, and osteoporosis, and if this deficit is not overcome through 

dietary compensation (i.e., increased EI), the long-term consequences can be 

extremely damaging and, in some cases, irreversible (Loucks & Nattiv, 2005). For 

example, a recent cross-sectional study of elite female athletes (N = 210) reported 

that those with a history of secondary amenorrhea (> 1 year) in their teenage years 

were found to have lower BMD (z-score = −1.56 ± 1.00) in their 20s (Nose-Ogura et 
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al., 2020), thus suggesting that previous menstrual disturbance may have long-term 

implications for bone health. 

  

 

Note. Adapted from Nattiv et al. (2007).  

 

The red arrows in the anterior triangle indicate that LEA impairs bone health and 

development indirectly, by inducing amenorrhea and removing oestrogen’s anti-

resorptive effects on bone metabolism, while suppressing the hormones that promote 

bone formation (Ihle & Loucks, 2004).  

 

The black, bi-directional arrows represent the spectra of EA, menstrual status, and 

BMD upon which a female athlete’s health status is located. Recurrent periods of 

moderately reduced EA may induce subclinical menstrual disorders (e.g., 

anovulation) and suppress oestrogen and metabolic hormones, although this is likely 

to be to a lesser extent than in those with chronic LEA. Moreover, sufficient time 

may not yet have passed (i.e., following the onset of reduced EA) for these athletes 

to fall far behind their age group average in BMD (z-score), thus they may not meet 

diagnostic criteria for reduced BMD or osteoporosis.  

 

The green arrows represent the ‘healthy’ end of the Triad continuum, wherein female 

athletes possess optimal EA, normal menstrual function, and optimal bone health. 

 

Figure 2.3  

The three inter-related components of the Female Athlete Triad 
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2.4.4.1 Menstrual Function. The updated Triad model identifies LEA as the 

aetiological factor underpinning the subsequent development of impaired menstrual 

function and bone health (Nattiv et al., 2007). Amenorrhea refers to a complete 

absence of menstruation for a minimum of three months (De Souza & Williams, 

2004). This health issue can be further divided into primary amenorrhea, which is 

commonly referred to as delayed menarche (i.e., failure to initiate menstruation 

before the age of 16; Lacroix et al., 2020), and secondary amenorrhea, whereby girls 

or women experience the cessation of menses for three or more consecutive cycles 

following menarche (Roupas & Georgopoulos, 2011).  

 The most common form of both primary and secondary amenorrhea, 

responsible for 20-35% cases in females of reproductive age (Golden & Carlson, 

2008), is functional hypothalamic amenorrhea (FHA; Meczekalski et al., 2014; 

Shufelt et al., 2017). Evidence suggests that female athletes in a state of LEA are at 

significant risk of developing FHA, as they lack sufficient energy for the 

maintenance of optimal reproductive function (Slater et al., 2017), with higher 

prevalence observed in aesthetic and leanness-focused sports such as: ballet; cross-

country and track running; cycling; gymnastics; and lightweight rowing (Nichols et 

al., 2007; Beals & Hill, 2006).  

2.4.1.2 Bone Health. Stress fractures, or bone stress injuries, are the most 

commonly observed overuse injury among athletes (Chen et al., 2013), with 

evidence indicating that BMD is significantly lower (effect size = 0.98, large) and 

bone injuries more than 4.5 (effect size = 0.85, large) times more prevalent in 

amenorrhoeic female athletes compared to female athletes with normal menstrual 

function (Heikura et al., 2018). Finally, in a large-scale controlled study of elite 

female athletes (n = 186) and non-athletic premenopausal women (n = 145), body fat 
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percentage and ED were negatively associated with total body BMD ( -.003, and  

-.023, respectively), although this difference between groups did not approach 

statistical significance. These findings demonstrate that female athletes exhibiting 

both physiological and psychological indicators of LEA are at increased risk of low 

BMD (Torstveit & Sundgot-Borgen, 2005).  

 2.4.1.3 Prevalence of the Triad. The lack of precise prevalence rates for the 

three components of the Triad has been largely attributed to universal discrepancies 

in the methods employed to detect, define, and assess individual components (Gibbs 

et al., 2013), as well as a lack of symptom-reporting by athletes themselves (Brown 

et al., 2017). Following expansion of the criteria for what constitutes a component of 

the Triad (Nattiv et al., 2007), some researchers suggested that practically any active 

female could be considered “at risk” for the Triad provided she meets the criterion 

for just one component (DiPietro & Stachenfeld, 2006). Based on this perspective, it 

is plausible to suggest that a high proportion of female athletes across a variety of 

sporting and exercise contexts may be at risk of experiencing the potentially 

detrimental effects of LEA. This further emphasises the importance of directing 

research attention towards understanding the underlying factors that may result in the 

onset and potential maintenance of LEA, in order to prevent the development of 

more severe manifestations (e.g., EDs, irreversible bone loss). 

2.4.2 Relative Energy Deficiency in Sport 

Following three decades of advancement in the Triad literature, the IOC 

sought to update the revised Triad position stand (Nattiv et al, 2007) to reflect a 

wealth of evidence identifying LEA as the cornerstone of a broader syndrome of 

health and performance impairment. In turn, this led to the conception of the term 

Relative Energy Deficiency in Sport (RED-S), which was introduced as a state of 
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“energy deficiency relative to the balance between dietary energy intake and the 

energy expenditure required to support homeostasis, health and the activities of daily 

living, growth and sporting activities” (Mountjoy et al., 2014, p. 491). Moreover, 

RED-S was proposed to have an adverse impact upon a number of physiological 

systems and processes, including: bone health; cardiovascular health; immunity; 

menstrual function; metabolic rate; and protein synthesis (Mountjoy et al., 2014).  

While the RED-S framework acknowledges that the Triad components of 

menstrual function and bone health are associated with LEA (Figure 2.4, p. 34), 

several notable differences are evident between the Triad and RED-S. First, RED-S 

extends upon the three-component Triad model by suggesting that the consequences 

of LEA extend beyond females, athletes, and two physiological impairments. 

Accordingly, it was proposed that RED-S can also affect male athletes and 

contributes to a wider variety of adverse health and performance outcomes. Second, 

while the Triad acknowledges an association between LEA and menstrual function 

that can, in turn, compromise bone health, RED-S identifies LEA as the aetiological 

factor underpinning the development of a multitude of adverse health and 

performance impairments (e.g., cardiovascular functioning, reduced coordination). 

Finally, both the Triad and RED-S models acknowledge inextricable relationships 

between psychological factors and LEA among some athletes, however, the RED-S 

health model proposes that psychological factors can precede or succeed the onset of 

RED-S. The section that follows introduces the RED-S models to further illustrate 

the key distinctions between the Triad and RED-S. 

 2.4.2.1 Health and Performance Models. Two conceptual models adopting 

a ‘hub and spoke’ design (Figure 2.4, p. 34) were developed to provide a visual 

representation of 10 proposed health effects and 10 proposed performance effects of 
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RED-S (Mountjoy et al., 2014). The health model predominantly displays the range 

of physiological systems affected by LEA, while the performance model presents 

consequences of LEA affecting athletic performance. The circular hub of each model 

represents a state of “relative energy deficiency” (p. 491) caused by LEA, with the 

spokes emanating from the inner circle on arrows depicting the apparent causal 

impact of LEA upon each component (Mountjoy et al., 2014). The one exception to 

this is psychological health, which is presented as the aforementioned bi-directional 

arrow, denoting its proposed reciprocal relationship with LEA, whereby it can both 

influence the development of relative energy deficiency and be compromised as a 

result of a relative energy deficit (Mountjoy et al., 2014). 

 

 

 

 

 

 

 

 

 

 

 

Note. Reproduced from Mountjoy et al. (2014). 

*Psychological consequences can either precede RED-S or be the result of RED-S.  

 

 

 

 

 

 

Figure 2.4  

Proposed health consequences of Relative Energy Deficiency in Sport  
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Note. Reproduced from Mountjoy et al. (2014). 

 2.4.2.2 Critique of the Relative Energy Deficiency in Sport Conceptual 

Framework. Since its publication in 2014, the IOC consensus statement on RED-S 

has been a source of controversy in the field of sport and exercise science, with its 

terminology being adopted by some researchers (e.g., Elliot-Sale et al., 2018; Burke 

et al., 2018; Statuta et al., 2017), but met with critique by numerous Triad scholars 

(e.g., De Souza et al., 2014, 2017; Williams et al., 2019). Accordingly, researchers of 

Triad contend that a parallel syndrome is observed in male athletes who experience 

LEA and subsequent impairments to reproductive function and bone health (the 

Male Athlete Triad; Fredericson et al., 2021). Among the myriad reasons for 

continued debate on the credibility of RED-S as an evidence-based syndrome are 

Figure 2.5  

Proposed performance implications of Relative Energy Deficiency in Sport 
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inconsistences in terminology used to describe the relationship between RED-S and 

LEA. For example, Mountjoy et al. (2014) state that: 

The syndrome of RED-S refers to impaired physiological function including, 

but not limited to, metabolic rate, menstrual function, bone health, immunity, 

protein synthesis, cardiovascular health caused by relative energy 

deficiency…[and later] the cause of this syndrome is energy deficiency 

relative to the balance between dietary energy intake and energy expenditure 

required for health and activities of daily living, growth and sporting 

activities (p. 491). 

 

In other words, this suggests that “relative energy deficiency” is synonymous with a 

state of LEA. This supposition makes it difficult to deduce whether RED-S is 

essentially a physiological state of LEA or whether it represents the psychological 

and physical manifestations of LEA. Furthermore, the RED-S model does not appear 

to consider the potential interactions between psychological and physiological 

factors in a state of LEA, and instead presents psychological health as a seemingly 

separate entity to other RED-S symptoms (De Souza et al., 2014).  

In response to critique of the RED-S model (e.g., De Souza et al., 2014, 

2017; Williams et al., 2019), Mountjoy et al. (2015) asserted that the Triad was 

“overdue for a rebrand” (p. 417) and proposed that the RED-S model provided more 

appropriate and accurate terminology to capture the wide-ranging implications of 

LEA in sport. A more recent update to the RED-S consensus statement subsequently 

addressed advancements in the field of LEA research since the introduction of the 

RED-S framework (Mountjoy et al., 2018). Specifically, this update discussed LEA 

risk in male athletes and considerations for measurement of LEA, whilst also 

offering further evidence to support the health and performance parameters proposed 

by the RED-S models introduced in the 2014 statement (Mountjoy et al., 2014). 

During the intervening years since its conception, the RED-S framework has 

continued to receive considerable attention in the field of LEA research, and 



 37 

evidence continues to accumulate with regard to its proposed antecedents and 

consequences.  

Given that the two consensus statements (Mountjoy et al., 2014, 2018) 

constitute the most prominent texts on RED-S up to present day, it is important to 

consider the evidence that contributed to its conceptualisation. Currently, it is 

plausible to suggest that a number of issues limit the credibility of various constructs 

included in the RED-S models, including: inconsistencies in terminology used to 

identify risk factors; incorrect reporting of results from past research to support 

components of the RED-S models (De Souza et al., 2014); and the absence of a gold 

standard objective measurement for EA. An overview of key evidence cited within 

the initial and updated consensus papers to support the proposed health and 

performance consequences of RED-S is provided in Table 2.3 (pp. 38-39) and Table 

2.4 (pp. 40-41). 
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Table 2.3  

The proposed health effects of Relative Energy Deficiency in Sport outlined by Mountjoy et al. (2014) and Mountjoy et al. (2018) 

IOC RED-S consensus statement (2014) Supporting literature (see Mountjoy et al., 2014; 2018) 

Proposed  
RED-S effect 

Supporting statement(s) 

(page number)  
Author (date) 

Sample or 
population 

Study type EA measure Relevant findings/statements  

Cardiovascular 

Low EA causes 
unfavourable lipid profiles and endothelial dysfunction, 

thereby 

increasing cardiovascular risk (p. 492) 

Rickenlund et 
al. (2005) 

47 young 
female 

endurance 

athletes 

Cross-sectional No direct EA 
measure- 

amenorrhoea as 

LEA marker  

 Amenorrhoea is associated with endothelial 

dysfunction and unfavourable lipid profile that 
increases risk for atherosclerosis 

Immunological 

Functional impairments associated with LEA include a 
greater prevalence of viral illnesses (p. 493) 

Hagmar et al. 
(2008)  

223 Olympic 
athletes 

Cross-sectional No direct measure 
of EA; self-

reported height 

and weight and 

time spent 

training  

Significantly more athletes in disciplines 
emphasising leanness reported being ill during the 

prior 3-month period (38.5% vs 21.6%, p < .05) 

Menstrual 
function 

Marked reduction in EA may disrupt the LH pulsatility 

by affecting the hypothalamic hormone gonadotropin-

releasing hormone output which subsequently alters the 

menstrual cycle (p. 492) 

Sonntag and 

Ludwig (2012) 

Female 

populations  
Review article No specific 

reference made to 

EA   

Divergence of LH secretory patterns is also present 

in association with physical stress in athletes 

leading to a frequency of irregular cycles in the 

absence of overt hormonal abnormalities 

Bone health 

The complex dose–response relationship between 

reduction in EA and the disruption of various hormones 

and bone formation markers vary in nature and 

thresholds (p. 492) 

Ihle and Loucks 

(2004) 

20 sedentary 

women 

Prospective 

experiment  
Controlled EI: 

clinical dietary 

product 

Controlled EEE: 

fixed exercise 
intensity - 

treadmill 

When EA was restricted severely enough to 

suppress oestradiol, bone resorption increased and 

became uncoupled from suppressed bone 

formation 

Even silent oestrogen/progesterone imbalance, as seen 

in subclinical ovulatory disturbances with low EA may 

produce negative changes in bone (pp. 492-3) 

Li et al. (2014) Female non-

athletes 

Review article No specific 

reference made to 

EA   

Regularly menstruating women with more frequent 

ovulatory disturbances experience more negative 

changes in bone (approximately −0.9% per year). 
These cycles with silent oestrogen/progesterone 

imbalance may be clinically important 
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Low EA is now recognised as an independent factor of 

poor bone health at all levels of energy deficiency due 
to decreased IgF-1 and bone formation markers (p. 493) 

Lambrinoudaki 

and 
Papadimitiou 

(2010) 

Female 

athletes 

Review 

/commentary 

N/A Endurance athletes are encouraged in diets rich in 

carbohydrates leading to protein energy deficit. 
The result is a negative energy balance and 

hormonal adaptive alterations, low GH and IGF-1, 

low fT3 and high cortisol levels, which suppress 

bone synthesis 

Endocrine 

Low EA alters endocrine function (p. 493) Loucks and 

Heath (1994) 

27 female 

non-athletes 

Prospective 

experiment  
Controlled EI: 

Clinical dietary 

product 

Controlled EEE: 

supervised 
ergometer 

exercise 

Reductions in T3 and fT3 occurred abruptly 

between 19 and 25 kcal/kg/FFM/day and increased 

in fT4 and rT3 occurred between 10.8 and 19 

kcal/kg/FFM/day 

Increases in the stress hormones, catecholamines and 

cortisol are concomitant with low EA (p. 493) 

Fuqua and 

Rogol (2013) 

Exercising 

populations  
Narrative 

review  

No specific 

reference made to 

EA   

Exercise stress leads to increased cortisol 

secretion, but this action is mediated through the 

induced negative energy balance. 

Metabolic 

Low EA alters levels of metabolic hormones and 

substrates, for example, insulin, cortisol, growth 

hormone, IGF-I, 3,3,5-triiodothyronine, ghrelin, leptin, 

peptide tyrosine–tyrosine, glucose, fatty acids and 

ketones (p. 492) 

Wade and Jones 

(2004) 

Female 

mammals 

(i.e., 

monkeys, 

hamsters)  

Narrative 

review  

No specific 

statements linking 

LEA to metabolic 

perturbations  

Any activity or condition that limits the availability 

of oxidizable fuels (e.g., undereating, excessive 

energy expenditure, diabetes mellitus) can inhibit 

both GnRH/LH secretion and female copulatory 

behaviours 

Gastrointestinal 

Some athletes with disordered eating/eating disorders 
practise extreme weight control methods (fasting, 

vomiting, diuretic and laxative abuse) that have possible 

health and performance consequences such as 

dehydration and electrolyte imbalances, and 

gastrointestinal problems, including esophagitis and 
oesophageal perforation from vomiting (p. 493) 

No supporting evidence provided 

Haematological No specific statement No supporting evidence provided  
Growth and 

development 

No specific statement  No supporting evidence provided 

Psychological 

Psychological stress and/or depression can result in low 

EA and EDs and can also be a result of low EA (p. 492)  

Stice et al. 

(2012) 

ED 

populations 

Review  No specific 

reference made to 

EA   

Initial elevations in perceived pressure to be thin, 

thin-ideal internalization, body dissatisfaction, 

self-reported dieting behaviours, and fasting, 
negative affect, perceived stress, and deficits in 

inhibitory control increase risk for future clinical 

ED 

Note. Abbreviations used as follows: BMI = body mass index; DE = disordered eating; EA = energy availability; ED = eating disorder; EEE = exercise energy expenditure; EI = energy intake; LEA = low energy 

availability; fT3 = tri-iodothyronine; fT4 = thyroxine; IGF-1 = insulin-like growthfactor-1; GnRH = gonadotropin-releasing hormone; LH = luteinising hormone; RED-S = relative energy deficiency in sport; rT3 = 
reverse triiodothyronine 
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Table 2.4  

The proposed performance consequences of Relative Energy Deficiency in Sport as outlined by Mountjoy et al. (2014) and  

Mountjoy et al. (2018) 

IOC RED-S consensus statement (2014) Supporting literature (see Mountjoy et al., 2014, 2018) 

Proposed RED-S effect 
Supporting statement(s) 

(page number) 
Author (date) 

Sample or 

population 
Study type EA measure Relevant findings/statements 

Decreased glycogen 

stores 

Adequate protein and 

carbohydrate intake is 

recommended to restore 

liver glycogen to facilitate 

LH pulsatility (p. 494) 

Loucks et al. 

(1998) 

9 exercising 

females 
Experiment 

Controlled EI: 

instructed to eat all 

food provided 

Controlled EEE: 

indirect calorimetry + 

habitual walking EE 

Low energy availability caused by dietary energy 

restriction reduced carbohydrate intake by 77%. 

This observation leads us to speculate that exercise 

energy expenditure may compromise brain glucose 

availability less than the corresponding amount of 

dietary energy restriction. 

Muscle strength 

Research indicates that 

muscle protein synthesis is 

reduced even at EA of 30 

kcal/kg FFM/day (p. 492) 

Areta et al. 

(2013) 

24 exercising  

males 

Experiment 

 

EA of diet provided = 

45 kcal/kg FFM/day. 

No reference made to 

EA of 30 kcal/kg 

FFM/day 

No findings or statements referencing EA or LEA 

Endurance performance 

No specific statement 

made regarding effect of 

LEA on endurance 

performance 

No supporting evidence provided 

Increased injury risk 

Dietary insufficiencies 

increase the risk of stress 

fractures in both sexes (p. 

493) 

McCabe et al. 

(2012) 

Exercising 

populations 

Concept 

review  

No specific reference 

made to EA   

A relationship exists between sufficient vitamin D 

status and stress fractures, although genetic and 

environmental factors are involved as well (p. 531) 

Functional impairments 

associated with low energy 

availability include a 

greater prevalence 

of injuries (p. 493) 

Thein-

Nissenbaum et 

al. (2011) 

High school 

athletes 

Retrospective 

cohort 

No direct EA measure                   

DE and MD as 

markers of LEA 

Athletes with DE were over two times more likely 

to sustain a sports-related injury than those reporting 

normal eating behaviour (OR, 2.1; 95% CI: 1.4,4.0; 

p.60) 
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Decreased training 

response 

Functional impairments 

associated with low energy 

availability include 

reduced responsiveness to 

training and subsequent 

performance (p. 493) 

Vanheest et al. 

(2014) 

10 elite female 

swimmers 
Experiment 

EI: 24-hr recall diet 

records EEE: training 

records and 

swimming-specific 

EEE tables 

Athletes who are in an energy deficit with ovarian 

suppression experience effects that translate to poor 

sport performance that worsens if the energy 

deficit remains. In fact, sport performance declined 

by 9.8% in the ovarian-suppressed group, whereas 

performance improved by 8.2% in the cycling group 

Impaired judgement 

No specific statement 

made regarding effect of 

LEA on judgement 

No supporting evidence provided 

Decreased coordination 

No specific statement 

made regarding effect of 

LEA on coordination 

No supporting evidence provided 

Decreased 

concentration 

No specific statement 

made regarding effect of 

LEA on concentration 

No supporting evidence provided 

Irritability 

No specific statement 

made regarding effect of 

LEA on irritability 

No supporting evidence provided 

Depression 

Psychological stress and/or 

depression can result in 

low EA and EDs and can 

also be a result of low EA 

(p. 492) 

Stice et al. 

(2012) 

ED 

populations 
Review article 

No specific reference 

made to EA Considers 

ED as indicator of 

LEA 

Threshold and EDNOS eating disorders are marked 

by chronicity, relapse, distress, functional 

impairment, and risk for future obesity, depression, 

suicide attempts, anxiety disorders, substance abuse, 

and morbidity 

Note. Abbreviations used as follows: BMI = body mass index; DE = disordered eating; EA = energy availability; ED = eating disorder; EDNOS = eating disorder not otherwise specified; EEE = 

exercise energy expenditure; EI = energy intake; LEA = low energy availability; LH = luteinising hormone; OR = odds ratio; MD = menstrual dysfunction 
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 2.4.2.3 The Bi-directional Arrow. In synthesising the underpinning 

evidence across both the proposed health and performance effects of RED-S, it is 

clear that an important area of future investigation concerns the psychological 

experience of LEA. The health effects model depicts psychological health as both a 

potential precursor and consequence of LEA (Mountjoy et al., 2014), however, little 

evidence was presented in the initial consensus statement to justify this supposition. 

Indeed, the supporting literature for this assertion comprised a single ED review 

article that made no reference to the concept of LEA per se (Stice et al., 2012). 

Whilst it may be reasonable to assume that a high proportion of athletes and 

exercisers with ED are likely to have LEA, due to high volumes of physical activity 

combined with restrictive or aberrant eating practices, Stice et al. (2012) presented 

and reviewed data obtained from non-athletic populations. As such, conclusions 

drawn about the aetiology and consequences of ED in these samples may not be 

representative of athletes and exercisers, who are likely to have higher energy 

requirements than non-athletic populations and, thus, be more susceptible to LEA. 

Moreover, depression (a psychological disorder) sits upon a unidirectional arrow 

within the performance diagram, separate from psychological health, despite it 

potentially being more appropriate for inclusion in the health implications model. 

Furthermore, irritability is treated analogously to depression (i.e., it sits within the 

performance effects model), yet no reference is made to its proposed relationship 

with LEA within the consensus paper.  

 Although few studies exploring psychological factors associated with RED-S 

have been undertaken, a recent large-scale, cross-sectional study examined the 

relationships between LEA and surrogate markers of RED-S in 1,000 active females 

reporting to a sports medicine department with any sport-related medical condition 
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(Ackerman et al., 2019). Participants classified as having LEA were found to be 2.41 

times more likely to report a history of impaired psychological health than athletes 

with adequate EA, and 2.3 times more likely to report feelings of depression 

(Ackerman et al., 2019). It should be pointed out, however, that classifications of EA 

were based on scores obtained from DE/ED self-report measures alone, with the 

criterion for LEA being a positive score on just one of three ED questionnaires. It 

cannot, therefore, be concluded that an increased likelihood of reporting depression 

in this group, which was assessed via a closed (i.e., yes/no) question, was 

attributable to a physiological state of LEA, or the psychological implications of 

enduring DE/ED, and potential inadvertent causes of LEA may have been 

overlooked.  

A further limitation of the study by Ackerman et al. (2019) was that athletes 

considered to have a history of psychological impairments were classified based 

upon a single criterion: they reported consulting or having consulted a mental health 

professional. Moreover, there was no indication as to the whether this referred to 

past or current mental health support, while no explanation was offered as to why the 

athletes sought support from a mental health professional. Consequently, this 

categorisation may have underestimated the prevalence of poor psychological health 

amongst this sample as many athletes have reservations about seeking professional 

help for mental health difficulties (Gulliver et al., 2012), especially those with 

DE/ED  (Prouty et al., 2002).  

Furthermore, given that many individuals with eating psychopathology often 

hold the belief that their behaviour does not warrant therapy or professional help 

(Meyer et al., 2005), classifying individuals on the basis of their help-seeking 

behaviour – or lack thereof – appears to be a somewhat limited method to assess 
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psychological functioning. Considering the detrimental outcomes associated with 

LEA, it is vital to understand how and why it may be initiated and experienced, thus 

generating evidence that can help to appropriately educate and inform athletes of the 

risks of LEA. Furthermore, there is a need to expand upon past cross-sectional work 

with research conducted at multiple time points that seeks to identify how and why 

the process of LEA occurs from a psychological perspective. Given the multitude of 

issues highlighted with the RED-S model, and a continued dearth of research into its 

potential psychological antecedents and/or implications, further exploration of 

psychological components of the RED-S model is warranted. 

 Low Energy Availability and Psychological Health 

As discussed in the previous section, LEA has been largely regarded as a 

physical entity, yet appears to have detrimental and potentially long-lasting impacts 

on an individual’s psychological health. Psychological factors have been identified 

as an important consideration in the potential aetiology, outcomes, and maintenance 

of persistent LEA among athletic populations (e.g., Hoch et al., 2009; Strock et al., 

2020; Torstveit & Sundgot-Borgen, 2005). More specifically, past research has 

alluded to relationships between LEA and various indices of psychological health, 

including: eating psychopathology (Barrack et al., 2021); psychological stress 

(Strock et al., 2020); negative mood states (e.g., Fagerberg, 2018); and mood 

disorders (e.g., depression, anxiety; Rogers et al., 2021).  

Despite this, a limited amount of research has explored the proposed 

relationship between LEA and psychological health within sport and exercise 

(Mountjoy et al., 2014), which means there is a lack of evidence to support such 

claims (Schofield et al., 2020a). Furthermore, the reliance on cross-sectional 

evidence to date (e.g., Ackerman et al., 2019; Torstveit et al., 2019; Drew et al., 
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2018) may have limited the potential to generate deeper insights into psychological 

and physiological interactions at play in syndromes resulting from LEA (i.e., Triad, 

RED-S). In turn, this has led to uncertainty as to whether certain psychological 

factors are indeed a cause, consequence, and/or correlate of LEA. Thus, it is 

important to develop greater understanding of the psychological processes 

underpinning the occurrence of LEA. The following sections explicate what is 

currently known about the proposed reciprocal relationship between psychological 

health and LEA within the RED-S paradigm (Mountjoy et al., 2014, 2018). 

Furthermore, the potential psychological antecedents and consequences of LEA 

among athletes and exercisers are highlighted.  

2.5.1 Eating Psychopathology 

 The current lack of understanding concerning the psychological antecedents 

and consequences of syndromes of LEA may be somewhat attributable to the high 

level of crossover between LEA and DE/ED literature. In turn, this may have 

contributed to a degree of ambiguity regarding whether psychological health 

concerns result from a physiological state of LEA, or pre-existing eating 

psychopathology. For example, elite athletes exhibiting ED pathology have 

demonstrated significantly higher scores on anxiety and depression screening 

measures (p <.001) than athletes without such pathology according to scores 

obtained from ED screening tools (e.g., Giel et al., 2016), although it remains 

unknown whether ED contributes to anxiety and/or depression, or whether such 

concerns could be a result of psychological stress due to the high-performance sport 

environment, independent of the ED (Rice et al., 2016).  

 It is, however, important to reiterate that LEA can occur in the absence of 

DE/ED, and that DE/ED might not necessarily induce, or maintain, a state of LEA in 
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all cases (Nattiv et al., 2007). Therefore, it is important to understand the experiences 

of individuals who may inadvertently, or even intentionally, induce LEA, in the 

absence of ED/DE. In turn, this could better protect against the future onset of more 

severe DE attitudes and behaviours that could develop into a clinical ED with myriad 

psychological and physiological complications. 

 2.5.1.1 Diagnostic Criteria. As delineated within the Diagnostic and 

Statistical Manual of Mental Disorder (DSM-V), feeding and eating disorders are 

“characterized by persistent disturbance of eating and eating-related behaviour that 

results in the altered consumption or absorption of food and that significantly 

impairs health or psychosocial functioning” (American Psychiatric Association, 

2013, p. 329). Anorexia nervosa (AN) is a condition characterised by a significant 

reduction in body mass as a result of significant energy restriction, which commonly 

manifests itself in a refusal to maintain a body weight that is minimally normal body 

age and height, body weight or shape distortion, and a fear of gaining weight despite 

being severely underweight (American Psychiatric Association, 2013; see Table 2.5, 

p. 49). Whilst the DSM-V specifies two sub-types of the disorder (i.e., restricting-

type and binge-eating/purging type), all forms of AN broadly refer to abnormal 

eating behaviour, including attempts to strictly limit food intake and maintain or 

achieve a low body weight.  

 In contrast, bulimia nervosa (BN) is characterised by recurrent binge eating 

episodes that often succeed a period of severely restrictive eating (e.g., fasting), and 

induce a cycle of abnormal and dangerous compensatory behaviours, such as: 

excessive exercise; laxative abuse; and self-induced vomiting (Levinson et al., 

2017). As such, BN is more commonly observed in individuals of normal body 

weight, which can make its detection more difficult, particularly in athletes who may 
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present with a body weight deemed to be “healthy” according to their body mass 

index (BMI; Currie, 2010). Finally, eating disorder not otherwise specified 

(EDNOS) is a term that captures clinically significant cases of DE that may 

compromise the physiological or psychological health of an individual and reflect 

features of AN or BN, but do not satisfy the full criteria for a diagnosis of either 

(American Psychiatric Association, 2013). As such, a diagnosis of EDNOS can be 

regarded as one of inclusion (i.e., the eating behaviour is of clinical severity), but it 

is defined by exclusion (i.e., it does not satisfy AN or BN criteria), with cases 

commonly referred to as ‘subclinical’ in the case of AN, or ‘subthreshold’ with 

regard to BN (Fairburn & Bohn, 2005). It is important to note that the majority of 

ED literature reviewed in this chapter adopted DSM-IV criteria for EDNOS (Table 

2.5, p. 49), but the publication of the DSM-V (APA, 2013) resulted in the 

replacement of this criteria under two separate categories with new terminology: 

‘Other Specified Feeding or Eating Disorder’ and ‘Unspecified Feeding or Eating 

Disorder’. These categories were introduced to capture all cases of distressing and 

harmful ED symptomatology that do not meet full criteria for a more specific ED 

(APA, 2013). 

Evidence suggests that EDs generate the highest mortality rates of any mental 

illness, with AN, BN, and EDNOS presenting mortality ratios of 5.86, 1.93, and 

1.92, respectively (Arcelus et al., 2011). These mortality ratios indicate that the 

number of observed deaths from AN is almost 6 times higher than the number of 

expected deaths in the general population, and almost twice as many deaths are 

observed in BN and EDNOS than would be expected in the general population. 

While these concerning figures may, in part, be attributable to the physiological 

deterioration associated with these conditions (e.g., organ failure, cachexia; Saitoh et 
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al., 2017), research suggests a high proportion of deaths among individuals with EDs 

may be due to suicide, as a result of the severe and enduring psychological burden 

that comes with living with the illnesses (Crow et al., 2009; Keel & Brown, 2010). 

 Given that eating psychopathology is regarded as a major cause of LEA in 

athletes and exercisers (De Souza et al., 2014), and could result in severe clinical 

manifestations, understanding risk factors that could predispose an individual to 

adopting pathological behaviours or perpetuate a cycle of under-fuelling and 

excessive exercise is paramount.  
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Table 2.5  

DSM-V criteria for Anorexia Nervosa, Bulimia Nervosa, and Eating Disorder Not Otherwise Specified  

DSM-V criteria (AN) DSM-V criteria (BN) DSM-IV criteria (EDNOS) 

I. Restriction of energy intake relative to requirements, 

resulting in significantly low body weight (less than 
minimally normal, or less than minimally expected in 

children and adolescents) relative to age, sex, 

development, and physical health. 
 

II. Intense fear of weight gain, becoming fat, and 

persistent behaviour that interferes with weight gain 

despite significantly low weight. 
 

III. Disturbance in experience of one’s body weight or 

shape, influencing one’s self-evaluation, or a lack of 
recognition of severity of one’s low body weight. 

 

Sub-types: 

(i) Restricting type: individual has not engaged in 

recurrent binge eating episodes or purging behaviour in 

the last three months. Presentations in which weight loss 

is achieved through dieting, fasting and/or excessive 
exercise. 

 

(ii) Binge-eating/purging type: individual has engaged in  
recurrent binge eating episodes or purging behaviour  

during the last three months (i.e., self-induced vomiting,  

laxative or diuretic misuse, enemas).  

I. Recurrent binge eating episodes characterised by 

both of the following: 
  

(i) Eating an amount of food in a discrete period of 

time (e.g., within two hours), definitely larger than 
what most individuals would eat during a smaller 

time period under similar circumstances. 

  

(ii) Senses a lack of control over own eating during 
binge episode (e.g., feeling unable to stop eating or 

control how much is being eaten). 

  
II. Recurrent inappropriate compensatory 

behaviours with view to preventing weight gain  
(e.g., self-induced vomiting; laxative, diuretic or  

other medication abuse; fasting or excessive  

exercise). 

  
III. Binge eating and inappropriate compensatory  

behaviours both occur at least once a week for 3  

months, on average. 
  

IV. Body weight and shape unduly influence one’s  

self-evaluation. 
  

V. Weight and shape disturbance does not occur  

exclusively during episodes of anorexia nervosa.  

Eating or feeding disorders that do not meet the criteria for 

any specified eating disorder. 
 

Examples: 

 
(i) Individual meets all BN criteria except that binge eating 

and inappropriate compensatory behaviours occur, on 

average, less than once a week and/or for less than 3 months. 

 
(ii) Compensatory behaviours are less frequent than twice a 

week or for a duration of less than three months. 

  
(iii) Individual meets all AN criteria but has regular menses. 

  

(iv) Individual meets all AN criteria, but weight is within the 
normal range despite significant weight loss. 

  

(v) Individual has normal body weight and regularly  

engages in inappropriate compensatory behaviour  
following consumption of small amounts of food. 

  

(vi) Individual repeatedly chews and spits large amounts of 
food out without swallowing. 

 

(vii) Binge eating disorder: recurrent binge eating episodes 
without engaging in regular inappropriate compensatory 

behaviour that is characteristic of BN. 

Note. Abbreviations used as follows: AN = anorexia nervosa; BN = bulimia nervosa; EDNOS = eating disorder not otherwise specified. 
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 2.5.1.2 Risk factors for eating psychopathology in sport and exercise. 

The aetiology and maintenance of DE/ED within sport and exercise contexts 

is complex and multi-factorial (Reinking & Alexander, 2005; Sundgot‐Borgen & 

Torstveit, 2010), with a range of potential risk factors presented in the literature. 

First, it has been suggested that sporting contexts and wider physical cultures (e.g., 

dance) may exemplify psychological stressors that precipitate problematic eating and 

exercise behaviours, which can subsequently impair physical health and athletic 

performance (Loucks, 2020; Tomiyama et al., 2010). For instance, a number of 

qualitative investigations of DE/ED among athletes and exercisers have identified 

sporting cultures (e.g., elite swimming) that have specific norms (e.g., dietary 

restriction, team weigh-ins) and values (i.e., “winning at all costs”, being “slim to 

win”) surrounding eating behaviours (e.g., McGannon & McMahon, 2019; 

McMahon et al., 2012).  

Performance-related beliefs associated with appearance and weight, wherein 

athletes perceive their degree of performance success to be contingent on the 

composition or aestheticism of their bodies, are particularly prevalent in physical 

pursuits that emphasise and encourage the maintenance of a lean and slim physique 

(e.g., artistic gymnastics; Ackland et al., 2012). Previous research with athletes (N = 

96) engaging in aesthetic sports (e.g., figure skating, ballet, diving) found that a 

desire to be leaner to improve sporting performance significantly predicted DE 

behaviour and mediated the relationship between social pressure inherent to the sport 

environment and DE (Krentz & Warschburger, 2011). This suggests that perceived 

social pressures to achieve and maintain leanness may cause individuals engaging in 

aesthetic sports to perceive leanness as imperative to their sporting performance, 

putting them at a heightened risk of developing DE. Athlete-support personnel have 
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also reported that unhealthy eating practices were encouraged by a competitive 

sporting environment, which was characterised by a drive for perfection, and 

teammate modelling (e.g., a desire to achieve more than the highest performing 

teammate; McArdle et al., 2016). Whilst limited longitudinal research has explored 

the role of sport-specific risk factors in DE, Krentz and Warschburger (2013) found 

that a desire to be thinner for sports performance significantly predicted increases in 

DE across a one-year period in aesthetic sport athletes (N = 65). Conversely, DE did 

not significantly predict drive for thinness, thus suggesting that beliefs internalised 

from a sport-specific culture (e.g., that an inverse relationship exists between body 

weight and performance success) may be more likely to precede DE onset and 

development. More recently, in a study of retired female collegiate swimmers (n = 

71) and artistic gymnasts (n = 122), Thompson et al. (2021) found that eating 

pathology can develop, or continue to progress in severity, up to six years into 

athletic retirement. These findings suggest that persistent eating concerns within the 

sporting context do not necessarily resolve upon cessation of competitive sport, thus 

emphasising the importance of improving prevention and intervention efforts 

targeting unhealthy attitudes and cultures within and beyond the sporting 

environment.  

Second, many of the personality and behavioral traits displayed by non-

athletic individuals experiencing eating psychopathology, such as perfectionism 

(e.g., Sassaroli et al., 2008), high-achievement orientation (Holtom-Viesel & Allan, 

2014) and obsessive-compulsive tendencies (e.g., Lawson et al., 2006), are often 

associated with high levels of sporting performance and success (Thompson & 

Sherman, 2014). This can be problematic for athletes as they are often praised for, 

and encouraged to fortify such qualities, which could subsequently lead to the 
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masking of dangerous eating attitudes under the guise of a dedicated and 

hardworking performer (Thompson & Sherman, 2010). Consequently, the promotion 

of weight loss, or positive reinforcement for performance improvements and changes 

to appearance, from coaches, peers, and significant others, may encourage a 

continued cycle of disturbed or abnormal eating (Bonci et al., 2008; Kerr et al., 

2006).  

 Third, peer influences also appear to have a marked impact on athlete eating 

psychopathology due to social comparison and the concept of “competitive 

thinness”, wherein an athlete observes a teammate or athlete who appear slimmer or 

leaner than themselves achieve greater performance success and may subsequently 

be driven to adopt DE behaviours to emulate their success (de Bruin et al., 2009). 

The potential influence of peers has been suggested to be especially salient within 

aesthetic sports that involve judgement and assessment of one’s physical appearance 

(e.g., an emphasis on thinness; Francisco et al., 2012). In addition, unhealthy 

attitudes towards, or a constant focus on, body weight, can be detrimental to athletes 

within aesthetic sports, especially those that implement weight management or 

monitoring practices (e.g., team weigh-ins - Arthur-Cameselle & Quatromoni, 2014).  

 Finally, some athletes or exercisers may adopt a compulsive cycle of DE 

and/or excessive exercise as a way of coping with traumatic sporting experiences 

(e.g., significant injury or illness that disrupts an established training regime or the 

ability to exercise; Bratland-Sanda & Sundgot-Borgen, 2013). For example, injury 

and/or illness was a unique factor reported by athletes in a sample of collegiate 

female athletes (n = 12) and non-athletes (n = 17) as a factor triggering the onset of 

their ED, as such ailments prevented or reduced their participation in sport and 

exercise, encouraging them to adopt compensatory strategies to prevent weight gain 
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(Arthur-Cameselle et al., 2017). In turn, this research has offered potential insights 

into abnormal eating and exercise practices that may appear to be pervasive across a 

variety of sport and exercise contexts, however, they may not necessarily be 

recognised as unfavorable practices by athletes, who instead regard them as a normal 

part of their sporting participation (e.g., Riebl et al., 2007). 

 

 2.5.1.3 Parallel presentations: Clinical Eating Disorders and  

Relative Energy Deficiency in Sport. Whilst not all cases of LEA stem from eating 

psychopathology (e.g., inadvertent LEA), the majority of cases of DE/ED observed 

in athletes (i.e., AN, BN, and EDNOS) are characterised by a restriction of EI and/or 

increased EEE undertaken in an attempt to control or reduce body weight (Martinsen 

& Sundgot-Borgen, 2013). Although BN is typically characterised by significantly 

increased EI (i.e., due to binge-eating), it is commonly followed by severely reduced 

EI and/or increased EEE (i.e., excessive exercise; American Psychiatric Association, 

2013). Among the aforementioned disorders, however, the AN-restricting sub-type 

appears to share most characteristics with RED-S in athletes. The remainder of this 

section provides an overview of the evidence base underlying this assertion and 

identifies areas where further investigation is necessary.  

The primary criterion in the DSM-V diagnostic criteria for AN-restricting 

type is a “restriction of energy intake relative to requirements resulting in 

significantly low body weight (less than minimally normal, or less than minimally 

expected in children and adolescents) relative to age, sex, development, and physical 

health” (American Psychiatric Association, 2013, p. 338). Similar to the RED-S 

model, this description identifies a relative energy deficit (i.e., physical state of 

LEA) as the physiological factor underpinning the two conditions. The proposed 
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health effects of RED-S (Mountjoy et al., 2014) and the consequences of clinical 

EDs as defined by the DSM-V (American Psychiatric Association, 2013) share a 

number of similarities (Table 2.6, p. 57). With the exception of impaired 

immunological function, which has been observed in the wider ED literature (Brown 

et al., 2008) but does not feature within the DSM-V diagnostic criteria, all of the 

spokes on the RED-S health model (i.e., bone health, cardiovascular, immunological, 

endocrine, haematological, gastrointestinal, growth and development, menstrual 

function, metabolic, and psychological – Mountjoy et al., 2014) have been identified 

as direct consequences of AN (American Psychological Association, 2013).  

In contrast, the RED-S performance consequences model features a number 

of effects unique to a sporting population (e.g., decreased training response, 

decreased endurance performance), as RED-S was initially introduced as a syndrome 

that predominantly occurs among sports performers and highly active individuals 

(Mountjoy et al., 2014). As such, individuals with clinical EDs may not typically 

present with these symptoms if they do not regularly participate in PA or more 

structured and purposeful exercise training. Despite this, a number of similar 

physiological impairments have been observed in AN patients, including: reduced 

muscle function (e.g., Russell et al., 1983); impaired executive function (e.g., Green 

et al., 1996); and depletion of glycogen stores (e.g., Rosen et al., 2017). 

Decades prior to the conception of RED-S, or even the Triad, the Minnesota 

Starvation Experiment (Keys, 1950) subjected young, healthy, lean men to 

approximately five kilometres of walking each day on a 1,500 kcal ‘semi-starvation’ 

diet (p. 237), which induced a state of LEA (although it had not yet been recognised 

by this terminology; ~22kcal/kg FFM/day) for six months. The men exhibited 

numerous concerning behaviours (Keys, 1950) that mirror those observed more 
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recently in AN patients, including: anxiety (Kaye et al., 2004); reduced libido (e.g., 

Pinheiro et al., 2010); overall emotional instability (e.g., Shpakou et al., 2017); 

intense preoccupation and obsession with food (e.g., Forrest et al., 2018); episodes of 

binge eating (Keys et al., 1950); and a perceived loss of control during nutritional 

rehabilitation (Strober et al., 1997). 

 Moreover, in a retrospective follow-up interview with the men who 

participated in the Minnesota Starvation Experiment, all of the participants recalled 

marked deterioration in their physical strength, coordination, and endurance 

performance, and, for the majority, this improved within eight months of nutritional 

rehabilitation (Eckert et al., 2018). An ‘intellectual inefficiency’ was also described, 

which was characterised by decreased concentration, and judgement, mirroring two 

additional proposed effects of RED-S (Keys, 1950). Together, each of these 

physiological and cognitive implications reflect those listed within the RED-S 

models (Mountjoy et al., 2014), although they have received limited attention in 

studies amongst athletic populations. Despite its highly unethical procedure, the 

findings of the Minnesota Starvation Experiment suggest that psychological 

consequences of LEA may not be exclusive to individuals with pre-existing DE/ED 

and may even increase food preoccupation and subsequent development of abnormal 

eating attitudes and behaviours, in addition to other psychological impairments. 

Another area of overlap between the RED-S framework and clinical ED 

concerns the personal characteristics of individuals presenting with the conditions. In 

a comparative review of the literature surrounding what is commonly considered to 

constitute a “good athlete” and characteristics of AN, Thompson and Sherman 

(1999) identified six traits that were common between athletes and individuals 

diagnosed with AN, respectively: commitment to training/excessive exercise; mental 
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toughness/asceticism; pursuit of excellence/perfectionism; performance despite 

pain/denial of discomfort; coachability/overcompliance; and unselfishness/ 

selflessness. Furthermore, many of the personality and behavioural traits displayed 

by non-athletic individuals experiencing eating psychopathology, such as 

perfectionist tendencies (e.g., Stice et al., 2017), a concomitant striving for high 

achievement (e.g., Limburg et al., 2017), and obsessive-compulsive tendencies (e.g., 

Altman & Shankman, 2009), are often associated with high levels of sporting 

performance and success (Thompson & Sherman, 2014). These characteristics can 

prove problematic for athletes who are often praised for, and encouraged to, 

strengthen such qualities, which could potentially leave them increasingly vulnerable 

to experiencing LEA. This, in turn, could lead to internalisation, which refers to the 

cognitive endorsement of cultural and sporting ideals of aestheticism (i.e., thin-ideal 

or athletic-ideal internalisation; Homan, 2010). Internalisation has been previously 

associated with compulsive exercise pathology, dieting, and bulimic 

symptomatology (Bell et al., 2016; Stice et al., 2015), all of which could perpetuate a 

cycle of LEA, further emphasising the importance of exploring individual attitudes 

and beliefs about fuelling and exercise. 

This section has highlighted past research suggesting that by adopting eating 

and exercise behaviours that induce a state of LEA, athletes and exercisers may be at 

risk of developing abnormal, and potentially, life-threatening eating 

psychopathology. Therefore, there is a need to understand the antecedents 

underlying decisions towards EI and EEE within the context of sport and exercise 

and their consequences for psychological and physiological health, both in the 

presence, and absence of DE/ED.  
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Table 2.6  

A comparison of the health impairments associated with relative energy deficiency in sport and clinical eating disorders 

Note. Abbreviations used as follows: AN = anorexia nervosa; APA = American Psychological Association; BMD = bone mineral density; BN = bulimia 

nervosa; DE = disordered eating; DSM-V = Diagnostic and Statistical Manual of Mental Disorders – 5th edition; ED = eating disorder; EDNOS = eating 

disorder not otherwise specified; T3 = triiodothyronine; T4 = thyroxine; QTc = QT corrected interval.

Proposed RED-S  

health impairments  

(Mountjoy et al., 2014) Implications of clinical ED (DSM-V) 

Associated  

clinical ED Supporting literature 

Cardiovascular Sinus bradycardia is common, and rarely, arrhythmias are noted. Significant 

prolongation of the QTc interval is observed in some individuals. 

AN APA (2013, p. 343) 

Immunological Not cited within DSM-V. N/A  

Menstrual function In prepubertal females, menarche may be delayed. Amenorrhoea is commonly 

present and appears to be an indicator of physiological dysfunction. 

AN APA (2013, p. 343) 

Bone health Low bone mineral density, with specific areas of osteopenia or osteoporosis, is 

often seen. The risk of fracture is slightly elevated. 

AN APA (2013, p. 343) 

Endocrine Low-normal serum T4, T3, elevated reverse T3 levels, low serum oestrogen 

(females) or testosterone (males). 

AN APA (2013, p. 343) 

Metabolic Significant reduction in resting energy expenditure often observed 

Purging, vomiting, and use of laxatives may lead to metabolic alkalosis. 

AN 

BN 

APA (2013, p. 343) 

Gastrointestinal There may be complaints of constipation, abdominal pain. AN APA (2013, p. 343) 

Haematological Leukopenia, loss of all cell types (but usually with apparent lymphocytosis). AN  APA (2013, p. 343) 

Mild anaemia, thrombocytopenia, possibility of bleeding problems.  

Growth and development Body weight often below minimally normal for developmental trajectory in AN. AN APA (2013, p. 341) 

Psychological AN, BN and EDNOS all classified as psychiatric disorders.  

BN 

AN  

APA (2013, p. 329) 

Weight concerns, low self-esteem, depressive symptoms, social anxiety disorder 

Depressive signs and symptoms include depressed mood, social withdrawal, 

irritability, insomnia, diminished interest in sex. 

APA (2013, p. 348) 

APA (2013, p. 341) 
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2.5.1.4. Models of Recovery. Conceptualisations of ‘recovery’ from mental 

illness vary considerably and the term has been operationalised in a variety of ways, 

including as a model, a philosophy, and a paradigm (Whitwell, 1999). However two 

main perspectives have dominated the recovery literature over the past two decades: 

the medical model, and the ‘recovery’ model (Anthony, 1993). The ‘recovery’ model 

is also commonly referred to as the social model of recovery, borne out of research 

in the fields of addiction (Borkman et al., 2007; Dodd, 1997) and disability 

(Beresford, 2002; Beresford et al., 2010). In the context of eating psychopathology, 

past literature has predominantly applied a medical model of recovery to the study of 

DE/ED, focusing on “curing” the illness through achieving symptom remission 

(Bachner-Melman et al., 2018). Although this emphasis on quantifying risk factors 

and symptomatology can be useful in providing an indication of illness severity and 

physical health, the research methods (i.e., questionnaires, laboratory measures of 

biometric data) employed to do so rarely consider the individual’s own 

interpretations of their lived experiences. Consequently, the medical model has been 

criticised for being developed by medical professionals and academics, as opposed 

to those with direct experience of EDs, and for focusing on treating features of a 

clinical diagnosis, rather than considering the person presenting with these concerns 

as a whole (Bachner-Melman et al., 2018).  

In contrast, the importance of considering personal attitudes, feelings and 

values, as well as social factors (e.g., social connections, stigma), is a key tenet of 

the ‘recovery model’ (Andresen et al., 2011), which is regarded as a more holistic 

approach to understanding the course and treatment of DE/ED. Unlike the medical 

model, whereby an individual is considered ‘recovered’ when they experience full 

symptom remission and return to ‘normal’ (e.g., demonstrating previous levels of 
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functioning according to psychometric inventories), the recovery model suggests that 

a person is able to recover without necessarily exhibiting complete symptom 

remission (Anthony, 1993). From this perspective, recovery can be conceptualised as 

“the development of new meaning and purpose in one’s life and one grows beyond 

the catastrophic effects of mental illness” (Anthony, 1993, p. 527).  

It is important to note that the recovery model does not disregard the 

importance of medical knowledge and expertise, but rather considers the individual 

who is experiencing, or has experienced, mental illness to be the expert when it 

comes to their illness. Moreover, the recovery model acknowledges that symptom 

remission is only one part of full recovery, as previously identified within qualitative 

research with those who have experienced EDs (Bardone-Cone et al., 2018). This 

holistic perspective is further supported by findings from a systematic review of 

fundamental criteria for ED recovery, which reported that people identifying as 

having recovered from an ED rated psychological-wellbeing and self-

adaptability/resilience as important criteria for ‘full recovery’(de Vos et al., 2017). 

Within the DE literature in sport, it has been suggested that a more social and 

person-focused approach to conceptualising recovery would be valuable to reduce 

athletes’ expectations of a perfect, relapse-free recovery and instead emphasises the 

importance of self-acceptance and learning (Papathomas & Lavallee, 2006).  

 Although social and medical models of recovery are often considered 

contradictory to one another, it has been suggested that, together, they may represent 

complementary approaches to the facilitation of physical and psychological recovery 

from DE/ED (Bachner-Melman et al., 2018). As LaMarre and Rice (2021) recently 

outlined, “eating disorder recoveries are complicated and messy as lives themselves 

and are equally entangled in social contexts” (p. 106). Given the seemingly 
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inextricable links between LEA in sport and exercise and DE/ED, and the proposed 

importance of social factors for initiating LEA (Loucks, 2020), adopting a more 

holistic and person-centred approach to exploring ‘recovery’ from its consequences 

that considers both its physiological manifestations and psychological implications is 

warranted.  

2.5.2 Pathological Exercise Behaviour  

The majority of LEA research to date has focused on insufficient dietary 

intake, and therefore DE/ED, as the major precursor to energy deficiency. Despite 

this, high volumes of exercise that are not compensated for with sufficient EI to 

maintain optimal physiological functioning may also contribute to the high 

prevalence of LEA among serious or committed exercisers (Torstveit et al., 2019). 

Some athletes may engage in patterns of excessive exercise, which can be 

detrimental to both their physical functioning and psychological health (Levit et al., 

2018). These include continued engagement in exercise despite physical injury, 

illness, or disruption to personal life (Landolfi, 2013). Therefore, although exercise 

has multiple health benefits (e.g., Mikkelsen et al., 2017), engaging in excessive 

volumes of exercise can also have deleterious consequences for long-term health. 

There has been considerable diversity in the terminology used to 

conceptualise pathological exercise behaviours in recent years, including: exercise 

addiction (e.g., Lichtenstein et al., 2014); compulsive exercise (e.g., Bratland-Sanda 

et al., 2019); and exercise dependence (e.g., Back et al., 2019). A recent 

questionnaire study involving 235 non-athletic undergraduate students classified as 

having elevated ED pathology highlighted the distinctive elements of both 

compulsive and dependent exercise behaviour (Scharmer et al., 2020). More 

specifically, Scharmer et al. (2020) reported that compulsive elements of exercise 
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(e.g., exercise as weight control, avoidance of negative affect) were more strongly 

related to eating disorder pathology (R2 .= .12) than features of exercise dependence 

(e.g., adverse psychological and physiological symptoms of withdrawal following 

exercise cessation; R2 .= .01). Within the sporting literature, exercise dependence has 

been significantly and positively associated with frequency and duration of exercise 

sessions (Back et al., 2019) and higher levels of physical activity (e.g., Bueno-

Antequera et al., 2020). Thus, individuals who may not necessarily exhibit eating 

pathology, but engage in high volumes of EEE, could be at risk of LEA and its 

associated consequences. Therefore, this highlights the importance of considering 

both DE/ED and exercise psychopathology when investigating LEA among 

exercising populations.  

In a study exploring symptoms of RED-S and pathological exercise 

behaviours amongst male endurance athletes (N = 53), Torstveit et al. (2019) found 

that compared to athletes with lower exercise dependence scores, athletes displaying 

greater exercise dependence: engaged in significantly more hours of weekly exercise 

(p <.01); exhibited significantly higher EEE (p <.001); and displayed significantly 

lower EB (p <.01). Moreover, drawing on measures of EA obtained through 

weighted food diaries and heart rate monitor training logs, the higher exercise 

dependence group presented with lower EA than the lower exercise dependence 

group (p = .054), but the number of participants with LEA (EA < 

30kcal/kg/FFM/day) did not vary significantly between groups (p = .193). While this 

cross-sectional evidence offers some insight into the association between 

pathological exercise behaviours and LEA, the study design prevented the inference 

of causality and was also unable to provide deeper insights into potential factors 

underlying relationships between EA and exercise behaviours. 
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2.5.3 Psychological Stress 

Psychological stress is defined as “an ongoing process that involves 

individuals transacting with their environments, making appraisals of the situations 

they find themselves in, and endeavouring to cope with any issues that may arise” 

(Fletcher et al., 2006, p. 9). According to the RED-S health model, psychological 

stress “can result in low energy availability and eating disorders and can also be the 

result of low energy availability” (Mountjoy et al, 2014, p. 492). Within the literature 

on LEA, a substantial body of evidence on FHA in active females indicates that 

women with FHA commonly present with unique psychological concerns, including: 

endorsement of dysfunctional attitudes (McLean et al., 2001); susceptibility to 

restrictive disordered eating and psychosomatic disorders (Meczekalski et al., 2014); 

perfectionist traits (Pentz & Rados, 2017); social insecurity (Bomba et al., 2014); 

and greater difficulty coping with daily stresses (Giles & Berga, 1994; Greenleaf et 

al., 2009). Consequently, it has been suggested that unfavourable eating and exercise 

behaviours are adopted as coping strategies for enduring psychological stressors 

(e.g., performance pressure, unrealistic expectations), which, in turn, induce a 

chronic state of LEA and ultimately cause menstrual dysfunction in females (e.g., 

Berga, 2019; Pauli & Berga, 2010).  

In a more recent comparison of 61 exercising women with either 

eumenorrhoea or amenorrhoea, a significant moderate correlation was found 

between psychological stress and a need for social approval (r = .50, p < .05) in the 

amenorrhoeic group, but no such association was observed between these variables 

in the eumenorrhoeic group (Strock et al., 2020). The amenorrhoeic group also 

exhibited greater cognitive dietary restraint and drive for thinness, thus suggesting 

that restrictive eating behaviours may be linked to pre-existing psychological stress, 
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which supports the contention that such factors may precede, or coincide with, the 

onset of LEA (Mountjoy et al., 2014). This study also demonstrated significant, 

moderate-to-strong correlations between depression symptoms and both a drive for 

thinness (r = .51, p <.01) and need for social approval (r = .50, p <.01) in the 

amenorrhoeic women. It was proposed that psychological stress may indirectly 

contribute to health and performance impairments associated with LEA, through a 

pattern of DE behaviour adopted in response to personal, environmental, or sport-

related stressors. Despite this, due to the cross-sectional nature of the investigation, 

the study was unable to establish whether such a mediating relationship exists or 

whether FHA itself was a source of psychological stress for the women. Finally, a 

recent mixed-methods study of 95 elite athletes highlighted how cumulative 

psychological stress can become chronic and eventually pathological, resulting in 

depression and/or anxiety disorder (McLoughlin et al., 2021). By employing follow-

up semi-structured interviews following a quantitative survey, the researchers were 

able to identify and explore long-term maladaptive coping strategies that athletes 

adopted to cope with life stress (e.g., overtraining) in more depth than was afforded 

by the initial survey.  

Overall, the research presented in the current section has offered deeper 

insights into potential associations between psychological stress and both depression 

and anxiety (which are further discussed in the following section) and have, in turn, 

demonstrated the need for further studies that investigate psychological factors 

underlying behaviours associated with LEA over time.  

2.5.4 Mood Disturbance and Disorders 

Despite the proposed cause-effect relationship between LEA and irritability 

as depicted by the RED-S performance model (Mountjoy et al., 2014), there is a lack 



 64 

of evidence to support this association to date. Furthermore, the precise mechanism 

through which irritability supposedly influences athletic performance has not been 

elucidated within the RED-S model. This ambiguity may in part be due to irritability 

commonly being considered a symptom of mood disorders as opposed to a distinct 

mood state and the conceptual overlaps between irritability and other related 

constructs (e.g., anger and aggression; Toohey & DiGiuseppe, 2017).  

Whilst few associations have been established between LEA and irritability, 

numerous prospective studies have demonstrated the impact of dietary restriction in 

producing negative mood states when assessed by the Profile of Mood States 

(POMS- shortened version; Shacham, 1983). For instance, increases in total mood 

disturbance have been found following rapid weight loss and pathogenic weight 

control methods or intensified training periods in weight-sensitive and weight-

category sport athletes, including: judo athletes (Koral & Dosseville, 2009); mixed 

marital arts fighters (Brandt et al., 2018); elite rowers (Woods et al., 2017); and 

cyclists (Killer et al., 2017). Moreover, male judo athletes asked to lose 

approximately 5% body weight reported significant increases in tension (p < .05), 

fatigue (p < .01), and anger (p < .01), along with a significant decrease in vigour (p < 

.01) when comparing ratings from pre-to-post weight loss (Degoutte et al., 2006). 

Marked metabolic (e.g., decreased free fatty acids) and endocrine perturbations (e.g., 

significantly decreased testosterone) were also observed, as well as decreased 

physical performance, all of which mirror consequences associated with RED-S. 

 Further research adopting a repeated-measures design in professional jockeys 

(N = 41) reported that in contrast to when they were at minimal weight, the jockeys’ 

mood profiles were markedly more positive during periods of time in which they 

were at optimal weight (i.e., weight achieved when feeling healthy and not wasting) 
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or a relaxed weight (i.e., they were not required to lose or maintain weight; Caulfield 

& Karageorghis, 2008). Furthermore, DE behaviours, assessed by the Eating 

Attitudes Test (EAT-26; Garner et al., 1982), were significantly higher at minimal 

weight than optimal and relaxed weights, thus suggesting that the rapid weight loss 

strategies employed by the jockeys, could be characteristic of pathological 

behaviours (Caulfield & Karageorghis, 2008). Given that a return to optimal, and 

subsequently relaxed, weight resulted in a reduction in all scores of negative mood 

states, as well as DE behaviours, this suggests that a physiological state of LEA may 

have contributed to the onset of psychological concerns.  

Furthermore, Lieberman (2017) observed marked increases in tension and 

total mood disturbance, and decreased vigour in male and female athletes following 

two days of combined caloric deprivation and substantial aerobic exercise, although 

the use of dietary placebos limits ecological validity as placebos have the potential to 

influence psychological consequences of energy restriction (Green et al., 2001). 

Similar findings have been observed among male bodybuilders (n = 20), wherein 

distinct changes in mood state were observed between their off-season (i.e., 12-16 

weeks prior to competition when focusing on increasing body mass) and pre-

competition (i.e., 3-5 weeks prior to competition, during which they engaged in 

restrictive diets and greater exercise loads) states (De Moraes et al., 2018). 

 Additionally, a longitudinal investigation of a single male natural (i.e., 

abstaining from the use of performance-enhancing drugs) bodybuilder preparing for, 

and recovering from, competition over a 12-month period found that in comparison 

to baseline, the participant reported an overall 38-point increase in total mood 

disturbance during the competition week, thus suggesting that a persistent state of 

LEA was associated with dysfunctional changes in mood (Fagerberg et al., 2018). 
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Despite this, no indication as to the scale of this increase in subjective mood state 

was provided, thus it was unclear how marked these changes were for the 

participant, or indeed whether they were characteristic of clinical symptoms of a 

mood disorder (e.g., depression).  

While the RED-S consensus paper contends that “[psychological stress 

and/or] depression can result in low energy availability and eating disorders and can 

also be a result of low energy availability” (Mountjoy et al., 2014, p. 492), the only 

evidence provided to support this statement was a commentary paper on ED research 

(Stice et al., 2012). As such, there was a lack of evidence to support this contention 

in individuals exhibiting LEA without prior eating pathology. In a systematic review 

of 37 studies investigating risk factors for DE in athletes (Stoyel et al., 2020), six 

articles (of the 10 that examined mood, affect, emotions, depression, or anxiety), 

supported Mountjoy’s (2014) claim by demonstrating associations between 

depression and DE/ED pathology. 

Similarly, a recent investigation of RED-S symptoms in female fitness 

athletes (N = 51) reported a significant increase in depression symptoms between 

baseline and pre-competition levels (p <.001), as indicated by the Beck Depression 

Inventory (BDI-1a; Beck, 1961), and a significant increase in total Low Energy 

Availability in Females Questionnaire (LEAF-Q; Melin et al., 2014) score (assessing 

LEA risk) was also observed between baseline and pre-competition (p <.01; 

Mathisen et al., 2020). Despite this, 35% of the fitness athletes reported a history of 

ED, which makes it difficult to distinguish between potential psychological and 

physiological causes of increased depression symptoms.  

Overall, the collective findings of the aforementioned studies in both non-

athletic and athletic samples, demonstrate that periods of LEA that occur within a 
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short timeframe and are subsequently overcome by longer period of optimal EA may 

protect against long-lasting adverse consequences on mood. Without long-term 

follow up of these variables, however, understanding remains limited as to whether 

such changes in mood and eating behaviour could have long-lasting impacts on the 

athletes’ energy availability and psychological health. Furthermore, there is a need to 

move beyond quantification of relationships and trends between markers of energy 

deficiency and scores on psychometric inventories to elucidate the subjective 

psychological experience of LEA in greater depth. 

 The Current Thesis 

As regards the psychology of LEA, there are a number of areas in the extant 

literature that certainly warrant further scholarly attention and exploration. First, the 

underlying aetiology of LEA among sport and exercise populations remains poorly 

understood in comparison to its detrimental consequences on physical health. Whilst 

the physiological consequences of LEA continue to be widely investigated, to date 

this evidence has predominantly developed through quantitative methods in 

laboratory settings (e.g., Heikura et al., 2018; Koehler et al., 2016). While such 

research is important to generate insights into physiological indicators that may 

provide a better indication of overall health status than estimating EA alone, it offers 

less insights into the experience of LEA and how, for example, certain beliefs, 

attitudes, dietary practices, and food choices may create the mismatch in EI and 

EEE, exacerbating physiological and psychological impairments (Burke et al., 2018).  

 Furthermore, the psychological implications of LEA, such as those suggested 

by the RED-S model (i.e., depression, irritability), are yet to be substantively 

investigated. More specifically, there is a need to identify whether they are a 

consequence of energy deficiency or an underlying cause. As such, it is necessary to 
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extend upon recent findings, such as those demonstrating the role of underlying 

stress and depression in the adoption of DE behaviour and syndromes of LEA among 

exercising populations (Strock et al., 2020), to explore these factors in the wider 

context of RED-S, among a broader sport and exercise population. Finally, despite 

an abundance of treatment recommendations for consequences of LEA emerging in 

recent publications (e.g., De Souza et al., 2014; Kuikman et al., 2021a; Robertson & 

Mountjoy, 2018), these have predominantly focused upon improving biometric 

indices and restoring physical functioning to enable an individual to “return to play” 

(Joy et al., 2014, p. 219).  

 The use of this terminology and apparent lack of consideration for the 

psychological ramifications of attempting to improve EA could, however, be more 

harmful than beneficial to an individual (Schofield et al., 2020a). Treating overt 

symptoms of LEA without considering and addressing concomitant issues, such as 

the underlying causes of insufficient EI, might overlook the specific needs of an 

individual, which could, in turn, compromise their long-term health and 

psychological wellbeing (Kuikman et al., 2021b). Therefore, it also appears 

important to explore the ‘recovery’ process form symptoms and/or syndromes of 

LEA, to elucidate potential psychological factors that may influence the 

reinstatement and maintenance of optimal EA. 

 The current chapter has provided an overview of the current evidence base 

surrounding LEA in sport and exercise. More specifically, it has highlighted the 

proposed aetiology of LEA, as well as its psychological and physiological 

consequences with regard to both health and athletic performance. It appears that a 

large proportion of athletes and frequent exercisers may be at risk of detrimental and 

long-lasting implications of LEA. Consequently, there is a need to move beyond 
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objective measures and prevalence estimates and towards considering the 

experiences of individuals at risk – or negotiating recovery – from the impacts of 

LEA. 
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: GENERAL METHODOLOGY 

Chapter 3 provides an overview of the general methodology used within this 

thesis. Whilst the specific methods and procedures unique to each empirical study 

are detailed within Chapters 4-7, the following sections provide an overarching 

justification for their use specifically to address the research aims and objectives 

outlined in Chapter 1. This chapter begins by outlining the philosophical orientation 

of the research and describes how this guided the various research designs employed. 

It then proceeds briefly to review more traditional approaches to studying LEA in the 

sport and exercise literature, before detailing the chosen research methods and 

ethical considerations addressed throughout the research process.  

  



 71 

 Philosophical Orientation 

 The term paradigm describes a set of philosophical assumptions that 

underpins both how a researcher views the world and how they believe it might best 

be studied (Guba, 1990). Within any paradigm, ontology is concerned with the 

nature of reality and being, whilst epistemology refers to the nature of knowledge 

and how we come to know and learn about reality (Sparkes, 1992). Together, these 

ontological and epistemological beliefs shape the methodology, which refers to the 

philosophical underpinnings of the selection of research methods or techniques used 

to gather data and includes considerations as to how research inquiry should proceed 

based upon the nature of the research question (Berryman, 2019).  

 This thesis was underpinned by a critical realist perspective, which combines 

ontological realism (i.e., reality exists independently of our experience and 

knowledge of it; Sayer, 1992) and epistemological constructivism (i.e., our 

knowledge of the world is partial, incomplete, socially constructed, and fallible; 

Maxwell, 2012). Critical realism was proposed by Bhaskar (1978) as a paradigm that 

focuses on the analysis and explanation of social phenomena, with view to 

suggesting solutions for social change (Fletcher, 2017). Bhaskar proposed that 

knowledge is comprised of two dimensions: the intransitive (the ontological side of 

knowledge that encompasses all that exists, independent of human consciousness) 

and transitive (the epistemological side of knowledge that comprises our socially-

influenced conceptions of that which exists; Danermark et al., 2019). In turn, a 

critical realist standpoint recognises that that while our knowledge of reality may be 

theory laden, and thus fallible, it is not determined by such theory. 

 Viewing LEA through a critical realist lens, therefore, acknowledges that the 

mechanisms that appear to produce LEA may be socially constructed and influenced 
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by factors that exist independently of any one individual or group. By shifting focus 

away from the physical consequences of LEA on to the causal mechanisms that may 

interact to produce them (Fletcher, 2017), this could provide insights that might help 

athletes and exercisers to prevent their occurrence in the first place. The following 

sections further explore the ontological and epistemological assumptions of critical 

realism and how these align with the research objectives posed within this thesis. 

3.1.1 Critical Realism 

 Within a critical realist ontology, reality exists within three domains: the 

empirical (i.e., observable experiences or events that are understood through 

interpretation); the actual (i.e., events that occur regardless of whether they are 

observed or not); and the real (i.e., the causal mechanisms within objects or 

structures that generate events; Sayer, 1992). As such, reality is considered to be a 

stratified, open system (see Figure 3.1, p. 73), whereby the events that humans 

observe are caused by entities that might be difficult to understand independent of 

their environment (Edwards et al., 2014). By diverging from a focus on 

epistemology and placing an emphasis on ontology, critical realism looks beyond the 

observable, empirical events, and seeks to identify the generative mechanisms that 

produce them (Danermark et al., 2019). 
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Note. Developed and adapted from Bhaskar (1978). 

3.1.2 Causal Complexity 

 A distinctive feature of critical realism is its mechanisms-focused view of 

causation; that is, that observable events are generated through complex interactions 

by generative mechanisms (Mingers & Standing, 2017). Emmet et al. (2008) 

described this as “moving beyond describing what can be measured in the social 

world to explain the deeper causal powers that shape what can be observed” (p. 5). 

Within the social sciences, critical realist researchers view the social world through a 

lens of causal mechanisms and processes that are influenced by context (Maxwell, 

2004), as opposed to adopting a deterministic view that “whenever X event occurs, it 

causes event Y” (Sayer, 2000; Figure 3.2, p. 74). Moreover, focus is placed upon the 

Figure 3.1  

The three domains of a critical realist ‘stratified reality’ 
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tendencies (e.g., thoughts, feelings, and behaviours) that mechanisms produce, 

redirecting attention onto understanding and explaining such tendencies (Houston, 

2001). Approaching the topic LEA from a critical realist perspective, therefore, 

considers not only what behaviours (i.e., restrictive eating, excessive exercise) 

initiate its onset, but how and why individuals may engage in such behaviours.  
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Note. Adapted from Sayer (2000).  

(A) positivist view of causation. 

(B) realist view of causation. 

 

Figure 3.2  

Positivist and critical realist views of causation.  
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 Research into LEA in sport and exercise has traditionally been explored from 

a positivist perspective through the objective quantitative measurement of observable 

physiological markers. Despite this, growing evidence exploring the Triad (e.g., De 

Souza et al., 2019), eating psychopathology in sport and exercise (e.g., Quatromoni, 

2017), and more recently, the RED-S model (Mountjoy et al., 2014), suggests that 

LEA may be the result of complex interactions between physiological, sociocultural, 

and psychological factors (Schofield et al., 2021). From a critical realist position, 

physiological consequences of LEA, (e.g., menstrual dysfunction or impaired bone 

health; Nattiv et al., 2007) represent events that can be observed and experienced 

(i.e., the empirical domain). Conversely, how LEA is generated (e.g., restriction of 

EI or marked increases in EEE that induce hormonal imbalance – Loucks et al., 

2011) may or may not be observed. Moreover, understanding the reason(s) why LEA 

is initiated in the first place (e.g., psychological stress of living up to societal 

expectations of body shape; Thorpe & Clark, 2020) could be aided by seeking 

understanding of the entities (i.e., the real domain) that have the capacity to produce 

the observable events (i.e., those observed within the empirical domain). Thus, in the 

context of LEA, it could be beneficial to seek understanding of the generative 

mechanisms that might contribute to its onset, as well as those involved in recovery 

from its consequences.  

 Quantitative Research Methods 

 Given that LEA is defined as a physiological state (Loucks et al., 2011), past 

research has predominantly been concerned with identifying its objective presence 

and physical ramifications amongst exercising populations. From a quantitative 

perspective, calculation of EA is relatively straightforward, in that EI must be 

subtracted from EEE and divided by fat free mass (EI-EEE/FFM; Heikura et al., 
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2021). Consequently, the majority of studies investigating EA have relied on 

laboratory measurement of biomarkers, such as resting metabolic rate (RMR) and 

the identification of physiological symptoms (e.g., low BMD) to assess and detect 

LEA (Logue et al., 2020) and quantitative, self-report instruments (weighted dietary 

records and exercise logs) that can provide quantifiable measurements of EI and 

EEE (Logue et al., 2020). Nevertheless, the detection of LEA among athletes and 

exercisers has often proved difficult due to concerns surrounding the reliability of 

such methods due to their susceptibility to underreporting (De Souza et al., 2019). 

 To date, these methods have primarily sought to screen individuals for LEA 

(i.e., using LEA/RED-S specific screening tools; Melin et al., 2014; Mountjoy et al., 

2014) or identify associations between physical markers of LEA and psychological 

constructs, such as: eating psychopathology (e.g., Ackerman et al., 2019); anxiety 

(Rogers et al., 2021); and depression (e.g., Drew et al., 2018). Self-report measures 

have demonstrated value in providing prevalence estimates of LEA among female 

athletes (e.g., Reed et al., 2013; Schaal et al., 2016), but the findings have been 

limited by the considerable variability in the populations studied (i.e., with regard to 

participant level, sport or activity type) and the lack of recruitment of male 

participants (Logue et al., 2018).  

 Furthermore, there has been considerable variability in the cut-off scores 

used to indicate risk of LEA and concerns surrounding the reliability, validity, and 

sensitivity of measures used to assess or screen for LEA (Sim & Burns, 2021). 

Indeed, with the exception of ED screening questionnaires that incorporate items 

relating to compulsive exercise (e.g., the Eating Disorder Examination 

Questionnaire; Fairburn & Beglin, 1994), very few of the self-report measures used 

to investigate LEA have incorporated measures of training volume (Sim & Burns, 
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2021). The inclusion of exercise-related question items could provide an indication 

of EEE and could help to identify potentially inadvertent cases of LEA, which have 

not been well documented in the sport and exercise literature to date (Williams et al., 

2017), often due to a reliance on ED screening tools as surrogate markers for, or 

even as the sole criterion, for LEA classification (e.g., Ackerman et al., 2019). 

 In summary, quantitative, cross-sectional research methods adopted in LEA 

research have been useful in establishing relationships between potential 

psychological indicators, or risk factors, of LEA (e.g., Drew et al., 2018; Rogers et 

al., 2021; Torstveit et al., 2019). While such findings are important in advancing 

understanding of the potential antecedents and consequences of LEA, these methods 

are unable to provide much-needed rich and detailed insights into individuals’ 

subjective understandings of how and why they may be experiencing LEA. In 

contrast, qualitative methods are well-suited to exploring participants’ experiences 

and understandings, which can advance and challenge existing knowledge and 

theory (Redman-MacLaren & Mills, 2015). Consequently, the use of quantitative 

measures within this thesis was restricted to the use of a cross-sectional survey 

exploring psychological stress, eating psychopathology, and compulsive exercise 

detailed in Chapter 6, from which more in-depth qualitative insights could 

subsequently be generated (Chapter 7).  

 Qualitative Research Methods 

 While most studies on the psychology of LEA have utilised psychometric 

inventories (Schofield et al., 2020a), a small number of studies have employed 

qualitative methods, namely semi-structured interviews, to explore factors that may 

contribute to the initiation of LEA, or restoration of adequate EA, including 

sociocultural influences (Schofield et al., 2021; Thorpe & Clark, 2020) and changes 
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in eating behaviour over time (Keay et al., 2019). Qualitative interviews can create 

conversations that “invites the paticipant(s) to tell stories, accounts, reports and/or 

descriptions about their perspectives, insights, experiences, feelings, emotions and/or 

behaviors in relation to the research question(s)” (Smith & Sparkes, 2016, p. 103). 

Furthermore, the use of such methods is considered to be compatible with, and 

complementary to, a critical realist perspective (Fletcher, 2017). Critical realism 

considers that mental states and attributes, as well as subjective meanings and 

intentions, may not be directly observable, but are part of the real world nonetheless 

(Maxwell, 2012). Consequently, it was envisaged that qualitative methods could 

enable the researcher to gain a deeper understanding of interactions between 

observable situations (e.g., physical manifestations of LEA) and individual 

perceptions and psychological consequences of such situations. 

 The value of moving beyond the use of interviews, or combining them with 

additional qualitative methods (e.g., personal diaries; Hayward et al., 2017; Knight et 

al., 2016), is becoming increasingly recognised within sport and exercise psychology 

research (Kendellen & Camiré, 2020; McGannon et al., 2021). In the field of LEA, 

there has not only been a paucity of qualitative research, but methodological 

diversity has also been limited (Schofield et al., 2020a). The use of multiple 

methods, commonly termed methodological pluralism, in many cases, provides a 

more comprehensive picture of a phenomenon of interest versus a single method 

alone (Lamont & Swidler, 2014). To gain, therefore, rich insights into the 

psychology of LEA, a variety of qualitative data collection methods were employed. 

The details of all methods employed, including justification for their use, are 

presented in the relevant empirical chapters (Chapters 4-7). The methodological 

choices for the design and methods used within each empirical chapter were made 
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throughout the research process, and in response to limitations identified in the 

extant literature (see Chapter 2) as well as the findings and limitations of preceding 

studies (i.e., in the case of Study 2 and 3). 

 Mixed Methods Research 

 When discussing quantitative and qualitative approaches to conducting 

research, Pilgrim (2014) asserts that “some questions are best answered by 

combining both types of method” (p. 17). Mixed methods research uses a 

combination of both qualitative and quantitative approaches in relation to specific 

research questions, methods, data collection, and analysis (Teddlie & Tashakkori, 

2009). In doing so, it combines extensive research methods, which seek regularities 

and quantitative relations among variables within a large sample, with intensive 

research that is concerned with interpreting meanings in context, among a smaller 

number of cases (Sayer, 2000).  

 The combining of quantitative and qualitative research methods within the 

same research study or series of studies has been a point of controversy within sport 

and exercise psychology in recent years. In a critical reflection of this issue, Sparkes 

(2015) suggested that it is not the practicality or feasibility of mixing methods that is 

a source of debate, but rather that this creates philosophical tensions due to the 

combination of methods associated with different epistemological assumptions. As 

such, it has been argued that this poses additional challenges when it comes to the 

integration and analysis of research findings as different methods may yield 

contradictory or surprising findings, leading researchers to treat and discuss them as 

distinct and separate “strands” (Sparkes, 2015, p. 54) of research in a written report. 

However, it has also been suggested that such differences in findings could highlight 

potential limitations of particular methods and identify avenues for future research 
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(Moran et al., 2011), or “transform these tensions into new knowledge through a 

dialectical discovery” (Creswell et al., 2011, p. 4). Despite the potential benefits of 

mixed methods, very few studies have, to date, used a mixed methods design to 

explore LEA in sport and exercise (Schofield et al., 2020a). While those that have 

done so have demonstrated value in elucidating potential contextual and 

sociocultural influences (i.e., the pursuit of a ‘lean ideal’ physique and low body fat 

percentage), these findings were specific to elite cyclists (Keay et al., 2018, 2019; 

Schofield et al., 2021). Thus, it is important to extend the use of such designs to a 

broader sport and exercise population, with a view to generating greater insights into 

experiences of LEA across different contexts and participation levels.  

 In recent years, mixed methods research guided by a critical realist 

perspective has been suggested as a possible approach to encourage collaboration 

between qualitative and quantitative researchers within the sport and exercise 

psychology community (Ryba et al., 2020). Within the context of LEA research, use 

of mixed methods designs could begin to address calls for transdisciplinary 

approaches that consider the interactions between physiological symptoms of LEA 

and potential sociocultural and psychological factors associated with these symptoms 

(Schofield et al., 2021). Critical realism acknowledges the value of quantitative 

methods within the exploratory phase of research to enable identification of patterns 

and associations that may not otherwise be accessible by qualitative methodologies 

(Sayer, 1984).  

 Within the current thesis, a pragmatic approach to the use of mixed methods 

research was used to enable comparison between widely adopted quantitative 

methods of investigating LEA and qualitative methods that could offer more in-

depth insights into the subjective experience of LEA. Furthermore, some aspects of 
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the psychophysiological ‘syndrome’ of RED-S are currently unsubstantiated by 

evidence. Therefore, increasing methodological diversity in this area is warranted to 

provide a greater understanding of its aetiology, the subjective experience of its 

consequences, and factors influencing improvements in EA, in order to develop 

interventions that seek to restore optimal physical and psychological functioning. 

 Consequently, Study 3 within this thesis (Chapters 6 and 7) adopted a 

sequential explanatory mixed methods design (Ivankova et al., 2006), which began 

with an initial quantitative phase (Chapter 6) and was subsequently followed by a 

qualitative (Chapter 7) more in-depth exploration of these initial findings. By 

adopting this combination of quantitative and qualitative methods, the researcher 

was able to further illuminate issues (e.g., inadvertent LEA) that had previously been 

difficult to identify and explore within earlier studies (Chapters 4 and 5), while such 

an approach also enabled purposeful sampling of participants for qualitative 

interviews based on their quantitative survey responses. 

 Researcher Reflexivity 

 Dominant positivist approaches to exploring LEA in sport and exercise could  

be portrayed as regarding the researcher as a detached observer interested in the 

generalisation and generation of universal knowledge (Brannick & Coghlan, 2007).  

Critical realist and qualitative researchers instead acknowledge explicitly the 

researcher’s role, and their ability to reflect upon how knowledge has been produced, 

which is conceptualised as a valuable resource within the research process (Lazard & 

McAvoy, 2020). Authors of mixed-methods research have been encouraged to bring 

the researcher’s perspective and role in creating meaning within research to the 

forefront of their writing (Zhou & Hall, 2016). Accordingly, the remainder of the 

current section (i.e., Researcher Reflexivity) is written using the first-person singular 
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pronoun, from the perspective of myself, Rachel, as the author of this thesis and 

researcher who conducted each of the empirical studies contained within it. 

As a former competitive endurance athlete with past exposure to, and 

experience of, issues connected to the thesis topic, I could be considered an “insider” 

(Adler & Adler, 1987) in relation to the subject of study. It is, however, 

acknowledged that there are degrees of “insiderness” (Allen-Collinson, 2013). With 

regard to this dimension, I may be regarded as a “partial insider”, who shares a 

physical-cultural identity with the community being researched, yet still holds a 

certain degree of distance or detachment (Greene, 2014, p. 2) due to my researcher 

role. Insider research has been criticised for being unable to maintain the distance 

and objectivity required for rigorous research to be conducted, due to the emotional 

investment of the researcher (Brannick & Coghlan, 2007), however, this criticism 

could be applicable to any research project, including laboratory-based positivist 

investigations. Reflecting upon a number of advantages afforded by insider status 

and positionality, as outlined by Chavez (2008), I believe my “partial-insider” 

position enabled me to gain an empathetic and in-depth understanding of 

participants’ experiences. I also felt confident in establishing rapport with, and 

offering genuine compassion to, the research participants.  

A researcher engaging in reflexive practices and description of their own 

experiences as a researcher can also enhance research credibility (Cope, 2014; see 

Research Quality, p. 85). Through a continual, iterative process of reflexive 

awareness, I made every effort to remain cognisant of the potential influence of my 

own experiences on various stages of the research process, to avoid amalgamating 

them with those of the research participants (Trainor & Bundon, 2020). First, prior to 

commencing data collection, I engaged in a form of bracketing interview with my 
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primary supervisor, with a view to raising awareness of any presuppositions I may 

have held regarding the research topic (Tufford & Newman, 2012). Bracketing 

interviews can also serve as a means to protect both researchers and participants in 

research exploring emotionally-charged topics and can develop the researcher’s 

capacity to understand the phenomenon of interest (Rolls & Relf, 2006), and to view 

this afresh with a questioning attitude (Allen-Collinson, 2011).  

Second, I maintained a diary of reflective notes (see Appendix E, p.363 for 

example extracts), which were written prior to, and following, each qualitative 

interview within all three studies. This was undertaken not only to record my initial 

appraisals of interviews soon after they had been conducted, but also to document 

any concerns that I may have had for my own mental health. Due to the sensitive 

nature of the research topic, and my emotional closeness to it, it remained possible 

throughout the research process that I might experience psychological distress or 

discomfort due to the information that was discussed or disclosed to me. Thus, it 

remained my responsibility to communicate any such concerns or psychological 

harm to my supervisory team before continuing with the research. 

 For example, at the beginning of data collection for Study 1 (Chapter 4), I 

arranged and completed three consecutive interviews within a single day and 

experienced some unanticipated emotions as a result of this (see Appendix E, p. 363 

for example diary extracts). Upon reflecting on my notes and engaging in 

conversation with my primary supervisor, I decided that all future interviews would 

be scheduled to take place a minimum of two hours apart and a maximum of two 

interviews were to be conducted within a single day. Finally, I engaged in regular 

discussions with my primary supervisor and formal meetings with my wider 
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supervisory team, who posed questions for me to consider, to further challenge my 

interpretations of the data within each empirical study. 

 Qualitative Data Analysis 

 Although specific data analysis procedures and techniques are described in 

detail within each of the empirical studies (Chapters 4-7), the chapters that employed 

qualitative research methods were informed by the same guiding principles. As such, 

this section provides a brief overview of the overarching approach that formed the 

foundation of my qualitative data analysis for Chapters 4, 5, and 7.  

3.6.1 Reflexive Thematic Analysis 

 Braun and Clarke (2013) have argued that qualitative data analysis can be 

understood as taking three different forms, which are: searching for patterns; 

identifying interactions; and looking at stories. The qualitative data generated within 

this thesis was guided by an analysis approach that has evolved over the past fifteen 

years, from a set of broad guidelines for “searching” for themes within a dataset 

(Braun & Clarke, 2006, p. 81), to an immersive, iterative, and reflexive process of 

generating interpretive stories about data (Braun & Clarke, 2019). Broadly, thematic 

analysis describes a method of generating patterns across a qualitative dataset, which 

is not necessarily bound to any particular theoretical framework (Braun et al., 2016), 

and has been used widely in health and wellbeing research (Braun & Clarke, 2014).  

 Thematic analysis has recently been described as a family (italics added) of 

qualitative analysis methods that formalise the process of developing themes, rather 

than a singular method with a single set of procedures (Fugard & Potts, 2020). 

Despite this, Braun and Clarke’s (2006; 2019) six-step approach to thematic analysis 

is frequently cited within qualitative research, with little more description than a 

statement regarding its use as the chosen analysis method (Braun et al., 2019) 
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Furthermore, Braun and Clarke (2020) acknowledge that many scholars do not 

demonstrate how thematic analysis aligns with their philosophical orientation or 

indeed how their ontological and epistemological assumptions informed the research 

questions and methods employed within the research (Braun & Clarke, 2020). 

Reflexive thematic analysis is compatible with a critical realist philosophical 

framework, according to Braun and Clarke (2020), as it enables exploration of the 

meanings that participants ascribe to their experiences, whilst recognising that this 

meaning can be open to further interpretation (Maxwell, 2012). The specific ways in 

which reflexive thematic analysis informed qualitative data analysis in this thesis are 

specified within the empirical chapters (4, 5 and 7). It is useful, however, to briefly 

note here Braun and Clarke’s most recent articulation of the six stages of their 

thematic analysis: (a) data familiarisation; (b) systematic data coding; (c) generating 

initial themes from coded and collated data; (d) reviewing and developing themes; 

(e) refining, defining, and renaming themes; and (f) writing up the report (Braun & 

Clarke, 2019). 

 Research Quality 

 A variety of criteria can enable researchers or assessors of their work to judge 

the quality of methods employed, data collection procedures, analysis, and eventual 

interpretation and reporting of research findings (Sparkes & Smith, 2014). 

Quantitative research is predominantly concerned with concepts of objectivity, 

validity, reliability and generalisability (Smith & Sparkes, 2014), thus focusing more 

so on the extent to which research is considered to be unbiased, accurate, replicable, 

and representative of different settings or populations. In contrast, qualitative 

research typically considers research quality through more paradigmatically-

appropriate criteria, such as the parallel concepts proposed by Guba and Lincoln 
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(1989) of: credibility, transferability, dependability, and confirmability, which 

collectively constitute trustworthiness criteria. The term trustworthiness refers to the 

use of methods and approaches employed to strengthen the quality of qualitative 

research (Smith & McGannon, 2018). As this thesis predominantly used qualitative 

methods, strategies used to strengthen the trustworthiness of each study will be 

discussed in Chapters 4, 5, and 7.  

 Ethical Considerations 

 All researchers must consider the moral principles and values that govern 

how they conduct their research (Iphofen & Tolich, 2018). Together, the researcher’s 

ethical position and the procedural ethics (i.e., gaining ethical approval from a 

committee) that ensure thorough planning of research protocols, ultimately influence 

ethics in practice (italics added); that is, the ways in which they select the 

participants of their research, their methods of data collection, and how data are 

subsequently analysed (Palmer, 2016). Within the current thesis, ethical approval 

was sought from, and subsequently granted by, the departmental School of Sport and 

Exercise Science Ethics Committee (Chapter 4) and University of Lincoln Research 

Ethics Committee (Chapters 5, 6, and 7). 

  Exploring the topic of LEA by employing primarily qualitative methods, 

necessitates inquiry about personal eating and exercise behaviours, which may be 

considered a sensitive issue for some individuals, such as those with underlying 

psychopathology, including DE/ED and pathological exercise behaviours. As none 

of the research studies recruited participants on the basis of such behaviours (e.g., 

inclusion or exclusion of individuals meeting diagnostic criteria for clinical ED), the 

degree to which discussion of the research topic would be considered distressing for 

an individual remained unknown to the researcher prior to data collection.  
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 Consequently, with a view to minimising any potential discomfort, the risk of 

psychological distress was made explicitly clear in the participant information sheets 

(Appendix B: Participant Information Sheets, pp. 312-323) for each study. The 

researcher ensured all participants were made aware of their right to withdraw from 

the research, and that they were not obligated to answer any interview (Studies 1, 2, 

and 3) or survey questions (Study 3). In addition to this, all individuals were 

provided with details of specialist services to support them if required, including: 

Samaritans; BEAT eating disorder charity; and MIND mental health support. 

Finally, as some of the themes and topics explored could be particularly distressing 

for individuals in, or recently out of, clinical treatment for an ED, prospective 

participants in Study 2 and the qualitative phase of Study 3 were excluded from 

participation if they reported currently receiving, or having received, outpatient 

treatment for an ED in the six months prior to the study. 

 Despite the potential risks raised, it was envisaged that the insights gained 

from each study could contribute significantly to the body of knowledge surrounding 

LEA and RED-S. In turn, it was anticipated that this knowledge could have the 

potential to inform future interventions supporting athletes and exercisers to manage 

or overcome LEA and its consequences. Furthermore, prior to commencing the 

research project, the researcher had received training in motivational interviewing, 

and had conducted regular health screening assessments with clinical populations 

(i.e., individuals recovering from major cardiac surgery or cancer treatment) as part 

of her previous employment responsibilities. These experiences enabled her to 

establish and continually develop an empathetic and unprejudiced approach to 

exploring psychological concerns associated with health impairments among a 

variety of individuals. 
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 Conclusion 

 The current chapter has presented an overview of traditional methods used to 

explore LEA in exercising populations. To date, researchers have predominantly 

employed quantitative methods, such as objective physiological measurements, 

and/or self-report questionnaires, to investigate the occurrence of LEA or the 

presence of associated health and performance impairments. Quantitative research 

has enabled a broad understanding of the consequences of LEA that athletes and 

exercisers may experience but has struggled to generate insights into the individual 

beliefs, attitudes, and emotions that may influence how and why it is experienced. In 

light of growing evidence to suggest psychological factors may be important 

considerations in the onset and maintenance of a cycle of LEA, it was considered 

pertinent to use both qualitative and quantitative methods, in line with the 

researcher’s critical realist philosophical orientation, with a view to generating new 

insights into the psychology of LEA in sport and exercise. 
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CHAPTER 4: A QUALITATIVE EXPLORATION OF RELATIVE  

ENERGY DEFICIENCY IN SPORT IN ENDURANCE ATHLETES1 

 The aim of the current chapter, which presents the first empirical study 

within this thesis, was to address the limitations of previous quantitative research 

exploring the physiological and psychological consequences of LEA. More 

specifically, by exploring the subjective experience of RED-S from the perspective 

of information-rich cases through in-depth qualitative interviews, this study aimed to 

explore: the contexts and mechanisms underpinning the onset of RED-S; 

characteristics of the subjective RED-S experience; and contexts and mechanisms 

influencing self-reported “recovery” from RED-S. In doing so, this study sought to 

provide new insights into the subjective experience of RED-S, alongside its potential 

antecedents and consequences. 

  

 
1 This study has been published as: Langbein, R. K., Martin, D., Allen-Collinson, J., Crust, L., & 

Jackman, P. C. (2021). “I’d got self-destruction down to a fine art”: A qualitative exploration of 

relative energy deficiency in sport (RED-S) in endurance athletes. Journal of Sports Sciences, 39(14), 

1555–1564. https://doi.org/10.1080/02640414.2021.1883312.  

https://doi.org/10.1080/02640414.2021.1883312.
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 Introduction 

As noted in Chapter 1, the protection and maintenance of athlete health have 

become areas of increased priority for sporting organisations in recent years 

(Mountjoy & Junge, 2013). The term RED-S refers to a syndrome of impaired 

physiological functioning that occurs as a result of LEA, with two conceptual models 

depicting the range of proposed health and performance effects that characterise 

RED-S (Mountjoy et al., 2014). Whilst substantial evidence has been generated to 

support some components of the RED-S models, especially those historically 

associated with the Triad (see Nattiv et al., 2007), further evidence is required to 

advance knowledge of other proposed effects, including interactions with 

psychological health, which have been scarcely investigated (Schofield et al., 

2020a).  

The potential adverse psychological effects of combining high levels of 

physical activity with inadequate nutrition are wide-ranging and include: anxiety; 

depression; DE; clinically-diagnosed EDs; and substance misuse (Mikkelsen et al., 

2017; Rice et al., 2016). It is important to note, however, that it has been proposed 

that psychological health concerns may also initiate a state of LEA (Mountjoy et al., 

2014), making it difficult to establish whether psychological factors precede or 

succeed its physiological complications. For example, physiological consequences of 

restrictive DE/ED mirror many of the health and performance implications 

associated with RED-S.  

It is, therefore, crucial to advance understanding of the psychology of RED-S 

to mitigate or treat any such outcomes. Due to the substantial energy demands 

associated with sustained physical activity, athletes are more susceptible to 

experiencing LEA, and therefore RED-S, than less physically active individuals 
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(Logue et al., 2018). Whilst a “gold standard” method for measuring LEA has yet to 

be established, prevalence estimates range from 6% (Hoch et al., 2009) to 100% 

(Doyle-Lucas et al., 2010) across various athletic pursuits (Logue et al., 2020). In 

turn, this suggests that a large proportion of exercising populations could be at risk 

of experiencing psychological symptoms associated with RED-S. There has, 

however, been a paucity of qualitative research to further elucidate why this might 

be the case. 

 Moreover, sporting contexts requiring or emphasising the importance of low 

body fat and a lean physique (e.g., weight-sensitive and endurance sports) can 

encourage dietary energy restriction and/or increased EEE due to beliefs that this 

could confer a performance and/or aesthetic advantage (Robertson & Mountjoy, 

2018). Endurance athletes are considered particularly vulnerable to developing RED-

S as they face sociocultural pressures to conform to a sporting body “ideal” (Thorpe 

& Clark, 2020, p. 2), and tend to have significantly higher energy requirements than 

individuals participating in other physical pursuits (Loucks, 2007). In contrast to 

other RED-S symptoms, Mountjoy et al. (2014) proposed that “psychological 

consequences can either precede or be the result of RED-S” (p. 493), as illustrated 

by a bidirectional arrow in the RED-S health consequences model (see Figure 2.4, p 

34). The evidence base to support this notion, however, remains limited, with much 

unknown about the psychological antecedents underpinning the occurrence of RED-

S (Mountjoy et al., 2018).  

Indeed, the distinction between risk factors and consequences of LEA has 

become difficult to extricate, due to inconsistencies in the terminology used to 

describe it, and methods employed to estimate its prevalence (Bratland-Sanda & 

Sundgot-Borgen, 2013). For example, exercising females with amenorrhoea have 
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been shown to exhibit depressive traits (Marcus et al., 2001), a reduced perceived 

ability to cope with stress, and an increased need for social approval (e.g., Strock et 

al., 2020). However, these factors have been commonly observed among athletes 

with DE/ED (e.g., Shanmugam et al., 2014), thus making it difficult to identify 

whether they are inherent to pre-existing eating psychopathology or FHA (i.e., that 

occurs as a result of LEA; Loucks, 2007). To date, eating psychopathology remains 

the most extensively researched psychological health concern associated with LEA 

and has been found to be twice as prevalent in athletes than in sedentary populations 

(Martinsen & Sundgot-Borgen, 2013). Pressures to achieve and maintain a lean 

physique, present in many sports, can promote restrictive eating practices (reducing 

EI), which may progress into DE behaviour, or more severe clinical ED (Krentz & 

Warschburger, 2011). It has been proposed, however, that intentional reductions in 

EA can reflect logical and even necessary efforts to reduce body size or composition 

(Loucks et al., 2011), suggesting such practices may occur in the absence of DE/ED.  

Furthermore, some athletes experience inadvertent LEA, whereby reductions 

in EI and/or increases in EEE are not intentional, but are attributable to prolonged, 

high-volume exercise or insufficient nutritional knowledge (Loucks, 2004). As such, 

this emphasises a need to understand not only the psychological mechanisms 

underlying the occurrence of RED-S, but additional practical barriers to achieving 

optimal EA. Another important area that warrants further attention is how 

individuals recover from RED-S. Subjective appraisals of recovery from LEA and 

RED-S have received limited attention within the sport science and sports medicine 

literature, which has predominantly relied on objective biomedical thresholds (e.g., 

weight restoration, resumption of regular menses in females) and absence of 

diagnostic criteria for clinical ED (e.g., low BMI).  
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Whilst a number of qualitative studies have explored athlete experiences of 

ED recovery (e.g., Arthur-Cameselle & Quatromoni, 2014; Papathomas & Lavallee, 

2010), these findings may not resonate with inadvertent cases of RED-S in which 

ED might not be present. Although a RED-S clinical assessment tool (RED-S CAT) 

was developed to aid management of RED-S and return to play decisions in at-risk 

athletes (Mountjoy et al., 2015), it only briefly acknowledges the importance of 

psychological factors (e.g., engaging with sports psychologists). Furthermore, it 

offers little insight into how recovery is conceptualised from the perspective of 

individuals who have experienced RED-S, thus indicating that further research is 

required to understand the psychological “recovery journey” from RED-S.  

The aim of this study was to qualitatively explore the subjective experience 

of RED-S in endurance athletes. To address recent calls for further qualitative 

inquiry into individual experiences of RED-S (Schofield et al., 2020a), this study 

employed qualitative interviews with information-rich cases (Patton, 2014) to 

explore the RED-S experience, as well as the contexts and mechanisms underpinning 

its occurrence, and efforts to overcome its consequences. In turn, the findings could 

provide novel insights into how RED-S can be prevented and managed, which would 

help to improve education, awareness, and treatment of RED-S (Statuta et al., 2017). 

Consequently, this could better equip athletes to achieve and maintain optimal EA, 

which is desirable not only for performance, but for longer-term health and 

wellbeing. 

 Method 

4.2.1 Research Approach 

Critical realism emphasises the importance of seeking causal explanations for 

social phenomena and seeks to generate insights into how and why specific 
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phenomena occur (Maxwell, 2004). Moreover, a critical realist ontology lends itself 

to the in-depth study of a relatively small sample of individuals, and to textual forms 

of data that retain the chronological and contextual connections between events 

(Maxwell, 2012). As such, a qualitative approach employing semi-structured 

interviews, which has been previously employed within cognate research areas, 

including eating psychopathology (Plateau et al., 2014) and addiction research (i.e., 

alcohol and drug misuse; De Grace et al., 2017), was considered to be the most 

suitable methodology for this exploratory research.  

4.2.2 Participants 

Twelve endurance athletes (female n = 10, male n = 2; M age = 28.3 years, 

SD = 6.20) from England (n = 11) and Northern Ireland (n = 1) took part (Table 4.1, 

p. 95). Participants were classified as sub-elite (83%; n = 10) and semi-elite athletes 

(17%; n = 2) respectively, based on criteria for defining levels of athletic 

competition (Swann et al., 2015). The primary sports of the athletes were endurance 

running2 (n = 9) and ultra-endurance running3 (n = 3), however, all participants were 

involved in multiple physical pursuits at the time of recruitment. While the study 

inclusion criteria sought participants across all sports (see Procedures, p. 95) the 

gender and athletic background of the sample reflect past literature highlighting a 

gender disparity and predominance of endurance athletes in LEA research (Logue et 

al., 2018). All participants are hereafter referred to by pseudonyms, which are 

displayed in Table 4.1 (p. 95).  

 

 
2 Endurance running was defined as “running distances and competing in events of 5km or longer” 

(Lieberman & Bramble, 2007, p. 288) but less than 42.2km (based upon below definition below) 
3 Ultraendurance running was defined as “events that involve running more than 42.2km/26.2mi” 

(Roebuck et al., 2018, p. 43). 
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Table 4.1  

Participant demographics for the sample 

Note. Abbreviations used as follows: F = female; M = male. 

 

4.2.3 Procedures 

Ethical approval was granted by the School of Sport and Exercise Science 

Ethics Committee at the University of Lincoln. A purposeful sampling approach, 

aiming to recruit information-rich cases (Patton, 2014), was employed to acquire 

Participant 

(pseudonym) Gender Age 

Level of 

participation 

Primary 

sport 

Additional sport 

or exercise during  

RED-S 

experience 

Ryan M 23 Semi-elite 
Endurance 

running 
Football 

Verity F 30 Sub-elite 

Ultra-

endurance 

running 

Triathlon, pointe 

ballet, strength 

training 

Rebecca F 27 Sub-elite 
Endurance 

running 

Track-and-field 

athletics 

Melanie F 40 Sub-elite 
Endurance 

running 

Strength training, 

fitness training 

(gym) 

Claire F 39 Sub-elite 

Ultra-

endurance 

running 

Cycling, triathlon, 

football 

Phoebe F 26 Sub-elite 
Endurance 

running 
Triathlon 

Layla F 28 Semi-elite 
Endurance 

running 
Swimming 

Emily F 32 Sub-elite 
Endurance 

running 
Hiking 

Caitlin F 39 Sub-elite 

Ultra-

endurance 

running 

Cycling, strength 

training 

Marie F 26 Sub-elite 
Endurance 

running 

Swimming, 

netball 

Sadie F 24 Sub-elite 
Endurance 

running 

Fitness training 

(gym) 

Arthur M 36 Sub-elite 
Endurance 

running 

Rugby, strength 

training 



 96 

detailed insights into individual experiences of RED-S. An electronic study 

information poster was circulated via emails to gatekeepers (e.g., coaches) and on 

social media (e.g., Twitter), while a printed paper version of the poster was handed 

out at an educational workshop for endurance athletes to individuals expressing 

interest in participation. Participants were required to: be 18–40 years of age; self-

identify as having a past or ongoing experience of RED-S; and have been 

participating in sport or exercise for at least 150 minutes per week during the time of 

self-identified RED-S. The recruitment materials did not refer to DE/ED diagnostic 

criteria, to circumvent the potential omission of individuals with sub-clinical eating 

psychopathology or inadvertent experiences of RED-S. Self-identified onset of 

RED-S reflected a period during which participants became aware of physical 

ailments (e.g., injury, illness), performance decrements, or declines in their mental 

health, following increases in exercise volume and/or reductions in EI.  

 Each prospective participant who contacted the researcher to express interest 

in taking part was subsequently sent an information sheet via email detailing the 

study aims. All athletes provided informed consent (Appendix C, p. 324) to 

participate and permit audio recording of their interview. Seven interviews were 

conducted face-to-face, while the remaining five interviews took place via Skype™. 

A consistent approach was employed to minimize differences between interview 

methods and provide a safe and comfortable environment in which participants could 

share their experiences. To help establish initial rapport, the researcher revisited the 

study aims and explained the interview format to each participant. Furthermore, to 

reduce the likelihood of “unanticipated harm” (DiCicco-Bloom & Crabtree, 2006, p. 

319), all participants were: informed of the potentially sensitive nature of the topic; 
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encouraged to voice any concerns if they arose; and reminded of their right to take a 

break from the interview or withdraw at any time. 

4.2.4 Interview Schedule 

A semi-structured, open-ended interview approach was adopted to allow the 

participants to elaborate freely and at length about their experiences (Smith & 

Sparkes, 2016). The interview schedule (Appendix D: Research Instruments, pp. 

330-337) explored athletes’ experiences of RED-S, from perceived onset to present 

day, and questions cohered around: demographic information; chronological recall 

of the onset of RED-S (e.g., “can you remember when you first experienced 

symptoms suggestive of RED-S?”); exploration of the RED-S experience (e.g., “can 

you recall any behaviours during this time?”); and the participants’ perceptions of 

their current psychological and physiological status (e.g., “could you describe how 

that time compares to now?”). In addition to these themes, specific probing questions 

(e.g., “can you tell me more about that?”) were employed to encourage more detailed 

insights into areas of interest.  

Prior to concluding each interview, the researcher invited participants to raise 

and discuss any additional areas that had not already been addressed. All interviews 

(M length = 54 minutes, SD = 13.72; range = 27–71 minutes) were transcribed 

verbatim by the researcher within three days of taking place in preparation for data 

analysis. This enabled the researcher to identify a discernible reduction in new codes 

being generated following the twelfth interview, at which point it was deemed that a 

form of data saturation had been reached (Fusch & Ness, 2015).  

4.2.5 Data Analysis 

An abductive approach to data analysis was employed (Timmermans & 

Tavory, 2012). This approach allowed the researcher to investigate the extent to 
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which the data supported existing theory (i.e., deduction), whilst also providing the 

flexibility to generate new understandings or explanations (i.e., induction; Kennedy 

& Thornberg, 2012). Such an approach, therefore, enabled qualitative exploration of 

the RED-S conceptual models, in addition to potential antecedents and consequences 

of RED-S. As described in Chapter 3 (see p. 70), the data analysis approach was 

underpinned by reflexive thematic analysis (Braun & Clarke, 2019). Initially, the 

researcher familiarised herself with the data through the process of indwelling 

(Maykut & Morehouse, 2002) by listening to the audio-recordings following each 

transcription, to ensure accuracy, before reading each transcript at least twice. After 

gaining a sense of each athlete’s experience, transcripts were searched for relevant 

quotes pertaining to RED-S onset, experience, and efforts to overcome its effects, to 

generate initial codes. Similar codes were grouped together into subthemes and this 

strategy was repeated to develop more substantive themes, and finally, overarching 

themes, which encompassed principal ideas that were central to the meaning of a 

number of themes, collectively. For example, the overarching theme the subjective 

experience of RED-S comprised three themes (‘broken’: a body thrown into 

disarray; ‘rock bottom’: a psychological warzone; and ‘trapped’: a cycle of 

disordered eating and compulsive exercise), each of which contained a number of 

subthemes). This helped to further organise and structure the analysis (Braun et al, 

2016), prior to producing a final report (see Results, p. 99). Throughout the analysis 

process, the supervisory team was provided with preliminary insights and asked to 

critically evaluate the researcher’s interpretations (see Trustworthiness, below). 

4.2.6 Trustworthiness 

Several approaches were employed to enhance trustworthiness of the current 

study. To encourage reflexivity, written and digital reflective notes, detailing 
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personal perceptions and interpretations of each interview, were compiled in a 

personal journal by the researcher (see Braun & Clarke, 2019). One supervisor 

adopted the role of a ‘critical friend’ (e.g., Sparkes & Smith, 2013) throughout data 

collection and analytic procedures, by encouraging the researcher to reflect on her 

own initial appraisals of the interviews, and by prompting alternative suggestions to 

her interpretations of the data. In turn, these critical discussions encouraged the 

researcher to re-examine her analyses, which facilitated further reflexivity (Braun & 

Clarke, 2019). For example, the primary supervisor provided initial annotations on 

the first interview transcript, including open questions about the data, or guidance as 

to how best to develop more detailed responses about the participants’ experiences. 

This prompted the researcher to consider alternative ways of framing future 

interview questions, so as to avoid leading participants towards a particular response, 

or making assumptions following vague or ambiguous answers that lacked specific 

detail. Finally, the researcher and full supervisory team engaged in formal peer 

debriefing (Creswell & Miller, 2000) meetings throughout data analysis, which 

helped to encourage the researcher to reflect further upon, and challenge, her own 

interpretations of the data.  

 Results 

Consistent with the chronological format of the interview schedule, and 

sequential nature of participants’ recalled experiences, the findings are presented in 

the sections that follow, represented by the following overarching themes: the onset 

of RED-S; the subjective experience of RED-S; and efforts to overcome RED-S. 

Within each overarching theme, themes generated through the analysis are 

described and emboldened, with sub-themes italicised in text. Illustrative quotes are 

used throughout to facilitate the voice of participants (Jackson & Mazzei, 2008).  
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4.3.1 The Onset of Relative Energy Deficiency in Sport 

Participant accounts of the onset of RED-S cohered around interactions 

between personal and situational factors, which created the perfect storm for 

triggering intentional or involuntary changes to eating and exercise behaviours. The 

findings are presented in two overarching themes: onset contexts and onset 

mechanisms. 

4.3.1.1 Onset Contexts. Three contexts appeared to shape athletes’ thoughts, 

feelings, and behaviours towards fuelling and training, and ultimately resulted in 

self-identified RED-S: psychological health; sport-specific pressures; and social 

environment. Firstly, significant life events, including trauma, loss, and grief, 

negatively influenced some participants’ psychological health, subsequently 

triggering restrictive eating or excessive exercise habits: “Running was my way of 

getting over the [relationship] break up… it felt like my way of escaping things” 

(Claire). Other athletes disclosed pre-existing eating disorders and disordered eating 

behaviours prior to their competitive sporting involvement: “I’ve had issues around 

food before I got into running…running has just basically been a way of me 

controlling it [weight]” (Melanie).  

A desire for social approval also appeared to increase body dissatisfaction 

and peer comparison, which ultimately led to alterations in eating and exercise 

behaviours: “Someone told me my bum was too big, and the thought that there was 

anything wrong with me that people didn’t like, I had to fix it” (Emily). Finally, both 

sporting culture and physical demands of frequent endurance activity were also 

reported to have negative influences on dietary intake and overall perceived EA. 

Caitlin described how cultural pressures inherent to ultra-endurance running 

encouraged her restrictive eating habits: “I think in some ways being a runner made 
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that [guilt] worse… you are hungry and you do need to fuel but you’ve been 

socialised to feel guilty for it”. Overall, these psychological, sport-specific and social 

contexts were regarded as precursors to the development of RED-S. 

 4.3.1.2 Onset Mechanisms. The mechanisms by which RED-S was initiated 

were captured by two themes: physiological mechanisms and psychological 

mechanisms. Psychological mechanisms included a perceived need for control, 

often activated by significant life events, such as those described in the previous 

section (e.g., relationship breakdown). In the presence of high-achieving traits, 

perfectionist tendencies (trait expression) and low self-worth/confidence appeared to 

manifest in a perceived need to train harder, eat ‘better’, and achieve more: “I was 

probably running about 60 miles a week, but was like ‘you’re not doing enough, 

you’ve got to do more’, so it turned into 70, then 80, and then things started to 

break” (Caitlin).  

Another notable finding concerned the prevalence of inadvertent cases of 

RED-S, seemingly prompted by physiological stressors. Half of the athletes reported 

unintentionally increased training loads that were insufficiently matched by EI, 

often attributed to a lack of awareness of their increased nutritional requirements. 

However, subsequent changes to body composition and short-term performance 

improvements appeared to encourage a heightened awareness of diet, exercise, and 

body image, prompting restrictive eating practices. As Marie said: 

I increased my expenditure but not intake… then you get faster 

because you’re training more and getting slightly lighter and your 

brain goes “surely you can eat even less, weigh less, and get even 

faster”.  
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Table 4.2  

Contexts and mechanisms influencing the onset of RED-S 

Note. Abbreviations used as follows: PA = physical activity. 

 

 

Example raw data codes Sub-theme Theme Category 

It was really, really drilled into us basically that 

you know if you were still getting your periods you 

probably weren’t training hard enough 

Sporting 

culture 

Sport-specific 

pressures 

Onset 

contexts 

My running training was probably absolutely fine 

but my problem was what I was doing in 

addition…so my training schedule might have been 

say ten hours of running over a week but you could 

probably double that with everything else that I was 

discounting 

Physical 

demands of 

sport and 

exercise 

I can really remember someone saying to me that 

they wanted my legs or something. And cause it 

had like come at a point where I’d just been like 

changing my diet and doing a bit more exercise, I 

thought “oh I can’t stop now” 

Social 

approval 

Social 

environment 

I lost grandparents in a short space of time and 

although fuel-wise and all the signs in my body 

were pretty good I think I just started training a bit 

too hard to just cope 

Trauma, 

loss and 

grief 

Psychological 

health 

Because I had an eating disorder before I started 

running, I wasn’t eating enough anyway, for just 

kind of like, working my body normally…just 

going to work and not doing any exercise 

Pre-existing 

DE/ED 

I like started trying to control what I ate and then it 

became a control thing like I couldn’t ever have 
that one chocolate bar or that one chocolate 

because then I might have it everyday 

Perceived 

need for 
control 

Psychological 

mechanisms 

Onset 

mechanisms 

The way I sort of dealt with my problems was very 

much, just kind of an all or nothing implosion. It’s 

like ‘that’s the bottom line, you’re not good 

enough, what’s the matter with you, just train 

harder 

Low self-

worth or 

confidence 

And I suppose like I’ve always been a pretty driven 

perfectionist kind of person and just, and a people 

pleaser too so the thought that there was anything 

wrong with me that people didn’t like, then I had to 

fix that 

Trait 

expression 

I just sort of you know again quite unscientifically 

just ran more and didn’t stop. Eat sleep and breathe 

training basically in some form 

Increased 

training 

load/PA 

Physiological 

mechanisms 

I think I’d read things, people talking about clean 

eating and things they don’t eat... so I just kind of 

didn’t eat puddings and sweet things, cutting them 

out entirely was probably quite a big change for my 

body 

Restrictive 

eating 

practices 
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4.3.2 The Subjective Experience of Relative Energy Deficiency in Sport 

The various features of the RED-S experience (Table 4.3, p. 107) were 

represented by three themes: a body thrown into disarray; a psychological 

warzone; and a vicious cycle of disordered eating and compulsive exercise. 

4.3.2.1 ‘Broken’: A Body Thrown into Disarray. Following inadvertent or 

intentional reductions in energy intake, which were often accompanied by 

simultaneous increases in exercise or sport-specific training load (i.e., EEE), the 

physical health consequences of RED-S became apparent to participants. Substantial 

weight loss and reductions in body fat were often appraised as desirable outcomes, or 

necessary conditions for performance gains: 

I had a body fat percentage of 12% and everybody was like ‘that’s 

amazing you’ve got the perfect physiology you’re obviously doing 

something right’… nobody said to me ‘that’s not really a healthy 

body fat percentage to sustain for a long time’. (Caitlin) 

 

Such improvements, however, tended to be short-lived, due to significant physical 

injury (e.g., stress fractures) or illness (e.g., viruses). All females had incurred at 

least one bone stress injury and menstrual dysfunction during self-identified RED-

S, as well as a history of menstrual irregularities or amenorrhoea (e.g., late 

menarche, oligomenorrhoea). Others described overall feelings of fatigue, 

weakness, and reduced energy, in addition to thermoregulatory; haematological; 

endocrine; gastrointestinal; and immunological health complaints (Table 4.3, p. 

107). Claire reflected on impairments she believed were necessary to endure in the 

pursuit of weight loss and body acceptance: 

My body was just deteriorating because it was working harder, but 

with less food. It’s a sign that everything was basically just shutting 

down. I’d completely lost control of it [body], yet still thought it was 

just something I had to go through, because the ultimate aim is a 

certain weight or look. 
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Together, these accounts of physiological impairments considered 

characteristic of RED-S also revealed considerable adverse effects on 

participants’ mental health and perceptions of their overall wellbeing. 

 4.3.2.2 ‘Rock Bottom’: A Psychological Warzone. All athletes in 

the current study reported negative psychological consequences associated 

with RED-S, ranging from initial increases in irritability, due to a 

preoccupation with food and exercise, to feelings of helplessness and despair. 

Over time, withdrawal from social situations (particularly those involving 

food) and intimate relationships (attributed to poor self-confidence or loss of 

libido) led to feelings of disillusionment: “I've withdrawn a lot from life 

situations. I haven't met somebody. I haven't, you know, got comfortable 

around people. I’m very much a single person and I'm not likely to address 

those situations” (Arthur). Symptoms of depression were reported by the 

majority of the sample, with three athletes disclosing clinical diagnoses and 

others comparing periods of intense sadness to reaching ‘rock bottom’. For 

example, Phoebe described how “it all then spiralled into what was 

eventually diagnosed as clinical depression” and Verity remarked that “when 

you get to that breaking point…you have no energy at all and you’re so sad, 

and that’s when everything crumbles down”.  

 Anxiety, worry and concern about health and performance were also 

described, with several participants articulating a sense of feeling ‘trapped’ in 

their own minds: “every time something aches, it’s a stress fracture 

{laughs}… so I have about three stress fractures a week… in my head” 

(Layla). Ryan echoed this heightened state of awareness surrounding LEA 

and its impact on his physical and psychological wellbeing: 
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For me it’s massive [consuming enough energy], my body is very sensitive to 

it and I can feel really anxious if I don’t take in what I need. It seems to be a 

daily thing, so it can go from bad to worse in literally a day because of 

something I have or haven’t eaten.  

 

This mounting negative emotion often resulted in conflicting thoughts and beliefs, as 

Sadie described:  

I’ve just wanted to get out of my own head… I just wish I could just 

be ‘me’ when I was before this happened and be like “yeah what 

would you actually like to eat?”… not what I think I should eat… and 

it’s really hard, those lines are blurred. 

 

Together, these feelings of constant conflict and uncertainty highlighted a 

salience of psychological concerns associated with overcoming RED-S, 

which extended beyond anxieties about their physical symptoms, as Marie 

described: “Like, my body might have broken down but my brain was the 

real minefield. At this stage you know you are at this energy deficient point 

but it's the psychological side that’s actually the problem”. 

 4.3.2.3 ‘Trapped’: A Cycle of Disordered Eating and  

Compulsive Exercise. Although the onset of RED-S appeared to occur inadvertently 

for some athletes, a universal pattern of under-fuelling and over-exercising was 

reported during RED-S across the sample: ‘the further I was into it, the worse I 

got… the worse decisions I was making, because of the cycle I was in’ (Emily). All 

athletes reported either a clinically-diagnosed ED (n = 4), or self-reported ED/DE (n 

= 8), although perceptions of whether these preceded or succeeded the onset of 

RED-S were ambiguous and varied between individuals. Conscious efforts to reduce 

EI through restrictive eating habits were described, such as skipping mealtimes, 

avoiding particular food groups (e.g., carbohydrates or fats), and compensatory 

behaviours to counter energy intake (e.g., laxative use and purging). Claire recalled 
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a particularly distressing time during which she attempted to make herself sick 

following what she considered to be an episode of binge eating: 

I just remember hiding everything but trying to make myself throw up. 

Because I was like ‘this is the way to get rid of all of it’. I couldn't throw up 

though. I even remember I put shampoo on crackers to try and make myself 

throw up, and then that didn't work. So, then I had eaten more, and eaten 

shampoo…which made the whole situation a lot worse. 

 

All athletes commented that their exercise attitudes and behaviours during 

experiences of RED-S were ‘unhealthy’ or ‘excessive’, although rarely 

acknowledged this at the time, instead believing their dedication to training was 

purely beneficial. A transactional relationship with food and exercise was also 

prominent, whereby eating was viewed as a reward for gruelling exercise, and 

sporting injury regarded as justification for further food restriction. The experience 

of sport-specific training transitioned from performance-focused, and generally 

enjoyable, to an obsessive, habitual pursuit, typified by a compulsion to exercise and 

persistence through serious injury illness. Arthur explained how his excessive 

training load became a form of self-flagellation, and injury, his barometer for 

performance satisfaction: “exercise then became punishment really. I just used to, 

well, whip myself with it. I think I'd got self-destruction down to a fine art by then, 

so it was basically self-harming”. This cycle of harmful behaviours was described as 

prolonging a period of perceived LEA, further impeding efforts to restore optimal 

physiological and psychological functioning.  
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Table 4.3  

The subjective experience of RED-S 

Example raw data codes Sub-theme Theme 

We are all veterans of the MRI machine and DEXA 

scan; I got a metatarsal stress fracture and then the 

tibial stress fractures started, of which I’ve had three 

Bone stress injuries A body 

thrown into 

disarray 

I hadn’t been having those [periods] for years; I 

stopped getting my period and it scared me; periods 

were out of whack 

Menstrual dysfunction 

I felt really slow and lacking energy; days where I’d 

go out the door and feel I’m sprinting, but I’m barely 

running anywhere because I’d just run out of energy  

Fatigue, weakness, 

reduced energy 

My guts were a complete and utter disaster; I’d get 

the worst stomach cramps and vomiting and bloody 

diarrhoea 

Gastrointestinal health 

I became anaemic; seriously low ferritin levels; took 

iron tablets and performance improved 

Haematological health 

I can feel shaky and cold and sweaty; I was cold all 

the time 

Thermoregulatory issues 

I had really low oestrogen… well literally no 

oestradiol; my thyroid hormone levels were dire 

Endocrine dysfunction 

My immune system is shocking; I think I’ve had 

every disease or illness going 

Immunological health  

A lurking panic; constantly anxious of further injury Anxiety, worry, and fear A 

psychological 

warzone 
Going down the anxiety/depression spiral; something 

weighing me down 

Depression 

Complete and utter desperation; I was at breaking 

point; it seemed like a pretty directionless life. 

Vulnerability 

When people would kind of, try to force me to do 

something that I didn't want to do, especially around 

food I would get very irritable… I just wasn't a very 

nice person 

Irritability 

Withdrawn from a lot of social situations; feeling 

detached and different to others 

Withdrawal 

Right "I won’t eat carbs"; only eating what I thought 

was healthy; intermittent fasting; scheduling a run 

deliberately over lunchtime so that I wouldn't want 

then to have lunch 

Restrictive eating A vicious 

cycle of 

disordered 

eating and 

compulsive 

exercise 
I had to rest but I just cross-trained like a demon; on 

the elliptical for hours every day in the gym, 

weightlifting, swimming; sweat dripping off; going in 

harder to hurt yourself 

Exercising through 

injury or illness 

Running to control calorie intake; compensating with 

exercise if planning to eat more; I purge sometimes 

after a session if not feeling great physically or 

annoyed at the session 

Compensatory 

behaviours to counter EI 

I was greedy so I couldn't eat; two hours on the 

elliptical it's not the same as running so you don't 

deserve the recovery food 

Transactional 

relationship with food 

Couldn't go a day without running; I’d ride in the 

morning, gym at lunchtime, run in the evening; going 

to the gym every single day 

A compulsion to exercise 

Note. Abbreviations used as follows: EEE = exercise energy expenditure; EI = 

energy intake. 
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4.3.3 Overcoming Relative Energy Deficiency in Sport 

A salient finding was the considerable heterogeneity in subjective appraisals 

of progress towards, or successful attempts in overcoming RED-S, individual 

definitions of ‘recovery’, and the personal meaning attached to this concept. Seven 

athletes (58%) referred to themselves as “recovered” from RED-S, and the 

remaining five (42%) identified as still experiencing RED-S at the time of interview. 

Despite this, all athletes expressed a perceived vulnerability to experiencing 

inadvertent LEA and/or psychological distress while attempting to maintain optimal 

EA, with the notion of “long-term recovery” relying on an ongoing “battle” to 

manage this distress. For example, Verity described the psychological conflict she 

experienced as the negotiation of “rational” and “irrational” thoughts towards 

fuelling and exercise: 

It’s like you have two sides to your brain: the irrational and rational 

side, and it’s being able to decide which one is actually correct. You 

know the rational side is there, but in moments where you’re really 

stressed out you just forget about it. 

 

The following sub-sections describe the contexts influencing efforts to overcome 

RED-S, as well as the mechanisms that facilitated and inhibited self-defined 

‘recovery’ (Table 4.4, p.112). 

 4.3.3.1 ‘Recovery’ Contexts. Three contexts were reported to influence 

individual ‘recovery’ progress: significant others; sporting context; and health as 

wealth. Athletes with supportive and encouraging personal relationships and 

professional support reported more frequent success in engaging in behaviours 

conducive to improving EA, whilst those lacking such support continued to engage 

in harmful behaviours. Similarly, sporting culture and physical demands were 

beneficial for some athletes. For example, after being confronted by a family 

member about the potential need implications of her behaviours, Claire recalled: “I 
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thought, right ‘do you want to be able to run a marathon, or do you want to go into 

hospital?’”. Despite this, remaining in a competitive sporting environment proved 

psychologically “triggering” for others: “I want my running to get better but my 

brain thinks being my natural weight I’d be too big to run well” (Sadie).  

In many cases, it was not until a state of “rock bottom” was reached that the 

motivation to improve psychological and/or physical health appeared to surface: 

“Everything had reached a head… it was all out in the open, I was being 

monitored… it was just at that point where I didn't want it to be anymore” (Arthur). 

Emily also described reaching a similar realisation with regard to her eating and 

exercise behaviours: 

My mood was really low and my world had just shrunk to training 

and trying to sleep and eat. For the first time I realised how bad things 

had got. I was with my grandmother when she passed away and I 

think I just realised that life's really short and finite, and like I don't 

want to be this, none of this is worth it if I'm miserable. I could see 

what it was doing. Like, I love running but it's not that important. 

 

 4.3.3.2 Facilitative ‘Recovery’ Mechanisms. Mechanisms facilitating 

‘recovery’ from RED-S encompassed gradual improvements to EA, characterised by 

reductions in exercise energy expenditure and/or increases in energy intake 

(physiological mechanisms) and overcoming mental conflict (psychological 

mechanisms). For example, Rebecca recalled making the decision to stop running 

altogether for a short while, after becoming increasingly concerned about the 

absence of her regular menstrual cycle: 

So after April last year, I stopped running entirely. I actually got 

injured, which helped, but also just decided to stop. I actually got my 

period back but then started running again and had the same problem. 

But for me, that was really important reassurance that when I stop 

excessively exercising, eat as normal, my body resets almost. 

 

Some athletes described how improved nutritional knowledge acted as a ‘lightbulb 

moment’, after which they began to make sense of their experiences and implement 
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behavioural change. Others, including Caitlin, admitted being well-informed of the 

dangers of LEA/RED-S already, but had to challenge eating disorder/disordered 

eating attitudes and beliefs to improve EA: 

We [ultra-endurance athletes] tend to be quite intelligent people 

because we choose to do this sport which is quite solitary and 

introspective and are interested and educated about it. We like to 

learn about it and read the scientific papers around it but applying the 

recommendations to ourselves is incredibly difficult.  

 

Significant others were viewed as positive role models for many of the athletes, 

providing further encouragement for behavioural change: “my boyfriend eats a hell 

of a lot of food… he'll pick me up on it [not eating enough] and just say 'eat 

everything that you feel you need to eat, and if you're hungry, just keep eating’” 

(Rebecca). Furthermore, athletes who sought professional advice from a dietician or 

nutritionist reported progress in their “recovery”, as it had helped them to identify 

their personal energy requirements, understand the detrimental impacts of LEA, and 

develop practical steps to facilitate improvements in EA: “I worked with a dietician 

to actually figure out, ‘what do I eat?’ Because I think the biggest struggle with 

anyone recovering is suddenly, like, we don't know how to eat” (Claire).  

 4.3.3.3 Inhibitive ‘Recovery’ Mechanisms. Although several athletes 

demonstrated an awareness of the harmful nature of their behaviours, numerous 

strategies were employed to reduce the negative emotions associated with engaging 

in them (e.g., denial, to reduce feelings of shame), which encouraged the 

continuation of LEA behaviours and RED-S symptoms. This resulted in a 

perpetuation of onset mechanisms, including restrictive eating practices, 

maintenance of a high training load and physical activity level, and persistent 

perceived need for control. The majority of athletes who sought professional advice 

from general practitioners, sports physicians, and other medical staff regarding the 
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implications of RED-S (e.g., menstrual dysfunction, depression) reported a lack of 

professional support and information. Many expressed frustration and despair at the 

advice received, or complete lack thereof, and reported feeling dismissed and 

unworthy of support, which further legitimised their unhealthy behaviours, as Arthur 

described: “I find professional help very good. It just kind of reinforced my belief 

really that this was an unusual thing to be suffering with. I didn't know many male 

athletes really… so I just continued as I was” (Arthur). Sadie similarly conveyed 

feelings of despair towards the lack of support offered by her general practitioner: 

I was like “no, I wanna get help” but when I've been to the doctors 

about it, I'm not a low enough BMI… it just made me feel really 

helpless because nobody wants to help me, but people are telling me 

I've got a problem. 

 

Other perceived barriers to improved EA cohered around interactions between trait 

expression and social comparison, which prompted athletes to downplay the severity 

of their condition: “In my mind, I'm bigger or the same size as everyone else who's 

running, so I can't possibly have a problem because I'm not thin” (Caitlin). These 

mechanisms were reported as ongoing difficulties, even for athletes who considered 

themselves to be ‘recovered’ from RED-S, as they continued to navigate 

psychological conflict elicited by decision-making about EA behaviours. 
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Table 4.4  

Contexts and mechanisms influencing ‘recovery’ from RED-S 

Note. Abbreviations used as follows: DE = disordered eating; ED = eating disorder; EEE = 

exercise energy expenditure; EI = energy intake; PA = physical activity. 

Example raw data codes Sub-theme Theme Category 

I was really open with my husband about what 

was going on in my head because he just 

initially thought I was like really healthy 

Personal 

relationships 

Significant 

others 

‘Recovery’ 

contexts 

My nutritionist has encouraged me to eat more, 

being put in touch with her [dietician] was the 

impetus to change 

Professional 

support 

In that community especially where there's a lot 

of like pride with people saying 'well I did my 

twenty-mile training run on only water'…so 

then me [laughs] being me, I went and I ran the 

marathon and literally just drank water 

Sporting 

culture and 

demands 

Sporting 

context 

I ended up with a metatarsal stress fracture by 

July and that was when I really realised that 

things had to change 

Motivation to 

improve 

physical health 

Health as 

wealth 

You have to reach rock bottom before you get 

better, I think, to force change; I think it always 

gets worse before it gets better because you 

need it to be bad to do something about it 

Motivation to 

improve 

psychological 

health 

I'd kind of looked at slowly increasing my 

portion sizes and trying new foods; managed to 

start just grazing more throughout the day 

Increasing EI 

to account for 

EEE  

Physiological 

mechanisms 

Facilitative 

‘recovery’ 

mechanisms 

 So now I actually tell myself "right, you're not 

going to go for a run today because you just 

need to rest, because work's been so stressful 

Decreased 

training 

load/PA  

I worked with a dietician to actually understand, 

well "what do I eat?". Because, I think the 

biggest struggle in recovery is like "how do I 

eat?"…we don't know how to eat 

Improved 

nutritional 

knowledge  

Psychological 

mechanisms 

Okay, I'm running further, and I'm eating more, 

and I'm enjoying it, so trying to mentally get in 

my head that this is a good thing 

Challenging 

ED/DE 

attitudes  

Mum has never been on a diet she's the most 

chilled person around food, she has cake every 

single day, she's a normal weight because she 

exercises, but not because she's crazy, like me 

Positive role 

models 

I had to train every single day and I wasn't 

refuelling after each session 

Restrictive 

eating practices  

Perpetuation  

of onset 

mechanisms 

Inhibitive 

‘recovery’ 

mechanisms   I had to rest but I just cross-trained like a 

demon; I’d do a stupid number of sit-ups daily 

High training 

load/PA 

I’m so scared of losing control and looking 

normal. It sounds so weird, but yeah, looking 

and being normal even though that's a fear. It's a 

want too… I don't know it's so weird 

Perceived need 

for control 

It feels like it's decisions that I made at 16 or 17 

that I'm sticking by… why am I still doing that? 

It feels ingrained… very hard to change 

Trait 

expression  

So the doctor I went to see I just don't think he 

took it very seriously… he actually, kind of 

made me feel like I was kind of making stuff 

up; it felt so invalidating to be told I was fine 

Lack of 

professional 

support and 

information 
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 Discussion 

The aim of this study was to explore qualitatively RED-S in endurance 

athletes. By acquiring rich, detailed insights into the subjective experience of the 

syndrome through in-depth interviews, the current study sought to address a paucity 

of qualitative inquiry into RED-S, and limitations of previous quantitative work in 

this area. The findings contribute novel insights into the complex psychological and 

physiological interactions underlying the onset, experience, and efforts to overcome 

RED-S. In turn, this study provides more elaborative insights into potential 

associations between markers of RED-S (e.g., EI, EEE) and psychological factors 

(e.g., DE/ED, compulsive exercise) compared to recent cross-sectional studies that 

have investigated surrogate markers of RED-S proposed by the conceptual models 

(Mountjoy et al., 2014), including: depression (e.g., Ackerman et al., 2019) and 

exercise dependence (e.g., Torstveit et al., 2019). 

 The present study provides important insights into the contexts and 

mechanisms that underlie the onset of RED-S in endurance athletes, including the 

likely occurrence of inadvertent LEA, which has received limited study in sporting 

populations (Williams et al., 2019). A key finding was that while the onset of RED-S 

was associated with significant increases in training load that were not matched by 

adequate EI for the entire sample, half of the participants explained that such an 

imbalance between training and adequate EI was unintentional to begin with, and 

that the potential consequences of this were not understood at the time. In each of 

these cases, a state of LEA resulted in initial physiological outcomes (e.g., reduction 

in body mass and/or fat percentage) that were positively appraised, which 

perpetuated the cycle of LEA behaviours and eventually contributed to the reported 

onset of DE/ED and presentations of RED-S. This finding that inadvertent LEA 
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preceded DE/ED onset aligns with previous research in female athletes who 

experienced unintentional rapid weight loss prior to developing an ED (Arthur-

Cameselle et al., 2017). Furthermore, it provides new insights into the interactions 

between physiological symptoms of LEA and psychological concerns such as DE 

from the perspective of those self-identifying as having experienced RED-S. 

The symptoms of deteriorating physical and psychological health, reported 

by participants when experiencing RED-S, reconciled with many of the health and 

performance effects proposed by the RED-S conceptual models (Mountjoy et al., 

2014; see p. 34 of this thesis). A multitude of impairments was described, including: 

gastrointestinal; reproductive; cardiovascular; and metabolic dysfunction; and factors 

contributing to a decline in sporting performance, which predominantly consisted of 

bone stress injuries, a noticeable reduction in energy levels, and perceived endurance 

capacity. Moreover, the findings illustrate that the psychological effects of RED-S 

can extend beyond the sporting domain, with difficulties reported by participants in 

their everyday lives and with regard to their overall psychosocial health. In turn, the 

findings shed further light on the proposition that psychological factors can precede 

RED-S and can be caused by RED-S, as depicted by the bidirectional arrow in the 

RED-S health model (Mountjoy et al., 2014).  

While recent research qualitatively explored the complex biological and 

sociological interactions in the presentation of LEA and RED-S (Thorpe & Clark, 

2020), the current study develops and extends this understanding by offering novel 

insights into the psychological underpinnings and consequences of RED-S, as well 

as perceived interactions with physiological symptoms. Present findings are 

congruent with past research identifying the high prevalence of DE/ED, compulsive 

exercise, and LEA among athletes in endurance and other lean-focussed sports (e.g., 
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Melin et al., 2015). Importantly, the current study extends these understandings by 

identifying how specific, maladaptive eating and exercise behaviours resulted in a 

multitude of physiological and psychological impairments, and how these 

behaviours perpetuated RED-S by creating a psychological barrier to increasing and 

sustaining adequate EA. Findings in the current study not only suggest that the 

psychological consequences of LEA may indeed precede or result from RED-S 

(Mountjoy et al., 2018), but offer evidence to suggest that the psychological 

impairments can also prolong and exacerbate the syndrome.  

During efforts to overcome symptoms of RED-S, participants explained how 

behaviours required to initiate improvements and move towards recovery could elicit 

psychological conflict. The emergence of psychological conflict could be explained 

by cognitive dissonance theory (Festinger, 1957), which postulates that individuals 

experience dissonance when holding two sets of values, ideas, and/or beliefs that are 

not logically consistent or consonant with each other. Past research within sport and 

exercise psychology has demonstrated how cognitive dissonance can arise when 

individuals hold conflicting values and beliefs that threaten the integrity of their self-

concept (Burke et al., 2008), or that are contrary to internalised societal attitudes 

(Stice et al., 2003). The current findings suggest similar experiences of dissonance 

during attempts to reinstate adequate EA, which were triggered by a paradoxical 

desire to overcome RED-S by increasing EA, whilst simultaneously maintaining a 

compulsion to continue harmful practices that inhibited personal progress towards 

recovery. While cognitive dissonance could hinder efforts to recover from RED-S, 

the findings suggest that social support plays an important role in the path to 

recovery from RED-S. This has important implications for the social model of 

recovery from DE/ED (Anthony, 1993), as it demonstrates the significant role that 
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social connection and encouragement can play in supporting athletes and exercisers 

to adopt more favourable eating and exercise practices. Furthermore, a notable 

finding stemming from this research concerns participants’ experiences of engaging 

with medical professionals. Similar to previous research with amenorrhoeic female 

athletes and exercisers (Thorpe 2016), participants’ interactions with general 

practitioners and sports medicine professionals were generally negative, often 

eliciting emotions and perpetuating maladaptive behaviours. Therefore, it is vital that 

all members of the athletic milieu recognise the important role they can have in 

cultivating a supportive environment that encourages athletes to adopt appropriate 

nutrition and exercise practices for optimal health. 

4.4.1 Limitations and Future Directions 

By exploring qualitatively the experience of RED-S in information-rich 

cases, this study has provided original insights into the complex interactions between 

contexts and mechanisms contributing to the onset of, and recovery from, RED-S. 

Whilst representativeness and probabilistic-statistical generalisability were not key 

judgment criteria for this qualitative study, naturalistic and analytic generalisability 

(Smith, 2018) constitute more appropriate criteria. As such, a strength of the current 

study is that findings may resonate with the experiences of other sport and exercise 

participants who have experienced - or are experiencing - RED-S. A further strength 

was the methods used to enhance trustworthiness (e.g., reflective diary, the 

researcher’s primary supervisor acting as a critical friend). 

Despite these strengths, as with any research, this study has limitations. First, 

there is potential for self-selection sampling bias, given that participants expressed 

interest in sharing their experiences of RED-S. Second, the sample predominantly 

comprised sub-elite, female, endurance athletes, with only limited representation 
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from male athletes. Given that male athletes may feel stigmatised towards disclosing 

issues traditionally associated with girls and women (e.g., Triad and DE/ED; 

Gulliver et al., 2012), there is a need to explore and address existing sociocultural 

pressures within the sporting context, which may otherwise contribute to the 

continued low representation of males within LEA research (Bratland-Sanda & 

Sundgot-Borgen, 2013). Finally, as both RED-S and ‘recovery’ were self-identified 

by participants, it remains unknown whether objective measurements of EA would 

have corroborated these conceptualisations. 

Based on the findings and limitations of the current study, a number of 

avenues for future research are suggested. First, researchers investigating RED-S 

could continue to consider the use of qualitative methods to enable the development 

of new insights into the psychology of RED-S. Second, further research that recruits 

male athletes, extends beyond endurance sport, and seeks to explore inadvertent 

cases of RED-S within a larger sample is warranted, to ascertain whether these 

findings pertain to broader domains of sport and exercise. Third, given that the 

psychology of RED-S has received relatively little attention compared to 

physiological work on RED-S, further research that investigates RED-S from a 

psychological and psychophysiological perspective is required. Finally, future work 

would benefit from developing a greater understanding of ‘recovery’ from RED-S 

and further explore how psychological conflict may pose a threat to overcoming 

physiological impairments. This is particularly pertinent because such work could 

have important applied implications in the field of sport and exercise. 

 Conclusion 

Qualitative insights into RED-S have been limited within the sport and 

exercise literature to date, contributing to a lack of understanding as to how and why 
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some athletes and exercisers succumb to its consequences. The current study sought 

to generate more in-depth insights from information-rich cases by qualitatively 

exploring the subjective experience of RED-S in endurance athletes. The findings 

suggest that individuals self-reporting impairments suggestive of RED-S experience 

a complex psychophysiological condition, which may be initiated or exacerbated by 

a cycle of DE and compulsive exercise. Consequently, it is recommended that future 

screening and prevention efforts consider the underlying mechanisms that may 

precede RED-S onset, and that physiological treatment strategies should not be 

extricated from psychological approaches to target disordered eating and clinical ED.  

Furthermore, given that attempts to ‘recover’ from RED-S were characterised 

by significant psychological conflict, a greater understanding of the underlying 

aetiology of LEA, including unfavourable attitudes, emotions, and behaviours that 

could perpetuate it, is required to enable sports personnel to support individuals to 

overcome RED-S, both physically and psychologically in the long-term. Thus, future 

research adopting a longitudinal design would be beneficial in exploring the 

psychological experience of ‘recovery’ from RED-S over time. 
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: FEMALE ENDURANCE ATHLETES’ PSYCHOLOGICAL 

EXPERIENCES OF RECOVERY FROM RELATIVE ENERGY 

DEFICIENCY IN SPORT4 

 Chapter 4 revealed that endurance athletes identifying as having experienced 

RED-S endured significant psychological conflict in their efforts to recover from its 

physical consequences (e.g., bone injuries, performance impairments). The efforts 

were largely attributed to the development or worsening of existing eating 

psychopathology and concomitant compulsive exercise behaviour, but this was also 

accompanied by additional psychological difficulties (i.e., anxiety; depression; 

irritability; and withdrawal from social situations). These findings illuminated a need 

to better understand the subjective ‘recovery’ journey from RED-S, in order to 

identify potential psychological barriers that could obstruct, or indeed facilitate 

physical improvements. Thus, the current study aimed to explore qualitatively the 

psychological experience of recovery from RED-S in endurance athletes, to better 

understand not only what they experience, but also how they respond to these 

experiences over time, and why, from a psychological perspective. 

 

 

 

 

 

 

 

 
4 This study was accepted for publication as: Langbein, R. K., Martin, D., Allen-Collinson, J., & 

Jackman, P. C. (in press). “It’s hard to find balance when you’re broken”: exploring female endurance 

athletes’ psychological experience of recovery from relative energy deficiency in sport (RED-S). 

Performance Enhancement & Health. 
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 Introduction 

 Regardless of how LEA is initiated, it appears that some of its short-term 

implications (e.g., weight loss or perceived performance improvements) can promote 

or perpetuate a cycle of under-fueling and/or overtraining among athletes, resulting 

in physiological symptoms associated with RED-S (as evidenced in Chapter 4). For 

an athlete to restore optimal physiological functioning following the presentations of 

such symptoms (e.g., resumption of menses), it appears necessary to increase EI 

and/or reduce EEE to achieve adequate EA (Mountjoy et al., 2014; Thein-

Nissenbaum & Hammer, 2017). While an athlete or exerciser may be deemed 

‘recovered’ physiologically from RED-S, however, based upon biometric indices 

(e.g., resumption of menses, weight restoration), this does not necessarily indicate 

optimal physiological or psychological functioning. For example, in the same way 

that some females may present with a stable body weight despite experiencing 

amenorrhoea, many individuals with AN may still experience regular menstruation, 

thus suggesting that a single indicator in isolation is not a suitable marker of overall 

health (Vale et al., 2014).  

Moreover, practices promoted by current treatment recommendations, such 

as periodic monitoring of body weight and specific objective targets for weight 

restoration (e.g., Mountjoy et al., 2015), may actually exacerbate existing problems 

for an athlete with an ED, and can even trigger the onset of DE in some athletes 

(Arthur-Cameselle et al., 2017). In a qualitative exploration of female athlete ED 

recovery experiences, maladaptive cognitions (e.g., punishing self-talk and 

internalising rigid rules about fuelling and exercise) often prompted negative 

emotions (e.g., low self-concept, psychological distress), which ultimately hindered 

recovery progress, as the athletes described relapsing into past unhealthy ED 
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behaviours in an attempt to alleviate their emotional discomfort (Arthur-Cameselle 

& Quatromoni, 2014).  

Recently, several studies have contributed important insights into potential 

psychological factors influencing the onset or maintenance of LEA in athletic 

populations. Findings arising from Chapter 4, for example, suggested that regardless 

of how LEA is initiated, some of its short-term implications (e.g., weight loss or 

performance improvements) can promote or perpetuate a cycle of under-fueling 

and/or overtraining among athletes, resulting in physiological symptoms associated 

with RED-S. Additionally, Thorpe and Clark (2020) reported that athletes face a 

complex range of psycho-socio-physiological pressures (including the lean sporting 

body ideal), which may prompt intentional reductions in EI and/or increased EEE to 

influence body composition (Montani et al., 2015).  

Furthermore, some individuals may also exhibit pre-existing DE behaviours 

or a clinically-diagnosed ED, which might perpetuate a cycle of under-fuelling 

and/or overtraining (Loucks, 2020). It is important to note, however, that RED-S can 

occur both in the presence and absence of such psychopathology (Mountjoy et al., 

2014). For example, additional sport-specific factors (e.g., high energy demands, 

injuries) also constitute metabolic stressors that can generate and increase 

psychological stress in athletes (Turner et al., 2019). As such, it has been proposed 

that psychological stress may indirectly contribute to LEA through behaviours such 

as restrictive eating and excessive exercise, which may be adopted as a means of 

coping with such stress (e.g., Berga, 2019).  

Despite this evidence regarding the impact of maladaptive cognitions and 

emotions upon eating and exercise behaviours, recent qualitative studies have 

suggested that athletes who have recovered, or are recovering, from RED-S can be 
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aware of the detrimental health implications of the condition, yet still possess a 

desire to achieve or maintain a lean physique or low body mass, which can 

undermine their efforts to achieve optimal EA (Chapter 4; Thorpe & Clark, 2020).  

In a mixed-methods study of elite female cyclists, Schofield et al. (2021) reported 

that some athletes with sub-optimal EA and LEA may acknowledge the importance 

of adequate EA for physiological adaptations and performance improvements (e.g., 

improved muscle mass and strength), but simultaneously need to contend with 

internal and external pressures to avoid increasing fat mass or overall body mass. 

 Similarly, Stoyel et al. (2021) recently highlighted how elite male and female 

endurance athletes who internalise the conflicting beliefs and expectations of society 

(i.e., food is to be enjoyed and embraced as central to social connection) and the 

sporting domain (i.e., an athlete’s eating behaviours should reflect their dedication to 

their sport) may engage in DE practices to strike a balance between these competing 

demands. Overall, this evidence emphasises the importance of identifying and 

understanding harmful beliefs that could initiate psychological conflict, ultimately 

perpetuating a cycle of LEA, which results in symptoms associated with RED-S. 

As contemplated in Chapter 4, one psychological theory that may explain 

such conflict during recovery is cognitive dissonance theory (Festinger, 1957), 

which postulates that an individual experiences psychological discomfort when 

engaging in behaviours that are inconsistent with their beliefs, values, or attitudes. In 

turn, the individual is motivated to achieve psychological consistency by realigning 

their contradictory thoughts and behaviours (Stice et al., 2019). Dissonance-based 

prevention programmes have been successfully implemented with athletes in ED 

recovery, whereby tasks and exercises designed to create dissonance prompt an 

individual to reject their initial harmful attitudes (e.g., pursuit of the thin body ideal; 
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Stice et al., 2012). However, in the broader field of RED-S, research has yet to 

capture longitudinal insights into how such conflict is experienced and navigated in 

the pursuit of RED-S recovery.  

Given the potentially detrimental consequences of RED-S, further research is 

needed to understand how RED-S ‘recovery’ is experienced from a psychological 

perspective. Indeed, although evidence has begun to accumulate on the 

psychological aspects of LEA/RED-S in recent years, a reliance on cross-sectional 

questionnaires makes it difficult to deduce whether these presentations are a 

consequence of the physiological state of LEA, or concomitant eating 

psychopathology (Schofield et al., 2020a). Furthermore, although studies adopting 

cross-sectional designs have generated important insights into relationships between 

LEA and psychological indices, they offer limited understanding into how and why 

psychological factors may influence the onset, or indeed, amelioration of LEA. 

Therefore, greater understanding regarding the underlying aetiology of LEA, 

including unfavourable attitudes, emotions, and behaviours that could perpetuate it, 

is required to enable sports personnel to support individuals to recover from RED-S, 

both physically and psychologically.  

The aim of the study was to explore qualitatively the psychological 

experience of recovery from RED-S in endurance athletes. More specifically, the 

study sought to address three research questions (RQ): (RQ1) how is RED-S 

recovery experienced from a psychological perspective?; (RQ2) what sources of 

psychological conflict are encountered in the ongoing management of EA?; and 

(RQ3) how do athletes experience and respond to psychological conflict associated 

with the RED-S recovery journey? By sampling endurance athletes, a population at 

heightened risk of experiencing LEA (Loucks, 2007), and examining their 
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psychological experience of RED-S recovery, the current study sought to contribute 

novel insights into psychological factors underpinning efforts to recover from RED-

S in endurance athletes. In turn, this information could inform the development of 

recommendations that support coaches and the wider athletic entourage in 

facilitating both optimal performance and the maintenance of long-term health.  

 Methods 

5.2.1 Research Approach 

 This study sought to elucidate the psychological experience of RED-S 

recovery among female endurance athletes, and, in doing so, identify potential 

sources of psychological conflict that could ultimately perpetuate a cycle of LEA 

and impede recovery progress. Qualitative methods are well-suited to understanding 

how and why certain outcomes occur (Maxwell, 2012) and the intergration of 

multiple methods, a key tenet of case study research (Yin, 2014), can yield different 

insights into complex phenomena that might be more difficult to generate using a 

single method alone (Chamberlain et al., 2011). Furthermore, case study research 

can provide insights into social phenomena within a real-world context, with the in-

depth study of multiple cases facilitating exploration of similarities and differences 

within and between individuals (Yin, 2014). Therefore, an integrated methods 

multiple-case study approach was employed to generate detailed insights into how 

RED-S recovery was experienced and navigated in athletes.  

5.2.2 Participants 

 To provide a detailed understanding of the psychological recovery journey 

from RED-S, this study sought to purposefully sample information-rich cases 

(Patton, 2014). Participants were required to: be 18-40 years of age; self-identifying 

as ‘in recovery’ or ‘recovered’ from RED-S associated with engagement in sport 
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and/or exercise; and participating in an endurance sport5 for at least 150 minutes per 

week during the period of self-identified RED-S. Following approval from the 

University of Lincoln ethics committee [Project ID: 0805], a recruitment poster 

containing key study information and a description of LEA/RED-S6 was circulated 

via multiple social media channels and invited eligible individuals to contact the 

researcher, who then forwarded an information sheet via email.  

 Eight female endurance athletes (M age = 29.75 years, SD = 5.03) matching 

the eligibility criteria were recruited (Table 5.1, p. 127). During the period of time 

associated with their RED-S experience, three of the athletes were competing at 

international level in their respective sports, but the majority were competing at sub-

elite levels according to criteria proposed by Swann et al. (2015). Of the eight 

athletes sampled, one-quarter (Ava and Sarah) identified as fully ‘recovered’ from 

the consequences of RED-S, both psychologically (e.g., no longer reporting 

depression, anxiety, or persistent DE cognitions) and physically (e.g., resumption of 

eumenorrhoea, healing of bone stress injuries, overcoming chronic illness), while the 

remaining six participants considered themselves ‘in recovery’ physically and 

psychologically.  

  Five participants retrospectively self-diagnosed themselves as having 

experienced RED-S in the past based on the health and performance impairments 

resulting from LEA (i.e., rather than receiving a formal medical diagnosis at the 

time). The other three athletes reported a formal medical diagnosis of RED-S within 

the three years prior to the study, several years after the introduction of RED-S 

 
5Endurance sport’ included any sport characterised by “whole-body, dynamic exercise that involves 

continuous efforts and lasts for 75 seconds or longer” (McCormick et al., 2015, p. 998) 
6The recruitment poster stated: “Low energy availability occurs when an individual’s energy intake is 

insufficient to support the daily functioning of the body once exercise activities have been considered. 

LEA has been identified as the underlying cause of a number of detrimental health and performance 

consequences in Relative Energy Deficiency in Sport (RED-S)”. 
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terminology (Mountjoy et al., 2014). Participants will hereafter be referred to 

according to their primary sport and an assigned number. All participants provided 

informed consent and were given a £10 voucher as an inconvenience allowance 

following completion of the study. 
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Table 5.1  

Participant demographics for the sample 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note. a The athletes referred to recovery as a period in which they acknowledged the need to improve their energy intake and/or exercise volume and actively  

pursued increases in overall EA with view to overcoming physical and psychological symptoms associated with RED-S.

Participant   

(pseudonym) Age  

RED-S 

‘diagnosis’ 

Primary 

endurance 

sport 

Competitive level at time of 

RED-S ‘diagnosis’ 

(Swann et al. 2015 criteria) 

Additional sport/exercise 

during RED-S experience 

Self-reported 

‘recovery’ 

statusa 

Time since recovery 

commencement  

Ava  23 Self Endurance 

running 

National (semi-elite) Strength training, cycling Psychologically 

and physically 

recovered  

4 years 

Maisie 38 Sports medicine 

professional 

Endurance 

running 

Club (sub-elite) Strength training and 

fitness classes (gym) 

In recovery 2 years 

Grace 26 Self Racewalking National (semi-elite) Endurance running, track 

athletics, gym, cycling 

In recovery 1 year 

Alicia 35 Self Endurance 

running 

Club (sub-elite) Fitness training and 

classes (gym), cycling  

In recovery 1 year 

Lily 26 Self Triathlon Club (sub-elite) Strength training (gym) In recovery 2 years 

Maya 32 Sports medicine 

professional 

Climbing National and 

international (competitive-elite) 

Running, open water 

swimming 

In recovery 6 months 

Sarah 30 Self Endurance 

running 

National and 

International (semi-elite) 

Cycling, swimming, yoga Psychologically 

and physically 

recovered 

15 years 

Gabrielle 28 Sports medicine 

professional 

Endurance 

running 

National and 

International (semi-elite) 

Cycling In recovery 3 years 
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5.2.3 Data Collection 

 To explore psychological experiences of RED-S recovery, an integrated 

qualitative approach was employed, with data collected for each participant via 

multiple qualitative methods over a six-week period on average. A variety of 

qualitative methods were employed to explore the RED-S recovery journey, 

demonstrating methodological pluralism, a key tenet of critical realist research 

(Danermark et al., 2019) and the case study method (Yin, 2014). The data collection 

period comprised four, sequentially ordered phases (Figure 5.1, p. 135): (a) a topical 

life-history interview; (b) an online diary; (c) a photovoice task; and (d) a follow-up 

interview.  

 5.2.3.1 Initial Interview. A topical life history interview seeks to explore a 

single instance or series of instances, phase(s), or themes within the history of an 

individual’s life (Allen-Collinson, 2011). Life history approaches have been 

previously employed in the sport and exercise psychology literature to explore 

experiences of DE (e.g., Papathomas & Lavallee, 2014), ED (e.g., Papathomas & 

Lavallee, 2006), disability and injury (e.g., Gaskin et al., 2010; Smith & Sparkes, 

2005), and mental illness (e.g., Carless, 2008). Each participant engaged in a face-to-

face topical life history interview with the researcher exploring key life events 

influencing their RED-S experience and recovery journey, to illuminate personal 

meanings of RED-S recovery, and how RED-S was experienced from a 

psychological perspective (RQ1).  

 A semi-structured approach was adopted to generate an in-depth account of 

each participant’s experience (Smith & Sparkes, 2016). The interview began with an 

introductory open-ended question regarding the participant’s description of themself 

(i.e., “Could you tell me a little bit about yourself?”), with additional probes used to 
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encourage more detailed responses (i.e., “How might you introduce and describe 

yourself to a stranger, such as myself?”; see Appendix D, p. 330–337 for full 

interview guide). To identify key events during their recovery journey and explore 

the psychological experiences accompanying them, timelining was employed, 

whereby participants ‘co-constructed’ a visual timeline of events in a collaborative 

effort with the researcher (see Adriansen, 2012). This enabled participants to 

describe their thoughts, feelings, and subsequent behaviours at the time of each key 

event occurring when asked (e.g., “can you remember how you were feeling at the 

time?”). Following completion of the interviews and after transcribing the audio 

files, each transcript was read twice, and audio-recordings replayed, by the 

researcher to create a more detailed timeline, annotated with additional insights 

provided by the participant during the interview (Appendix F, p. 366-373). The 

timelines were then revisited in the follow-up interview to allow participants to 

provide further insights into life events significant to their experiences. Interviews 

lasted between 60 – 124 minutes (M = 78 minutes) and were transcribed verbatim by 

the researcher within three days of taking place.  

 5.2.3.2 Online Diary Task. Diary methods enable participants to report and 

record their experiences (Cao & Henderson, 2021) and can provide information 

about individuals’ cognitions, affect, and coping behaviours in response to 

psychological distress (e.g., Lee-Flynn et al., 2011). An online diary method was 

employed to identify sources of psychological conflict participants encountered 

when managing their EA (RQ2) and to capture their responses to such conflict 

(RQ3). After their topical life history interview, participants were provided with a 

hyperlink to a Qualtrics survey and asked to record responses over a 21-day period. 

Participants were asked to record triggers of psychological conflict as and when they 
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arose, along with any thoughts, feelings, and behaviours that accompanied or 

succeeded them.  

 This reporting method is a form of event-contingent recording, whereby 

information is recorded each time an event matching a pre-determined definition 

occurs (Reis et al., 2014). Based on language used to describe psychological conflict 

experienced in RED-S ‘recovery’ in previous research (Chapter 4), a trigger of 

psychological conflict was defined as “anything which causes you to experience 

conflicting thoughts or a discrepancy between your thoughts and subsequent 

behaviours towards managing your energy availability”. The researcher sent a 

weekly email prompt to encourage at least one weekly diary entry but reiterated that 

participants were under no obligation to do so and could withdraw at any time.  

 5.2.3.3 Photovoice Task. Photovoice is a participatory action research 

strategy that enables individuals to reflect on visual images and the meanings 

ascribed to them (Sutton-Brown, 2014). After completing their 21-day online diary 

task, participants were asked to photograph any objects, situations, or circumstances 

that caused them to experience psychological conflict (as per the previous definition) 

while managing their EA. Photovoice has been previously applied within sport and 

exercise settings, including in research exploring environmental influences on eating 

behaviour among team sport athletes (Caswell & Hanning, 2018) and perceptions 

and experiences of the impact of sport on health promotion (Leipert et al., 2011). 

More recently, photovoice has been used to explore factors hindering and facilitating 

recovery efforts from EDs (Saunders & Eaton, 2018). In the current study, 

photovoice was employed to provide additional insights into sources of 

psychological conflict that were encountered during efforts to manage EA (RQ2), 

and the thoughts, feelings, and subsequent behaviours that the sources elicited (RQ3; 
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see below), both at the time they were captured, and on reflection in their follow-up 

interview (see Appendix F: Additional Research Insights, p. 366-372 for example 

photovoice reflections). To enable further exploration of the photographs in the 

follow-up interview, participants were instructed to store photographs on a personal 

portable device (e.g., mobile phone).   

 5.2.3.4 Stimulated-recall Interview. A semi-structured follow-up interview 

was arranged with each participant after the diary and photovoice data collection 

periods (M duration = 13.88 days later, range = 1-29 days). The diary entries and 

photographs were used to stimulate recall and gain further insights into sources of, 

and responses to, psychological conflict associated with RED-S recovery. The 

interviews were conducted in person (n = 5) or online (n = 3), and a consistent 

approach to establishing rapport (i.e., outline study aim and interview format) was 

employed before the interviews to minimise differences across interview methods 

(DiCicco‐Bloom & Crabtree, 2006).  

 The interviews began with a reflection on the period since the first interview 

and a broad exploration of how participants felt about managing their EA during this 

time (e.g., “how have things gone since we last met, with regard to managing your 

EA?”). The athletes were then given time to review their topical life history timeline 

as a form of member reflection (Smith & McGannon, 2018), which enabled them to 

offer further insight into their recovery journey or make any necessary changes (i.e., 

“I am going to give you a few minutes to refamiliarise yourself with this timeline 

and make any comments, additions or changes that you wish, which you may feel 

are relevant or important to your experience”). All participants confirmed the 

accuracy of the visual summaries, making only minor modifications to language or 

event dates (e.g., correcting spelling of sport-specific terminology).  
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Some member reflections also generated new insights into key experiences 

that were identified in the initial interview. For instance, when revisiting her key 

events timeline in her follow-up interview, Maisie reflected upon a visit to her GP, 

adding that “I have actually been back to see her [general practitioner] and she did 

actually ask me directly, she said ‘have you ever been diagnosed with an eating 

disorder?’”. The online diary entries and photographs were then explored by the 

following questions: “what prompted you to [record this trigger/capture this 

photograph?]”; “what were you thinking about when you did so?”; “how were you 

feeling?”; and “how did you behave as a result?”. In addition, probing questions 

(e.g., “how do you feel now, looking at the photograph?”) were used to encourage 

further reflection and provide additional insights into individual appraisals of 

psychological conflict. Interviews lasted on average 68 minutes (range 29–104 

minutes) and were transcribed verbatim by the researcher. 

5.2.4 Data Analysis 

 Data were analysed in two separate stages in accordance with 

recommendations for multiple-case study analysis (Stake, 2013). A within-case 

analysis approach was first used to gain an overall sense of each athlete’s RED-S 

recovery experiences. Each participant’s data were divided into two overarching 

datasets according to the RQs they sought to address. To explore the psychological 

experience of recovery from RED-S (RQ1), data from the topical life history and the 

follow-up stimulated recall interview pertaining to the initial interview (e.g., 

reflections upon revisiting their visual timeline) were combined. To analyse the 

sources (RQ2) and manifestations (RQ3) of psychological conflict associated with 

RED-S recovery, all triggers of psychological conflict recorded in the online diary 

task, alongside their associated responses and coping behaviours, were initially 
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inputted into a separate spreadsheet for each participant. Data from the follow-up 

interview that included reflections on the online diary task and/or were associated 

with the photovoice task were added to the participant datasets. Each participants’ 

psychological conflict spreadsheet was subsequently compiled into a master 

spreadsheet, enabling an examination of similarities and differences across the entire 

sample.  

Both datasets were analysed inductively and thematically, guided by 

principles of reflexive thematic analysis (Braun & Clarke, 2019). Data analysis 

began upon completion of each initial topical life history interview and continued 

throughout data collection. In a process of familiarisation (Phase 1), the interview 

transcripts were read twice, and audio-recordings were replayed by the researcher to 

create a detailed timeline for each participant to use in the follow-up interview. Next, 

the researcher engaged with the transcripts and online diary data, segmenting 

relevant data pertaining to each research question and constructing initial codes 

(Phase 2), which represented the most basic unit of analysis (e.g., an image of a 

weighing scale in the photovoice task was coded as “preoccupation with body 

weight”). In Phases 3-5, theme development, refinement, and naming, the researcher 

interrogated the initial codes and compiled similar codes into subthemes (e.g., body 

image or weight concern). The sub-themes were reviewed to form overarching 

themes, which reflected different aspects of the three RQs (e.g., the overarching 

theme a constant tug of war captured manifestations of psychological conflict across 

the dataset, addressing RQ3). Throughout this process, the researcher engaged in 

further refinement of the meaning and naming of the sub-themes, which was 

supported by critical discussions with supervisors and through the peer review 

process (see below). In Phase 6, producing the written report, the analysis was 
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written up (see below), with participant quotes used to portray the psychological 

experiences of the athletes.  

5.2.5 Trustworthiness 

Within the current study, several procedures were implemented to enhance 

trustworthiness. Throughout the analysis process, the primary supervisor acted as a 

critical friend (Smith & McGannon, 2018), challenging the researcher’s 

interpretations of the datasets (e.g., questioning whether there was sufficient data to 

justify “social media” being a stand-alone subtheme) and encouraging further 

reflexivity and refinement of the analysis (e.g., raw data codes pertaining to social 

media were combined with those indicating pressures from the general media, within 

the subtheme “media influences”). Moreover, the research team engaged in regular 

peer debrief meetings (Creswell & Miller, 2000) throughout the research process, 

wherein critical decisions were made with regard to how to represent the findings 

within the final report (e.g., use of theme names as section sub-headings, selection of 

rich and evocative participant quotes).  
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Note. Data collection for Study 2 began in November 2019 and concluded in March 2020, however the duration of participation was no longer than eight 

weeks for each athlete. 

Figure 5.1  

An overview of the study research questions, and the associated phases of data collection  
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 Results 

The current study sought to explore qualitatively the psychological recovery 

journey from RED-S in endurance athletes. The following sections present findings 

in relation to the three research questions, which were: (RQ1) how is RED-S 

recovery experienced from a psychological perspective?; (RQ2) what sources of 

psychological conflict are encountered in the ongoing management of EA?; and 

(RQ3) how do athletes experience and respond to psychological conflict associated 

with the RED-S recovery journey? The findings are presented in terms of the themes 

pertinent to each RQ, with illustrative raw data quotations used throughout. 

5.3.1 The Psychological Experience of RED-S Recovery 

While the experience of RED-S recovery was characterised by ongoing 

attempts to overcome its physiological consequences, participants also grappled with 

psychological factors that directly undermined physical recovery efforts. This was 

reflected by the theme in too deep and treading water. Three subthemes 

represented the psychological features of RED-S recovery (RQ1) generated across 

the sample, namely: eating psychopathology; mental health concerns; and something 

has got to give. 

Table 5.2  

The psychological experience of RED-S recovery 

Sub-theme Example raw data codes 

Eating 

psychopathology  

I know in my rational mind it's important take time where I'm not training super hard, 

and let everything recover, but my ED gets worried; okay sure the running is benefiting 

me in some way psychologically but it's still in some ways feeding into the ED so 

they aren't completely separate things; so I actively avoided the term ‘eating disorder’ 

for a long time. Just wouldn’t even consider that that was me. But I think I kind of knew 

that I did have one despite it never being medically diagnosed 

Mental health 

concerns 

I felt extreme sadness and helplessness; spending a lot of time sleeping and just going to 

bed to cry; I was so anxious about needing to gain weight but anxious every time I ate 

that I’d need to exercise; I had full-blown panic attacks at this point 

Something has 

got to give 

I just don't ever wanna go back into that space, if it means I'm not gonna be a 

professional athlete then I guess that's what's gonna happen 

 



 137 

 The subtheme eating psychopathology represented the DE attitudes and 

behaviours reported prominently in the athletes’ accounts of their RED-S 

experiences and recovery efforts. When reflecting on initial physiological outcomes 

of LEA (e.g., weight loss, performance improvements), three participants recalled a 

concomitant onset of rigid and restrictive eating behaviours and excessive exercise 

habits, while the remaining five athletes reported a worsening of pre-existing 

DE/ED. As such, the recovery experience for each athlete was characterised by 

attempts to overcome varying degrees of eating psychopathology, which had 

previously maintained the cycle of LEA and eventually culminated in a deterioration 

of physical health suggestive of RED-S. Five women (Ava, Alicia, Grace, Lily, and 

Maisie) recalled coming to a realisation that their RED-S symptoms could have been 

initiated by maladaptive cognitions towards fuelling and exercise (i.e., beliefs that 

they had previously held when suffering with an ED prior to their regular 

engagement in their primary sports): 

So broke my ankle and basically remember that because I wasn’t able to do 

any training in my head I was like ‘I’ve just gotta be careful of what I eat, not 

gotta over-indulge on biscuits that I used to eat without even thinking’. Quite 

quickly that deteriorated. The way I’ve always described it is that at 

Christmas I was fine, but I was admitted onto an emergency ward by 

February half term and diagnosed with Anorexia (Ava). 

 

Similarly, for Maisie, getting injured prompted her to reflect upon why she was 

beginning to restrict her EI again: 

When I got the injury I’d never thought all of that stuff about eating disorders 

was gonna come out of it. I think that’s been the biggest thing to get my head 

around. Actually there was a dark bit in the past that I hadn’t for a single 

minute thought was something that was affecting me currently. 

 

In contrast, Gabrielle, Maya, and Sarah predominantly recalled life events that 

caused them to experience psychological conflict and subsequently modify their 

eating and exercise behaviours, which occurred after commencing participation in 
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their primary sport. These behaviours later progressed into self-reported DE 

(Gabrielle) or an ED (Maya, Sarah), which was subsequently perceived to have 

contributed to health impairments (e.g., illness, injuries) and negative performance 

implications (e.g., reduced muscle strength and endurance capacity).  

I’d been to a youth development camp and we’d had a nutritionist talk there. 

I know it makes my Mum angry still because she very much remembers me 

changing what I ate after that. I remember them saying ‘you should only have 

a treat once a week… you shouldn’t eat cake, only ever eat brown rice’. Very 

specific do’s and don’ts. Certainly those were the messages I took away from 

it… if I wanted to be a good runner then I can’t eat cake anymore... like, 

that’s not allowed. 

 

Alicia also recalled: “I would have a 12-hour work day without any food 

basically, but I was happy with my weight loss and it was the first time ever that I 

was slim, so that continued until I realised I couldn’t conceive”.  

The subtheme mental health concerns captured additional psychological 

difficulties that were considered to be concomitant with, or additional to, eating 

psychopathology. For some athletes, adverse childhood experiences, such as the loss 

of a loved one, or difficult interpersonal relationships appeared to precede the onset 

of restrictive eating practices and/or excessive exercise regimes and subsequent 

physiological symptoms of RED-S. For many participants, especially those 

identifying as still ‘in-recovery’, the prospect of changing their eating and/or 

exercise behaviours following the onset of RED-S prompted severe anxiety, as they 

began to acknowledge the health implications of their eating and/or exercise habits 

and attempted to implement the changes necessary to improve EA in the long-term. 

 For example, when attempting to engage in more adaptive behaviours, 

conducive to improved EA, Grace explained: “It was quite scary, like almost having 

this fear of heights and someone telling you you've gotta jump, so every time I ate 

was scary, a horrible feeling”. Others described periods of intense sadness and 
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depression due to the overwhelming emotions elicited in response to injuries or ill 

health, which compromised their sport involvement and daily functioning: “I 

couldn’t drive, I couldn’t walk, and realised this is no longer just running, like my 

entire life could be ruined. I thought ‘this is grim, I can’t even do anything’. I was 

massively low” (Gabrielle). Concerningly, Maisie described a critical moment at 

which she felt so helpless and overcome with emotion that she experienced suicidal 

thoughts: 

I had one run that I went out on and the cars were coming up the road and I 

had that moment of thinking, 'if I step out in front of these cars this can all 

be…gone, done...I don't have to deal with it’. 

 

Finally, the subtheme something has got to give reflected how many participants 

described an ongoing psychological trade-off between the seemingly opposing goals 

of achieving performance success, and optimal health, thus creating the sense that 

something has “got to give”. Both women who identified as “recovered” from RED-

S outlined that “full recovery” required an element of sacrifice in relation to their 

athletic pursuits:  

I don't think I could ever push myself to run again competitively. I'd have to 

put so much effort into having so many negative thoughts and following 

them through, that it would be more effort than actually just having those 

difficult feelings and I'd need to change my mindset again… I couldn't do 

that. (Ava) 

 

Sarah also portrayed a hesitance towards continuing to participate 

competitively in her sport: “I do enjoy running but there’s always that element of 

performance with it and having had so much time off already I don’t want to keep 

pushing myself harder for performance just to be unwell and broken again”. Others, 

including Maya, demonstrated similar uncertainty as to whether they could continue 

competing at a high level within their sports whilst maintaining optimal health: “I'd 

decided that if it's health or climbing, I'd choose health, and that's fine but it's almost 
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like this carrot-dangling of ‘you can have both’ and I'm just not sure, in a weight-

dependent sport that you can”. As such, this subtheme reflected the seemingly 

paradoxical pursuit of both optimal health, which requires adequate EA and physical 

recovery, and optimal endurance performance, which may be perceived as 

necessitating a lean physique and arduous training schedule. 

5.3.2 Sources of Psychological Conflict in RED-S Recovery 

A total of 73 triggers of psychological conflict were recorded in the online 

diaries (M 19 = 3 per participant per week; range = 0-8) and 27 photos were taken 

(M photographs per participant = 3; range = 0-8). Two participants did not complete 

the photovoice task, either due to time constraints (n = 1) or to circumvent the 

potential for psychological distress (n = 1). The triggers were organised into seven 

categories reflecting the sources of psychological conflict (RQ2; Table 5.3, p. 142). 

All participants reported that decisions concerning exercise volume elicited 

psychological conflict, as engaging in activities of lower intensity or lower perceived 

energy expenditure to aid recovery, could prompt subsequent restrictive eating 

behaviour. Triathlete 1 described having difficulty refraining from higher volumes of 

exercise: 

I'm currently working to a very loose plan to help me build some base fitness, 

which is about half as many hours a week as I would do during peak weeks. I 

have been finding it quite difficult to justify this in my mind and resist the 

urge to do more, unhealthy exercise. 

 

 The majority of the athletes also reported body image or weight concerns (n = 7), 

whereby situations that caused them to reflect upon their body size or shape, or 

compare it to others, also had the potential to heighten maladaptive eating and 

exercise intentions. As Climber 1 described in a diary entry: 

I’ve generally just pressing on but have been given the green light to do some 

exercise, so I feel excited but also apprehensive about that. I feel unsure 
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about how my "new body" will feel in a sport I am so used to feeling strong 

and light doing. 

Similarly, eating opportunities (e.g., mealtimes, social gatherings involving food) 

resulted in many participants (n = 7) questioning the volume of food to be 

consumed, the content and nutritional value of different food options, and whether to 

eat at all. As Distance Runner 3 noted in her diary:  

I’ve had very good energy levels but not a very big appetite, which has made 

it difficult to feel I need to eat. I’ve also been very busy which is tricky when 

it comes to eating and resting enough.  

 

Furthermore, media influences, including social media platforms, physical 

activity applications, news articles, and bulletins appeared to increase many of the 

athletes’ (n = 5) negative thoughts towards their bodies and capabilities. As 

Triathlete 1 described in her follow-up interview, when reflecting upon one of her 

photographs: “I hate this [Instagram post from a peer] it makes me angry, feels 

braggy, I feel I'm not doing enough, I should go out ACHIEVE ACHIEVE 

ACHIEVE. I feel insignificant, like I'm underperforming”. Additionally, a number of 

participants (n = 3) reported physical symptoms associated with RED-S (e.g., 

menstrual irregularity, recurrent injury, illness) and professional education and 

advice (e.g., seeking psychological support, working with a Dietician), which both 

elicited psychological discomfort, but often subsequently resulted in adaptive 

behavioural outcomes (see section 5.3.3). Finally, three athletes recorded triggers 

relating to social interactions (e.g., observing a friend’s eating habits, social 

gatherings, interactions with teammates), as these often prompted self-deprecation or 

feelings of inadequacy. Collectively, the triggers manifested in a multitude of 

thoughts, feelings, and coping behaviours, which influenced the ongoing 

management of EA (see below). 
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Table 5.3  

Sources of psychological conflict in RED-S recovery 

Sources of psychological 

conflict  Example triggers Experience of psychological conflict (raw data quote) 

Body weight or shape Breasts feel larger than usual in my 

sports bra; tried on wedding dresses; 

seeing myself in the mirror. 

Nervous about being around people who I haven’t seen for a while, questions or seeing me 

looking bigger/different. (Maya) 

Eating opportunities Having no appetite; hungrier than 

usual; stomach conflict issues; unable 

to train. 

Now that I have had a good couple of weeks of eating I start to reach a bit of a nervousness 

about keeping it up and it's also where the low-level anxiety of eating too much starts to kick 

in and I feel like I need to put the brakes on a bit. (Maisie) 

Exercise volume Strava training log; deciding between 

a walk or gym session; a weekend 

without any exercise. 

Need to get a little more comfortable with resting but it doesn't mean that I haven't allowed 

myself a lot of rest. But I do always have this feeling of 'I should be working harder and doing 

more'. (Gabrielle) 

Media influences Social media post about Olympics; 

documentary about restricting food 

groups; Instagram post by athlete 

friends; RED-S Facebook group. 

When I see the post I feel small, I feel like an imposter, I immediately compare my own 

performances. There is an inherent sense of competition even when there is none, as if I do 

not matter unless I am performing well. (Lily) 

Physical symptoms 

associated with RED-S 

Late period; performance in running 

race; seeing others running but you 

can't; completely off sport and can’t 

even cross-train. 

I want to go for a decent walk because I don't wanna just be sat on my bum all day but 

actually then if I did go and do a long walk there would be that guilt about it making the injury 

worse or not giving it the time to heal and then you worry about whether it's going to be three 

or four weeks or if it's going to be more like five or six weeks. (Sarah) 

Professional education               

and advice 

Meeting with Dietician; attending a 

lecture on nutrition; a day of talks 

about RED-S; meeting coach. 

So she [dietician] suggested having a sports drink when I go to the gym, just to try and sneak 

in extra calories, but I still find it quite hard. Like if I was going on a massive run, I would. 

But when I’ve hardly broken out in a sweat just doing a few weights I’m like ‘really do I need 

to?’ (Maisie) 

Social interactions Seeing my friend's meal; going out 

for work Christmas do; spending time 

with friends. 

I’m still feeling a little uncomfortable about not being able to train as much and I’m spending 

the weekend with a friend who is currently struggling with eating so I’m actively trying to 

promote healthy eating patterns while I’m with her. (Sarah) 
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As Lily described in her follow-up interview, when reflecting upon one of her 

photographs: “I hate this [Instagram post from a peer] it makes me angry, feels 

braggy, I feel I'm not doing enough, I should go out ACHIEVE ACHIEVE 

ACHIEVE. I feel insignificant, like I'm underperforming”. Additionally, a number of 

participants (n = 3) reported physical symptoms associated with RED-S (e.g., 

menstrual irregularity, recurrent injury, illness) and professional education and 

advice (e.g., seeking psychological support, working with a Dietician), which both 

elicited psychological discomfort, but often subsequently resulted in adaptive 

behavioural outcomes (see section 3.3.4).  

Finally, three athletes recorded triggers relating to social interactions (e.g., 

observing a friend’s eating habits, social gatherings, interactions with teammates), as 

these often prompted self-deprecation or feelings of inadequacy. Collectively, the 

triggers manifested in a multitude of thoughts, feelings, and coping behaviours, 

which influenced the ongoing management of EA (see below). 

5.3.3 Manifestations of Psychological Conflict 

The following sub-sections elucidate the reported cognitive, affective, and 

behavioural responses to psychological conflict in the management of EA (RQ3). 

Together, the four themes generated represented the combination of incongruent 

thoughts, feelings, and behaviours associated with managing EA, which appeared to 

give rise to a psychological battle between motivations to persist with increased EI 

and/or reduced EEE to improve physical health, and reservations about doing so. 

This overarching theme was named a constant tug of war, and its associated themes 

and subthemes are emphasised within the sections that follow. An overview of the 

themes, subthemes, and their associated raw data quotes from the online diary and 

photograph data is provided in Table 5.4 (p. 144).
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Table 5.4  

Cognitive, affective, and behavioural responses to psychological conflict associated 

with RED-S recovery 

 

 

Example raw data quotations Subtheme Theme 

Have been struggling way too long; caused 

myself to miss out on potential; keen to tackle 

underlying issue 

Internal dialogue and 

self-reflection 

In two minds – 

cognitive 

characteristics of 

psychological 

conflict 
Learning how I can improve my performance; 

this will help me eat more sensibly around 

activity; realise I wasn’t eating right 

Improved knowledge 

and self-awareness 

I look weak; fat and heavy; so much larger than 

my friend; not working hard enough 

Self-deprecation 

I don’t know how to follow hunger cues; don’t 

know if I need to fuel after cycles 

Ambiguity 

Feeling genuinely happy realising there is still a 

big part of me that can be happy; slightly positive 

for the second time in a long time 

Happiness/ 

contentment 

An emotional 

rollercoaster – 

affective responses  

to psychological 

conflict 

Stressed, compulsive; uneasy; tense; 

apprehensive; overwhelmed; worried; scared; on-

edge 

Fear 

Gross; fat; disgusted; lazy and useless; imposter; 

unathletic; unfit 

Shame/disgust 

Sad and wishing I could not care about my 

weight; disappointed in myself 

Sadness 

I’ve pretty much had every symptom, and like, 

they aren’t gonna go away overnight so I just 

have to keep pressing on with recovery. 

Perseverance The only way is 

through –  

adaptive 

behavioural 

responses to 

psychological 

conflict 

I just don’t ever wanna go back into that space 

and if it means I can’t climb or won’t be a 

professional athlete then okay 

Acceptance 

I said “thank-you but no thank-you” to the 

thoughts and got on with it; tried to forget about 

the difficult thoughts and allowed myself to enjoy 

the moment 

Thought-stopping 

I dithered over the decision but once I’d made the 

decision not to do it I told my boyfriend my 

decision which held me accountable and helped 

me feel less guilty 

Accountability 

Trialling having something like yoghurt with 

banana soon after each run; drank some water and 

made some food for myself. 

Increasing energy 

intake 

I adapted the exercises to reduce impact and as I 

was doing it I realised that feeling strong, happy 

and healthy is better than feeling rubbish 

Reducing exercise  

volume 

I started to keep the food diary and gradually I 

was eating less cause I liked the numbers showing 

up less than recommended; I ate but ate quickly 

and only a small amount 

Restrictive eating Giving in – 

maladaptive 

behavioural 

responses to 

psychological 

conflict 
I checked and tallied up all the hours I’ve done 

over the last two weeks and decided to increase 

next week 

Increased exercise 

volume 
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 5.3.3.1 Cognitive Responses to Psychological Conflict. The theme in two 

minds represented the cognitive responses reported by participants in instances of 

psychological conflict. Upon encountering psychological conflict in their ongoing 

management of EA, participants reported a persistent battle between beneficial and 

harmful beliefs regarding EI and EEE. When conflict arose, some athletes engaged 

in internal dialogue to rationalise or justify the actions needed to facilitate recovery, 

as Ava described: “It’s justification. I have to justify to the negative part of myself 

why I’m doing something…when something else tells me I shouldn’t do it”. Maisie 

echoed this when remarking: 

Making things better is harder, because I have to work through why I’m 

running or overexercising, or don’t want to eat. Sometimes I feel in my head 

that I’ve got the breaks on and it’d far be easier to just stop eating, but I have 

to tell myself, “the best thing you can do right now is look after yourself”. 

 

Others explained how sources of conflict that increased their knowledge of 

EA prompted self-reflection and a motivation to challenge past behaviours that led to 

RED-S: “It [RED-S education event] just reiterated the fact that surely I should have 

known, I should’ve done something earlier and now could be better… it makes me 

annoyed but keen to change” (Grace). In contrast, this self-evaluation and 

comparison to a ‘previous self’ was detrimental for others, who used disparaging 

language to describe changes in their appearance or perceived capabilities since 

beginning their recovery journey: “I don’t look like me anymore. I’m really soft and 

wobbly. My boobs are massive and the styles I like look different on me. I want to 

hide my body” (Maya).  

This self-deprecation was common across all participants, both when they 

successfully engaged in positive EA behaviours or fell short of their recovery 

expectations. Indeed, many of the triggers created ambiguity as to what was the 

“right way” to look, eat, or exercise, leaving the athletes questioning their bodies, 
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appetite, and/or exercise volume. For example, Ava questioned whether her body 

conformed to perceived necessary requirements of participation within her sport: 

“I’m just not sure I’m the right size and shape to be a good runner”. Similarly, Alicia 

reported questioning her feelings of hunger in one of her online diary entries: “Why 

am I hungry? I’m not sure I ‘deserve’ to be hungry”. Together, contradicting 

thoughts in times of psychological conflict contributed to a perceived lack of clarity 

as to how to behave with regard to managing EA. 

 5.3.3.2 Affective Responses to Psychological Conflict. Intrusive and 

conflicting thoughts surrounding management of EA appeared to evoke a multitude 

of unpleasant emotions, which at times became overwhelming and difficult to 

contain. This notion of an emotional rollercoaster was reflected in Maisie’s diary 

entry during a week in which she severely restricted her food intake due to stress:  

I couldn’t even open my mouth to speak. I could’ve clung to the ceiling. The 

anxiety and emotions were just so strong. Feeling really frustrated and a 

sense of hopelessness because I’m stuck in a vicious cycle of exercise 

addiction and anxiety around food. 

 

Feelings of fear and anxiety were frequently associated with decisions about eating 

and exercise or seeking professional advice, as Maisie described following a 

supermarket trip: 

That was a little traumatic. Sometimes I go in there and just wanna cry. It’s 

like the pressure of choosing what to eat. It made me really angry and sad. I 

had tears in my eyes and could easily have had a massive meltdown. 

 

Shame and disgust were also described, and accompanied by feelings of guilt, when 

athletes engaged in a positive EA behaviour (i.e., taking a rest day or eating more 

than initially planned), despite it facilitating their physical recovery. As Alicia 

commented in her diary in response to a friend’s social media post following a 

successful sporting performance, “[I am] beating myself up, feeling lazy and useless 

and ashamed”. Furthermore, negative appraisals of body weight or recovery progress 
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often initiated feelings of disgust or disappointment. Maya said: “I look hideous due 

to weight gain…I body-checked a lot but then felt frustrated at myself for it”. 

Conversely, some athletes recalled experiencing pleasant emotions of happiness or 

hope when spending quality time with friends or reflecting on successful recovery 

progress: “I had this enormous sense of achievement and wellbeing and I was very 

emotional with this sense of pride in myself” (Lily). Pleasant emotions were, 

however, reported amongst fewer participants (n = 4) than unpleasant emotions (n = 

8). More often, pleasant emotions were recalled when reflecting on the photovoice 

task in the follow-up interview as several athletes had taken photographs of objects 

or situations, which, despite initiating psychological conflict, ultimately reinforced 

their recovery efforts: 

I stopped to take a photo {laughs}, which I don’t normally do, because my 

Strava was running. It was sunset, I was feeling quite positive in my mind 

about all of this and I felt like that was more important. It was good. (Alicia) 

 

Overall, the majority of emotions experienced in response to psychological 

conflict were negative and ultimately shaped subsequent behavioural responses to 

management of EA. 

 5.3.3.3 Maladaptive Behavioural Responses to Psychological Conflict. 

The theme giving in represented instances when participants succumbed to engaging 

in ‘unhealthy’ exercise and eating habits, which were reported by most athletes (n = 

6). Participants conveyed a despondency that often resulted in the avoidance of 

positive EA behaviours, which involved succumbing to restrictive eating and/or 

increased exercise volume. For example, Grace said, “if I have a particularly bad day 

and feel anxious, it could be anything, but I’ll end up eating less than I should”. 

Additionally, Maisie recalled acknowledging a need to rest her body, but continued 

to exercise nonetheless: 
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Despite being physically worn-out, I went to the gym. I felt exhausted, 

energy-less but I carried on. I knew that the best thing for my health would 

have been to rest, take some time to cook and eat and generally nurture 

myself… but the exercise has such a tight grip on me.  

 

Others also denied the need to increase EA, prompting them to override their 

rational thoughts and engage in maladaptive behaviours, as Maya described:  

Before my period returned, I felt I had almost a medical reason to throw out 

my food rules, like “well I’m really unwell so I need to sort it out” … but that 

felt harder once my period was back ‘cause I was like “well now I’m healthy 

again maybe I should keep an eye on my portions”. It’s a slippery slope.  

 

The maladaptive coping behaviours described by the participants threatened to derail 

recovery progress by increasing the likelihood that LEA would be re-initiated.  

 5.3.3.4 Adaptive Behavioural Responses to Psychological Conflict. The 

theme the only way is through represented adaptive behavioural responses to 

psychological conflict. Successful efforts to engage in positive EA behaviours 

reflected a perseverance in the face of psychological discomfort. Gabrielle remarked 

on the need to consistently maintain recovery efforts: “You just have to kind of keep 

going. It's not like ‘oh I've now like taken this exam or I've passed this finish line’ 

kind of thing. It can always go backwards if you don't just make the effort”. Some 

participants employed psychological strategies, such as thought-stopping, to persist 

with positive behaviours: “I think they [negative thoughts] are always gonna be there 

but I'm much more able to kind of park that and put it to one side now, not let it 

impact my actions” (Sarah). For some, vocalising irrational or unhelpful thoughts by 

talking to others also appeared to lessen the severity of negative emotions, reducing 

the likelihood of undesirable EA behaviours: “the psychologist helped me 

understand that it [recent relapse into restrictive eating] was okay and we just needed 

to keep an eye on triggers for it” (Maisie). By engaging in discussion with others, 

this offered a degree of accountability for some, as  Lily described when feeling 
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anxious about missing a run she had initially planned: “I told my boyfriend my 

decision which held me accountable and helped me feel less guilty about not going 

out.” For others, writing notes or lists of necessary actions facilitated recovery 

progress.  

More often than not, strategies that encouraged heightened self-awareness of 

tendencies to adopt LEA behaviours during stressful situations enabled participants 

to persist with increased energy intake and/or reduced exercise volume. Despite 

feelings of frustration, and often despair, the participants demonstrated an 

acceptance of their RED-S experiences, which appeared to facilitate ongoing 

recovery efforts: “I’m quite angry at the fact I'm still getting stress fractures so 

easily, like 15 years down the line, but I think I've got quite good at just accepting 

the stuff that I just can't change” (Sarah). Maisie described how seeking 

psychological treatment following her physical presentations of RED-S was crucial 

in supporting her long-term recovery: 

I had to go through that process of it being hard and making mistakes and 

then letting people help me. If somebody had said ‘right we’ll put you on 

bed-rest for eight weeks, we’ll tube feed you, you’ll put on the weight and 

you can set off running again’, I’d have never dealt with these psychological 

problems. 

 

Collectively, these strategies represented the perceived adaptive behavioural 

responses that appeared to facilitate improvements in EA. 

 Discussion 

This study aimed to explore qualitatively the psychological experience of 

recovery from RED-S in endurance athletes. By using an integrated qualitative 

method and capturing data in relation to recovery from RED-S in information-rich 

cases, findings contribute new insights into the psychology of RED-S, particularly 

the negotiation of ongoing psychological conflict in pursuit of optimal EA. In turn, 
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this study advances understanding of the proposed reciprocal relationship between 

LEA and psychological health (Mountjoy et al., 2014) by elucidating how a 

persistent cycle of LEA appeared to contribute to physical consequences associated 

with RED-S, which prompted the worsening or onset of DE behaviours, depression, 

and anxiety. Whilst the findings support the suggestion that sport participation could 

be used as leverage to motivate athletes in recovery from RED-S (Mountjoy et al., 

2018), it also appeared that symptoms of RED-S may create psychological conflict 

between eating and exercise practices that are perceived to benefit performance and 

those that promote long-term health. Furthermore, this study extends upon the 

findings of Chapter 4, which described a state of psychological conflict encountered 

during attempts to ‘recover’ from RED-S among endurance athletes, by providing 

accounts of how such conflict is experienced, and responded to, in a purposive 

sample of female endurance athletes who identify as ‘in recovery’ or ‘recovered’ 

from RED-S. 

The psychological experience of recovery from RED-S was difficult to 

distinguish from efforts to recover from DE/ED cognitions and/or behaviours, 

which, for some athletes, were reported to occur after LEA onset. As such, the 

findings provide evidence for the contention that LEA may precede psychological 

concerns (Mountjoy et al., 2014) and aligns with past research that reported the onset 

of DE/ED following illness or injury, changes in body weight or shape, and/or the 

adoption of rigid or restrained eating (Arthur-Cameselle et al., 2017). Moreover, 

anxiety and depression were commonly reported as a result of concerns with weight 

gain, appearance, and/or dejection associated with abiding by highly controlled and 

rigid eating and exercise routines. In light of this finding, it could be suggested that 

symptoms of anxiety and depression reported across the sample were not a direct 
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consequence of LEA per se, but a correlate of eating psychopathology, similar to 

previous research (Ackerman et al., 2019; Shanmugan et al., 2014). Furthermore, the 

findings also provide support for the potential utility of cognitive dissonance theory 

(Festinger, 1957), in that psychological conflict was reported in response to triggers 

centered around decision-making (e.g., exercise volume) and, in some cases, expert 

recommendation, whereby athletes were instructed by health and/or sports medicine 

personnel to engage in behaviours (i.e., increase EI and reduce EEE) that were 

incongruent with their maladaptive thoughts.  

With regard to the manifestations of psychological conflict, all participants 

reported ongoing maladaptive cognitions towards food, exercise, and their bodies, 

regardless of whether they identified as psychologically and physically ‘recovered’. 

The persistence of disordered cognitions that could threaten recovery progress and 

increase risk of relapse - despite the presence of observable physical recovery 

indicators - has previously been referred to as a state of “pseudo-recovery” in the 

context of ED (Bardone-Cone et al., 2018, p. 2). In turn, this suggests that the 

predominantly medical model applied to recovery from implications of LEA 

(Mountjoy et al., 2015) may not adequately detect and address psychological issues 

that could prevent long-term physical and psychological recovery from RED-S.  

The findings also build on previous research identifying negative emotions as 

a factor that hinders recovery efforts from ED in athletes (Arthur-Cameselle & 

Quatromoni, 2014) by offering novel insights into the behavioural manifestations of 

negative affect within the broader context of RED-S. The maladaptive behavioural 

coping strategies employed in response to psychological conflict appeared to be 

driven by a desire to avoid negative emotions and may be regarded as emotion-

focused coping strategies (Lazarus & Folkman, 1984). In contrast, adaptive 
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behavioural responses, such as thought-stopping and accountability, appeared to 

involve problem-focused coping strategies (Lazarus & Folkman, 1984), which 

facilitated improvements in EA by encouraging increased EI and/or reduced EEE. 

Similar to previous work (Arthur-Cameselle & Quatromoni, 2014), adaptive coping 

strategies exemplified ways in which participants were able to express, and make 

sense of, their emotions, rather than suppressing or seeking to alleviate them by 

pursuing restrictive eating and/or excessive exercise. Thus, the findings suggest that 

supporting athletes with RED-S to develop and adopt problem-focused coping 

strategies may help to maintain optimal EA. They also resonate with components of 

the social model of recovery, which emphasises the importance of an individual 

developing self-awareness and learning from their experiences. 

5.4.1 Applied Implications 

Findings in this study could have several applied implications. First, given 

that the psychological experience of recovery from RED-S was characterised by self-

identified or clinically diagnosed eating psychopathology, addressing coexisting 

psychological concerns is important, especially as psychological wellbeing and 

altered cognitions have been identified as fundamental criteria for recovery by 

recovered ED patients (de Vos et al., 2017). Thus, education interventions that seek 

to help athletes to moderate triggers of psychological conflict identified in this study 

and facilitate changes in cognitions could be vital for promoting improved 

psychological wellbeing for those with and without evident eating concerns. Second, 

raising awareness of potential triggers of psychological conflict could help coaches 

and support staff to foster an environment that seeks to circumvent their initiation. 

Indeed, it was noteworthy that professional advice and support appeared to trigger 

psychological conflict, yet often resulted in adaptive behavioural responses to 
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managing EA, and a shift in mindset to align with such behaviours. This suggests 

that support personnel should be aware of the potential impact of their interactions 

on athletes in recovery from LEA. Finally, the study supports calls for a 

multidisciplinary approach, incorporating both physiological assessment and 

psychological support, to detect, appropriately treat, and prevent future onset of 

RED-S (Thein-Nissenbaum & Hammer, 2017). 

5.4.2 Limitations and Future Directions 

This integrated qualitative study exploring the psychological experience of 

‘recovery’ from RED-S in athletes has several strengths, including: the collection of 

data via multiple sources at different points in time and the methodological 

procedures employed to enhance trustworthiness. Despite these strengths, there are a 

number of limitations that should also be acknowledged. Firstly, it must be 

acknowledged that the findings do not capture objective indices of RED-S, nor can 

they confirm whether psychological health concerns resulted from a physiological 

state of LEA, or from pre-existing eating psychopathology. As the researcher sought 

to explore subjective psychological experiences of RED-S recovery, however, 

physiological measures of LEA at the time of data collection would not have 

appropriately addressed the RQs. Secondly, as the study did not recruit participants 

on the basis of the presence or absence of DE/ED, the researcher was unable to 

explore isolated accounts of inadvertent or intentional LEA that occurred in the 

absence of DE/ED. Thus, future studies could seek to recruit individuals who do not 

meet ‘at-risk’ or diagnostic criteria for DE/ED.  

Finally, results from the female-only sample cannot be deemed representative 

of the male experience of RED-S, and the themes generated may not be reflective of 

individuals participating in different sport and exercise contexts. Despite this, the 
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findings of this study could achieve naturalistic generalisability, as the accounts and 

experiences of the participants may resonate with readers who are also endurance 

athletes (see Smith, 2018). Furthermore, the findings could demonstrate 

transferability to applied sports medicine settings (Tracy, 2010), whereby the 

findings could be valuable for professionals who work with athletes and seek to 

facilitate optimal health and performance. Future studies should recruit both male 

and female participants across a broader range of physical pursuits, to explore LEA 

and RED-S among the wider active population.  

 Conclusion 

 The aim of this study was to explore qualitatively the psychological 

experience of recovery from RED-S in female endurance athletes. The findings 

suggest that the onset of RED-S in and of itself may incite significant psychological 

conflict between a female athlete’s desire to maintain optimal health to continue 

participating in her sport, and the perceived necessity of maladaptive behaviours that 

are believed to facilitate physical performance. In turn, a number of sports-specific 

and wider lifestyle triggers appeared to exacerbate conflicting thoughts and feelings 

towards managing EA, which ultimately influenced fuelling and exercise behaviours, 

and thus, physical recovery progress from RED-S. These findings highlight a need to 

address psychological concerns alongside efforts to promote physical recovery if 

behaviors that initiate the onset of LEA are to be prevented in the long-term.
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: ENERGY AVAILABILITY AND PSYCHOLOGICAL  

HEALTH IN ATHLETES AND EXERCISERS:  

A CROSS-SECTIONAL INVESTIGATION 

 Although it has been consistently acknowledged that LEA can occur both in 

the presence and absence of clinical eating psychopathology, or indeed DE, past 

research has predominantly been concerned with identifying physiological markers 

of energy deficiency rather than exploring its underlying aetiology. Based on 

findings presented in Chapters 4 and 5, it appears that distinguishing between 

individuals with and without symptoms indicative of eating psychopathology could 

help to better understand additional psychological stressors that may present as 

barriers to achieving adequate EA. By building upon the previous empirical chapters, 

and exploring stressors considered influential in the ongoing negotiation of eating 

and exercise behaviours that ultimately contributed to LEA, the current study aimed 

to compare eating psychopathology, compulsive exercise, and psychological stress 

ratings in athletes and exercisers reporting differing subjective EA appraisals. 
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 Introduction 

In recent decades, substantive evidence has highlighted that a large 

proportion of athletic populations across a variety of sports and physical pursuits 

may not meet their daily energy requirements, once the energy expended through 

exercise has been taken into account (e.g., Logue et al., 2018; Noll et al., 2017). It 

has been widely acknowledged that athletes and/or exercisers fail to adjust their EI to 

account for high training loads, either purposefully or inadvertently (e.g., Briggs et 

al., 2015; Heydenreich et al., 2017). As a result, this puts them at risk of developing 

LEA and consequently experiencing various proposed health and physical 

performance impairments associated with RED-S (Mountjoy et al., 2014). Indeed, a 

recent narrative review reported LEA prevalence estimates of 22-58% across a range 

of sport and exercise populations (Logue et al., 2020), thus indicating that a large 

number of athletes and exercisers may engage in insufficient fuelling and excessive 

exercise practices, which could pose threat to their long-term health and wellbeing.  

Despite the absence of robust evidence into the aetiology of LEA (see 

Chapter 2, pp. 21 - 44), a number of review and commentary articles assert that there 

are distinct origins from which a cycle of restrictive EI and/or excessive exercise 

may develop, and ultimately initiate LEA (e.g., De Souza et al., 2014; Nattiv et al., 

2007). It has been proposed that the origin of LEA for each athlete or exerciser falls 

within one of the following classifications: psychopathological (i.e., clinical ED); 

intentional (i.e., deliberate control or modification of body weight and/or shape for 

performance reasons); or inadvertent (i.e., failure to appropriately adjust dietary 

intake to account for high exercise volume; Loucks et al., 2007). As noted in Chapter 

2 (see p. 27), it has also been suggested that social causes (e.g., achieving a socially-

desirable body ‘ideal’) constitute a separate cause of LEA, external to sporting 
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pressures (Loucks, 2020), however, this supposition remains relatively 

underexplored by academic research. 

Many authors exploring LEA have regarded intentional reductions in EA as 

rational behaviours in the pursuit of optimal performance, whilst simultaneously 

acknowledging that these may exemplify pathological DE practices (e.g., Loucks, et 

al., 2007; Loucks, 2020; Nattiv et al, 2007). For example, Loucks (2020) recently 

stated that “undernourished athletes who are only trying to optimize performance 

may practice many of the same disordered eating behaviours (e.g., skipping meals, 

vomiting, using laxatives, etc.) as athletes with eating disorders” (p. 184). 

Notwithstanding the possibility that some athletes and exercisers are simply pursuing 

performance improvements and that their behaviours do not cause them undue 

psychological distress, past research suggests that short-term dieting practices, 

unintentional increases in exercise, and social pressures, can all precede the onset of 

a more severe ED (e.g., Arthur-Cameselle et al., 2017; Stice et al., 2017).  

Indeed, Chapters 4 and 5 suggested that LEA may have been initiated 

inadvertently through increased training loads or well-intentioned efforts to modify 

body size or shape for some individuals. By the time participants began to 

experience symptoms associated with RED-S, however, they retrospectively 

reported that their eating and/or exercise behaviours had become ‘unhealthy’ and 

abnormal, despite them rarely appraising them as such at the time. In turn, this 

supports the suggestion that the boundaries between what have long been considered 

fixed and definitive causes of LEA might potentially interrelate (Wasserfurth et al., 

2020), and represent differing presentations along the broad spectra of eating and 

exercise behaviours. To date, however, no research has yet sought to quantitatively 
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examine the prevalence of the proposed origins of LEA beyond DE/ED across a 

variety of sport and exercise contexts (Nattiv et al., 2007; Williams et al., 2017). 

Moreover, Chapter 5 identified common sources of psychological conflict 

that appeared to influence the ongoing management of EA among female endurance 

athletes, including body image and weight concerns, social situations, and making 

decisions about exercise volume. Despite this, the participants did report varying 

degrees of eating psychopathology (i.e., initial dietary modifications in an attempt to 

eat more ‘healthily’, that became progressively more stringent, or chronic 

physiological and psychological concerns associated with longstanding EDs). As 

such, it was not possible to establish whether their responses to the stressors would 

be similar in athletes and exercisers without such psychological concerns. Further 

examination of the assertion that LEA can occur in the presence and absence of 

eating psychopathology is important as a number of past studies investigating 

markers of LEA have used ED screening measures alone to categorise LEA status 

(e.g., Ackerman et al., 2019; Brook et al., 2019). This approach, therefore, might 

overlook potentially inadvertent causes of LEA (i.e., appetite suppressive effects of 

exercise; Whybrow et al., 2008) or sub-clinical cases of DE that do not satisfy 

criteria for clinical eating psychopathology. 

Consequently, it appears pertinent to identify individuals at a heightened risk 

of developing LEA, as even transient periods of unintentional under-fuelling have 

the potential to progress into more problematic and ultimately pathological 

behaviour. Therefore, further research that seeks to understand psychological factors 

that may contribute to adverse eating and exercise behaviour is certainly warranted. 

Accordingly, this quantitative phase of a two-stage mixed methods study sought to 

examine eating psychopathology, compulsive exercise and psychological stressors in 
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athletes and exercisers reporting differing subjective EA appraisals (see Chapter 1, p. 

10. More specifically, this study sought to address three secondary research 

objectives (RO), which were to: distinguish between individuals at a heightened risk 

of the primary three proposed origins of LEA (i.e., psychopathological, intentional, 

and inadvertent) reported in past research (Loucks, 2007; Nattiv et al., 2007) and 

those with perceived adequate EA (RO1); compare the eating psychopathology and 

compulsive exercise scores between groups reporting differing subjective appraisals 

of EA (RO2); and explore ratings of psychological stress associated with stressors 

identified as sources of psychological conflict in the management of EA among 

female endurance athletes in Chapter 5, within a more diverse sample (RO3).  

Furthermore, by distinguishing between individuals reporting the behaviours 

characteristic to these proposed origins, this study could help to answer calls for 

researchers to utilise exercise behaviours as a measure to identify potential cases of 

LEA that may occur in the absence of DE/ED, while also providing an opportunity 

to explore the degree to which each proposed origin of LEA might impact EA in the 

long-term (Sim & Burns, 2021). Based upon collective findings of Chapter 4 and 5, 

which highlighted numerous psychological stressors among female endurance 

athletes reporting DE/ED, and past evidence demonstrating positive associations 

between eating and exercise psychopathology (e.g., Taranis & Meyer, 2011; 

Scharmer et al., 2020), three hypotheses (H) were proposed for the current study. 

 First, it was hypothesised that individuals classified at-risk of 

psychopathological LEA would exhibit significantly higher scores for eating 

psychopathology than those classified as at an increased risk of inadvertent LEA or 

adequate EA (H1). Second, it was anticipated that significantly higher levels of 

compulsive exercise would be observed among individuals classified as at increased 
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risk of psychopathological LEA than those reporting perceived adequate EA (H2). 

Finally, it was postulated that eating psychopathology would have a significant and 

positive relationship with the total stressor score and scores for each individual 

psychological stressor (H3). 

 Methods 

6.2.1 Research Approach 

 This research comprised the quantitative component of a sequential 

explanatory mixed-methods design. As introduced in Chapter 3 (see p. 79), the 

integration of both quantitative and qualitative data within a single study can provide 

a broader understanding of the topic of research (Ivankova et al., 2006). Within the 

current study, it was envisaged that utilising a combination of both methods in the 

current study would enable further understanding of not only what is experienced by 

individuals at-risk of LEA, but how and why they may experience its consequences, 

in the apparent absence of eating psychopathology.  The following sections within 

this chapter outline the quantitative (extensive; see p. 79) phase of this two-phase 

mixed methods study. 

6.2.2 Participants 

A total of 177 individuals (female n = 122, male n = 55; M age = 32.4 years, 

SD = 9.52) took part in this phase of the study. Participants were based in 11 

countries, with the majority residing in the United Kingdom (n = 137, 77.4%); 

Ireland (n = 11, 6.2%); and Australia (n = 11, 6.2%). The sample comprised 

competitive athletes (n = 132, 74.6%) and recreational exercisers (n = 45, 25.4%). 

The most common primary activities reported across the sample were running (n = 

74, 41.8%), cycling (n = 18, 10.2%), and strength/resistance training (n = 15, 8.5%). 



 161 

Participants had been engaging in their primary sport or exercise activity for an 

average of 10.52 years (SD = 8.19 years). 

6.2.3 Procedures 

A QualtricsTM questionnaire was developed to explore subjective EA 

appraisals, eating psychopathology, compulsive exercise, and psychological stress 

ratings among athletes and exercisers. Following receipt of ethical approval for the 

study (Project ID: 3585), a hyperlink to the online questionnaire was distributed 

online via the researcher’s personal social media networks on: Twitter; Facebook; 

and LinkedIn. To be eligible to participate in the survey, individuals were required to 

be 18-50 years of age and participating in a sport or exercise activity for at least 150 

minutes per week at the time of recruitment. Upon accessing the questionnaire 

hyperlink, participants were provided with an information sheet (see Appendix B, p. 

312) and informed consent form (See Appendix C, p.324). Following provision of 

their consent to participate in the survey, participants responded to questions 

regarding their EA and psychological health in relation to eating and exercise 

behaviours with an average completion time of 10 minute and 31 seconds. In total, 

256 survey responses were recorded, but 79 were excluded from further data analysis 

due to ineligibility (i.e., aged > 50 years - n = 3) or not finishing the questionnaire (n 

= 76).  

6.2.4 Measures 

 6.2.4.1 Demographic Information. Respondents were asked to answer a 

number of open-ended questions regarding their: age (years); gender; primary sport 

or exercise activity at present; and how long they had been participating in this 

activity (years). Additionally, participants were asked to select their country of 

residence and answered a closed (i.e., yes/no) question related to their competitive 
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sport involvement (see Appendix D: Research Instruments, p. 331-337). The level of 

competition at which they participated at in their primary sports or exercise activities 

was not sought, as this was not considered pertinent to the three research objectives.  

 6.2.4.2 Energy Availability. Three items exploring participants’ perceptions 

of energy intake, exercise energy expenditure, and how they appraised their EI in 

relation to their EEE were used to assess participants’ perceptions of their EA (Table 

6.1, p. 163). First, to assess perceived EI, respondents were presented with a brief 

definition of EI: “energy intake refers to the amount of energy you consume through 

your total daily food consumption”. After this, participants were asked to select a 

statement from a list of four statements that they felt corresponded with their EI the 

most. This item gave an indication of whether individuals perceived their intake as 

insufficient, sufficient, or more than sufficient to support their exercise volume, or 

were unsure. Second, to evaluate subjective appraisals of EEE, respondents were 

presented with the following definition: “exercise energy expenditure refers to the 

amount of energy you expend when performing physical activity”. Next, participants 

were asked to select the statement they felt corresponded with their EEE the most. 

 Third, to investigate individual appraisals of overall EA, and thus provide an 

indication of LEA risk, participants selected the statement that most resonated with 

how their EI related to their exercise volume at that time. Based upon responses to 

this item, participants were classified as being at risk of LEA (and further classified 

as at-risk of psychopathological; intentional; or inadvertent LEA), or as reporting 

perceived adequate EA. 

 

 

 



 163 

Table 6.1  

Questionnaire items pertaining to appraisals of energy intake, exercise energy 

expenditure, and overall energy availability 

Topic of 

focus Statement Classification 

Energy 

intake 

I do not think I have been eating enough to 

account for my exercise and/or sporting activity 

Perceived insufficient 

EI 

I think I have been eating enough to account for 

my exercise and/or sporting activity 

Perceived Sufficient 

EI 

I think I have been eating more than I need to 

account for my exercise and/or sporting activity 

Perceived High EI 

I’m not sure Uncertain 

Exercise 

volume 

I think I have done too little exercise or training 

for my sport   

Perceived low EEE 

I think I have done a sufficient amount of exercise 

or training for my sport   

Perceived adequate 

EEE 

I think I have done too much exercise or training 

for my sport   

Perceived excessive 

EEE 

I’m not sure Uncertain 

Energy 

availability  

I have purposefully restricted how much I have 

eaten, or significantly increased my physical 

activity as a result of disordered eating behaviour, 

or a diagnosed eating disorder 

At-risk of 

psychopathological-

LEA 

I have purposefully restricted how much I have 

eaten or significantly increased my physical 

activity to improve my exercise and/or sporting 

performance 

At-risk of intentional-

LEA 

I have found it difficult to eat enough to account 

for my exercise and/or sporting activity, but have 

not purposefully restricted how much I have eaten 

At-risk of inadvertent-

LEA 

None of the above statements apply to me, my 

energy intake is sufficient to support my exercise 

energy expenditure 

Perceived adequate 

EA 

Note. Abbreviations used as follows: EA = energy availability; EEE = exercise energy 

expenditure; EI = energy intake; LEA = low energy availability. 

 

 

 6.2.4.3 Eating Psychopathology. Eating psychopathology was assessed 

using the Eating Attitudes Test (EAT-26; Garner et al., 1982), which assesses the 

presence of symptoms characteristic of eating psychopathology based upon 

responses to both attitudinal-related and behavioural-related questions. The EAT-26 
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has been recognised as a valid measure of the severity of eating psychopathology, 

such that as the global score increases, so too does the individual’s degree of eating 

disturbance (Mintz & O’Halloran, 2000). The EAT-26 is also considered an 

appropriate and useful measure of ED risk in athletic samples (Pope et al., 2015) and 

has been previously utilised in LEA research to assess eating disorder risk in female 

college athletes (e.g., Clark et al., 2018; Hoch et al., 2009). Eating attitudes are 

assessed by 26 items, which contribute to three subscales: dieting (13 items); bulimia 

and food preoccupation (6 items); and oral control (7 items). Total scores can range 

from 0 - 78. A global EAT-26 score of  20 on the three eating attitudes subscales 

indicates an individual is at-risk of an ED and this is suggested to warrant further 

clinical investigation by a professional (Garner et al., 1982). In addition, the EAT-26 

includes four behavioural questions to identify the frequency of excessive weight 

control behaviours used by individuals (i.e., self-induced vomiting; bingeing; 

exercise to control weight; and use of laxatives, diet pills, or diuretics).  

 Participants provided a response on each item in accordance with a 6-point 

Likert scale ranging from never to once a day or more. It is important to note here 

that all five alternative responses to never (i.e., once a month or less; 2 – 3 times a 

month; once a week; 2 – 6 times a week) are considered a positive response and 

indicate increased ED risk. A positive response to any one of behavioural items also 

indicates increased risk for an ED, even in the absence of a total EAT-26 score 

below 20. Responses to each item on the EAT-26 were scored following guidelines 

(Garner et al., 1982). For example, a response of always on items 1-25 confers a 

score of 3, whereas 26 is reverse-scored (i.e., always confers a score of 0). In the 

current study, the EAT-26 scale demonstrated excellent internal consistency for the 

total scale ( = .90) and good internal consistency on the dieting subscale ( = .86), 
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but questionable internal consistency on the bulimia and food preoccupation ( = 

.64) and oral control ( = .60) subscales. Internal consistency reliability coefficients 

for the total scale and three subscales are similar to reported values in past research 

with athletic samples (e.g., total scale:  = .87, dieting:  = .88, bulimia and food 

preoccupation:  = .68, and oral control:  = .60, Wollenberg et al., 2015). 

 6.2.4.4 Compulsive Exercise. The Compulsive Exercise Test (CET; Taranis 

et al., 2011) was used to measure cognitive-behavioural characteristics of 

compulsive exercise and provide an indication of LEA risk. Characteristics of 

excessive and pathological exercise have demonstrated a positive correlation with 

hours spent exercise training per week, and athletes classified at increased risk of 

exercise psychopathology have showed significantly higher EEE compared to those 

at lower risk (p <.001; Torstveit et al., 2019). As such, it has been suggested that 

including a measure of exercise behaviours when assessing LEA could aid the 

detection of inadvertent cases of LEA (Sim & Burns, 2021). The CET consists of 24 

items assessed on a 6-point Likert scale ranging from 0 (never true) to 5 (always 

true). In addition, the CET generates ratings across five subscales: avoidance of 

negative affect and rule-driven behaviour; lack of enjoyment; mood improvement; 

rigidity; and weight control. 

  In the current study, responses to all 24 items were converted into their 

corresponding scores (e.g., always true = 5; Taranis et al., 2011). Mean scores for 

each subscale were summed to generate a global CET score, with a cut-off score of  

15 indicating higher levels of compulsive exercise (Meyer et al., 2016). The CET has 

previously demonstrated good concurrent validity with existing measures of 

excessive exercise (Exercise Beliefs Scale, r = .52) and eating pathology (Eating 

Disorder Examination, r = .34), while also explaining greater variance in eating 
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pathology than the commitment to exercise scale (CES; Davis et al., 1993) measure 

of pathological exercise (Taranis et al., 2011).  

 The CET scale has demonstrated good internal consistency both on the 

overall scale ( = .85) and subscales in previous research ( = .73-.88 – Taranis et 

al., 2011). Similar values were obtained in the current study for total CET (= .88) 

avoidance and rule-driven behaviour ( = .91), and weight control ( = .81) 

subscales, however, lower internal consistencies were observed on: lack of exercise 

enjoyment ( = .64); mood improvement ( = .62); and rigidity ( = .61) subscales, 

indicating that these values should be interpreted with caution, based on criteria 

interpreting Cronbach’s alpha (George & Mallery, 2003). 

 6.2.4.5 Psychological Stressors. A 12-item psychological stressor scale 

(Appendix D, p. 330-337) was developed to explore ratings of psychological stress 

associated with the stressors identified as sources of psychological conflict in the 

management of EA for female endurance athletes in Chapter 5. Although seven 

overarching categories of psychological conflict were reported in Chapter 5 (p. 140), 

the researcher revisited the data analysis to identify specific stressors within these 

(e.g., communicating feelings to others was commonly reported across the sample 

and captured within the category professional education and advice in Chapter 5) for 

inclusion in the current study. Consequently, a total of 12 stressors (Appendix D, p. 

330) were selected for inclusion in the current study to capture a broad range of 

lifestyle (e.g., personal health) and sport/exercise-specific demands (e.g., decisions 

about training volume) that were considered pertinent to the negotiation of eating 

and exercise behaviours. 

 Respondents were asked to indicate the level of psychological stress that they 

associated with each of the 12 stressors, reflective of the past 28 days, on an 11-point 
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Likert scale ranging from 0 (not at all stressful) to 10 (extremely stressful). 

Responses to each stressor item (e.g., concerns about personal health) were summed. 

Thus, scores ranged from 0 to a maximum of 120. The scale demonstrated good 

internal consistency ( = .85).  

6.2.5 Data Analysis 

 Data were analysed using SPSS (version 27). Initially, data were screened for 

missing cases using an electronic search function. To distinguish between 

individuals at heightened risk of LEA and those with perceived adequate EA, 

respondents were grouped based on their responses to the overall EA question item 

and classified as being at heightened risk of LEA (and further divided into 

Psychopathological-LEA, Intentional-LEA, or Inadvertent-LEA) or as reporting 

perceived adequate EA (Adequate-EA).  

 Descriptive statistics (mean, median, standard deviation, and range) were 

calculated for eating psychopathology, compulsive exercise, and psychological 

stressors for the total sample and each group by EA appraisal. Frequency statistics 

were also calculated for the percentage of the total sample and each group exceeding 

the CET and EAT-26 cut-off scores, and the percentage of respondents reporting 

each of the four pathological weight control behaviours in the EAT-26. Frequency 

statistics were also calculated for: gender; primary sport or exercise; competitive and 

recreational participation.  

All scales were initially checked for the assumption of normality using a 

Kolmogorov-Smirnov tests. Histograms were visually-inspected and normality 

scores standardised by dividing values of skewness and kurtosis by the standard 

error of the study variable. Based upon recommended values for interpreting 

normality (Blanca et al., 2013), scores on the EAT-26 were found to have a non-
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normal distribution (skewness z = 9.03; kurtosis z = 7.04). Scores on the CET, 

however, demonstrated a normal distribution (skewness, z = 0.96; kurtosis, z = -

1.81) as did total stressor score on the psychological stressor scale (skewness, z = 

2.85; kurtosis z = -0.57), however, scores on the majority of individual stressor items 

were of a non-normal distribution. For this reason, non-parametric tests were 

selected for further statistical analysis of the EAT-26 and psychological stressor 

scale.  Specifically, a Kruskal-Wallis test was used to further analyse eating 

psychopathology and psychological stressor scores, with significant effects explored 

using Dunn’s pairwise post-hoc test with Bonferroni correction (when comparing all 

four EA groups) or a Mann-Whitney U test (when comparing those at-risk of LEA to 

those reporting perceived adequate EA). A one-way ANOVA was selected to 

analyse mean scores on the measure of compulsive exercise (CET), with significant 

effects explored using post-hoc Tukey tests (when comparing all groups), or 

independent t-tests (when comparing LEA groups combined and EA-Adequate). 

Finally, to test H3 and explore potential associations between subjective appraisals of 

LEA, psychological stressors and measures of eating and exercise psychopathology, 

a series of Spearman’s Rho correlation coefficient tests were conducted. 

Hereafter, data that were normally distributed are presented as mean 1 

standard deviation (SD), and data that were of a non-normal distribution are 

presented as median and interquartile range (IQR). Descriptive and frequency 

statistics for the sample and each group classification are reported in Table 6.2 (p.  

170). The level of statistical significance was set at p  .05.  
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 Results 

6.3.1 Perceptions of Energy Intake and Exercise Energy Expenditure 

In response to the question item regarding perceived EI (see p. 163), 75.1% 

(n = 133) of the sample reported that they felt their EI was sufficient (n = 106, 

59.9%), or more than sufficient (n = 27, 15.2%) to support their exercise and/or 

sporting activity. In contrast, 19.2% (n = 34) of respondents did not feel they 

consumed enough to support their exercise and/or sporting activity, and 5.7% (n = 

10) of participants reported being unsure. In response to the question item regarding 

their EEE, (see Table 6.1, p. 163) 58.8% (n = 104) of the sample reported that they 

felt they did sufficient exercise, 27.1% (n = 48) felt they did not do sufficient 

exercise, 10.7% (n = 19) felt that they did too much exercise, and 3.4% (n = 6) were 

unsure. 

6.3.2 Energy Availability  

 Participants were divided into four groups, based on their response to the EA 

question item (see Table 6.1, p.163). Based upon their subjective EA appraisals, 

58.8% of the total sample (n = 104) were classified as being at heightened risk of 

LEA, with the remaining 41.2% (n = 73) considered to be at low risk of LEA (i.e., 

reported perceived adequate EA). Of those 104 participants considered at heightened 

risk of LEA, 20.2% (n = 21) were classified as at-risk for psychopathological-LEA, 

46.1% (n = 48) were classified as at-risk of intentional-LEA and 33.7% (n = 35) 

were classified as at-risk of inadvertent-LEA. Across all groups, with the exception 

of the psychopathological-LEA group, there were more than twice as many active 

sports competitors than recreational exercisers.  
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Table 6.2  

Participant demographics for the sample based on energy availability appraisal 

 Groups by energy availability appraisal 

Variable Psychopathological 

LEA 

n (%) 

Intentional  

LEA 

n (%) 

Inadvertent  

LEA 

n (%) 

Adequate  

EA  

n (%) 

Total  21 (11.9) 48 (27.1) 35 (19.8) 73 (41.2) 

Gender      

Female  14 (7.9) 34 (19.2) 26 (14.7) 48 (27.1) 

Male  7 (4.0) 14 (7.9) 9 (5.1) 25 (14.1) 

Sport or 

exercise group 

    

Active sport 

competitors  

13 (7.3) 38 (21.5) 27 (15.3) 51 (28.8) 

Recreational 

exercisers  

8 (4.5) 10 (5.6) 8 (4.5) 22 (12.4) 

Note. Abbreviations used as follows: EA = energy availability; LEA = low energy 

availability; % = percentage of total sample. 

 

6.3.3 Eating Psychopathology 

 To determine the presence of elevated eating and exercise psychopathology 

based upon subjective appraisals of EA, all respondents first completed the EAT-26 

questionnaire exploring eating attitudes and behaviours. The mean global EAT-26 

score across the sample was 10.59 (SD = 11.01). The most common positive 

response to the behavioural items were use of exercise to control weight (n = 92, 

52.0%) and bingeing (n = 52, 29.4%), which were reported by considerably more 

participants than were self-induced vomiting (n = 6, 3.4%) and use of laxatives, diet 

pills and/or diuretics (n = 6, 3.4%). Overall, 72.9% of respondents (n = 129) 

provided a positive response to at least one of the behavioural weight control 

questions.  

 A Kruskal-Wallis test demonstrated that EA group classification had a 

significant main effect on EAT-26 global score, X2(3, N = 177) = 40.80, p < .001. As 

displayed in Table 6.3 (p. 172), post-hoc pairwise comparisons using Dunn’s test 
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with Bonferroni correction supported H1, which was that individuals classified at-

risk of psychopathological LEA would exhibit significantly higher scores for eating 

psychopathology than those classified as at an increased risk of inadvertent LEA or 

Adequate EA. The post-hoc tests revealed that the Psychopathological-LEA group 

scored significantly higher on the EAT-26 than the Adequate-EA group (p < .001), 

Inadvertent-LEA group (p < .05), and Intentional-LEA group (p < .05). The 

Intentional-LEA group also scored significantly higher than the Adequate-EA group 

(p <.01), but there were no significant differences between the Inadvertent-LEA and 

Adequate EA group (p = .10), or between the Intentional-LEA and Inadvertent-LEA 

groups (p = 1.00). H1 was also partially supported by post-hoc comparisons on the 

EAT-26 subscales, whereby the Psychopathological-LEA group scored significantly 

higher than the Adequate-EA group on all subscales, and significantly higher than 

the Inadvertent-LEA group on the dieting and bulimia and food preoccupation 

subscales (Table 6.3, p. 172). 

 When comparing participants at increased risk of LEA with those self-

reporting perceived adequate EA, a Mann-Whitney U test indicated that individuals 

classified at heightened risk of LEA scored significantly higher on the EAT-26 than 

those self-reporting perceived adequate EA, U (NLEA = 104, NAdequate EA = 73) = 

2045.50, z = -5.20, p < .001. Finally, Table 6.4 (p. 173) provides an overview of 

descriptive and frequency statistics for demographics, EA appraisals, eating 

psychopathology, and compulsive exercise among participants grouped based on 

their EAT-26 score.  A Kruskal-Wallis test determined that there were no significant 

differences between groups when categorised on this basis, in terms of age or years 

of participation in their primary sport or exercise activity.
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Table 6.3  

 Scores on the Eating Attitudes Test across the total sample and by energy availability appraisal 

 

  *Indicates a significant main effect of EA group (p <.05). **Indicates a significant main effect of EA group (p <.01).

  Groups by energy availability appraisal  

Variable 

Total sample 

(N = 177) 

Psychopathologicala 

LEA (n = 21) 

Intentionalb  

LEA (n = 48) 

Inadvertentc 

LEA (n = 35) 

Adequated  

EA (n = 73) 

Kruskal-

Wallis 

EAT-26-attitudinal questions        

 Dieting (Mdn, IQR) 4.00 ± 7.00 14.00 ± 11.00cd 6.00 ± 12.00d 4.00 ± 5.00a 3.00 ± 3.00ab 36.94** 

 Bulimia and food preoccupation (Mdn, IQR) 0.00 + 2.00 2.00 ± 4.00cd 1.00 ± 2.50 0.00 ± 2.50a 0.00 ± 0.75a 18.01** 

 Oral control (Mdn, IQR) 2.00 ± 3.00 4.00 ± 5.00bd 2.00 ± 3.00a 2.00 ± 3.00 1.00 ± 2.00a 25.11** 

 Global score (Mdn, IQR) 6.00 ± 11.50 23.00 ± 23.00d 10.00 ± 5.50d 7.00 ± 7.00 4.00 ± 5.00ab 22.30** 

  20 EAT-26 global score (n, % of group) 32 (18.1) 13 (61.9) 11 (22.9) 4 (11.4) 4 (5.5)  

 1 positive response to EAT-26 

behavioural questions (n, % of group) 
     

 

Bingeing  52 (29.4) 9 (42.9) 19 (39.6) 11 (31.4) 13 (17.8)  

Use of laxatives, diet pills, or diuretics  6 (3.4) 1 (4.8) 2 (4.2) 2 (5.7) 1 (1.4)  

Self-induced vomiting 6 (3.4) 4 (19.1) 2 (4.2) 0 (0.0) 0 (0.0)  

Exercise as weight control 92 (52.0) 17 (81.0) 26 (54.2) 21 (60.0) 28 (38.4)  

Note. Abbreviations are as follows: EAT-26 = Eating Attitudes Test. 
 a Significantly different from Psychopathological-LEA group (p <.05). 
b Significantly different from Intentional-LEA group (p <.05). 
c Significantly different from Inadvertent-LEA group (p <.05). 
d Significantly different from Adequate-EA group ( p <.05). 
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Table 6.4  

Descriptive and frequency statistics for groups based on Eating Attitudes Test global score 

Note. Abbreviations used as follows: EAT-26 = Eating Attitudes Test; CET = Compulsive Exercise Test.  
a Significantly different from EAT-26 score < 5 group (p <.05) 
b Significantly different from EAT-26 score 5 - 10 group (p <.05). 
c Significantly different from EAT-26 score 10 - 20 group (p <.05). 
d Significantly different from EAT-26 score  20 group (p <.05). 

* Indicates a significant main effect of EA group (p <.05). **Indicates a significant main effect of EA group (p <.01).

 Groups by EAT-26 global score  

Variable 

< 5 a 

(n = 61) 

5 – 9 b 

(n = 40) 

10 – 19 c 

(n = 44) 

 20 d 

(n = 32) 

Kruskal-Wallis 

X2 

Demographic variables (n, % of group)      

 Male  27 (44.3) 13 (32.5) 6 (13.6) 9 (28.1)  

 Female  34 (55.7) 27 (67.5) 38 (86.4) 23 (71.9)  

Demographic variables (M, SD)      

 Age 33.3 ± 9.7 33.9 ± 9.9 30.6 ± 8.8 30.4 ± 9.1 3.77 

 Years in primary sport or exercise activity 9.4 ± 7.3 12.3 ± 8.6 9.4 ± 8.2 11.1 ± 9.0 5.67 

Energy availability appraisal (n, % of group)      

Psychopathological LEA 1 (1.6) 4 (10.0) 4 (9.1) 12 (37.5)  

Intentional LEA 13 (21.3) 7 (17.5) 17 (38.6) 11 (34.4)  

Inadvertent LEA 10 (16.4) 9 (22.5) 12 (27.3) 4 (12.5)  

Adequate EA 37 (60.7) 20 (50.0) 11 (25.0) 5 (15.6)  

Eating and exercise psychopathology (M, SD)      

CET Global score 11.11 ± 2.38bcd 12.78 ± 2.50acd 14.8 ± 2.5ab 17.10 ± 2.66ab 73.69** 

EAT-26 global score 2.07 ± 1.35abc 6.24 ± 1.25acd 13.4 ± 3.0abd  30.59 ± 10.59abc 163.17** 
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6.3.4 Compulsive Exercise 

With regard to compulsive exercise, 31.1% of participants scored 15 for the 

CET (Table 6.5, p. 175), indicating the presence of compulsive exercise attitudes 

and/or behaviour (Meyer et al., 2016). When participants were grouped by EA 

appraisal, there was no main effect of group on CET score as determined by a one-

way ANOVA (F(3,173) = 1.30, p = .27). Thus, H2 (i.e., significantly higher levels of 

compulsive exercise will be observed among individuals classified as at increased 

risk of psychopathological LEA than those reporting perceived adequate EA) was 

not supported. There were, however, significant main effects observed on the weight 

control subscale, (F(3,173) = 3.08, p <.05) and the lack of exercise enjoyment 

subscale, (F(3,173) = 2.90, p <.05). Post-hoc Tukey tests on these subscales revealed 

that the Psychopathological-LEA group scored significantly higher than the 

Inadvertent-LEA group on the weight control subscale (p < .05), however, the 

significant main group effect on the lack of enjoyment subscale was not attributable 

to significant pairwise comparisons.  

When grouped further into respondents considered at a heightened risk of 

LEA, and those reporting perceived adequate EA, an independent samples t-test 

indicated that, on average, individuals classified at-risk of LEA (M = 13.52 , SD = 

3.33) scored higher on the CET than those classified with Adequate-EA (M = 13.03 

SD = 3.20), however, this difference, -.48[-1.47 - .50] was statistically non-

significant, t(175) = -.97, p = .33. A series of further independent samples t-tests on 

the CET subscales revealed no significant differences on any subscales between 

individuals classified at-risk of LEA and the Adequate-EA group. 
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Table 6.5  

Scores on the Compulsive Exercise Test across the total sample and by energy availability appraisal 

  Groups by energy availability appraisal 

Variable 

Total sample  Psychopathological 

LEAa 

(n = 21) 

Intentional  

LEAb  

(n = 48) 

Inadvertent  

LEAc  

(n = 35) 

Adequate  

EAd 

(n = 73) 

Compulsive Exercise Test (M, SD)      

 Mood improvement 3.98 ± 0.75 4.12 ± 0.63 4.07 ± 0.85 3.90 ± 0.58 3.91 ± 0.78 

 Weight control exercise   2.38 ± 1.09* 2.96 ± 0.98c 2.52 ± 1.15  2.12 ± 1.00a 2.27 ± 1.08 

 Avoidance and rule-driven  

 behaviour 
2.78 ± 1.15 3.07 ± 1.27 2.77 ± 1.31 2.80 ± 1.01 2.71 ± 1.08 

 Exercise rigidity 3.12 ± 0.97 3.19 ± 0.91 3.12 ± 1.04 3.35 ± 0.95 3.01 ± 0.93 

 Lack of exercise enjoyment 1.05 ± 0.66* 1.23 ± 0.51 0.89 ± 0.67 0.91 ± 0.62 1.18 ± 0.67 

 Global score 13.32 ± 3.28 14.63 ± 3.04 13.42 ± 3.79 13.06 ± 2.68 13.04 ± 3.20 

 Global score 15 (n, % group) 55 (31.1) 15 (71.4) 23 (47.9) 10 (28.6) 7 (9.6) 

Note.  
a Significantly different from Psychopathological-LEA group (p <.05). 

b Significantly different from Intentional-LEA group (p <.05). 
c Significantly different from Inadvertent-LEA group (p <.05). 
d Significantly different from Adequate-EA group (p <.05). 

*Indicates a significant main effect of EA group (p <.05). **Indicates a main effect of EA group classification  (p < .01).  
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6.3.5 Psychological Stressors 

 Descriptive statistics for all psychological stressor scores based on EA 

classification are displayed in Table 6.6 (p. 177). A Kruskal-Wallis test revealed 

significant between-group differences in scores for the total psychological stressor 

score, X2(3, N = 177) = 26.99, p < .001, and details of the follow-up post-hoc 

pairwise comparisons using Dunn’s test with Bonferroni correction are presented in 

Table 6.6 (p. 177). Group classification also had a significant main effect on the 

majority of the 12 items on the psychological stressor scale, namely: changes in 

routine (p <.01); body image (p <.001); social situations (p < .05); help-seeking for 

physical health (p <.01); help-seeking for psychological health (p <.05); 

communicating feelings to others (p <.001); decisions about energy intake (p <.001); 

and decisions about exercise volume (p <.001).  

 When respondents were grouped based on their global EAT-26 score, a 

Kruskal-Wallis test revealed that there were no significant differences on any 

psychological stressor ratings, with the exception of decisions about exercise 

volume, X2(3, N = 177) = 10.58, p = .01). Post-hoc pairwise comparisons using 

Dunn’s test with Bonferroni correction revealed that the only groups that differed 

significantly (p <.01) in their stressor score for exercise decisions were participants 

scoring below 5, and participants scoring above 20 on the EAT-26.  
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Table 6.6  

Psychological stressor ratings across the sample and by energy availability appraisal 

Psychological Stressor 

Total sample  Psychopathological 

LEAa (n = 21) 

Intentional  

LEAb (n = 48) 

Inadvertent Adequate Kruskal-

Wallis H  (N = 177) LEAc (n = 35) EAd (n = 73) 

Mdn ± IQR Mdn ± IQR Mdn ± IQR Mdn ± IQR Mdn ± IQR X2 

Lifestyle changes 6.00 ± 4.00 7.00 ± 6.50 6.00 ± 5.00 7.00 ± 2.00 6.00 ± 4.00 6.69 

Personal health concerns 4.00 ± 6.00 6.00 ± 3.50d 4.50 ± 6.00 5.00 ± 5.00 3.00 ± 5.00a 9.98* 

Sporting injury 1.00 ± 4.00 2.00 ± 5.50 1.00 ± 4.00 1.00 ± 4.00 1.00 ± 4.25 0.36 

Changes to exercise routine/training 3.00 ± 4.00 4.00 ± 5.00d 2.00 ± 5.75 4.00 ± 4.00d 2.00 ± 4.00ac 13.18** 

Body image 4.00 ± 6.00 6.00 ± 3.00cd 4.00 ± 5.00 2.00 ± 6.00a 3.00 ± 5.25a 21.48** 

Social media 2.00 ± 5.00 3.00 ± 4.00 2.00 ± 6.75 2.00 ± 3.00 1.00 ± 5.00 2.44 

Social situations 2.00 ± 4.50 3.00 ± 3.00 3.00 ± 4.75 3.00 ± 4.00 1.00 ± 4.00 9.12* 

Help-seeking for physical health 0.00 ± 2.50 4.00 ± 5.00d 0.00 ± 3.00 1.00 ± 3.00 0.00 ± 1.00a 16.89** 

Help-seeking for psychological health 0.00 ± 1.50 2.00 ± 5.00d 0.00 ± 1.00 0.00 ± 3.00 0.00 ± 1.00a 10.01* 

Communicating feelings to others 3.00 ± 5.00 6.00 ± 4.00bd 2.00 ± 5.75a 5.00 ± 7.00d 2.00 ± 4.00ac 21.59** 

Decisions about energy intake 3.00 ± 0.50 6.00 ± 3.50bcd 4.00 ± 6.00ad 3.00 ± 3.00a 1.00 ± 3.25ab 25.56** 

Decisions about exercise volume  3.00 ± 4.00 6.00 ± 2.00bd 3.00 ± 1.00a 4.00 ± 4.00d 2.00 ± 4.00ac 32.09** 

Total stressor score (/120) 35.00 ± 27.00 51.00 ± 15.00bd 38.00 ± 34.00ad 38.00 ± 32.00d 29.00 ± 24.00abc 22.64** 

Note. Abbreviations as follows: Mdn = median, IQR = interquartile range. 
a Significantly different from Psychopathological-LEA group (p <.05) 
b Significantly different from Intentional-LEA group (p <.05). 
c Significantly different from Inadvertent-LEA group (p <.05). 
d Significantly different from Adequate-EA group (p <.05).  

*Indicates a main effect of EA group classification (p <.05) **Indicates a main effect of EA group classification  (p < .01) 
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 Finally, to explore whether there were significant differences in 

psychological stressor ratings between participants at increased risk of LEA 

(Psychopathological-LEA + Intentional-LEA + Inadvertent-LEA, n = 104) compared 

to those in the Adequate-EA group, a Mann-Whitney U test was conducted (Table 

6.7). The test indicated that psychological stressor ratings were significantly higher 

(p <.05) in the increased LEA risk group than the group reporting adequate EA 

across all stressors, with the exception of injury (p = .83) and social media (p = .33). 

 

Table 6.7  

Differences in psychological stressor ratings between participants classified at 

increased risk of low energy availability and participants self-reporting perceived 

adequate energy availability 

Note. Abbreviations used as follows: Z = Mann Whitney U test statistic. 

* Indicates a main effect of EA group classification (p <.05)  

**Indicates a main effect of EA group classification  (p < .01) 

 

6.3.6 Associations Between Eating Psychopathology, Compulsive Exercise and 

Psychological Stressor Ratings 

 A series of two-tailed Spearman’s Rho correlation coefficient tests 

demonstrated significant positive correlations between eating psychopathology, 

Psychological stressor 

Increased risk 

of LEA  

(n = 104) 

Adequate 

EA  

(n = 73) 

Mann-

Whitney U  

(Z) 

Lifestyle changes 7.00 ± 4.00 6.00 ± 4.00 -2.14* 

Personal health concerns 5.00 ± 5.00 3.00 ± 5.00 -2.83** 

Sporting injury 1.00 ± 4.00 1.00 ± 4.00 -0.22 

Changes to exercise routine/training 3.00 ± 4.75 2.00 ± 4.00 -3.10** 

Body image 4.50 ± 5.00 3.00 ± 5.00 -3.23** 

Social media 2.00 ± 4.75 1.00 ± 5.00 -0.98 

Social situations 3.00 ± 4.00 1.00 ± 4.00 -2.87** 

Help-seeking for physical health 1.00 ± 4.00 0.00 ± 1.00 -3.37** 

Help-seeking for psychological health 0.00 ± 3.00 0.00 ± 1.00 -2.27* 

Communicating feelings to others 3.00 + 5.00 2.00 ± 4.00 -3.75** 

Decisions about energy intake 4.00 ± 5.00 1.00 ± 3.00 -5.11** 

Decisions about exercise volume  4.00 ± 4.00 2.00 ± 4.00 -4.60** 

Total stressor score (/100) 42.00 ± 32.00 29.00 ± 23.50 -4.39** 
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compulsive exercise score, and several of the psychological stressors (Table 6.7, p 

180). In support of H3 (that postulated eating psychopathology would have a 

significant and positive relationship with both total stressor score and individual 

psychological stressor scores), eating psychopathology was significantly and 

positively associated with psychological stress ratings on all stressors, with the 

exception of lifestyle changes (rs = .10, p = .18).  

 The strongest significant and positive correlations were observed between 

eating psychopathology and psychological stress ratings for body image (rs =.48, p 

<.001), decisions about energy intake (rs = .51, p <.001) and total stressor score (rs = 

.40, p <.001). Additionally, a weak but significant and positive correlation was 

observed between eating psychopathology and compulsive exercise scores (rs = .21, 

p <.001) and small-to-moderate significant correlations were found between global 

CET score and psychological stress ratings for changes to exercise routine/training 

(rs = .17, p <.05), and body image (rs = .18, p <.05).  
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Table 6.8  

 

Two-tailed Spearman’s Rho correlation coefficients between psychological stressor 

ratings, eating psychopathology, and compulsive exercise across the sample 

 

 Discussion 

The purpose of this quantitative phase of a mixed methods study was to 

examine eating psychopathology, compulsive exercise, and psychological stressor 

ratings in athletes and exercisers reporting differing subjective EA appraisals. 

Moreover, by seeking to distinguish between potential origins of LEA based on 

previous propositions (e.g., Nattiv et al., 2007; Loucks et al., 2011), this study 

sought to identify characteristics of individuals who may be considered at a 

heightened risk of suffering its consequences (i.e., symptoms associated with the 

Variable 

Eating 

psychopathology 

Compulsive 

exercise 

1. Lifestyle changes .10 .02 

2. Concerns about personal health .25** .15 

3. Sporting Injury .17* .16 

4. Changes to exercise routine/training .17* .17* 

5. Body Image .48** .18* 

6. Social Media .21** -.01 

7. Social Situations .18* .07 

8. Help-seeking: physical health .18* .03 

9. Help-seeking: psychological health .19* .08 

10. Communicating feelings to others .26** .08 

11. Decisions about energy intake .51** .05 

12. Decisions about exercise volume .36** .03 

13. Total stressor score .40** .16 

14. EAT-26 global score X .21** 

15. CET global score .21**  X 

Note.  
* Indicates a significant correlation (p <.05).  

** Indicates a significant correlation (p <.01). 
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Triad and RED-S). In this section, key findings pertinent to each research objective 

are discussed in relation to the extant literature, in turn. 

6.4.1 Energy Availability  

Research objective 1 (RO1) was to distinguish between individuals at a 

heightened risk of the three primary proposed origins of LEA (i.e., 

psychopathological, intentional, and inadvertent) detailed in past research (Loucks, 

2007; Nattiv et al., 2007). In doing so, this study was able to provide a prevalence 

estimate in the sample of each proposed origin based upon subjective appraisals of 

EA. A key finding was that over half (58.8%) of the study sample were classified as 

at-risk of LEA, with only 41.2% of respondents reporting perceived adequate EA. 

One explanation for this may be that the majority of the sample (n = 127, 71.8%) 

were endurance athletes, who are known to have considerably higher energy needs 

than participants in other sports and physical pursuits (Loucks et al., 2011), may 

experience appetite-suppressive effects of prolonged exercise (Deighton et al., 

2013), and commonly face additional pressures to achieve and maintain a lean 

physique (Melin et al., 2015). In turn, these factors may pose a greater threat to 

achieving adequate EA compared to participation in other activities.  

Among those classified as at-risk of LEA, the majority (n = 48, 46.2%) 

reported intentionally restricting their EI (Intentional-LEA) and/or significantly 

increasing their exercise volume in the pursuit of improved performance, but one-

third (n = 35, 33.7%) reported finding it difficult to eat enough to account for their 

exercise volume (Inadvertent-LEA). Given that athletes often underestimate their 

energy needs (Jagim et al., 2019), this is an important finding that suggests a large 

proportion of athletes and highly-active individuals could be at-risk of inadvertently 

under-fuelling, and subsequently experiencing LEA, as a result. Finally, 20.2% of 
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respondents at-risk of LEA (11.9% of the total sample) reported deliberate restriction 

of EI or significantly increased exercise volume as a result of DE or an ED.  

Overall, this work has answered recent calls for improved understanding of 

the proposed origins of LEA and highlighted that a large proportion of athletes and 

exercisers may deliberately restrict EI and/or significantly increase EEE to improve 

sport and exercise performance. They may not, however, regard these practices as 

DE behaviour, (see below) despite their responses on DE/ED screening tools 

indicating an elevated risk for developing an ED. 

6.4.2 Eating and Exercise Psychopathology 

Research objective 2 (RO2) was to compare the eating psychopathology and 

compulsive exercise scores between groups based upon subjective appraisals of EA. 

The findings pertaining to eating psychopathology are discussed first, followed by 

key results from the measure of compulsive exercise employed within this study. 

 6.4.2.1 Eating Psychopathology. With regard to the risk of eating 

psychopathology across the sample, a noteworthy finding is that although only 

11.9% of the sample self-reported DE behaviours or a diagnosed ED in their EA 

appraisal (and were thus classified as Psychopathological-LEA), 18.1% of 

respondents were classified as at-risk for an ED according to the established cut-off 

score of  20 on the EAT-26 (Garner et al., 1982). One reason for this could be a 

reluctance to disclose eating concerns among athletes and exercisers, which has been 

highlighted as a widespread limitation among prevalence studies investigating DE in 

sport and exercise (Papathomas & Lavallee, 2012a).  

Furthermore, over one-fifth (n = 11, 22.9%) of individuals classified as at-

risk for Intentional-LEA were considered at a heightened risk for an ED based on 

their EAT-26 scores. In turn, this may suggest that some individuals exhibit 
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pathological behaviour but may not perceive it as such, as reported in past research 

among male cyclists (Riebl et al., 2007) and that intentions to improve sports 

performance via restrictive eating and/or high training volumes could indeed 

exemplify DE behaviour and increase vulnerability to the development of more 

debilitating eating psychopathology. For example, Wright et al. (2014) found that 

73% of female team sport athletes were currently dieting, and 85% of athletes 

considered at increased risk for LEA (< 30 kcal/kg/FFM/day) had elevated DE, 

reporting the use of pathogenic weight control measures (e.g., meal-skipping and use 

of diet pills), which have been previously reported by athletes as preceding the onset 

of their clinical EDs (Arthur-Cameselle et al., 2017).  

In contrast to the Intentional-LEA group, only 11.4% of individuals classified 

at-risk of Inadvertent-LEA scored  20 on the EAT-26, but 34.4% of this group 

scored between 10 and 19, which may be indicative of sub-clinical DE (Garner et al., 

1982). Previous research with female athletes observed that scores between 10 and 

19 on the EAT-26 were associated with a significantly higher (p = .02) prevalence of 

menstrual dysfunction compared to individuals with a score below 10 (Prather et al., 

2015). In turn, this emphasises the importance of screening for individuals at-risk of 

inadvertent LEA, as they too may still possess characteristics indicative of 

psychological concerns that could present further barriers to achieving optimal EA. 

Consequently, implementing current recommendations for the treatment of 

inadvertent LEA (i.e., nutrition education alone is sufficient; De Souza et al., 2014) 

may not resolve all potential underlying causes of LEA.  

Another noteworthy finding was that a high proportion (72.9%) of the total 

sample reported engaging in at least one pathological weight control behaviour 

within the past 28 days, which is concerning given that the adoption of weight 
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control strategies (i.e., restrictive eating/dieting) has been found to precede the onset 

of more severe clinical eating psychopathology in athletes (Arthur-Cameselle et al., 

2017). Furthermore, the most commonly reported weight-control behaviour was 

exercise as a means to lose or control weight (reported by 52.0% of the sample), 

despite only 27.1% of the sample identifying as having recently engaged in 

intentional energy restriction or significantly increased exercise, according to their 

EA appraisal (Intentional-LEA). This finding aligns with past research among both 

elite and recreational athletes, whereby 65% and 66% of participants provided a 

positive response to the EAT-26 exercise as weight control item (Kong & Harris, 

2015). Owing to the large proportion of individuals participation in endurance sport, 

however, a high prevalence of pathogenic weight control behaviours is perhaps not 

surprising (Werner et al., 2013). 

6.4.2.2 Compulsive Exercise. The scores for compulsive exercise across the 

sample suggest that almost one-third (31.1%) of participants may be at a heightened 

risk of developing LEA even in the absence of eating psychopathology (i.e., CET 

global score 15). The risk of LEA in a larger sample of recreationally-active 

women (N = 833) was found to be 1.06 times higher for every additional hour the 

women spent exercising (Logue et al., 2018). Although exercise volume was not 

quantified within the current study, the mean global CET score (M = 13.32), as well 

as scores on both the avoidance of negative affect and rule-driven behaviour 

subscale (M = 2.78), and exercise rigidity subscale (M = 3.12) were slightly higher 

than norm values for athletes (global M = 12.85; avoidance and rule-driven 

behaviour, M = 2.51; rigidity, M = 3.00; Plateau et al., 2014). Higher scores on the 

avoidance and rule-driven behaviour subscale indicate persistent exercise through 

injury and illness, withdrawal upon exercise cessation, and guilt if unable to 
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exercise, while higher scores on the exercise rigidity subscale reflects a highly 

inflexible and repetitive exercise schedule (Meyer et al., 2016).  

Similar exercise behaviours were also frequently reported by athletes in both 

Chapters 4 and 5 who had experienced symptoms of RED-S, suggesting that the 

scores for compulsive exercise in the current study could indicate a heightened risk 

of LEA, even in the absence of eating psychopathology. More specifically, the 

participants’ engagement in high levels of exercise alone may create an energy 

deficit that is difficult to restore, making it harder to achieve and maintain optimal 

EA. In turn, further research using methods that can generate more in-depth insights 

into exercise behaviours is, however, required to substantiate these assertions. 

6.4.3 Psychological Stressors 

 As outlined in Chapter 2 (p. 44), there has been tentative evidence to suggest 

that psychological stress may be both a precursor to LEA, and/or a consequence of 

LEA, which is a contention held by the RED-S conceptual framework (Mountjoy et 

al., 2014). The third research objective (RO3) was to explore ratings of 

psychological stress associated with the stressors identified as sources of 

psychological conflict in the management of EA among female endurance athletes in 

Chapter 5, within a more diverse sample, in order to identify sources of 

psychological stress that may indeed be associated with LEA. In the current study, 

the highest ratings of stress across the sample were provided in response to lifestyle 

changes, body image and weight concerns, and personal health concerns, suggesting 

that these stressors are regarded as particularly stressful among broader exercising 

populations beyond endurance sport settings. Although a causal relationship between 

stressors and EA appraisals could not be established in the current study, it could be 

that the eating and exercise behaviours reported (i.e., within individual EA 
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appraisals) are adopted as coping strategies for these stressors as has been previously 

hypothesised among women presenting with FHA, a condition underpinned by LEA 

(e.g., Berga, 2019; Pauli & Berga, 2010).  

 A particularly salient finding was that eating psychopathology was 

significantly and positively associated with all stressors other than lifestyle changes, 

suggesting that the stressors identified in the previous empirical chapters could well 

be inherently linked to DE attitudes and behaviours. Furthermore, compulsive 

exercise was significantly and positively associated with stressor ratings for changes 

in routine and body image and weight concerns, suggesting that these are two 

important factors which could ultimately initiate high EEE and subsequent LEA. 

Furthermore, those classified at heightened risk of LEA scored significantly higher 

on all psychological stressors than participants self-reporting Adequate-EA, 

suggesting that psychological stress may indeed be associated with behaviours that 

have the potential to initiate LEA as proposed by Mountjoy et al. (2014).  

 Finally, as with all other study measures, there were no significant 

differences observed between the stressor scores reported by the Intentional-LEA 

and Inadvertent-LEA groups. This is an interesting finding given that these proposed 

origins are thought to differ considerably in their presentation (i.e., intentional LEA 

is planned and purposeful whilst inadvertent LEA is most likely accidental; Loucks, 

2020). This highlights the need for further qualitative investigation into why and 

how these similarities may exist. 

6.4.4 Limitations and Future Directions 

 There are a number of limitations within the current study that must be 

acknowledged. First, a key limitation of the current study concerns the use of the 

EAT-26 as a measure to explore eating psychopathology within exercising 
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populations. The EAT-26 has demonstrated good specificity and moderate 

sensitivity to discriminate between subjects with and without an ED (Rivas et al., 

2010) and is one of the most widely used measures of symptoms associated with 

eating psychopathology (Beals, 2004). Despite this, the EAT-26 was not designed 

specifically for use in exercising populations, and normative data across a variety of 

sport and exercise contexts is lacking, thus making it difficult to compare the scores 

of the participants to broader sport and exercise populations.  

 Moreover, whilst all of the Psychopathological-LEA group subjectively 

identified as recently restricting their EI and/or significantly increasing their energy 

expenditure due to an ED or DE, 23.8% (n = 5) of the group scored below 10 on the 

EAT-26 measure, which has been suggested to sufficiently discriminate between 

individuals with normal eating attitudes and behaviours, and sub-threshold cases of 

DE (Rosendahl et al., 2009). In turn, this demonstrates the shortcomings of utilising 

quantitative methodologies in isolation as they offer limited insight into the direction 

of the relationships and extent of the differences, or indeed similarities, observed 

across the sample and between groups. Finally, despite seeking to recruit form a 

broader range of sports and exercise activities, the sample was comprised of 

predominantly female endurance athletes. The predominance of individuals engaging 

in endurance-based sport and exercise may have contributed to the high proportion 

of individuals reporting weight control methods and classified as LEA based upon 

their subjective appraisals. In light of these limitations, future research could make 

use of alternative methodologies, such as focus groups or interviews, that can 

provide more detailed understandings of cognitive, affective, and resultant 

behavioural responses to psychological stressors, in the apparent absence of eating 

psychopathology, with view to elucidating factors that may contribute to the 
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comparatively under-researched proposed origins of LEA.  

 A final limitation regards the development and analysis of the psychological 

stressor scale. The scale was not a validated measure of psychological stress and 

stressors were predominantly analysed as single-items measures, which can be 

susceptible to random errors. For example, a respondent in the current study selected 

an answer in the EAT-26 by accident that directly opposed the answer they meant to 

select (see Chapter 7) and this error may not have been corrected had the participant 

in question not participated in the subsequent qualitative study. Such measures can 

also be seen to oversimplify complex issues to a single statement or question, 

therefore, utilising validated measures (e.g., psychometric inventories) may have 

provided a more comprehensive measure of psychological stress. Despite their 

evident limitations, using single-item measures can significantly reduce the time 

burden of questionnaires and survey-based methods (Konrath et al., 2014), but future 

research should seek to develop psychometrically robust measures.  

 Conclusion 

This quantitative study sought to examine eating psychopathology, 

compulsive exercise and psychological stressors in athletes and exercisers reporting 

differing subjective EA appraisals. In doing so, it revealed that athletes and 

exercisers classified as being at an increased risk of LEA demonstrated significantly 

higher eating psychopathology, and ratings of psychological stress associated with 

the majority of stressors identified in Chapter 5, compared to those reporting 

perceived adequate EA and observed a significant positive correlation between total 

psychological stressor score and eating psychopathology. These findings suggest that 

the psychological stressors investigated in the current study may be of particular 

salience to individuals with DE/ED, however, additional qualitative insights are 
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necessary to elucidate into how and why these stressors may be related to eating and 

exercise behaviours. Therefore, by further exploring stressors influencing eating and 

exercise behaviours in a group of individuals without apparent eating 

psychopathology, important insights into psychological factors that may contribute 

to LEA could be gained, and this, in turn could help to prevent more severe and 

long-term consequences of chronic energy deficiency.
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: EXPLORING FACTORS CONTRIBUTING TO  

PERCIEVED LOW ENERGY AVAILABILITY IN THE  

APPARENT ABSENCE OF EATING PSYCHOPATHOLOGY 

The primary aim of this thesis was to explore the psychological experience of 

low energy availability in sport and exercise. Findings from the previous empirical 

chapters suggest that the occurrence of LEA may be far more complex and 

multifaceted than the extant psychology literature suggests. Chapters 4 and 5 

revealed that irrespective of whether the initiation of LEA was intentional, the 

ensuing consequences of LEA may be perceived as beneficial for performance or 

aesthetic goals. In turn, this has the potential to perpetuate a chronic cycle of under-

fuelling and/or excessive exercise. As participants in Chapters 4 and 5 reported the 

subsequent development of more severe eating pathology, it was difficult to 

distinguish whether experiences of LEA that occurred in the presence or absence of 

dysfunctional eating and/or exercise behaviour. Consequently, Chapter 6 sought to 

examine eating psychopathology, compulsive exercise and psychological stressors in 

athletes and exercisers reporting differing subjective EA appraisals. Accordingly, the 

current chapter aims to provide further explanation of the quantitative results in 

Chapter 6, by generating richer insights into factors that may influence the initiation 

and maintenance of LEA by sampling individuals without known eating 

psychopathology. 
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 Introduction 

 The contention that LEA can occur for a variety of reasons, which may or 

may not feature pathological eating and exercise behaviours, has been widely-

acknowledged within the field of EA research for more than a decade (Loucks, 2007; 

Nattiv et al., 2007). Despite numerous recent publications continuing to assert that 

there are seemingly distinct causes (i.e., psychopathological, intentional, inadvertent, 

and social; Loucks, 2020), current understanding of the psychological mechanisms 

underlying these origins remains limited. Improving knowledge of these proposed 

origins is vital in identifying whether early-intervention strategies could be used in 

those with LEA to prevent more longer-term, serious consequences.  

 For example, it has been suggested that, for individuals who have not been 

diagnosed with a clinical ED, treatment efforts may be as simple as encouraging 

increases in caloric intake and the provision of dietetic support to encourage sport-

specific improvements in eating habits (e.g., ‘eating by discipline’ whereby pre-

planned amounts of specific foods are consumed at specific times; Loucks, 2020). 

Chapters 4 and 5, however, revealed that the disparity between seemingly harmless 

periods of unintentional energy deficiency and more concerning intentional 

modifications to EI and expenditure may be less pronounced than has been 

previously proposed, and that a rigid eating pattern in and of itself could perpetuate 

DE cognitions and behaviours. 

 By endeavouring to identify the prevalence of the perceived main origins of 

LEA among athletes and exercisers, Chapter 6 was better able to detect potential 

cases of inadvertent and intentional LEA that appear to exist in the absence of 

DE/ED than had been possible in the previous empirical chapters. Notably, 

individuals self-reporting intentional increases in exercise volume and/or deliberate 
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restriction of EI with a view to improving athletic performance (Intentional-LEA) 

and those reporting difficulty accounting for their exercise volume with adequate EI 

(Inadvertent-LEA) shared many characteristics with regard to eating and exercise 

behaviours. For example, the majority of participants in both groups did not meet the 

cut-off for compulsive exercise or increased risk of eating psychopathology. Despite 

this, a high proportion of respondents in each group (56.3% and 31.4%, respectively) 

reported using exercise as a weight control strategy. This finding warrants further 

exploration since past research has indicated that a desire to control or reduce weight 

to improve sports performance is accompanied by an increase in DE (e.g., Krentz & 

Warschburger, 2013; Martinsen et al., 2010). This finding also supports concerns 

raised by past research indicating that DE/ED criteria are not a sufficiently sensitive 

clinical marker of LEA/RED-S (Melin et al., 2015).  

 Additionally, Chapter 6 revealed a significant positive correlation between 

total psychological stressor score and eating psychopathology. With regard to the 

Intentional-LEA and Inadvertent-LEA groups, the majority of stressors appeared to 

elicit a similar degree of psychological stress for both groups, which was 

significantly lower than that reported by individuals in the psychopathological-LEA 

group. This could suggest that the psychological stressors identified in Chapter 5, 

and subsequently incorporated into the survey in Chapter 6, may be of particular 

pertinence to individuals with eating psychopathology, however, such inferences are 

merely speculative in the absence of qualitative insights that could shed further light 

on how and why these stressors may be related to adverse eating and exercise 

behaviours. As such, future research that seeks to further elucidate the psychological 

experience of inadvertent and intentional LEA in the apparent absence of DE, and 

how these can be overcome, could be invaluable in further understanding these 
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comparatively under-researched proposed origins of energy deficiency in athletes 

and exercisers alike.  

Research concerning the eating habits of athletes and exercisers not 

diagnosed with a clinical ED has, to date, tended to focus on the perspectives of 

professionals (e.g., Cherian et al., 2020; Bentley et al., 2019), or on nutrition 

knowledge and specific nutrient intake (Bentley et al., 2021) as opposed to wider 

psychological factors influencing food choices, EI, and its association with EEE 

(e.g., Hinton et al., 2004). A small number of cross-sectional studies have, however, 

provided additional evidence to suggest that exercising individuals may not meet 

their energy requirements due to a lack of a compensatory increase in appetite 

following exercise (e.g., Deighton et al., 2013; Hagobian et al., 2013). Furthermore, 

in a review of questionnaires that have been used as measures of LEA and RED-S in 

athlete populations, Sim and Burns (2021) concluded that whilst such instruments 

appear largely effective in identifying intentional energy restriction, they seem to be 

less effective at capturing inadvertent failure to account for energy expenditure with 

adequate intake. In contrast to the numerous cross-sectional investigations of LEA 

within the sport and exercise literature, relatively few studies have sought to explore 

qualitatively factors influencing the onset of LEA and additional factors exclusive of 

DE/ED.  

Among the few studies to have conducted interviews exploring experiences 

of LEA to date, Thorpe and Clark (2020) highlighted that elite female endurance 

athletes experience a multitude of socio-cultural pressures that may contribute to the 

onset of energy deficiency; however, the experiences of male athletes and exercisers 

remain poorly documented in the extant literature (Schofield et al., 2020b). 

Consequently, any further research that explores inadvertent and intentional LEA 
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should seek to recruit males and females. Furthermore, it is important that such 

investigations are conducted with samples reporting the apparent absence of eating 

psychopathology explore additional factors that may influence the adoption of 

restrictive eating behaviours and/or excessive exercise. Given that qualitative 

methods are well-suited to describing and analysing “routine and problematic 

moments and meanings in individuals’ lives” (Denzin & Lincoln, 2005, p.4), a 

qualitative approach could help to generate richer insights into experiential 

differences between individuals who report contrasting origins of LEA, especially in 

terms of its onset and maintenance. In turn, this could shed further light on eating 

and exercise behaviours that increase vulnerability to LEA and enable earlier 

detection of individuals at risk of developing long-term health and performance 

consequences.  

  To build upon the findings in Chapters 4 and 5 and further explore 

quantitative findings detailed in Chapter 6, the current study aimed to explore 

qualitatively potential mechanisms contributing to perceived intentional and 

inadvertent LEA by sampling endurance athletes and exercisers without known 

eating psychopathology. In turn, this study sought to address limitations of Chapters 

4 and 5, by attempting to isolate experiences of intentional or inadvertent LEA that 

could not be extricated from existing eating psychopathology in previous chapters. 

By enhancing understanding of factors that may distinguish differing origins of 

LEA, and generating a more comprehensive evidence base into the breadth of origins 

of LEA, this could enable earlier identification of individuals at risk of its 

consequences, and subsequently inform the development of interventions to support 

individuals in maintaining optimal EA. 
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 Methods 

7.2.1 Research Approach 

The current study comprised the qualitative (intensive, see p. 79) phase of the 

sequential explanatory mixed-methods study introduced in Chapter 6. Semi-

structured interviews were utilised to further explore, analyse, and elaborate upon the 

results of the initial questionnaire, which represented the quantitative (extensive) 

phase of the research. It has recently been suggested that utilising both 

questionnaires and interviews could prove valuable in providing further insights into 

individual attitudes, beliefs, and behaviours towards fuelling for training and sports 

performance (Schofield et al., 2021). As such, the final interview guide (Appendix 

D: Research Instruments pp. 330-337) was informed by key findings in Chapter 6, 

namely, the similarities observed between individuals in the Intentional-LEA and 

Inadvertent-LEA group classifications in order to understand potential mechanisms 

underlying these causes of LEA in the apparent absence of eating psychopathology. 

7.2.2 Participants 

A criterion-based sampling strategy was employed (Haase, 2011) to recruit 

information-rich cases (Patton, 2014). In the first phase, 177 participants completed 

an online questionnaire exploring subjective appraisals of EA and psychological 

stress, with the findings of this study reported in Chapter 6. The inclusion criteria for 

the current study were that participants: (a) provided consent to be contacted for a 

follow-up interview via email, (b) were classified as at-risk of intentional LEA or 

inadvertent LEA based upon their EA appraisal provided in the initial survey, (c) 

reported a global EAT-26 score < 20 (i.e., decreased risk of ED), and (d) reported an 

endurance pursuit as their primary sport/exercise activity.  
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The reasons behind the decision to recruit endurance-trained individuals were 

threefold. First, endurance-trained individuals accounted for the 68.9% of the total 

questionnaire responses detailed in Chapter 6. Second, individuals engaging in 

endurance pursuits are at a heightened risk of LEA due to increased EEE, and sports-

specific pressures of achieving a lean physique (Loucks, 2007). Third, Chapters 4 

and 5 explored the experiences of endurance athletes only, thus continuing with this 

focus was considered to facilitate subsequent synthesis and comparison of all 

empirical findings (Chapter 8).  

It was originally intended to recruit participants who scored below the CET 

cut-off score (< 15), as it not only indicates lower levels of compulsive exercise, but 

also a lower risk of concomitant eating psychopathology (Taranis et al., 2011). Due 

to the underrepresentation of participants identifying as male in Chapters 4 and 5, 

and in the wider LEA literature (e.g., McGuire et al., 2020), however, a purposeful 

effort was made to recruit a number of male participants, and only two males 

meeting all five initial criteria (including CET < 15) accepted the invitation to 

participate in an interview (see below). 

A total of 36 participants met all aforementioned inclusion criteria (including 

CET < 15; female = 15, male = 11). From this group, 18 individuals (male = 9, 

female = 9) were randomly-selected and invited by email to participate in a semi-

structured interview exploring their initial questionnaire responses, and subjective 

appraisals of EA over time. Nine individuals (female = 2, male = 7) declined the 

invitation or did not respond to the email communication and the remaining 9 

respondents (female = 7, male = 2) expressed a willingness to participate in an 

interview. With view to increasing the number of males represented within this 

research and the overall sample size to one deemed large enough to provide “a new 
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and richly textured understanding of experience” (Sandelowski, 1995, p.183) and 

conducting interviews that are to be analysed using thematic analysis (Smith & 

Sparkes, 2013), 5 participants meeting the initial three criteria, but exceeding the 

CET cut-off score ( 15; see Table 7.1, p. 202), were invited to participate in an 

interview. Overall, 4 additional respondents  (male = 2, female = 2) provided their 

consent to participate.  

Overall, thirteen respondents (female n = 9, male n = 4; M age = 35.23 years, 

SD = 8.57) participated in this qualitative phase of the research. Interviews were 

conducted between nine- and 15-weeks following completion of the initial 

questionnaire (Chapter 6; M duration = 13 weeks) via Microsoft Teams (n = 9) and 

Zoom (n = 4) online video-conference platforms and audio-recorded using a 

Dictaphone.  

7.2.3 Procedures 

Following analysis of the quantitative data in Chapter 6, and regular 

discussions between the researcher and primary supervisor, an interview guide was 

developed (Appendix D: Research Instruments, pp. 330-337) to explore perceptions 

of intentional and inadvertent LEA among athletes and exercisers engaging in 

endurance pursuits without apparent eating psychopathology. The questions were 

formulated and subsequently clustered into five broad topics: (a) appraisals of EA in 

the intervening period since questionnaire completion; (b) barriers to adequate EA if 

participants’ subjective appraisal remained unchanged from inadvertent or 

intentional LEA; (c) reasons for changes in EA appraisals, if applicable; (d) whether 

participants had experienced any physical or psychological consequences of changed 

dietary/exercise behaviours; and (e) psychological stressors that might be perceived 

to influence daily EA, including those that had featured in the questionnaire. 
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Individualised probing questions (e.g., “in your questionnaire you selected the 

statement ‘I think I have been eating enough to account for my exercise and/or 

sporting activity’. How would you currently appraise your energy intake?”) were 

used at times to re-familiarise participants with the initial questionnaire items and 

some of the answers that they had provided previously.  

An external company was sourced to carry out interview transcription. The 

University of Lincoln Supplier Data Processing Terms Checklist was first checked 

against the company’s data management policy and interview recordings were  

transferred via a secure link to a OneDrive folder that could only be accessed by the 

researcher and designated member of the transcription company. Completed 

interview transcripts were then shared with the researcher within the restricted-

access OneDrive folder. Due to the outsourcing of interview transcription, the 

researcher made a conscious effort to maintain detailed reflective notes following 

each interview (see Appendix E: Reflective Diary Extracts, p. 363) to retain key 

information about each of them, ahead of receiving the completed transcripts. 

7.2.4 Data Analysis 

Data were analysed following guidelines for reflexive thematic analysis 

(Braun & Clarke, 2019). First, whilst data collection was still ongoing, the researcher 

listened back to audio recordings of completed interviews, to gain a sense of the 

extent to which the data were addressing the primary research objective, and to 

consider key ideas and identify potential patterns across the completed interviews. 

Upon receipt of all complete interview transcripts, each transcript was read, and 

subsequently re-read in the order that they had been conducted, to aid familiarisation 

with the dataset. The researcher also referred back to her reflective notes that had 

been recorded following each interview.  
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Next, preliminary codes were identified within each transcript, generating a 

list of codes for each participant. These lists were inputted into a spreadsheet and 

subsequently printed and cut out manually, enabling the researcher to become 

familiar with the dataset and have the flexibility to continually rearrange and cluster 

codes throughout theme generation and refinement. The coding process generated a 

total of 211 codes across the 13 transcripts, which were further condensed into 108 

codes following the manual clustering of duplicates and codes that appeared almost 

identical in their wording and interpreted meaning (e.g., “hard to take rest day” and 

“uncomfortable reducing training load”). These codes were further grouped to 

generate preliminary themes, within which a number of subthemes were identified 

that provided further structure to the themes and reflected different elements of the 

same central concept. 

Once themes had been generated, reviewed, and refined, themes that 

collectively described topics central to the research objective were further grouped 

into four overarching themes, which are presented within the Results (see p. 200). 

These overarching themes were named and interpreted in relation to existing theory 

regarding the proposed origins of LEA (i.e., intentional LEA, inadvertent LEA; 

Loucks et al., 2007; Nattiv et al., 2007), enabling the findings to offer further 

insights into the potential mechanisms at play, not only in the development and 

maintenance of LEA, but also the perceived reinstatement of optimal EA. 

7.2.5 Trustworthiness 

There are a number of ways in which notions of credibility of research were 

addressed in the current study. First, meetings were held between the researcher and 

supervisors to discuss the quantitative findings and consider the findings of Chapters 

4 and 5, with a view to further refining the study aim and developing the interview 
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guide (as described above in section 7.2.3). Second, by conducting interviews with 

participants who took part in the element of the research detailed in Chapter 6, 

corrections to the quantitative results were made possible (i.e., a ‘surprising’ 

questionnaire response was recorded to EAT-26 behavioural question, with the 

participant subsequently confirming they had selected the ‘wrong’ response, by 

accidentally selecting a response that did not accurately represent their eating 

behaviour). Finally, the results, presented in the following section, provide rich 

textual accounts of each research theme, which are represented by in-depth 

participants quotes. It was hoped that these evocative accounts strengthen the 

transferability of this research, such that they resonate with the reader’s experience 

and/or the reader might consider the ways in which themes relate to their own lives. 

 Results 

 The sections that follow present an overview of the four overarching themes 

generated from the interview data: (a) factors contributing to intentional LEA; (b) 

factors contributing to inadvertent LEA; (c) reasons for perceived continued LEA; 

and (d) reasons for perceived improvements in EA. An in-depth description of the 

themes and subthemes within each summary, is presented. Verbatim quotes are used 

throughout, to amplify the voice of participants, who are hereafter referred to by 

pseudonyms. The qualitative interviews sought to explore factors that may give rise 

to intentional and inadvertent LEA in the apparent absence of eating 

psychopathology, thus participants were recruited on the basis of EA appraisals 

reported in the initial questionnaire. During their interviews, however, five 

participants reported either a previous ED diagnosis, or self-reported past 

experiences of DE attitudes and behaviour (e.g., body dissatisfaction, food-

associated guilt, avoidance of particular food groups). Conversely, when appraising 
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their overall EA at the time of interview, 10 of the 13 participants reported 

favourable changes in perceived EA since their initial questionnaire (Table 7.1, p. 

202). As the majority of participants had changed their EA appraisal at the time of 

interview, sections 7.3.1 and 7.3.2 represent accounts of inadvertent and intentional 

LEA amongst all participants who reported them, either in their initial questionnaire, 

or when reflecting on previous experiences of LEA. 



 202 

Table 0.1  

Participant demographics and subjective appraisals of energy availability over time 

Note. Abbreviations used as follows: CET = Compulsive Exercise Test; EA = energy availability; EAT-26 = Eating Attitudes Test; LEA = low energy 

availability. 

Demographic information Participation in sport or exercise Subjective appraisals of energy availability over time Eating and exercise attitudes 

Participant 

pseudonym Gender Age 

Primary sport or 

exercise activity 

Duration of 

participation 

(years) 

EA appraisal 

(questionnaire) 

EA appraisal 

(interview)  

Past  

experience  

of LEA 

EAT-26  

global score 

CET  

global score 

Patrick Male 36 Athletics 27.00 Inadvertent Adequate Intentional 13.00 8.20 

Samuel Male 40 Running 1.00 Intentional Adequate Inadvertent 1.00 17.60 

Leanne Female 35 Swimming 13.00 Intentional Adequate Inadvertent 6.00 12.00 

Kris Male 50 Cycling 20.00 Intentional Intentional Intentional 7.00 16.80 

Alison Female 26 Climbing 8.00 Intentional Inadvertent Psychopathological 2.00 14.60 

Gareth Male 30 Triathlon 5.00 Intentional Inadvertent Psychopathological 6.00 12.40 

Kiera Female 23 Swimming 13.00 Intentional Intentional Intentional 7.00 14.80 

Annie Female 28 Running 15.00 Inadvertent Inadvertent Intentional 13.00 15.80 

Harriet Female 43 Running 15.00 Inadvertent Adequate Psychopathological 7.00 15.00 

Carys Female 47 Running 11.00 Inadvertent Inadvertent Intentional 5.00 7.80 

Nicole Female 35 Running 25.00 Inadvertent Adequate Psychopathological 9.00 14.20 

Bethany Female 24 Climbing 16.00 Inadvertent Inadvertent Intentional 9.00 14.80 

Aria Female 33 Running 7.00 Inadvertent Inadvertent Psychopathological 5.00 13.20 
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7.3.1 Factors Contributing to Intentional Low Energy Availability 

 The theme, it’s all under control, captured intentional efforts to reduce body 

size or weight in the pursuit of improved sports performance or the fulfilment of 

personal ambitions (i.e., aesthetic goals). These efforts were characterised by rigid 

and restrictive eating patterns and regimented training schedules with high exercise 

volume. Psychological stressors that appeared to shape the adoption of such 

behaviours reflected a sense that participants were living up to expectations. This 

encompassed internal and external pressures to subscribe to an ‘athlete image’ and 

adhere to social norms common within their sporting culture. Kiera, for example, 

described how she strove to think and behave in a manner she believed was expected 

of an athlete within her sport: 

If you’re eating like a swimmer but not swimming like a swimmer, you’re 

going to put on weight… but if you start swimming like a swimmer and 

eating like a swimmer, it’s [body weight] just going to fall off. That then 

transfers into training performance, which transfers into race performance. 

Figure 0.1  

Factors contributing to subjective appraisals of intentional and inadvertent low 

energy availability 

Sticking to 

the plan   

Factors contributing to intentional and inadvertent LEA  

Intentional LEA: 

It’s all under control 

Inadvertent LEA:  

Failing to redress the balance 

Living up to 

expectations 
A lack of 

resources  

No such 

thing as 

enough 

Too little 

too late 
Less is 

more 



 204 

Social comparison was frequently cited as another psychological stressor 

influencing EI and expenditure. Platforms that presented opportunities for 

comparison, such as social media and exercise tracking applications, appeared to 

provoke psychological discomfort, as two participants explained: “comparing what 

I’ve been doing to peers in the same sport as me and thinking, ‘oh, Christ, am I 

doing the right thing? Am I doing enough of it?’” (Gareth); “I had decided that 

Strava wasn’t for me as it makes me compare myself to other people and I just didn’t 

have a healthy relationship with it” (Harriet). Moreover, Nicole described how she 

would compare herself to others on the start-line of a race: “you’re all wearing little 

skimpy shorts and skimpy vests so you can see each other’s bodies in quite a lot of 

detail, so there are a lot of opportunities to compare body shapes and body types”. 

 A combination of these pressures appeared to culminate in the adoption of 

restrictive eating behaviours and deliberate increases in overall energy expenditure, 

including sport-specific training load and leisure time physical activity (i.e., cycling, 

walking). Attitudes and behaviours relating to EI were captured within the subtheme 

less is more. Some individuals described deliberate restriction, or complete 

avoidance, of particular food groups and macronutrients, driven by a belief that 

consuming less would ultimately translate to carrying lower body weight, which, in 

turn would improve endurance performance:  

Basically, around one month before a race, I would cut out food that might 

have more calories or maybe higher fats and I learnt that when I cut two or 

three things out I get my weight back down, so it’s pretty handy. (Patrick) 

 

Some individuals reported extended periods of fasting (“I was fasting so 

would pretty much go a large portion of the day without eating” -Bethany) or an 

intense focus on metrics, be it body mass and fat percentage, or performance figures, 

as Kris described: “I weigh myself all the time and monitor my watts per kilogram, 
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because you need to increase your power output but also reduce your weight”. 

Others, including Nicole, referred to the concept of a ‘racing weight’, at which they 

perceived their physical performance would be optimal, making them lighter, faster, 

or more efficient: “It’s a tricky one because you do need to be like a certain racing 

weight... it’s a thing, isn’t it? There’s an evidence base around it, so there’s a certain 

amount of a balance there, to strike.” 

 These performance-related weight beliefs (i.e., “I know I’d be a faster runner 

if I was lighter” – Leanne), appeared to subsequently impact exercise attitudes and 

behaviours, which were represented by the subtheme sticking to the plan. These 

behaviours included increases in the structure and volume of exercise sessions for 

those pursuing competitive sport-specific goals, and a focus on ‘burning-off’ 

calories, and increased energy expenditure for others motivated to enhance their self-

image or achieve aesthetic goals. For example, Gareth described ‘gearing up’ for a 

competitive period of racing within his sport of triathlon: “I did more structured, 

committed training and I started thinking about more kind of, I guess, number-led 

concepts, like power-to-weight ratios and things like that”. Samuel, who reported 

engaging mainly recreationally in his sport of distance running and competing in 

mass participation events from time to time, described how running also served as a 

means to control or modify his body weight: “so I always do weight loss by 

increasing my exercise rather than dieting too much and reducing intake”.  

7.3.2 Factors Contributing to Inadvertent Low Energy Availability 

 Inadvertent under-fuelling through intensified training loads and additional 

lifestyle physical activity was commonly reported, not only by those classified at risk 

of inadvertent LEA in Chapter 6, but across the majority of the sample (84.6%, n = 

11). In contrast to intentional under-fuelling and/or excessive exercise that appeared 
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to be regular, sustained behaviours for some participants, as detailed in the previous 

section, unintentional perceived LEA reflected more transient periods of time, such 

as busy and stressful situations that altered participants’ usual daily routine(s). These 

situations appeared to be psychologically (e.g., work or academic demands) or 

physiologically (e.g., exercise/metabolic stress from high training loads, suppressed 

appetite) taxing, collectively represented a lack of resources that, in turn, ultimately 

prevented participants from consuming enough over the course of the day. As 

Bethany described: 

With regards to fuelling, if I’m not on like a certain routine, my eating habits 

get even weirder. It’s like, I don’t have breakfast, so might snack or like have 

a really late breakfast but then I’m eating lunch at like five o’clock {laughs}, 

and I’m like, ‘wait, do I have dinner too? maybe I should eat more’. 

 

 Furthermore, in periods of stress in life more generally, many described 

exercise as their ‘outlet’ or ‘coping strategy’, which further contributed to a high 

exercise volume, thus increasing the likelihood of initiating or sustaining LEA. 

Annie reported that at the start of the COVID-19 pandemic: “the injury kind of 

peaked when lockdown hit, but I just needed to run to deal with stuff. I realised that I 

don’t have many other coping strategies so that’s not ideal.” In turn, appraisals of EI 

were captured by the subtheme, too little too late, whereby participants reflected on a 

retrospective inability to account sufficiently for the body’s energy requirements 

over a short period of time (i.e., the course of a day or week). Aria reflected on a 

lack of acknowledgement of her energy needs ‘real-time’, which had led to 

unintentional under-fuelling over the previous year and how she sometimes still 

positively appraise the outcome of this behaviour: 
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There’s a little part of me that likes the fact I don’t up my eating dramatically 

more when I’m training really hard, and that’s linked to thoughts around, 

‘well if I eat the same amount, but I’m training harder, I’ll lose a little bit of 

weight, I’ll get a little bit leaner, that might help my running’.  So it’s not a 

conscious thing to eat the same amount, but there is part of my brain that 

likes it when I do. 

 

Alison also described realising too late in the day that she should probably have 

increased her EI: 

If I run in the evenings or climb in the evenings, I get back like quite late at 

night and look at my Garmin watch and it says about 2,000 or 3,000 calories 

burned, I’m like, ‘Shit, I’ve barely eaten that today”… but then think ‘I’ll 

note it, but I’m not going to cook a 2,000-calorie meal at nine at night, I’ll 

just eat loads the next day’. (Alison) 

 

 For others, such as Gareth, failing to consume sufficient dietary intake was 

attributed to financial constraints: “I actually was struggling to afford the amount of 

food that I should be having, to the point of having to skip meals during the week”. 

Nutritional knowledge and cooking skills were also mentioned by some individuals 

as barriers to adequate EA, including by Samuel, who said: “I’m not a great cook so 

I end up eating rubbish or nothing, so yeah, I’ve definitely under-fuelled myself at 

times as a result”. Attitudes towards training/exercise load during self-identified 

periods of inadvertent LEA were such that no volume of exercise or participation 

within their primary sport or exercise activity was ever deemed ‘sufficient’ or indeed 

‘too much’ in relation to their personal goals or standards. This was captured within 

the sub-theme no such thing as enough, reflecting a belief that there was always 

more they could be doing: “you know, it doesn’t matter how much I do, I could be 

training like 1,000 miles a week and it still wouldn’t be enough” (Alison). Aria 

echoed this point: 

I never sit down and think, ‘I think I’ve done too much’. My partner will say 

to me ‘you’re really tired because you’ve done too much this week’ and I’ll 

say ‘no I should be tired, like I’m training hard, it should be tiring’ … rather 

than just saying ‘yeah okay, you’re right’.  
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7.3.3 Reasons for Perceived Continued Low Energy Availability.  

 This third overarching theme represented factors that were considered to 

contribute to a continued cycle of LEA, which was comprised of the theme safe in 

my comfort zone, and further divided into three subthemes representing situations 

or events that triggered the maintenance or re-initiation of LEA: old habits die hard; 

fuelling to survive but not thrive; and lost without it. Similar to the factors 

contributing to inadvertent and intentional LEA, these themes and subthemes 

represented accounts of perceived continued LEA by all participants who reported 

them (n = 8).

Figure 0.2  

Factors contributing to perceptions of continued low energy availability and 

improved energy availability 
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 Participants who reported intentional or inadvertent under-fuelling in relation 

to their training volume at the time of interview provided a number of reasons 

contributing to the perceived continuation of LEA since completion of their initial 

questionnaire. These reasons were collectively represented by the theme, safe in my 

comfort zone, which was characterised by a resistance to making lifestyle changes, 

such as implementing new habits and behaviours (e.g., taking more rest days or 

eating larger volumes of food). As Kris said: “I probably am too obsessed with food 

and weight, I am addicted to exercise but I’m happy with it… I’m happy to be like 

this, because, well, I don’t think it’s affecting too many other parts of my life”.  

 Collective fears of ‘giving up’ control surrounding EI or exercise behaviours 

were captured within the subtheme old habits die hard. For a number of individuals, 

including Nicole, this objection to change was attributed to a history of a self-

identified ED: “am I really over my eating disorder or am I just training enough that 

I can’t have an eating disorder? And what would happen if I had to stop running? 

Like, that’s always been the question in my head”. Harriet recalled a difficult 

experience on the starting line of a race, which triggered psychological conflict and 

subsequent negative emotions: 

There was just this immense sense of shame that she was half the size of me, 

and I dropped out. I felt depressed about it, to be honest. Given that I’d 

fought my way back from being anorexic and then I saw this person who was 

clearly not very well on the start line but running very fast, I found my brain 

couldn’t cope with it at all. 

 

Harriet went on to describe how this event had the potential to prompt a relapse into 

past ED behaviours:  

Rationally, intellectually, you know they [competitors] may be faster, but 

they’ll probably have stress fractures in a couple years, they may not be able 

to run again after that. Or maybe they haven’t eaten enough so actually 

they’re going to fall off the pace… but it’s so difficult not to react to that. 
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 Even in the absence of self-reported DE behaviours, accounts of sustained 

LEA (past or present) were represented by the subtheme fuelling to survive, but not 

thrive, as they reflected meticulously-planned and restrictive eating behaviours that 

fell vastly short of perceived energy needs, like Annie described: “I would just try 

not to eat for as long as possible. I can’t believe I’m saying this, I’m like such an 

idiot, but anyway, that’s what I did, for a long time”. In addition to this, several 

participants described conscious periods of restrictive eating when injured or 

engaging in a reduced training load, so as to control or maintain their current body 

weight, as Kiera explained: “when you’re not doing the same amount of mileage, 

you’ve got to be restrictive on your kind of EI just to make sure that you’re not going 

to kind of overeat”. Self-reported ‘insufficient’ EI was also often coupled with 

persistent exercise despite injury, illness, or poor mental health. The third subtheme, 

lost without it, captured fears that were seemingly driven by concerns of losing 

athletic identity (the extent to which an individual identifies with their athlete role; 

Brewer et al., 1993), or personal purpose if participants were to stop engaging in the 

sport/physical pursuit, as Annie described:  

It feels a bit like part of your life [when unable to engage in primary sport] 

has just kind of disappeared and I find it hard not to go mad cross-training to 

fill that gap. I imagine it’s like when you wean yourself off a drug and that 

first bit is horrible. (Annie) 

 

7.3.4 Reasons for Perceived Improvements in Energy Availability 

 Participants who described favourable changes in their eating and/or exercise 

behaviours, conducive to improved EA, spoke of attempts to find a happy medium 

with regard to managing their EI and expenditure, which was further reflected within 

the following subthemes: short-term gains or long-term pain; being proven wrong; 

redefining priorities. The subtheme short-term gains or long-term pain conveyed 

how some participants had experienced acute positive outcomes from behaviours 
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that initiated LEA and had since improved EA, whilst others reported having learned 

‘the hard way’ that their past behaviours were doing more harm than good, both to 

their health and performance.  

 Samuel, for example, predominantly participated in sport for intrinsic 

reasons, such as enjoyment. He described pursuing periods of intentional under-

fuelling and significantly increased exercise training when pursuing short-term 

weight loss goals, but subsequently had little difficulty in increasing EI and/or 

reducing exercise training volume once he had lost weight:  

I think I’ve probably got to my point now where I’ve reached my target 

weight if you like and I can eat what I want without worrying too much and 

then fitness generally burns it off. I don’t think I want to get any slimmer, I 

think I have to do too much to get slimmer if you like, alter too much, and I 

don’t want to do that.  

 

In contrast, for competitive athletes striving to achieve both an external 

image that conforms to the sporting norm, and a lean physique that is anticipated to 

benefit performance, this cycle of LEA was far more regular, and appeared much 

more difficult to cease: 

I was PBing [achieving personal best times] 5k races. I was feeling great. So, 

at the beginning it was all positives. Then saw I was getting to my minimum 

amount of calories at which my body weight wouldn't reduce any more. This 

was five months into cutting and I started having bone injuries… stress 

fractures, bone oedemas. (Patrick) 

 

Carys also described experiencing detrimental consequences of LEA that ultimately 

motivated her to improve energy availability in the long-term: 

My body gave up on me and started slowing down and then my mood and 

my mind and everything else went with it. I need my body to work for my 

head to work. Nothing will pull you into feeling better if your body’s not 

functioning properly. 

 

In turn, these realisations appeared to encourage participants to reflect on what was 

most important to them in their lives. The notion of redefining priorities appeared to 

influence subsequent behaviours towards fuelling and exercise: 
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I’ve definitely gone from being focused on races and performance to wanting 

to be healthy, I want to be able to run. As powerful as the draw of becoming 

super-lean and, allegedly running fast times because you’re super-lean can 

seem, for me there’s come a point in my life where actually that doesn’t seem 

like the most important thing anymore. (Harriet) 

 

Changes in attitudes towards fuelling and exercise centred around 

acknowledging and, in many cases, reaping the benefits of increased EI and/or 

decreased EEE for physical and psychological health. This was represented by the 

subtheme, being proven wrong, as individuals realised that eating more and 

exercising less could result in achieving more. Patrick recalled being pleasantly 

surprised by recent changes to his eating behaviours and training schedule: “I saw I 

could eat twice as much, even with reduced training load, and have the same 

bodyweight. I don't train now as much as before but I'm actually running faster than I 

have in my whole life”. Others opted to exercise as and when they wanted to, as 

opposed to being driven by a perceived obligation to do so. For example, Leanne, 

who had initially reported intentional LEA in her questionnaire, described perceived 

improvements in EA at the time of interview, which she attributed to a ‘healthier’ 

mindset towards exercise in recent weeks: 

I swim because I love it, I cycle to get places and I run because sometimes I 

feel like I should exercise.. but even going for a run with the gang and having 

a chat… that makes me enjoy running far more. 

 

 Discussion 

To address the study aim, which was to explore qualitatively factors 

contributing to intentional and inadvertent LEA in the apparent absence of eating 

psychopathology, this study sampled endurance athletes and exercisers classified as 

at-risk of LEA, but at a lower risk of DE/ED, based upon findings of Chapter 6. In 

turn, this study sought to address limitations of Chapters 4 and 5, by attempting to 

isolate experiences of LEA that could not be extricated from existing eating 
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psychopathology in previous chapters. This study has provided a number of novel 

contributions to existing literature concerning the proposed origins of LEA (Loucks 

et al., 2020; Nattiv et al., 2007), as well as highlighting potential mechanisms that 

could perpetuate a cycle of LEA or indeed promote optimal fuelling and exercise 

practices conducive to optimal EA. 

Firstly, despite all participants scoring considerably lower than the cut-off 

value for pathological eating behaviour (EAT-26 questionnaire) in Chapter 6, five 

participants disclosed past ED diagnoses or DE behaviour that had previously 

influenced their EI and exercise volume. Moreover, several participants reported that 

this still impacted their attitudes and emotions towards managing their EA at the 

time of interview, and was a considerable factor influencing their engagement in 

high volumes of sport and/or exercise. Similar findings have been reported in a 

recent study, in which none of the participants exhibited eating psychopathology 

based upon their quantitative EAT-26 score, yet qualitative follow-up, through focus 

groups, revealed a number of concerning eating attitudes and behaviours (e.g., a 

cycle of negative emotional eating, periods of food indulgence followed by 

restriction) that were considered to be reflective of sub-clinical DE (Pinto et al., 

2020).  

Moreover, in a qualitative exploration of reasons for the adoption of regular 

exercise in females (N = 7), all but one of the participants reported past diagnosis of 

an ED or DE (Berman et al., 2005). This could suggest that although many 

participants in the current study reported recent improvements in EA, they may still 

experience maladaptive cognitions that could contribute to future periods of LEA 

during difficult or stressful situations. This finding further illuminates how cross-

sectional, quantitative screening measures to determine the aetiology of LEA based 
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on the contention that an individual falls into one of three or four ‘categories’ 

(Loucks, 2020) may be problematic, and fail to detect underlying psychological 

barriers to achieving optimal EA. 

Second, a common belief that was perceived across the entire sample was 

that a lean physique was both desirable and favourable within endurance sport and 

exercise. These findings align with those of past qualitative interviews with female 

endurance athletes, who expressed an overarching conviction that leanness 

ultimately equates to successful performance, and that the pressure to achieve this 

body ideal was predominantly internal for some, but also appeared to be driven by 

pervasive endurance-sport-specific cultures and beliefs (Thorpe & Clark, 2020). By 

exploring the views of both males and females across a variety of competitive and 

recreational exercise settings, the current chapter provides further evidence to 

suggest that performance-related weight beliefs are common within endurance-based 

pursuits and the notion of a ‘racing weight’ can promote intentional efforts to modify 

body weight (Hoon et al., 2019).  

In turn, these conceptions appeared to particularly influence the subsequent 

eating and exercise behaviour of participants reporting periods of intentional energy 

restriction and/or significantly increased exercise, as well as those reporting a past 

history of eating psychopathology. It may be that these individuals subconsciously 

adopt previous patterns of disordered behaviour due to internal or external pressure 

to subscribe to a physique that is either promoted by a particular sporting culture, or 

by wider society (Stoyel et al., 2021). 

Third, despite identifying as having difficulty consuming enough EI to 

support their exercise volume, as opposed to making intentional changes to their EI 

and/or expenditure, participants who were classified as at-risk of inadvertent LEA 
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(in Chapter 6) also appeared to be influenced by potentially-harmful attitudes 

towards exercise training. The qualitative findings revealed a widespread pattern of 

high-volume exercise training, driven by unrealistic expectations that there was 

always more training the participants could be doing. Not only could this encourage 

a dysfunctional relationship with exercise, but it may also increase susceptibility to 

LEA, due to high EEE. In turn, this appears to provide qualitative support for the 

contention that high EEE alone may contribute to energy deficiency in the absence 

of deliberate restriction to EI (Torstveit et al., 2019). Furthermore, it provides 

qualitative insights into potential mechanisms underlying the relatively high mean 

global CET scores in the Inadvertent-LEA group portrayed in Chapter 6, wherein  

persistence with exercise through injury and illness and guilt experienced when 

unable to exercise, had the potential to encourage excessive exercise behaviours. 

This finding also suggests that exercise motivations may be an important 

consideration in the initiation of behaviours that contribute to LEA. For example, it 

could be the case that recreational exercisers, similarly to athletes competing in 

weight-category or weight-class sports, may be driven to adopt restrictive eating 

and/or excessive exercise practices in the pursuit of appearance-based goals, and 

subsequently initiate LEA intentionally for a short-period of time to pursue a 

particular weight loss goal, but subsequently restore EA if and when they are 

successful in doing so. Without consideration for potential psychological factors 

underlying these behaviours, however, it remains unknown whether they may 

progress into more severe and enduring eating and/or exercise psychopathology 

(Wasserfurth et al., 2020). 

Furthermore, whilst some participants self-reported poor nutrition knowledge 

or awareness of their energy needs, others demonstrated a good awareness of their 
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increased energy needs relative to less active individuals. This finding is also in line 

with recent qualitative research with college athletes, who reported being generally 

aware of their increased energy needs compared to less active individuals (Noronha 

et al., 2020). In the current study, however, consuming more food than others was 

also shown to provoke psychological discomfort, due to the perception that one is 

‘overeating’, and fears that this could lead to weight gain.  

Finally, participants who reported a history of eating psychopathology, or 

periods of intentional energy restriction for sports performance reasons, tended to 

also report fearing eating too much or indeed exercising too little for the amount of 

food they were consuming. This, in turn, appeared to contribute to compulsive 

exercise behaviour and severely limited EI, suggesting that some athletes and 

exercisers may have long-standing maladaptive cognitions towards fuelling and 

exercising that could pose a threat to the maintenance of adequate EA and promotion 

of optimal physical health in the long-term. This finding supports calls for recovery 

from ED/DE to be recognised as a biopsychosocial process that cannot be 

sufficiently understood through use of a medical model, as previously discussed in 

Chapter 2 (section 2.5.1). 

7.4.1 Applied Implications 

By conducting qualitative interviews that sought to further explore and 

explain quantitative findings in Chapter 6, the current study has demonstrated that 

screening individuals for LEA risk at a single time-point may – somewhat 

unsurprisingly - fail to detect underlying psychological concerns that could be 

indicative of, or develop into, more concerning eating and/or exercise 

psychopathology. Furthermore, given that a number of participants reporting positive 

perceived changes in EA had previously experienced symptoms associated with 
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LEA, it appears that sport and exercise participants could be better informed of the 

dangers of LEA to enable the prevention of its initiation in the first place, as opposed 

to intervention following presentations of its detrimental consequences.  

7.4.2 Limitations and Future Directions 

 A number of limitations within this chapter must be noted when interpreting 

the findings. First, EAT-26 scores below 20 may still indicate sub-clinical DE 

(Garner, 1982). Thus, lower cut-off values, such as those used in previous sport and 

exercise literature (EAT-26 Global: 10; Rosendahl et al., 2009; EAT-26 Global: 12; 

Haase, 2011; Kennedy et al., 2021), could have been employed in an attempt to 

exclude, or at least limit, potential sub-clinical cases of DE. Second, as no 

quantifiable measures of EA were employed, it is not possible to establish whether 

subjective appraisals of LEA ‘risk’ behaviours (i.e., restricting eating practices, 

significantly increased exercise training) result in a physiological state of LEA.  

 Past research has demonstrated that athletes’ perceptions of EI may not 

accurately reflect their actual dietary intake (Jagim et al., 2019), therefore, 

classifying individuals into risk categories for LEA based on their subjective EA 

appraisals does not indicate whether an individual is indeed experiencing LEA. 

Despite this, a number of physiological and psychological consequences depicted 

within the RED-S models (e.g., impaired bone health, hormonal dysregulation, 

decreased endurance performance – Mountjoy et al., 2014) were reported across the 

sample when participants reflected upon periods of perceived LEA, thus suggesting 

that they were not achieving adequate EA to maintain optimal functioning.  

 Finally, a further consideration is the potential for recruitment bias, given that 

those with an underlying or perhaps even subconscious pre-occupation with food, 

weight, or exercise may be more likely to participate in the study. In turn, this could 
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mean that classifications of ‘Inadvertent-LEA’ are not truly reflective of individuals 

who experience inadvertent under-fuelling, as such individuals would be unaware of 

this and thus not as motivated to participate. 

In light of the current chapter’s limitations, several opportunities for future 

research are proposed. Further work is necessary to explore subjective appraisals of 

EA and qualitative insights into eating and exercise behaviours can be used to better 

understand potential interactions between psychological and physiological 

mechanisms in presentations of LEA. Given that individual perceptions of EA over 

time were suggestive of constant fluctuations in EI and EEE as a result of 

psychological stressors or sports-specific and appearance-based weight goals, it 

appears pertinent to seek further quantitative and qualitative insights into individual 

motivations for participating in sport and/or exercise as well as factors contributing 

to intentional, or even unconscious, modifications to EA.  

Moreover, whilst a tendency to continue exercising through injury and illness 

or negative affect and withdrawal when unable to exercise could be indicative of 

pathological exercise behaviour, it may, however, also be considered a normal and 

rational practice of dedicated athletes or “high volume exercisers” whose drive to 

undertake exercise is not associated with regular disruptions to their social, 

emotional, or occupational health (Hausenblas et al., 2017, p. 1). Consequently, it 

appears that more research is necessary to further explicate factors that distinguish 

committed athletes who are able to manage their high training load appropriately 

from those who may be vulnerable to its potential psychological repercussions if 

they are unable to consistently achieve adequate EI. Finally, the use of qualitative 

methodologies to explore attitudes towards EI and EEE among individuals 

exhibiting physiological symptoms of LEA, as measured by existing quantitative 
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LEA/RED-S screening tools (e.g., Mountjoy et al., 2015), could provide further 

insight into appropriate treatment and intervention strategies that seek to improve 

both psychological and physiological health in tandem. 

 Conclusion 

 The current study aimed to generate a deeper understanding of factors 

underlying the initiation and maintenance of inadvertent and intentional LEA in the 

apparent absence of eating psychopathology. In doing so, this study departed from 

traditional approaches to exploring LEA, which have typically utilised cross-

sectional questionnaires or interviews in isolation, by adopting a sequential-

explanatory mixed methods design to provide richer insights into the quantitative 

findings of Chapter 6. Despite this, the findings revealed that five participants 

reported a history of DE/ED that still posed a threat to achieving adequate EA. 

 Furthermore, individuals reporting no such psychological concerns, either 

past or present, still appeared to be influenced by societal and sports-specific 

pressures that could promote the adoption of intentional LEA behaviours, and many 

participants believed they had fallen victim to inadequate fuelling during periods of 

psychological stress, even if only briefly. These findings suggest that in the same 

way that an individual’s physiological EA is constantly fluctuating due to metabolic 

stressors, their reasons for under-fuelling and/or engaging in disproportionally high 

exercise volume may vary depending on the internal and/or external pressures at a 

given time. Consequently, future screening tools could seek to incorporate measures 

of psychological and wider lifestyle stress to identify potential factors that could 

contribute to LEA and its myriad consequences.  
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: GENERAL DISCUSSION 

 Summary of Research Findings 

To address uncertainty surrounding the psychological factors related to LEA, 

and the subjective experience of its consequences, this thesis aimed to explore the 

psychological experience of LEA in sport and exercise. Four research objectives 

were addressed through empirical studies presented in Chapters 4-7. A summary of 

the key findings from each empirical chapter, and their corresponding objectives, is 

displayed in Figure 8.1 (p. 224).  

Chapter 4 explored qualitatively the subjective experience of RED-S in 

endurance athletes, with a view to elucidating not only what is experienced, but also 

why these individuals come to experience it, and how this impacts upon their 

psychological health. Semi-structured interviews were conducted to provide detailed 

insights into the potential contexts and mechanisms influencing the onset and 

manifestations of RED-S, as well as participants’ ‘recovery’ efforts to overcome its 

consequences. This initial exploratory study revealed that the initial aetiology of 

LEA varied widely between individuals, whereby some participants reported that 

pre-existing ED/DE preceded their RED-S symptoms, whilst others experienced 

unintentional increases in training load, which initiated perceived LEA. 

Nevertheless, all participants outlined that a pattern of under-fuelling and/or 

excessive exercise became habitual, and continued for an extended period of time, 

eventually resulting in physiological symptoms suggestive of RED-S (e.g., injury, 

illness, performance decline). These findings suggest that individuals presenting with 

symptoms of RED-S experience a complex psychophysiological condition, which 

can be both initiated and exacerbated by a cycle of DE and compulsive exercise.  
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Chapter 5 extended upon the findings and addressed methodological 

limitations of Chapter 4, by directing particular attention towards the ‘recovery’ 

journey from RED-S. Specifically, this study sought to acquire deeper insights into 

the psychological conflict that was portrayed as a significant factor that had the 

potential to impede efforts to overcome the consequences of RED-S, as described in 

Chapter 4. Thematic and cross-case analysis of data obtained through integrated 

qualitative methods (i.e., semi-structured interviews, online diaries, and a photovoice 

task) generated seven themes regarding common sources of psychological conflict 

experienced when managing EA: body image or weight concerns; eating 

opportunities; exercise volume; media influences; physiological symptoms of RED-

S; social situations; and professional education and advice.  

Four themes captured participants’ reported responses upon encountering 

psychological conflict: in two minds (cognitive responses); an emotional 

rollercoaster (affective responses); the only way is through (adaptive behavioural 

responses); and giving in (maladaptive behavioural responses). Collectively, it 

appeared that this enduring psychological conflict required constant negotiation by 

the women, albeit to varying extents. The athletes’ psychological experiences of 

recovery from RED-S appeared difficult to distinguish from recovery from varying 

degrees of eating psychopathology. For some individuals, a pre-existing ED was 

reported to be an aetiological factor in the development of RED-S symptoms, while 

for others, a cycle of DE and compulsive exercise had been adopted following initial 

presentations of LEA (i.e., weight loss or short-term performance improvements), or 

in attempts to cope with physical ailments attributed to RED-S (e.g., injury).  

In light of findings developed through empirical studies in Chapters 4 and 5, 

Chapter 6 sought to examine subjective appraisals of EA, psychological stressors 
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ratings, eating psychopathology, and compulsive exercise in a larger sample of 

athletes and exercisers. The cross-sectional survey results revealed that 58.8% of the 

sample was considered at a heightened risk of LEA, based upon their subjective EA 

appraisals, with 27.1% classified as at-risk of intentional LEA, 19.8% classified as 

at-risk of inadvertent LEA, and 11.9% classified as at-risk of psychopathological 

LEA. Compared with participants who reported perceived adequate EA (n = 73, 

41.2%), individuals considered at heightened risk of LEA scored significantly higher 

on the measure eating psychopathology, as well as providing significantly higher 

ratings (p <.05) on the majority of psychological stressors including within the 

psychological stressor scale. Finally, no significant differences were observed 

between individuals classified as at risk of intentional or inadvertent LEA, despite 

these being purportedly distinct origins of LEA. Therefore, it was considered 

pertinent to further explore these supposed “boundaries” between intentional and 

inadvertent LEA (Wasserfurth et al. 2020, p. 3), which appear negligible, in that 

inadvertent under-fuelling may later become intentional, if its physical consequences 

are positively appraised, and the behaviours that produced them, reinforced. 

To address shortcomings of Chapters 5 and 6, which were unable to provide 

in-depth insights into experiences of LEA that may occur in the absence of DE/ED, 

Chapter 7 further investigated attitudes and behaviours towards managing EA among 

endurance athletes reporting lower levels of eating and exercise pathology yet still 

considered vulnerable to the onset of LEA. More specifically, Chapter 7 sought to 

illuminate experiences of inadvertent and intentional LEA that are thought to occur 

in the absence of eating pathology. The findings indicated that for the Intentional-

LEA group, restrictive eating and excessive exercise practices were predominantly 

driven by performance-related beliefs about weight or the pursuit of weight loss for 
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social and personal reasons external to sports performance. In contrast, perceived 

inadvertent LEA was frequently attributed to periods of lifestyle stress, which 

contributed to engagement in maladaptive behaviours that culminated in symptoms 

associated with RED-S. 

Overall, the collective findings of the empirical studies within this thesis 

suggest that competitive athletes and highly-active committed exercisers may 

experience LEA for a variety of reasons. It appears, however, that contextual 

pressures (i.e., pursuit of a lean body ‘ideal’) and situational stressors (i.e., lifestyle 

changes) can prompt the onset of harmful eating and exercise behaviours, which may 

ultimately become pathological, and contribute to negative health and performance 

implications associated with RED-S.  
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Figure 8.1  

Summary of findings from Chapters 4-7 and their corresponding research objectives 

• Three contexts appeared to influence the onset of RED-S: sport-specific demands; psychological 

health concerns; and social influences. 

• Together, psychological mechanisms (e.g., trait expression, perceived need for control) and 

physiological mechanisms (e.g., unfavourable changes in EI and training load) generated LEA and the 

subsequent onset of RED-S symptoms. 

• Three themes captured the physiological and psychological manifestations of RED-S: a vicious cycle 

of DE and compulsive exercise; a body thrown into disarray; and a psychological warzone. 

• Three ‘recovery’ contexts influenced efforts to improve EA and overcome consequences of RED-S: 

significant others; sporting context; health as wealth. 

• Facilitative mechanisms (e.g., positive role models, improved nutrition knowledge) generated 

improvements in perceived EA and contrasted with those that prompted RED-S onset, or inhibited 

recovery efforts (e.g., excessive exercise, lack of professional support and education). 

Objective 1:  

To explore qualitatively the subjective experience of Relative Energy Deficiency in Sport 

Objective 2:  

To explore endurance athletes’ psychological experiences of recovery from RED-S 

• RED-S recovery was characterised by significant psychological conflict. 

• Psychological conflict was triggered by personal, social, and sport-specific factors. 

• Data analysis revealed seven common triggers of psychological conflict: body image or weight 

concerns; eating opportunities; exercise volume; media influences; physiological symptoms of RED-S; 

social situations; and professional education and advice. 

• Varying degrees of eating psychopathology were associated with RED-S recovery. 

 

Objective 3:  

To examine eating psychopathology, 

compulsive exercise and psychological 

stressors in athletes and exercisers reporting 

differing subjective EA appraisals. 

Objective 4:  

To explore perceptions of intentional and 

inadvertent LEA among athletes and 

exercisers engaging in endurance 

pursuits without apparent eating 

psychopathology. 

• 58.8% of the sample were classified as ‘at-

risk’ for LEA based upon their subjective EA 

appraisals. 

• 18.1% of participants met or exceeded the 

EAT-26 cut-off score (≧ 20) for elevated 

eating pathology. 

• 31.1% of participants met or exceeded the 

EAT-26 cut-off score (≧ 15) for increased 

risk of compulsive exercise. 

• Eating psychopathology and compulsive 

exercise were significantly and positively 

correlated (r = .21, p <.001). 

• There were no significant differences 

between Intentional-LEA and Inadvertent-

LEA groups on any study variable. 

• Periods of perceived intentional LEA 

were characterised by rigid and 

restrictive eating practices and very 

structured high-volume exercise training. 

• Periods of perceived inadvertent LEA 

were characterised by marked situational 

or psychological stress, with exercise 

often adopted as a means to cope with 

such stress. 

• Sports-specific and social pressures to 

achieve a lean physique were salient 

across the sample regardless of 

subjective EA appraisal. 

• Of the 13 participants classified at 

heightened risk of inadvertent/intentional 

LEA, 5 reported a history of DE/ED. 

CHAPTER  7 CHAPTER 6 

CHAPTER  5 

CHAPTER  4 
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 Contributions to the Extant Literature 

The findings of this thesis could advance current understanding across a 

number of areas in the extant literature exploring LEA in exercising populations. 

These include potential aetiological underpinnings of LEA, the RED-S conceptual 

framework, and conceptualisations of recovery from the consequences of LEA. The 

sections that follow seek to provide an in-depth discussion of the key findings that 

pertain to these important topics, while also posing further questions as to what still 

remains to be elucidated with regard to the psychology of LEA in sport and exercise.  

8.2.1 The Aetiology of LEA: Distinct origins or a Broad Spectrum? 

Traditional positivist investigations of LEA have focused on attempting to 

quantify its prevalence by establishing the presence or severity of clinical 

physiological markers of energy deficiency (e.g., hormonal dysregulation, marked 

reductions in resting metabolic rate; Ihle & Loucks, 2004; Heikura et al., 2018). In 

contrast, an important consideration throughout this thesis has been to explore not 

only what is experienced in a state of LEA, but why it may occur in the first place. 

The empirical studies (Chapters 4 – 7) have collectively addressed calls for research 

into the aetiology of LEA (De Souza et al., 2014; Slater et al., 2017) by contributing 

new qualitative (Chapters 4, 5, and 7) and quantitative insights (Chapter 6) into the 

proposed origins of LEA introduced by the ACSM (Nattiv et al., 2007, Loucks, 

2011). Specifically, the studies have provided more elaborative understandings of 

potential overarching contexts influencing individuals’ cognitive, affective, and, 

ultimately, behavioural responses towards managing EA. Furthermore, each research 

study highlighted possible psychological mechanisms, which had the potential to 

trigger the adoption of harmful behavioural tendencies (i.e., restrictive intake, 

excessive exercise), regardless of whether they were intentional or not.  
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Across all studies, three overarching contexts appeared to influence the 

perceived onset of LEA among participants, which were: (a) psychological health 

concerns; (b) social environment; and (c) the sporting domain. First, it appeared that 

psychological concerns that contributed to poor mental health had the potential to 

lead to restrictive eating and/or excessive exercise behaviours for many athletes and 

exercisers. In Chapter 4, a majority of participants reported clinical ED, with the 

associated maladaptive cognitions appearing to be further perpetuated by 

participation in sport and exercise. Psychological stress caused by significant life 

events also appeared to subsequently trigger the onset of harmful eating and exercise 

behaviours among other athletes. Similarly, in Chapter 5, more than half of the 

female athletes reported that either clinically-diagnosed or self-identified eating 

pathology preceded their regular or competitive involvement in sport and their 

physiological presentations of RED-S. As such, findings in this thesis suggest that 

DE cognitions, attitudes, and ultimately their resultant behaviours, may be central to 

the experience of chronic LEA (i.e., Triad, RED-S), supporting contentions that a 

large majority of individuals presenting with symptoms suggestive of the Triad, to 

date, occurred in the presence of DE/ED (Williams et al., 2017) 

Chapter 6 subsequently identified that eating psychopathology was 

significantly and positively associated (p <.001) with decisions about EI and exercise 

volume, thus suggesting that these decisions elicited a higher degree of 

psychological stress, which may contribute to the adoption of restrictive eating 

behaviours and/or excessive exercise. Due to the cross-sectional nature of the study 

reported in Chapter 6, a cause-effect relationship between eating psychopathology, 

psychological stressors, and LEA could not be established. Chapter 7, however, 

provided more in-depth insights into how a history of eating psychopathology, or 
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indeed a high degree of lifestyle stress in the absence of DE, had the potential to 

trigger unfavourable changes to eating and exercise behaviours, which ultimately 

resulted in longer-term physiological and psychological impairments. These findings 

suggest that athletes and exercisers with a history of DE/ED, be this prior to their 

regular engagement in sport and exercise, or indeed as a consequence of operating 

within specific sporting cultures (e.g., endurance sports that emphasise leanness), 

may be more vulnerable to periods of compromised EA. Therefore, it is important 

that these individuals have access to psychological support that could encourage the 

adoption and maintenance of adaptive coping strategies in response to maladaptive 

thoughts and emotions associated with optimal eating and exercise practices.  

 A number of sports-specific factors also appeared to influence the adoption 

of restrictive eating practices and excessive exercise that led to physiological 

consequences of LEA. In Chapter 4, high training volumes endorsed and valorised 

by the endurance sport community appeared to trigger psychological mechanisms 

such as trait expression (e.g., perfectionism and high-achieving nature leading to a 

desire to always be doing ‘more’). Participants in Chapter 5 also described sport-

specific events or transitions that initiated harmful eating and exercise practices. 

These included joining a new training club or environment, going to an elite athlete 

training camp, and the loss of a coach. Sports-related injuries that restricted the 

athletes’ ability to continue training at a high volume or intensity also prompted 

restricted EI and simultaneous attempts to increase EEE by ‘cross-training’.  

 Furthermore, 27.1% of the athletes and exercisers participating in Chapter 6 

self-reported intentionally restricting their EI and/or significantly increasing their 

exercise training for performance reasons over the past 28 days. Although Chapter 6, 

which primarily sampled endurance athletes, was unable to establish whether these 
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intentional behaviours preceded the actual onset of LEA, it does suggest that these 

individuals were influenced by performance-related weight beliefs inherent to certain 

sporting cultures.  

 Finally, a number of social factors that appeared to influence the adoption of 

adverse fuelling and exercise behaviours among participants across all studies, which 

sheds further light on Loucks’ (2020) contention that social pressures constitute a 

distinct origin of LEA. In the current thesis, it appeared that many of the social 

pressures pertinent to the participants’ experiences of LEA or RED-S were specific 

to the sporting context. For example, while factors such as social media, peer 

comparison, and discomfort engaging in social gatherings could be regarded as 

broader societal pressures that impact non-athletic or inactive populations, it was 

how these interacted with sports-specific beliefs, norms, and practices that proved 

problematic for participants (e.g., how social media promoted a certain athletic body 

ideal, or what spending time with friends and family might mean for a well-

established training schedule and/or controlled eating plan). 

8.2.2 The Subjective Experience of Low Energy Availability: Implications for the 

Relative Energy Deficiency in Sport Framework 

While the aim of this thesis was to explore the psychological experience of 

LEA, in doing so, Chapters 4 and 5 also generated new understanding of the 

physiological presentations of LEA that athletes and exercisers identified as 

symptoms of RED-S based on their experiences. A noteworthy finding was that all 

of the female participants self-identifying as having experienced RED-S reported a 

history of at least one, and in many cases two, of the physiological Triad components 

(i.e., impaired bone health, menstrual dysfunction; Nattiv et al., 2007), in addition to 

also disclosing DE behaviour or a prior diagnosis of a clinical ED. Although a 
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variety of additional symptoms were reported (e.g., compromised immunological 

health, performance decline, haematological health impairments), participants’ 

experiences of RED-S appeared to centre around the core components of the Triad. 

This raises questions as to whether these individuals would still identify as having 

RED-S if they were no longer experiencing these more overt and discernible 

symptoms. Furthermore, in contrast to the majority of LEA literature, to date, this 

research has highlighted experiences of LEA and RED-S among both recreational 

exercisers and male athletes, suggesting that the ‘more inclusive’ conceptual 

framework of RED-S (Mountjoy et al., 2014) could well more accurately reflect the 

populations affected by LEA than the Triad model. 

Another noteworthy contribution of this thesis to the corpus of LEA literature 

is that the findings further illuminate the proposed reciprocal arrow between 

psychological health and the syndrome of RED-S (i.e., consequences of LEA) 

represented within the RED-S health model (Mountjoy et al., 2014, 2018). Although 

it is difficult to establish the directionality of the relationships between the physical 

symptoms of RED-S and their psychological antecedents or repercussions reported 

by participants, findings generated in each qualitative study suggested that 

experiencing symptoms of RED-S was associated with a number of subsequent 

maladaptive psychological consequences, including marked negative affect, feelings 

of helplessness, and diagnoses of clinical depression reflective of past research 

discussed in Chapter 2 (p. 63). Furthermore, anxiety appeared to be a common 

manifestation of debilitating injury, illness, or the development of DE behaviour, 

however, given that anxiety has been shown to be a correlate of eating 

psychopathology (as discussed in Chapter 2) the cause of such anxiety is difficult to 

establish given that a large proportion of participants reported DE, and the contexts 
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in which anxiety was triggered varied considerably between individuals. For 

example, some participants reported that anxiety arose during efforts to increase EI 

and restrict exercise activity, but others experienced anxiety when returning to 

regular competition or previous levels of participation following physical 

impairments, due to fear of further repercussions (e.g., osteoporosis, amenorrhoea, 

low iron levels).  

Overall, the psychological experiences reported by participants appeared 

unique to each individual, not only in duration, but also severity. Thus, it is not 

possible to conclude whether the adverse impacts on mood and overall psychological 

health could be attributed to lifestyle stressors, the subsequent implications of 

physiological symptoms associated with LEA (e.g., temporary or long-term 

cessation of competitive sport due to injury or illness), eating psychopathology, or 

even an amalgamation of these factors. Nonetheless, this thesis has provided 

preliminary evidence to support the contention by Mountjoy et al. (2014) that 

psychological health concerns may precede the onset of LEA and RED-S symptoms 

(see p. 225), but also that psychological concerns may arise following physical 

presentations of chronic energy deficiency (Figure 8.2, p. 232). An adapted 

theoretical model of the proposed bi-directional relationship, based upon the findings 

of this thesis, is provided in Figure 8.3, p. 233). The figure has been developed 

primarily to provide a visual representation of potential ways in which the empirical 

chapters have expanded upon current understanding surrounding the psychology of 

LEA in sport and exercise. By reflecting both differences and commonalities across 

participants’ accounts of their experiences, the model proposes two overarching 

pathways whereby an individual may initiate and sustain a cycle of LEA.   



 231 

Some participants reported pre-existing DE/ED that preceded their regular 

participation in sport and exercise but began to engage in such activities as a means 

to control or reduce their weight. Others had been competitive athletes or committed 

exerciser from a young age and reported no such psychological concerns. Upon 

engaging in higher levels of competitive sport or increasing their training load, 

however, they began to experience symptoms suggestive of LEA that reflected 

symptoms of RED-S. It appears that regardless of how LEA is initiated, its resultant 

health and performance consequences have the potential to further impact upon 

psychological health, which, ultimately underpins future negotiation of the 

behaviours that dictate EA (EI and EEE). 

The findings of this thesis propose that, in many cases, symptoms associated 

with the RED-S model that are experienced following chronic under-fuelling and/or 

excessive exercise practices, are in fact consequences of DE/ED. Although 

inadvertent cases of LEA may occur in the absence of DE/ED, as highlighted in 

Chapters 4, 6 and 7, such instances appear to either occur transiently, due to the 

demands of a busy lifestyle or rigorous training schedule, or indeed develop into 

more conscious, and potentially disordered eating and exercise behaviours. It 

appears to be these behaviours, driven by a psychological stimulus, that ultimately 

cause an individual to present with overt physiological symptoms (e.g., bone stress 

injuries, illness). In turn, it could be argued that the physiological terminology that 

constitutes a diagnosis of RED-S may promote a misdiagnosis of eating pathology, 

although a number of participants within the qualitative studies of this thesis 

remarked that being introduced to the RED-S models had helped them to recognise 

the harmful to understand their own experiences, recognise the potentially-harmful 

nature of their behaviour, and seek professional help or advice. Therefore, if RED-S 
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continues to be widely accepted as terminology for the consequences of LEA both in 

academic research and within professional practice, it is crucial that all members of 

the multidisciplinary team are made aware of its seemingly inextricable links to 

DE/ED.   

In summary, it is of paramount importance that all athletes and exercisers 

presenting with overt or even suspected symptoms of RED-S are screened for 

ED/DE, and that such screening methods incorporate qualitative approaches that 

seek to identify underlying causes of LEA. This could inform the development of 

interventions that are tailored to the individual needs of an individual and seek to 

reduce the psychological conflict created by conflicting beliefs about the 

achievement of optimal athletic performance and the maintenance of optimal health. 

If individuals presenting with symptoms of RED-S continue to be treated according 

to existing treatment approaches (i.e., a focus on biometric indices and physiological 

function), this may prevent them from accessing appropriate psychological support 

for the cause(s) of their symptoms. Without access to this support, DE cognitions 

and behaviours may progress into more severe ED pathology, resulting in further 

physical health complications and psychological health concerns. 

 

 

 

 

 

 

 

Note. Adapted from Mountjoy et al. (2014)
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Figure 8.2  

The bidirectional arrow as depicted within the Relative Energy Deficiency in Sport 

health consequences model 
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Figure 8.3 

An adapted theoretical model of the relationship between low energy availability and psychological health in exercising populations 
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8.2.3 Overcoming Low Energy Availability: The Health and Performance 

Paradox 

The previous section discussed how presentations of RED-S symptoms 

negatively impacted athletes and exercisers within Chapters 4 – 7, regardless of 

whether they had experienced prior psychological concerns that they perceived had 

initiated RED-S onset. A central finding arising from each of the qualitative studies 

was that efforts to overcome the physiological implications of LEA created 

significant psychological conflict, particularly for individuals reporting DE or a 

clinical ED. According to the extant literature, the “distinct pathways” (i.e., 

psychopathological, intentional with or without DE, and inadvertent) to LEA) should 

be targeted separately by different treatment strategies (Williams et al., 2017, p. 4), 

yet recommendations for such interventions lack clarity or justification as to their 

suitability to treat each proposed cause. The findings of this thesis suggest, however, 

that there may not be distinct pathways to LEA, but rather a multitude of reasons and 

contexts in which an individual may initiate and sustain a state of energy deficiency. 

Based on these findings, it is possible that current treatment recommendations may 

neglect to consider additional psychological barriers (e.g., performance-related 

weight beliefs, DE/ED cognitions) to reinstating and maintaining optimal EA.  

One particular way in which this thesis built upon previous knowledge in the 

context of ‘recovery’ from LEA, is by illuminating a widespread paradoxical desire 

to improve physical health, whilst continuing to engage contradictory eating and 

exercise behaviours, which pose further threat to physical health. This appeared, 

however, to be inextricably linked to eating psychopathology, thus, impulses to 

avoid negative emotions appeared to outweigh concern over how this would impact 

their long-term health.  
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Furthermore, given that physical ‘recovery’ from LEA appeared to require an 

increase in EI, decrease in EEE, or a combination of the two, for the participants 

within this research, the same overarching contexts (i.e., psychological health 

concerns, sport-specific demands, and social pressures) that influenced the onset of 

LEA appeared influential in the ‘recovery process’. For example, experiencing an 

injury that impeded participants from engaging in their primary sport, prompted 

different behavioural responses for different individuals. In Chapter 4, some athletes 

recalled that a limited ability to maintain their current training volume (thus EEE) 

when injured, encouraged them to further restrict their EI, and/or ‘cross-train’ 

excessively to maintain or control their body weight. In contrast, several athletes in 

Chapter 5, who were ‘in-recovery’ or identified as ‘recovered’ from RED-S, reported 

that they were motivated to return to regular participation or competition within their 

sport, which encouraged them to persist with increased EI, physical rest, and 

rehabilitation. Even still, this created significant psychological conflict, as there was 

a fine balance to be struck between improving EA to achieve optimal health, whilst 

being in fear of this similarly negatively impacting their physical performance. 

While this may, in part, provide support for the contention that sport and exercise 

participation can be used as ‘leverage’ to encourage athletes and exercisers to adopt 

optimal fuelling and exercise practices (Mountjoy et al., 2018), the very sport and 

exercise settings within which they participate, may well promote and encourage the 

harmful behaviours that led to the initiation of LEA in the first place. This, in turn, 

could give rise to incapacitating psychological conflict, as was depicted within 

accounts of RED-S recovery and changes to EA appraisals reported in the empirical 

chapters and represented in Figure 8.3, (see p. 233). 
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 Methodological Implications 

The findings arising from this thesis collectively identified psychological 

factors as an integral component of sustained LEA among may athletes and 

exercisers. In seeking to further understand the psychological experience of LEA, the 

empirical chapters (Chapters 4–7) employed a variety of research methods, 

addressing recent calls for methodological advancement and diversity in the field of 

LEA and RED-S research (e.g., Schofield et al. 2019; Mountjoy et al., 2018). This 

section provides an overview of the potential contributions of this thesis to 

methodological advancements in the field of LEA research, including the value of 

using various research designs and methods.  

8.3.1 Qualitative Methods 

In recent years, increased awareness of LEA has brought with it increased 

recognition that a substantial proportion of exercising populations may be at risk of 

developing health and performance impairments associated with inadequate fuelling 

and/or excessive exercise (Logue et al., 2018). Despite this, research has continued 

to rely heavily on quantitative measures such as biological markers of energy 

deficiency or cross-sectional screening measures for physiological and psychological 

indicators of RED-S (e.g., the LEAF-Q questionnaire, RED-S CAT tool).  While the 

use of thresholds and biomarkers can enable medical professionals and sports 

physicians to detect potential health impairments and advise on appropriate physical 

courses of action, these values offer little insight with regard to an individual’s 

psychological health. 

Chapters 4, 5, and 7 employed qualitative methods with a view to providing 

deeper insights into why and how LEA may be initiated, sustained, and subsequently 

overcome, not only from a medical perspective (e.g., restoration of objective 
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biomarkers to ‘healthy’ or ‘optimal’ levels), but more importantly, from the 

perspective of the athletes and exercisers themselves. In the initial exploratory study 

(Chapter 4), single retrospective interviews were conducted to explore the subjective 

experience of RED-S. This study provided important insights into potential contexts 

and mechanisms influencing why and how RED-S is initiated, experienced, and 

overcome. Methodological advancements in Chapter 5 subsequently helped to 

develop further understanding of athletes’ ongoing negotiation of eating and exercise 

behaviours, as well as helping to identify strategies that supported or inhibited their 

‘recovery’ experience, by drawing on a variety of qualitative methods and generating 

multiple forms of data over time. Past research exploring DE in sport has 

demonstrated the value of life history approaches (Papathomas & Lavallee, 2006, 

2010), and the use of a topical life-history method in this thesis generated novel 

insights into key life events that were perceived to contribute to the onset of, and 

recovery from, RED-S. 

Additionally, the use of timelining (Adriansen, 2012) allowed the athletes 

chronologically to order and contextualise the key events they were verbally 

describing. Furthermore, online diaries were used as an alternative method to 

interviews, that enabled the dynamic nature of the stress appraisal process, and the 

contexts in which it unfolds, to be explored (Didymus & Fletcher, 2012). This 

allowed deeper insights to be gained into the athletes’ cognitive, affective, and 

behavioural responses to the psychological conflict experienced when managing EA. 

In some cases, enabling the athletes to reflect upon their diary entries and key event 

timelines generated additional insights following formal data collection (see 

Appendix F: Additional Research Insights, for an example). Finally, the use of 

photovoice and subsequent stimulated-recall provided the athletes with considerable 
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autonomy over the topics explored, which may, in turn, have helped to retain their 

interest in the research (Kendellen & Camire, 2020). Overall, by demonstrating 

pluralism of methods and highlighting a number of novel approaches to the study of 

LEA (e.g., timelining, online diaries, photovoice), this research has reinforced recent 

calls for methodological advancement in the sport and exercise literature (Schofield 

et al., 2020a).  

8.3.2 Quantitative Methods 

 Whilst the use of quantitative methods in this thesis was limited to a single-

cross sectional survey (Chapter 6), which comprised part of a larger, sequential-

explanatory mixed methods study, it has provided interesting insights and 

highlighted a number of important issues that could inform future research in the 

field of LEA. This approach also resulted in a greater representation of males than 

has previously been the case in LEA research and recruitment of individuals across 

various levels of competition, recreational exercise, and participating within a range 

of sports and exercise activities.  

Chapter 6 highlighted potential similarities in the attitudes and behaviours of 

individuals considered at-risk of two supposedly distinct origins of LEA (inadvertent 

and intentional LEA) according to existing literature (e.g., Nattiv et al., 2007; 

Loucks, 2020). The quantitative data revealed that the two groups did not 

significantly differ from one another with regard to eating psychopathology, 

compulsive exercise, or indeed the degree of stress reported in relation to 

psychological stressors identified in Chapter 5. While this finding could be seen to 

provide preliminary insights to support the contention that the boundaries between 

the proposed origins of LEA may be marginal (Wasserfurth et al., 2020), it may be 

that operationalising the causes of LEA in these terms (i.e., boundaries) does not 
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truly reflect the constantly fluctuating and context-dependent nature of an athlete or 

exercisers’ reasons for under-fuelling and/or ‘overtraining’ per se. 

Finally, the findings of Chapter 6 suggest that continued use of EAT-26 as a 

measure of eating psychopathology in the sport and exercise literature may fail to 

detect participants with debilitating eating concerns that could perpetuate a cycle of 

LEA and contribute to significant health and performance impairments, given that 

individuals scoring below the established cut-off of 20 tend not to be followed-up via 

qualitative methods such as a clinical interview. Overall, the utilisation of ‘snap-

shot’ quantitative methods to explore EA at a single time-point does not permit 

investigation into and analysis of longer timeframes. Researchers interested in using 

quantitative measures, therefore, might adopt longitudinal approaches and/or 

consider mixed methods designs.  

8.3.3 Mixed Methods Research 

Within the current thesis, Chapters 6 and 7 collectively comprised a sequential 

explanatory mixed methods study that generated both quantitative and qualitative 

insights into potential origins of LEA, psychological correlates of LEA, and factors 

contributing to under-fuelling and/or excessive exercise in athletes and exercisers in 

the apparent absence of DE. In doing so, these chapters were able to further examine 

characteristics of inadvertent and intentional LEA that were difficult to separate from 

eating and exercise psychopathology in Chapters 4 and 5. Previous research into 

LEA has tended to rely solely on quantitative, however, this has the potential to 

overlook individuals still negotiating psychological recovery from pathological 

eating and/or exercise behaviour who do not satisfy at-risk criteria, yet may be prone 

to relapse, and thus subsequent consequences of LEA. In turn, these findings support 

calls for a broadening of perspectives and methodologies with regard to the 
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identification of athletes at risk of DE/ED (Power et al., 2020), as well as those at-

risk of inadvertent or intentional under-fuelling that is not motivated by pre-existing 

eating pathology (Slater et al., 2017). 

 Practical Implications 

 In addition to its aforementioned literature contributions and methodological 

implications, this thesis offers a number of applied implications that could inform 

future practice in the field of sport and exercise. Optimising the health of both 

athletes and the general population has long been identified as a key priority of 

sporting federations worldwide (Mountjoy & Junge, 2013). Despite this, recent 

evidence suggests that health-related initiatives and research are actually ranked 

lowest of all activities carried out by international federations, with the implications 

of LEA receiving very little attention to date, despite having attracted considerable 

media coverage and academic interest in recent years (Nattiv et al., 2007).  

 The findings arising from this thesis have demonstrated that some athletes 

and exercisers may adopt and maintain pathological eating and exercise behaviour, 

yet only perceive it as such following overt presentations of its detrimental physical 

consequences. A key factor contributing to this appears to be the socio-cultural 

milieu of particular sports and physical pursuits. The qualitative empirical chapters 

revealed that a variety of potentially-harmful practices (i.e., restriction of entire food 

groups, fasting, excessive exercise training) are often endorsed within endurance 

sport and physical cultures, increasing perceived vulnerabilities to DE attitudes and 

practices (Sterling & Kerr, 2010). Therefore, it is imperative that these pervasive 

beliefs are not further reinforced by sporting organisations and the personnel within 

them. The dangers of such deleterious practices must be communicated widely, 

rather than being glorified and celebrated as traits of a hardworking and committed 
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individual or being deemed requisite for performance success. This section outlines 

key recommendations, arising from the findings of this thesis, which have the 

potential to shape and improve future screening, prevention, education, and 

treatment approaches to targeting the salient issue of LEA in sport and exercise. 

8.4.1 Diversification of Screening Methods 

 As discussed in the previous section (see Methodological Implications, p. 

236), there is a clear need to advance current approaches to the detection, assessment 

and understanding of LEA, by incorporating both quantitative and qualitative 

methods that can both identify key markers of energy deficiency and provide deeper 

insights into the underlying reasons an athlete or exerciser may be presenting with 

them. Cross-sectional measures could be useful in exploring associations between 

physiological variables and psychological risk factors for LEA. For example, raising 

awareness of, and screening for, potential triggers of psychological conflict, such as 

those identified within Chapter 5 (e.g., body weight or shape concerns; lifestyle 

changes) could help members of the athletic milieu or significant others to better 

recognise potentially harmful eating and exercise practices that may exemplify DE 

or compulsive exercise behaviours. A measure of compulsive exercise, such as the 

CET, could also be incorporated within cross-sectional screening methods to identify 

individuals at risk of LEA through high training volumes. It is also important that 

existing screening tools for LEA (i.e., the LEAF-Q; Melin et al., 2014, and RED-S 

CAT; Mountjoy et al., 2015) continue to be validated in exercising populations, as 

well as validating those that are soon to be developed, such as the Low Energy 

Availability in Males Questionnaire (LEAM-Q; as mentioned in Mountjoy et al., 

2018). It appears useful to complement such screening tools with qualitative 

methods such as semi-structured interviews, specifically to explore in-depth 
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individual attitudes towards fuelling, or underlying motivations for adopting 

behaviours that underpin LEA.  

 Furthermore, to provide individually-tailored recommendations and return to 

play guidelines, a more diverse repertoire of approaches to screening for LEA could 

be used to provide a more comprehensive understanding of barriers and facilitators 

to optimal EA. It has been suggested that screening for RED-S is undertaken as part 

of annual health examinations or if an athlete presents with observable symptoms of 

energy deficiency, such as recurrent injury or illness or suspected DE/ED (Mountjoy 

et al., 2018). The findings of this thesis demonstrate the importance of incorporating 

subjective, qualitative methods into such screening measures to generate more in-

depth insights into psychological and social factors that may influence individual 

thoughts, feelings and behaviour towards the management of EA.  

8.4.2 Education as Prevention and Intervention 

 Improving widespread knowledge of the detrimental consequences that LEA 

can have upon health and performance is paramount to provide a foundation for 

positive and lasting change in competitive sport environments and exercise 

communities, as indicated by the current findings. Chapters 4, 5, and 7 demonstrated 

that many participants had poor awareness of the dangers of LEA until they had 

experienced them first-hand. Indeed, the restrictive eating behaviours and/or high 

training volumes that had initiated health and performance impairments were 

perceived as necessary practices that would favourably impact performance. Not 

only is there an urgent need for athlete education across a broad range of sport and 

exercise contexts, but coaches and wider members of the athletic milieu also require 

appropriate education and knowledge of how to communicate the dangers of under-

fuelling and excessive training loads to the individuals that they support.  
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Chapters 4 and 5 both revealed that seeking and/or receiving professional 

advice and support could generate psychological conflict, by provoking feelings of 

intense discomfort, and initially, many of the athletes expressed resistance to 

changing their fuelling and exercise behaviours. Despite this, the education and 

psychological support provided by the likes of dieticians and psychologists did 

appear to promote adaptive behavioural responses to managing EA, which, in time, 

contributed to a shift in mindset and motivation to improve athletes’ overall health. 

This finding highlights the importance of educating coaches, and wider support staff, 

to recognise and acknowledge the potential impact that their interactions can have on 

an athlete’s mental health. This is particularly important with regard to athletes with 

a history of DE/ED, as one fleeting comment has the potential to be the catalyst for a 

cascade of maladaptive eating and exercise behaviours. The findings also resonate 

with recent research that found a lack of time and resources, and pre-existing 

knowledge and beliefs about body composition to be significant barriers to the 

implementation of RED-S education by coaches of female athletes (Hamer et al., 

2020). As such, this highlights a clear need to both improve overall awareness of 

RED-S among these professionals but also a need to challenge potentially harmful 

assumptions about how their athletes should approach the management of EA. 

 Given the potentially widespread nature of the consequences of LEA, it is 

important for all members of a multidisciplinary team (i.e., medical, nutritional, 

physiological and psychological support personnel) to be educated on the unique 

needs and presentations of highly active individuals, and trained to recognise 

potential warning signs of LEA, such as those reported by athletes in Chapters 4 and 

5 indicative of symptoms RED-S symptoms. The qualitative chapters within this 

thesis highlighted dismissal of symptoms and a lack of understanding from medical 
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professionals that further reinforced harmful beliefs, and perpetuated a cycle of LEA. 

The findings support calls for improved education for medical professionals, whose 

knowledge of RED-S and confidence in treating its symptoms, appears limited 

(Tenforde et al., 2020). It should not be deemed acceptable, for example, for a young 

woman presenting with amenorrhoea to be advised by her general practitioner that 

this is ‘normal for a highly active female’, only to then be given the devastating 

news of her infertility or a diagnosis of osteoporosis by the very same practitioner, 

eighteen months down the line. While it may not be feasible to provide education on 

all symptoms depicted in the RED-S models, particularly those that are yet to be 

substantiated by robust evidence at the present time, it is crucial that the dangers of 

chronic under-fuelling and/or overtraining are better communicated by medical 

professionals, who appear to be the first people athletes and exercisers present to 

with symptoms associated with LEA in many cases (Verhoef et al., 2021). 

8.4.3 A Collaborative Approach to Treatment 

 While appropriate education could equip athletes, exercisers, and wider 

support personnel with salient information to encourage the adoption of optimal 

nutritional strategies and training protocols, it may be insufficient to promote 

sustained behavioural change among some groups. Recent studies in the field of 

LEA have shown that education alone may not be enough to promote change in 

sporting and exercise behaviour (Keay et al 2019), with no changes observed in EI or 

expenditure following an online nutrition education intervention (Day et al., 2015). 

The studies within this thesis have exposed a key issue of psychological conflict that 

appears to serve as a significant barrier to putting knowledge and education into 

practice. 
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 It is crucial that members of the athletic entourage explore the individual 

motivations of their athletes for modifying eating and exercisers and work 

collaboratively to ensure they are realistic and achievable without compromising 

long-term health. Chapter 7 demonstrated that participants who were relentlessly 

pursuing improved sports performance commonly adopted regimented eating and 

training practices in hopes of achieving a lean physique. Whilst they were often 

successful in doing so in the short-term, significant reductions in body mass and 

composition commonly resulted in increased injury occurrence and decreased sports 

performance in the longer-term. This contrasts with participants who were engaging 

in sport or exercise for more intrinsic reasons, and for whom the importance of 

achieving leanness and the need to manipulate their EI and expenditure was far less 

pronounced or did not appear to feature at all.  

 Chapter 7 also revealed that underlying motivations for exercising or 

engaging in sport influenced participants’ subjective EA appraisals. Improved 

provision of psychological support appears vital in supporting individuals to 

moderate triggers of psychological conflict, or better, to adapt their behavioural 

responses to them. Consequently, these findings support calls for a multidisciplinary 

approach incorporating both physiological assessment and psychological support to 

detect, appropriately treat, and prevent future onset of RED-S (Thein-Nissenbaum & 

Hammer, 2017). Given that its aetiology can be multifactorial, the treatment of LEA 

and its wide-ranging consequences necessitates expertise from professionals across 

fields of medicine, nutrition, psychology and physiology (Stellingwerff et al., 2021). 

Qualitative findings reported within this thesis also demonstrate how the wider 

support of friends, families and significant others must also not be underestimated, 

given that many athletes and exercisers may lack access to professional support or be 
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reluctant to disclose information about their psychological and/or physical health to 

medical professionals. 

 Limitations  

 The previous sections within this chapter have highlighted a variety of 

strengths of the empirical chapters and their potential contributions to existing theory 

and clinical practice, however, as with any research project, this thesis is not without 

its limitations. Limitations specific to each empirical study are presented in Chapters 

4 – 7, however, the current section provides a summary of the overarching 

limitations arising from this thesis, which are important to take into consideration 

when reflecting upon the research findings. 

First, there are a number of limitations with regard to the recruitment and 

sampling procedures employed within this research, one of which concerns the 

limited representation of male athletes and exercisers across the three empirical 

studies. Given that a defining feature of the RED-S framework is its 

acknowledgement of the consequences of LEA among males (Mountjoy et al., 

2014), it was hoped that there would be greater male representation within each 

study. However, 130 (66%) of the 197 participants (across all studies, collectively) 

identified their gender as female. There are a number of potential reasons for the 

high proportion of females and relatively small number of males self-selecting to 

participate in this research. Chapters 4 and 5 recruited athletes and exercisers on the 

basis of a self-identified experience of RED-S, a relatively new syndrome that has 

been identified in the last decade (Mountjoy et al., 2014) following over 30 years of 

research with predominantly female athletes (De Souza et al., 2014). Thus, at the 

time of recruitment, fewer males who became aware of the opportunity to participate 
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in the research may have identified with a condition that has, for several decades, 

been predominantly associated with girls and women.  

 Moreover, as syndromes of LEA have commonly been associated with DE 

within both the extant literature and general media, male athletes and exercisers may 

not have identified as experiencing RED-S if they did not experience DE behaviour. 

In contrast, males with personal experience of DE/ED may too have been reluctant 

to disclose and describe their experiences through qualitative interviews and the 

additional tasks employed in Chapter 5. Overall, it is difficult to establish whether 

they were reluctant to participate due to the nature of the research topic and potential 

stigma attached to it, or simply for personal and practical reasons, as is the case with 

research more generally.  

 A further limitation of the recruitment procedures was the terminology used 

within the inclusion criteria for Chapters 4 and 5. Selecting participants based upon a 

subjective experience of RED-S might recruit only those individuals who have 

received diagnoses or identified with numerous ‘spokes’ on the health/performance 

models (see Chapter 2, p. 34). As a result, this may have prevented some individuals 

from participating in the studies if they only identified with a small number of 

spokes on the RED-S models or participated in a sport or exercise activity in which 

knowledge of the RED-S framework and related concepts (e.g., LEA, Triad) are less 

well known, such as team sports, and among recreational exercisers. Finally, as 

participants in all studies expressed a keenness and willingness to take part in the 

research, there is the potential for self-selection bias. For example, in Chapters 4 and 

5, it is possible that only those who had gained a degree of perspective and ‘distance’ 

from their experiences of RED-S had a particular interest in sharing their insights.  
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 Future Research Directions 

 In summary, a number of methodological shortcomings of the current thesis 

have highlighted key areas of future research into LEA. First, it is recommended that 

future research seeks to further explore male experiences of LEA and, to do so, this 

may require recruiting male-only samples to reduce the likelihood of stigma attached 

to the amalgamation of their experiences with female participants. It may also prove 

useful to use a variety of inclusion criteria and terminology that males may identify 

with more than would be the case with RED-S or LEA, such as the Male Athlete 

Triad (Fredericson et al., 2021), or descriptive language of behaviours related to 

LEA, such as ‘under-fuelling’, ‘overtraining’ or ‘high training volumes’.  

 Second, as regards the terminology used during recruitment and throughout 

communication of the research findings, the qualitative chapters could be criticised 

for exploring the ostensibly physiological concepts of LEA and RED-S without 

employing quantitative methods that could corroborate subjective experiences of 

these. Despite this, the use of stringent criteria and biometric indices may have failed 

to capture experiences of individuals who may still be engaging in behaviours that 

initiate LEA, but do not meet ‘at-risk’ criteria, as the presentation of physiological 

impairments may not be detected until several months down the line, particularly in 

the case of recreational exercisers who have little access to professional support 

(Wells et al., 2020). 

 Third, although Chapter 5 sought to overcome limitations associated with 

cross-sectional research by exploring athlete experiences at multiple time points 

throughout their RED-S recovery journeys, future longitudinal research that captures 

insights into long-term consequences of LEA to both physical and psychological 

health is necessary. Improved awareness of these potentially irreversible 
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consequences, not only to short-term goals (e.g., sporting performance) but also to 

wider lifestyle factors (e.g., fertility, bone health) could encourage athletes and 

exercisers to take preventative measures against chronic energy deficiency, such as 

reduced EEE to allow for adequate rest and recovery, and/or sufficient EI 

incorporating key macronutrients to maintain optimal health. 

 Conclusion 

 The aim of the present thesis was to explore the psychological experience of 

low energy availability in sport and exercise. In doing so, this timely research has 

embarked upon a road seldom travelled by scholars investigating LEA and its 

associated syndromes, by representing the voices and experiences of athletes and 

exercisers behind the increasing global headlines of broken bones, toxic training 

environments, and debilitating eating concerns. Collectively, the three empirical 

studies have addressed four research objectives, which together sought to generate 

rich and detailed insights into: (a) how athletes and exercisers may come to 

experience LEA; (b) what these experiences look like, from both a psychological and 

physiological perspective; and (c) why recovery efforts from the consequences of 

LEA may be successful or indeed unsuccessful in restoring optimal EA.  

 This thesis concludes that LEA can occur for a variety of reasons, which may 

be influenced by a combination of psychological, social, and sports-specific factors. 

Transient periods of psychological stress or disproportionately high training loads in 

relation to EI can contribute to inadvertent under-fuelling, whereby fluctuations in 

EA are tolerable and are unlikely to become chronic in the absence of DE cognitions 

and behaviour. If, however, short-term consequences of LEA are appraised as 

positive and beneficial to the physical performance or appearance-based goals of an 
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individual, this can have highly deleterious consequences: behaviours that maintain 

LEA can become conscious, habitual, and ultimately, pathological. 

Moreover, it appears that RED-S encompasses a complex and multifaceted 

condition; importantly, this cannot be appropriately understood, or treated, without 

consideration for its potential psychological underpinnings. The presence of DE 

appears integral to the RED-S experience, as its physiological symptoms reflect the 

manifestations of a chronic state of LEA, which is unlikely to be maintained in the 

absence of a psychological barrier to adequate fuelling. As such, it appears that the 

psychological and physiological repercussions of LEA can have long-lasting and 

detrimental impacts upon physical health, performance, and psychological health, 

with the ongoing management of EA for an individual with a history of experienced 

DE/ED or symptoms of RED-S requiring constant negotiation between conflicting 

beliefs about eating and exercise.  

 Above all, this thesis demonstrates that while quantifiable risk factors and 

conceptual models may be useful in the detection of individuals in danger of 

developing, or indeed already experiencing, consequences of LEA, they are unable 

to convey the complexities of an athlete or exerciser’s mental and physical health 

and the meaning they ascribe to their experiences. By continuing to neglect 

psychological factors integral to the physical behaviours that produce potentially 

devastating and irreversible health impairments, both academic and applied sport and 

exercise settings risk alienating these individuals, leaving them alone to contend with 

the “minefields” that are their minds. 
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Appendix B: Participant Information Sheets 

 

Chapter 4 Participant Information Sheet 

 

 

Study Title: An exploration of the lived experience of low energy availability in 

sport and exercise  

 

You are being invited to take part in a research project. Before you decide to 

participate it is important for you to understand why the research is being done and 

what it will involve. Please take time to read the following information carefully and 

discuss it with others if you wish. Ask if anything is unclear or if you would like 

more information.  

 

What is the purpose of the study?  

 

The purpose of this study is to explore in-depth accounts of athletes or exercisers 

who have experienced low energy availability (LEA). Low energy availability 

occurs when energy intake is insufficient to meet the daily energy requirements of 

the body. It has been linked to many health and performance impairments to sport 

and exercise participants such as hormonal imbalances, bone density issues, 

disordered eating behaviour and overall athletic performance decline among many 

others. The researcher aims to explore the experiences of athletes or exercisers that 

have previously experienced or are currently experiencing LEA to understand how 

this condition is experienced, occurs and can be overcome.  

 

Why have I been invited?  

 

You have been invited to take part in this research as you have identified as having 

experienced symptoms of LEA in the past or are currently experiencing LEA.  

  

What would be involved for me? 

  

You will be invited to take part in one individual interview lasting approximately 60-

90 minutes. This will involve questions about your experience with LEA, including 

before, during and after you experienced this condition. The interview will take 

place at a location convenient for you that will be determined following confirmation 

of your participation. All interviews will be recorded using a digital dictaphone. 

 

What are the possible benefits of taking part?  

 

Your participation in this research will contribute to a developing area of research 

that investigates LEA, providing a deeper insight into the experience of LEA from a 

psychophysiological perspective. The findings will be of relevance to athletes, 

exercisers, coaches and potentially to sporting bodies and coaching organisations.  

 

What are the possible disadvantages and risks of participation?  

 

There is no risk of injury and there are no other physical risks associated with the 

interview. There is the possibility that some of the topics discussed may be of a 
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sensitive nature. If any of the questions were to make you feel uncomfortable then 

you can take some time out and consider withdrawing from the study.  

 

Do I have to take part?  

 

No. Your participation in this study is entirely voluntary. If you do decide to 

participate, you have the right to withdraw from the study at any point in time, for 

any reason. 

 

What do I need to do if I wish to take part?  

 

Please read this Information Sheet and ask any questions that you may have about 

the process. If you are happy to be involved then please read and sign the Consent 

Form, then return it to the investigator.  

 

Will my taking part in the study be kept confidential?  

 

Yes. At no stage will your name be revealed in any report, and no reference will be 

made which could link you to the study information you provide will be handled in 

strict confidence and will be seen only by the investigator and project supervisors.  

 

What if I have any concerns or queries?  

 

For issues relating to the project, please contact either the Principal Investigator 

Rachel Langbein at rlangbein@lincoln.ac.uk or on 01522886680) or the project 

supervisor Dr Patricia Jackman at pjackman@lincoln.ac.uk or on 01522837105)  

If you would like to talk to someone about ethical issues relating to the project, 

please contact Dr Danny Taylor (dtaylor@lincoln.ac.uk; 01522 886845) at the 

University of Lincoln.  

Thank you for taking the time to read this information.  

 

Rachel K Langbein BSc (Hons) 

 

PhD Researcher 

School of Sport and Exercise Science 

University of Lincoln, Brayford Pool, Lincoln, LN6 7TS 

Email: rlangbein@lincoln.ac.uk 
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Chapter 5 Participant Information Sheet 

 

Title of Study: An exploration of psychological health in the recovery journey from 

low energy availability in endurance sport athletes  

 

Name of Researcher: Rachel Langbein and Researchers 

 

Contact Details of the Researchers are given at the end. 

 

We'd like to invite you to take part in our research study. Joining the study is entirely 

up to you, before you decide we would like you to understand why the research is 

being done and what it would involve for you. One of our team will go through this 

information sheet with you, to help you decide whether or not you would like to take 

part and answer any questions you may have. We'd suggest this should take about 

five minutes. Please feel free to talk to others about the study if you wish. 

 

What is the purpose of the study? 

The aim of this study is to explore the experience and psychological wellbeing of 

endurance athletes who are in recovery, or who have recovered from, low energy 

availability associated with their sporting involvement. By doing so, this study seeks 

to advance current understanding of psychological factors that can hinder or 

contribute to recovery from low energy availability. In turn, this new understanding 

could help to inform the development of tailored prevention and treatment 

interventions for athletes at risk of experiencing detrimental health and performance 

effects as a result of low energy availability.  

 

Why have I been invited? 

You are being invited to take part because you have identified yourself as 

recovering, or having recovered, from low energy availability in an endurance sport. 

We are inviting other athletes like yourself to take part. 

 

Do I have to take part? 

You do not have to participate. It is up to you to decide whether or not to take part. If 

you do decide to take part you will be given this information sheet to keep and be 

asked to sign a consent form. If you decide to take part you are still free to withdraw 

at any time and without giving a reason. This would not affect your legal rights. If 

you were to withdraw at any point during the study process, you would be given the 

choice as to whether you would like any data collected or analysed concerning your 

participation to be discarded or kept and included in the study.  

 

What will happen to me if I take part? 

If you agree to participate in the study you will be invited to: (i) take part in two 

individual interviews, lasting approximately 60-90 minutes each, separated by a 4-

week period; (ii) complete at least one weekly online diary entry between both 

interviews; and (iii) take photographs pertaining to your recovery experience in the 

week prior to the final interview.  

The first interview will involve questions about your psychological wellbeing before 

and during your experience of low energy availability (LEA) as well as any 

psychological distress or conflict that you have experienced in your efforts to 

overcome LEA. You will work with the researcher to create a visual timeline of your 
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experience with LEA, where you will outline key events that occurred, and describe 

your thoughts, feelings, and behaviours during this period. You are invited to bring 

any personal items such as objects, past diary entries or photographs to your 

interview, which you deem important to your LEA experience. 

During the subsequent four weeks, you will be asked to complete a weekly diary in 

which you will be prompted to document if any objects, circumstances, or situations 

trigger you to experience psychological conflict when managing your energy 

availability. You will upload this diary to online research software, using a unique 

identity number assigned to you in your first interview. In the fourth and final week 

of this period, you will be asked to take photographs of any such triggers, instead of 

providing a written account, and store these on a personal tablet or multimedia 

device. 

 

After this 4-week period, you will then be invited to a final, follow-up interview that 

will involve answering questions about the photographs you have taken and ask you 

to reflect on your experience over the previous four weeks. Both interviews will take 

place at a location convenient for you, which will be determined following 

confirmation of your participation. The interviews will be recorded using a digital 

Dictaphone.  

 

If you have consented to having the study results emailed to you, the Principal 

Researcher will contact you with a brief summary of the results following data 

analysis, which is expected to be completed within three months of your final 

interview. In this email, the Principal Researcher will reiterate your right to 

withdraw your personal data from the study prior to any publication of the research. 

Your email address will be stored for no longer than six months following your final 

interview, and the study data will be stored for no longer than five years after data 

collection is complete. 

 

What are the possible disadvantages and risks of taking part? 

There is no risk of injury and there are no other physical risks associated with the 

interview. There is the possibility that some of the topics discussed may be 

considered to be of a sensitive nature and personal photographs or objects which you 

may choose to bring to the first interview, could provoke feelings of discomfort or 

distress. If any of the questions or tasks asked of you were to make you feel 

uncomfortable then you can take some time out and may wish to consider 

withdrawing from the study.  

 

Expenses and payments 

Participants will not be paid to participate in the study, however if you are to 

complete all components of the study, you will receive an inconvenience allowance 

as compensation for the time that you have given to take part in this study. This will 

consist of a £10 Amazon voucher. Participation is completely voluntary; therefore, 

the research team are incredibly grateful to those who give their time to contribute to 

the study.  

 

What are the possible benefits of taking part? 

By contributing to this research, you will help us to develop a better understanding 

of psychological wellbeing in endurance athletes who experience low energy 

availability and how recovery can be facilitated. The findings of this study will 
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contribute to a larger research project, which could help to inform the development 

of tailored interventions for the prevention, management, and treatment of low 

energy availability in endurance athletes. 

 

Will my taking part in the study be kept confidential? 

Yes. We will follow ethical and legal practice and all information about you will be 

handled in confidence. Should you disclose anything to us which we feel puts you or 

anyone else at any risk, we may feel it necessary to report this to the appropriate 

persons. This will be discussed with you before action is taken. At no stage will your 

name be revealed in any research output from the study, and no reference will be 

made which could link you to the study. Any information you provide will be seen 

only by the researchers. The audio recordings will be used as the basis for transcripts 

and will only be heard by the research team and an approved transcriber. All data 

will be stored on a password protected computer and secure server. All data 

collected will be destroyed five years after the completion of the Principal 

Researcher’s PhD thesis.  

 

Privacy notice 

The University of Lincoln is the lead organisation for this study. The university’s 

Research Participant Privacy notice https://ethics.lincoln.ac.uk/research-privacy-

notice/ will explain how we will be using information from you in order to undertake 

this study and will be the data controller for this study. This means that we are 

responsible for looking after your information and using it properly.  

 

We will keep identifiable information about you for up to, but not beyond three 

months following your participation in this study.  

What will happen if I don’t want to carry on with the study?  

Your participation is voluntary, and you are free to withdraw at any time, without 

giving any reason, and without your legal rights being affected. If you withdraw 

from the study, we will keep the information about you that we have already 

obtained. To safeguard your rights, we will use the minimum personally-identifiable 

information possible.  

What will happen to the results of the research study? 

The results of this research are to be written up as part of a PhD thesis, which is to be 

produced within the next three years. The results may also contribute to the 

development of a manuscript that will be submitted to a peer-reviewed journal. It is 

hoped that the results will be published in 2020-2021. If you wish to follow the 

publication of the results, they will be made available on the University of Lincoln 

Research Repository at http://eprints.lincoln.ac.uk. At no stage will your name be 

revealed in any research output from the study, and no reference will be made which 

could link you to the research.  

 

Who is organising and funding the research? 

This research is being organised by the University of Lincoln and is being funded by 

the College of Social Science at the University of Lincoln.  

 

Who has reviewed the study? 

All research conducted by the University of Lincoln is looked as by an independent 

group of people, called a Research Ethics committee, to protect your interests.  

 

https://ethics.lincoln.ac.uk/research-privacy-notice/
https://ethics.lincoln.ac.uk/research-privacy-notice/
http://eprints.lincoln.ac.uk/
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What if there is a problem? 

If you have a concern about any aspect of this study, you should ask to speak to the 

researchers who will do their best to answer your questions. The researchers contact 

details are given at the end of this information sheet. If you remain unhappy and 

wish to complain formally, you can do this by contacting ethics@lincoln.ac.uk. 

 

If you feel that we have let you down in relation to your information rights then 

please contact the Information Compliance team by email on 

compliance@lincoln.ac.uk or by post at Information Compliance, Secretariat, 

University of Lincoln, Brayford Pool, Lincoln, LN6 7TS. 

 

You can also make complaints directly to the Information Commissioner’s Office 

(ICO). The ICO is the independent authority upholding information rights for the 

UK. Their website is ico.org.uk and their telephone helpline number is 0303 123 

1113. 

 

Further information and contact details 

Rachel Langbein (Principal Researcher): email: rlangbein@lincoln.ac.uk; phone 

01522 886680 

Dr Patricia Jackman (Second Researcher): email: pjackman@lincoln.ac.uk;  

Dr Daniel Martin (Third Researcher): email: damartin@lincoln.ac.uk 

Professor Jacquelyn Allen-Collinson (Fourth Researcher): email: 

jacollinson@lincoln.ac.uk 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:ethics@lincoln.ac.uk
mailto:compliance@lincoln.ac.uk
mailto:rlangbein@lincoln.ac.uk
mailto:pjackman@lincoln.ac.uk
mailto:damartin@lincoln.ac.uk
mailto:jacollinson@lincoln.ac.uk
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Chapter 6 Participant Information Sheet: Initial questionnaire 

 

 

Title of Study: Psychological health and energy availability in sport and exercise 

  

Name of Researcher(s): Rachel Langbein, Dr Patricia Jackman, Prof Jacquelyn 

Allen-Collinson and Daniel Martin 

  

Contact Details of the Researcher(s) are given at the end.  

  

We’d like to invite you to take part in our research study. Joining the study is 

entirely up to you. Before you decide, we would like you to understand why the 

research is being done and what it would involve for you. Please take some time to 

read this information sheet in full, and if you would like further information please 

contact one of our team on the contact details at the bottom of the page. Please feel 

free to talk to others about the study if you wish. 

  

What is the purpose of the study? 

The purpose of this study is to explore psychological health and energy availability 

in athletes and exercisers. Energy availability refers to the amount of dietary energy 

intake remaining for the body to carry out physical processes. This research seeks to 

advance understanding of energy availability and psychological health in sport and 

exercise, which could have important implications for managing health and 

wellbeing in this context.  

  

Why have I been invited? 

You are being invited to take part because you have identified as regularly 

participating in a sport or exercise activity. We are inviting other athletes and 

exercisers across all sports and exercise activities to take part. 

  

Do I have to take part? 

It is up to you to decide whether or not to take part. If you do decide to take part you 

will be given this information sheet to keep and be asked to sign an online consent 

form. If you decide to take part you are still free to withdraw at any time and without 

giving a reason. This would not affect your legal rights. If you have submitted your 

data anonymously then it will not be possible to withdraw your data, as we will be 

unable to identify your responses. 

  

What will happen to me if I take part? 

You will be invited to complete a questionnaire, which will take approximately 10 

minutes. This will include questions about your sport and/or exercise participation, 

attitudes towards eating and exercise, and psychological health. You may then be 

invited to participate in a follow-up online interview, exploring management of your 

energy availability and mental wellbeing in relation to your sporting or exercise 

participation. This would take place at a time that is convenient for you and would 

be audio-recorded using digital software. After this questionnaire, we could invite 

you to participate in a follow-up interview or to complete a further questionnaire 

within the next 3 months if you consent for us to do so. 

  

Expenses and payments 
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You will not be paid to participate in the study. 

  

What are the possible disadvantages and risks of taking part?  

The risks associated with the questionnaire and interview in this study are considered 

to be low. There is the possibility that some of the items in the questionnaire or the 

topics discussed in the interview may be of a sensitive nature. If any of the questions 

were to make you feel uncomfortable then you can take some time out and consider 

withdrawing from the study. 

  

What are the possible benefits of taking part? 

There are no direct benefits to participating this research. You will, however, 

contribute to the evidence base surrounding energy availability and psychological 

health in sport and exercise. The findings will be of relevance to athletes, exercisers, 

and coaches, as well as sporting bodies and coaching organisations. 

  

Will my taking part in the study be kept confidential? 

Yes. At no stage will your name be revealed in any report, and no reference will be 

made that could link you to the study. Any information you provide will be handled 

in strict confidence and will be seen only by the investigator and project 

supervisors. We will follow ethical and legal practice and all information about you 

will be handled in confidence. 

  

Privacy notice 

The University of Lincoln is the lead organisation for this study and will be the data 

controller for this study. This means that we are responsible for looking after your 

information and using it properly. The university’s Research Participant Privacy 

Notice https://ethics.lincoln.ac.uk/research-privacy-notice/will explain how we will 

be using information from you in order to undertake this study.  

  

We will keep identifiable information (e.g. your contact email address if you provide 

this information in your questionnaire) about you for six months after the study has 

finished. This information may be used in relation to further projects – you will be 

asked to provide your consent if this is the case. 

  

What will happen if I don’t want to carry on with the study?  

It will not be possible to withdraw your questionnaire data once submitted, as your 

participation is anonymous, and we have no way of identifying you. During the 

questionnaire, if you choose not to continue, please close your internet browser and 

your responses will not be recorded. 

 

 

Where will my data be stored? 

The data obtained from the study will be stored securely on the university OneDrive 

in a password protected file. Only the Principal Researcher will have access to it.  

  

What will happen to the results of the research study? 

The results of this research are to be written up as part of a PhD thesis, which is to be 

produced within the next three years. The results may also contribute to the 

development of a manuscript, which will be submitted to a peer-reviewed journal. It 

is hoped that the results will be published in 2021-2022.Data will be treated 
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confidentially and any publication resulting from this study will report only data that 

does not identify individual participants. In cases where your data is anonymised, 

however, it may be shared with other researchers. 

  

Who is organising and funding the research? 

This research is being organised by the University of Lincoln and is being funded by 

the College of Social Sciences. 

  

Who has reviewed the study? 

All research conducted by the University of Lincoln is looked at by an independent 

group of people, called a Research Ethics Committee, to protect your interests.  

  

What if there is a problem? 

If you have a concern about any aspect of this study, you should ask to speak to the 

researchers, who will do their best to answer your questions. The researchers’ 

contact details are given at the end of this information sheet. If you remain unhappy 

and wish to complain formally, you can do this by contacting ethics@lincoln.ac.uk. 

  

If you feel that we have let you down in relation to your information rights then 

please contact the Information Compliance team by email 

on compliance@lincoln.ac.uk or by post at Information Compliance, Secretariat, 

University of Lincoln, Brayford Pool, Lincoln, LN6 7TS. 

 

You can also make complaints directly to the Information Commissioner’s Office 

(ICO). The ICO is the independent authority upholding information rights for the 

UK. Their website is ico.org.uk and their telephone helpline number is 0303 123 

1113. 

  

Contact Details of Researchers 

Principal Researcher: Rachel Langbein (rlangbein@lincoln.ac.uk)  

Project Supervisor: Dr Patricia Jackman (pjackman@lincoln.ac.uk) 

Researcher: Prof Jacquelyn Allen-Collinson (jallencollinson@lincoln.ac.uk) 

Researcher: Dr Daniel Martin (damartin@lincoln.ac.uk) 

Thank you for taking the time to read this information.  
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Chapter 7 Participant Information Sheet: Interview 

 

Title of Study: Psychological health and energy availability in sport and exercise 

 

Name of Researcher(s): Rachel Langbein, Dr Patricia Jackman, Prof Jacquelyn 

Allen-Collinson and Dr Daniel Martin 

 

Contact Details of the Researchers are given at the end.  

We’d like to invite you to take part in our research study. Joining the study is 

entirely up to you. Before you decide, we would like you to understand why the 

research is being done and what it would involve for you. Please take some time to 

read this information sheet in full, and if you would like further information please 

contact one of our team on the contact details at the bottom of the page. Please feel 

free to talk to others about the study if you wish. 

 

What is the purpose of the study? 

The purpose of this study is to explore psychological health and energy availability 

in athletes and exercisers. Energy availability refers to the amount of dietary energy 

intake remaining for the body to carry out physical processes. This research seeks to 

advance understanding of energy availability and psychological health in sport and 

exercise, which could have important implications for managing health and 

wellbeing in this context.  

 

Why have I been invited? 

You are being invited to take part because you regularly participate in sport or 

exercise. We are inviting other athletes and exercisers across all sports and exercise 

activities to take part. 

 

Do I have to take part? 

It is up to you to decide whether or not to take part. If you do decide to take part you 

will be given this information sheet to keep and be asked to sign a consent form 

(online form). 

If you decide to take part you are still free to withdraw at any time and without 

giving a reason. This would not affect your legal rights. You will be able to 

withdraw your interview data for up to three months following your interview, by 

contacting the Researchers using the contact details at the bottom of the page. 

 

What will happen to me if I take part? 

You will be invited to complete an online interview, at a time that is convenient for 

you. The interview should take between 40-70 minutes to complete and will explore 

management of your energy availability (your exercise and eating behaviours) and 

mental wellbeing in relation to your sporting and/or exercise participation. The 

online interview will be audio-recorded using digital software.  

Expenses and payments 

You will not be paid to participate in the study. 

 

What are the possible disadvantages and risks of taking part?  

The risks associated with interview in this study are considered to be low. There is 

the possibility that some of the topics discussed in the interview may be of a 

https://unioflincoln.eu.qualtrics.com/jfe/form/SV_bfMjOmjwqsxDrUx
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sensitive nature. If any of the questions were to make you feel uncomfortable then 

you can take some time out and consider withdrawing from the study. 

 

What are the possible benefits of taking part? 

There are no direct benefits to participating this research. You will, however, 

contribute to the evidence base surrounding energy availability and psychological 

health in sport and exercise. The findings will be of relevance to athletes, exercisers, 

and coaches, as well as sporting bodies and coaching organisations. 

 

Will my taking part in the study be kept confidential? 

Yes. At no stage will your name be revealed in any report, and no reference will be 

made that could link you to the study. Any information you provide will be handled 

in strict confidence and will be seen only by the investigator and project supervisors. 

We will follow ethical and legal practice and all information about you will be 

handled in confidence. Although what you say in the interview is confidential, 

should you disclose anything to us that we feel puts you or anyone else at any risk, 

we may feel it necessary to report this to the appropriate persons. 

 

Privacy notice 

The University of Lincoln is the lead organisation for this study and will be the data 

controller for this study. This means that we are responsible for looking after your 

information and using it properly. The university’s Research Participant Privacy 

Notice https://ethics.lincoln.ac.uk/research-privacy-notice/ will explain how we will 

be using information from you in order to undertake this study.  

 

We will keep identifiable information (e.g. your contact email address if you provide 

this information in your questionnaire) about you for six months after the study has 

finished. This information may be used in relation to further projects – you will be 

asked to provide your consent if this is the case. 

 

What will happen if I don’t want to carry on with the study?  

You will be able to withdraw your data up to three months following your interview. 

If you wish to withdraw this data, please contact the Researchers on the contact 

details below. 

 

Where will my data be stored? 

The data obtained from the study will be stored securely on the university OneDrive 

in a password protected file. Only the Principal Researcher will have access to it.  

 

What will happen to the results of the research study? 

The results of this research are to be written up as part of a PhD thesis which is to be 

produced within the next three years. The results may also contribute to the 

development of a manuscript which will be submitted to a peer-reviewed journal. It 

is hoped that the results will be published in 2021-2022. Data will be treated 

confidentially and any publication resulting from this study will report only data that 

does not identify individual participants.  

 

Who is organising and funding the research? 

This research is being organised by the University of Lincoln and is being funded by 

the College of Social Sciences. 

https://ethics.lincoln.ac.uk/research-privacy-notice/
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Who has reviewed the study? 

All research conducted by the University of Lincoln is looked at by an independent 

group of people, called a Research Ethics Committee, to protect your interests.  

What if there is a problem? 

If you have a concern about any aspect of this study, you should ask to speak to the 

researchers, who will do their best to answer your questions. The researchers’ 

contact details are given at the end of this information sheet. If you remain unhappy 

and wish to complain formally, you can do this by contacting ethics@lincoln.ac.uk. 

 

If you feel that we have let you down in relation to your information rights then 

please contact the Information Compliance team by email on 

compliance@lincoln.ac.uk or by post at Information Compliance, Secretariat, 

University of Lincoln, Brayford Pool, Lincoln, LN6 7TS. 

 

You can also make complaints directly to the Information Commissioner’s Office 

(ICO). The ICO is the independent authority upholding information rights for the 

UK. Their website is ico.org.uk and their telephone helpline number is 0303 123 

1113. 

 

Contact Details of Researchers 

Principal Researcher: Rachel Langbein (rlangbein@lincoln.ac.uk)  

Project Supervisor: Dr Patricia Jackman (pjackman@lincoln.ac.uk) 

Researcher: Prof Jacquelyn Allen-Collinson (jallencollinson@lincoln.ac.uk) 

Researcher: Dr Daniel Martin (damartin@lincoln.ac.uk) 

Thank you for taking the time to read this information.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:ethics@lincoln.ac.uk
mailto:compliance@lincoln.ac.uk
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Appendix C: Consent Forms 

 

Chapter 4 consent form: off-site interviews 

 

 I agree to take part in this research project which involves an interview.  

   Any information I provide will remain strictly confidential.  

 

• The full details of the research have been explained to me and I am fully 

aware of what is expected of me as a participant. 

• I am responsible for reporting any unusual feelings or discomfort felt by 

myself during the interview. 

• I am aware that I am not obliged to complete the interview and that I am 

able to stop at any point, for any reason. 

• I am aware that the research results and any information I have provided 

are fully confidential and that no reference in any written publication or 

oral presentation will link me to participation in the study. 

• I am not aware of any injury and/or illness that will affect my ability to 

perform the interview. 

• I am aware that the Interviewer has a personal attack alarm in their 

possession which they will activate if they feel threatened or unsafe at any 

time during the time they are at the location in which my interview is taking 

place. 

• I am aware that my participation in this study is completely voluntary. If I 

decide not to participate there will not be any negative consequences. I am 

aware that if I decide to participate, I may choose to withdraw at any time 

and ask that any data collected concerning myself is destroyed. 

• I am aware that all personal data will be stored appropriately, and that only 

the research team will have access to this. Furthermore, that all identifiable 

information will be deleted no later than 5 years following my involvement 

in the research, and any anonymised data will be kept no later than 5 years 

following acceptance for publication. 

• I have read and understand the information above, and any questions that I 

had have been fully answered. I agree to participate in this study. 

Name (Print):   

_____________________________________________________________ 

 

Signature of Participant:  

__________________________________ Date:__________________ 

 

I declare that I have explained the testing procedure in full and have made 

myself available for any questions the participant may wish to ask. 

 

Name (Print): 

______________________________________________________________ 

 

Signature of Researcher:  

     

_________________________________ Date: _____________________ 
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Chapter 4 consent form: Skype interview 

 

   I agree to take part in this research project which involves an interview.  

   Any information I provide will remain strictly confidential.  

 

• The full details of the research have been explained to me and I am fully 

aware of what is expected of me as a participant. 

• I am responsible for reporting any unusual feelings or discomfort felt by 

myself during the interview. 

• I am aware that I am not obliged to complete the interview and that I am 

able to stop at any point, for any reason. 

• I am aware that the research results and any information I have provided 

are fully confidential and that no reference in any written publication or 

oral presentation will link me to participation in the study. 

• I am not aware of any injury and/or illness that will affect my ability to 

perform the interview. 

• I am aware that my participation in this study is completely voluntary. If I 

decide not to participate there will not be any negative consequences. I am 

aware that if I decide to participate, I may choose to withdraw at any time 

and ask that any data collected concerning myself is destroyed. 

• I am aware that all personal data will be stored appropriately, and that only 

the research team will have access to this. Furthermore, that all identifiable 

information will be deleted no later than 5 years following my involvement 

in the research, and any anonymised data will be kept no later than 5 years 

following acceptance for publication. 

• I have read and understand the information above, and any questions that I 

had have been fully answered. I agree to participate in this study. 

_____________________________________________________________ 

Name (Print):   

 

______________________________________________________________ 

 

Signature of Participant:  

__________________________________ Date :___________ 

 

I declare that I have explained the testing procedure in full and have made 

myself available for any questions the participant may wish to ask. 

 

Name (Print): 

______________________________________________________________ 

Signature of Researcher:  

       ________________________________  Date: _____________________ 
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Chapter 5 Consent Form 

 

Title of Project: An exploration of psychological experiences in the recovery journey 

from low energy availability in endurance sport athletes  

Name of Researcher: Rachel Langbein 

Name of Participant:  

 

1. I confirm that I have read the information sheet dated 17.10.19 (version 1.5) for 

the above study. I have had the opportunity to consider the information, ask 

questions and have had these answered satisfactorily. 

 

2. I understand that my participation is voluntary and that I am free to withdraw at 

any time from the study without giving any reason, without my legal rights being 

affected. In such circumstances, I am free to withdraw my research data for up to 

three months following my withdrawal. I understand that should I withdraw but not 

choose to withdraw my data within this period, the information collected so far may 

not be erased and that this information may still be used in the project analysis. This 

data will then be stored for five years following the completion of the Principal 

Researcher’s final PhD thesis.  

 

3. I am aware that my email address will be only be stored for up to six months 

following my participation in the study, and no longer. 

 

4. I understand that relevant sections of data collected during the study, may be 

looked at by individuals from the University of Lincoln, where it is relevant to my 

taking part in this research. I give permission for these individuals to have access to 

my records, I understand that my personal details will be kept confidential.  

 

5. I understand that the information collected about me will be used to support other 

research in the future and may be shared anonymously with other researchers 

  

6. I would like to receive a summary of the results of the study  Yes      No        

     

      

7. I agree to take part in the above study. 

 

 

            

Name of Participant   Date    Signature 

            

Name of Person taking consent   Date    Signature  
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Chapter 6 Consent Form: Questionnaire 

 

1. I confirm that I have read the information sheet dated 01.07.20 (version 1.0) for 

the above study. I have had the opportunity to consider the information, ask 

questions and have had these answered satisfactorily. 

 

 

2. I understand that my participation is voluntary and that I am free to withdraw 

at any time from the study without giving any reason, without my legal rights 

being affected. In such circumstances, I am free to withdraw my research data 

for up to three months following my withdrawal. I understand that should I 

withdraw but not choose to withdraw my data within this period, the 

information collected so far may not be erased and that this information may 

still be used in the project analysis. This data will then be stored for five years 

following the completion of the Principal Researcher’s final PhD thesis. 

  

 

3. I am aware that my email address will be only be stored for up to six months 

following my participation in the study, and no longer. 

 

 

4. I understand that relevant sections of data collected during the study, may be 

looked at by individuals from the University of Lincoln, where it is relevant to 

my taking part in this research. I give permission for these individuals to have 

access to my records, I understand that my personal details will be kept 

confidential.  

 

5. I understand that the information collected about me will be used to support 

other research in the future and may be shared anonymously with other 

researchers. 

 

 

 

 6. I would like to receive a summary of the results of the study.   Yes      No 

  

       

7. I agree to take part in the above study. 

 

 

            

Name of Participant   Date    Signature 

 

            

Name of Person taking consent   Date    Signature  
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Chapter 5 E-Consent Form: Follow-up Interview 

 

Project Title: Psychological health and energy availability in sport and exercise 

  

Study Title: A qualitative exploration of factors influencing energy availability 

among endurance athletes 

  

Researchers: Rachel Langbein, Dr Patricia Jackman, Prof Jacquelyn Allen-

Collinson, Dr Daniel Martin 

  

I confirm that I have read the information sheet dated 02.07.20 (v1.1) for the above 

study. I have had the opportunity to consider the information, ask questions and have 

had these answered satisfactorily (please provide your initials in the box below). 

 

I understand that my participation is voluntary and that I am free to withdraw at any 

time without giving any reason, without my legal rights being affected. In such 

circumstances, I am free to withdraw my research data for up to three months 

following my withdrawal.  

  

I understand that should I choose to withdraw my data after this period, the 

information collected so far may not be erased and that this information may still be 

used in the project analysis. This data will then be stored for five years following the 

completion of the Principal Researcher’s final PhD thesis (please provide 

your initials in the box below). 

 

I understand that individuals from the University of Lincoln may look at research 

data collected during the study, to ensure that the study is conducted appropriately. I 

give permission for these individuals to have access to my records; I understand that 

my personal details shall be kept confidential (please provide your initials in the box 

below). 

 

I understand that the interview will be audio-recorded (please provide your initials in 

the box below). 

 

I understand that the information collected about me will be used to support 

other research in the future and may be shared anonymously with other 

researchers (please provide your initials in the box below). 

 

I agree to take part in the above study (please provide your initials in the box below). 

 

Participant Name: 

 

Today’s date: 

 

Contact details of Researchers 

Principal Researcher: Rachel Langbein (rlangbein@lincoln.ac.uk)  

Project Supervisor: Dr Patricia Jackman (pjackman@lincoln.ac.uk) 

Researcher: Prof Jacquelyn Allen-Collinson (jallencollinson@lincoln.ac.uk) 

Researcher: Dr Daniel Martin (damartin@lincoln.ac.uk) 

Thank you for taking the time to read this information.  
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Chapters 4, 5, 6 and 7: Gender Demographic Information Survey 

 

Agreed by the University’s ASSET team  

 

Which one of the following best describes your gender? 

• Female 

• Male 

• In another way 

• Prefer not to say 

• If you describe your gender with another term, please provide this here: 

_______________________________________ 
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Appendix D: Research Instruments 

 

Chapter 4 Interview Guide 

 
To begin the interview, I’d like to start by asking you about a little about your background in sport or exercise 

 
Section Questions Probes 

1. Participant 

details  

First of all, how old 

are you? 

 

Are you currently 

involved in sport or 

exercise? 

If yes: 

• What is your main sport or exercise activity? Do you take part in multiple sports or exercise activities at 

present?  

• What level are you currently performing at? Can you describe what that involves in terms of training 

and competition? How long have you been performing at your current level? 

• What was the highest level at which you have performed? Is that the level you are currently performing 

at? How long did you perform at the highest level (if different to current)? 

If no: 

• What was your main sport or exercise activity? 

• When did you stop? 

• Did you take part in multiple sport or exercise activities? 

• What levels did you perform at previously? Can you describe what that involved in terms of training 

and competition? 

• What was the highest level at which you have performed? How long did you perform at the highest 

level (if different to current)? 

 

 

2. Understanding / 

Introduction  

We will now move on 

and explore some 

terms that are 

relevant to today’s 

topic 

• Are you familiar with the term ‘Relative Energy Deficiency in Sport’ or ‘RED-S’? 

• If yes, where did you come across the term? 

• If yes, what is your understanding of the term? 

• Are you familiar with the term ‘Female Athlete Triad’? 

• If yes, where did you come across the term? 

• If yes, what is your understanding of the term? 

• Are you familiar with the term “low energy availability” (LEA)? 

• If yes, where did you come across the term? 

• If yes, what is your understanding of the term? 
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Now we are going to move on to discussing your experience with low energy availability or RED-S.  

3. Assessing 

current state 

First, are you 

currently 

experiencing RED-

S/LEA? 

• If yes: 

• When did it start? How long have you been experiencing this? Is this the first time that it has 

happened?  

• If no, when did it happen previously? 

• If no: 

• When did this happen? How long did it last? 

• Has it only occurred once? If no, how often has it happened? (explore if multiple occasions) 

4. Occurrence/ 

realisation 

Now we are going to 

look at the time when 

you first realised that 

you had LEA/RED-S? 

• Do you remember when you first realised that you had RED-S/LEA? 

• Can you describe what that realisation was like?  

• What made you become aware of it? Was it a self-realisation or were there others involved? Was there a 

trigger? How did that make you think and feel? When you became aware of it, did you do anything to 

address it? If yes, how immediate was this?  

• How long were you experiencing it before you realised what it was? 

• Why do you think LEA/RED-S occurred? How did you enter this LEA/RED-S state? Were there any 

noticeable changes? Can you tell me a little bit more about those? 

5. Experience Now I want to 

explore your 

experience when you 

were in this state. 

• Can you tell me what you were/are thinking and feeling during this period? 

• Can you describe how you were/are performing? 

• Did/do you have any habits at that time?  

• Can you describe your dietary habits? 

• Can you describe your training/exercising habits at that time? 

• Did you receive any advice or information during this time? Can you describe what that was? How did 

you think and feel after receiving this advice/information? 

If recovered:  

6. Recovery, 

relapse and 

maintenance 

Now we are going to 

move onto looking at 

how things were after 

your experience of 

LEA/RED-S. 

• Can you describe how you feel now compared to how you felt when you experienced low energy 

availability or RED-S? What is different?  

• Why did you begin to overcome LEA/RED-S? What started this process? 

• What helped you to overcome LEA/RED-S? 

• How long did it take? 

• What changes, if any, occurred in how you are thinking and feeling? 

• What changes, if any, occurred in your habits? (check other habits mentioned previously) 

• What changes, if any, occurred in your dietary habits? 

• What changes, if any, occurred in your exercise/training habits? 

• What changes, if any, occurred in your performances? 

• Were there any challenges that you experienced along the way? What helped you to overcome those 

challenges? 

• Did you ever go back into a LEA/RED-S state?  
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• If yes: 

• Why do you think this was?  

• How quickly did it occur? 

• How did you overcome it? 

• If no: 

• Why do you think this was? What has helped? 

• How susceptible do you think you are to experiencing this again? Why do you think that is the 

case?  

 

 

If it is a current experience:  

7. Recovery, 

relapse and 

barriers to 

recovery 

Now we are going to 

move onto looking at 

how things are for 

you at the moment a 

little bit more.  

• You have said that you feel you are currently in an LEA/RED-S state, is this correct? 

• Have you previously overcome LEA/RED-S and been successful?  

• If yes, ask the questions in section 6 in relation to recovery too).  

• (relapse) What caused you to experience LEA/RED-S again? What changed after you had 

recovered? 

• If no, proceed to next, so you have previously tried to overcome RED-S but were unsuccessful: 

• What did you do to try to overcome it? What triggered these efforts?  

• What changes did you try to make? How successful were you? What support did you 

receive? (probe for advice, support from others) 

• What challenges made it hard for you to overcome LEA/RED-S? Can you describe those? 

What do you think could have helped you to overcome those challenges? 

• At the moment, are you trying to overcome LEA/RED-S? 

• If yes, what are you doing? What changes are you trying to make? How successful have you 

been so far? What is helping you to try to overcome this? What additional support do you think 

you would benefit from? What is not helping you to overcome this? 

• If no, why is this the case? What is not helping you to overcome this? What do you think would 

help you at this time? 

 

Lastly, is there anything else that you think would be worth adding at this point that we have not discussed? Do you have any questions 

 

 

  



 

 333 

Chapter 5 Interview Guide: Initial Interview 

 
This document outlines the procedure for the completion of the topical life history timeline and semi-structured interview. 

 
Confirmation of consent and Study Information  

 

 Firstly, thank you very much for giving your consent to participate in this study. I would like to start by reminding you that: 

 

• All of the information that you provide within this interview will be kept confidential, expect in the event that you disclose 

something to us that we feel puts you or another individual at risk. In such circumstances, we may feel it is necessary to report this 

information to the appropriate persons, but we will not do so without speaking to you beforehand. 
 

• If you are not comfortable with any of the questions that I ask, you do not have to answer them 
 

• You have the right to stop this interview at any time and withdraw from the study at any time 
 

Do you have any questions? Are still happy to participate in the interview? 

 

[If yes] That’s great, thank you. I will start the audio recording. 

 

Introduction 

 

As you know, the purpose of this research is to explore the experience and psychological wellbeing of endurance athletes who are in recovery or 

consider themselves to have recovered from low energy availability (LEA) and what that means to them. 

 

The purpose of today’s interview is to explore your past and present experiences with managing LEA in your sport, by creating a visual timeline of 

key events in your experience and understanding how these made you think, feel, and behave. 

 

Prior to today, I suggested that you may want to bring any visual material, such as photographs or objects that relate to your experiences with LEA in 

your sport. If you have brought any such items along with you, you may want to describe their importance or significance in relation to a specific time 

or event discussed during the interview.  

 

To begin, I’d like to ask you to briefly introduce yourself, so I know a little more about your background and who you are. 
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Section Questions Probes 

1. Participant 

Information  

Could you tell me a little 

about yourself?  

 

Perhaps how you would 

introduce and describe 

yourself to a stranger, such 

as myself? 

 

• How might you introduce and describe yourself to a stranger, such as myself? 

• Age 

• Profession 

• Sporting background, competition level-beginning of sporting involvement, 

motivation 

• Other hobbies and interests 

• Family 

 
 

Thank you. I’d now like to introduce the visual timeline, which I have created to help you recall key events during your experience of LEA. If you 

are happy to do so, both you and I can annotate this timeline while we talk, as the interview progresses.  

 

Prompt: Introduce the A2-size timeline to the middle of the interview table 

  

The top timeline represents key events in your sporting and personal life. The three timelines beneath this will represent any thoughts, feelings and 

associated behaviours you can recall that were related to the key events.  

 

Are you happy with what each of the four timelines represents? 

 

[If Yes] Brilliant. We will start by focusing on the top timeline, specifically.  

 

 

2. Life events  Could you describe your 

journey with managing 

your energy availability in 

your sport? 

 

• Can you please add any key events that you think are important in your 

LEA journey to the top timeline? 

• You may choose to begin at present day, or a particular year or event, 

or you may prefer to start right from when you first recognised that you 

may be experiencing LEA. That is completely up to you. 

• When do you think your LEA journey began? 

• Can you recall any key events that triggered changes in your exercise or 

eating habits? 
 



 

 335 

Prompt: encourage the participant to annotate the timeline with key events during their experience. When the events timeline is populated, refer to 

the questions below which correspond to the three timelines beneath the events timeline. Encourage the participant to refer to each timeline event 

in turn and answer the following questions: 
 

3.1 Cognitions Could you describe what 

you were thinking about at 

this time? 

• What beliefs did you hold about eating and exercise behaviours at this time? 

• What were your attitudes towards fuelling for your sport? 

• What were your attitudes towards training and exercise volume?  
3.2 Affect Could you describe how 

you were feeling at this 

time? 

• What emotions can you remember experiencing? 

 

3.3 Behaviour How did your thoughts and 
feelings affect your 

behaviour at this time?  

• Can you remember how you behaved at this time? 

• Can you remember any habits you had? 
 

 

 

Prompt: If recent life events on the timeline have not yet been discussed and present-day thoughts, feelings, and behaviours have not yet been explored, 
use the following template to explore this further: 

 

I would now like us to mark today on the timeline, and explore how you currently think, feel, and behave with regard to your energy availability 

 

4. Current State What does recovery from LEA 

look like to you? 
• How would you describe someone who is fully recovered from LEA? 

 How would you describe where 

you currently feel you are in 

recovery? 

• How would you describe your own recovery journey? 

 How would you currently 
describe your relationship with 

food and exercise?  

• What beliefs do you currently hold about managing energy availability in 

sport and exercise? 

• What attitudes do you currently have towards your energy intake and 

exercise behaviours? 
 How would you describe how 

you are feeling currently 

psychologically?  

• How does your mental wellbeing influence your recovery progress? 
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 What has facilitated your 

recovery from LEA? 
• What behaviours or habits have you adopted that have facilitated your 

recovery from LEA? 
 Are there any behaviours or 

habits that you feel hinder your 

recovery from LEA? 

• Can you recall any specific setbacks in your recovery that we have not 

discussed? 

 What, if anything do you think 

could cause you to experience 

LEA again? 

• Have you experienced any relapses in your recovery? 

5. Expectations 

for study and 

future recovery 

progress 

Do you have any expectations 

for the next four weeks in your 

recovery? 

• Where do you see yourself in your recovery in four weeks’ time? 

 

Drawing interview to a close 

 

I would now like to draw the interview to a close as those are all of my questions for today. Is there anything you would like to ask me? 

 
Prompt: thank the participant for taking part in the interview 

 

Is there any else at all that you would like to add to the timeline we have create or to share before I close the interview and stop the recording? 

 

[If no] Okay, thank you again. I will now stop the recording. 

 

Interview Debrief 

 

As today’s interview has been of a very personal nature and some of the things that we have discussed and events you have recalled may have felt 

uncomfortable for you, I’d just like to check in with how you are feeling, having completed the interview. 

 

Is there anything you would like to discuss further with me before you leave? 

 

Should you feel at all distressed as a result of the things we have discussed, either now or later, there is further support available to you, from specialist 

organisations with people you can talk to. I have an information sheet for you that provides some contact details for these. 

 

Thank you, once again, for your participation in today’s interview. 
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Introduction to Journal/Photovoice activity 

 

Before you leave today, I’d like to briefly introduce you to the next part of the study.  

 

Over the next three weeks, I would like you to complete an online diary that documents your psychological wellbeing and any sources of psychological  

distress or conflict which you experience in relation to managing your energy intake and exercise behaviour. You will be required to upload this 

account  

weekly, via an internet link that I will send you on the Monday of each week. This account will need to be uploaded by 11:59pm on the Sunday of the  

same week. You will repeat this for two further weeks, completing three weekly diary accounts in total. You will be allocated a unique identity number 

for this activity.  

 

In the fourth week following this interview, you will not be required to complete a written diary. You will instead be asked to photograph any objects, 

situations or circumstances that make you feel uncomfortable with regard to your eating and/or exercise behaviours. You may wish to make some 

notes about these sources of conflict on the template that I will email you on the Monday of the fourth week, however you are not expected to do so. 

I will send you more details about this activity closer to the time. 

 

Finally, I’d like to clarify two terms, relevant to the activities you will be completing over the next four weeks: 

 

Trigger of psychological conflict: Anything which causes you to experience conflicting thoughts or a discrepancy between your thoughts and 

subsequent behaviours towards managing your energy availability e.g. food intake of others around you, being unable to exercise due to injury. 

 

Low energy availability: When energy intake is insufficient to support optimal physiological functioning of body, after exercise activity has been 

taken into account. 
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Chapter 5: Online psychological conflict diary 

 

Study Title: Endurance athletes' psychological experiences in the recovery journey 

from low energy availability 

 

 

Start of Block: Block 2 

 

 This questionnaire asks you a number of questions relating to your psychological 

experiences with managing your energy availability over the last week.  

 

 

Please note: you can retake this questionnaire at any time within 7 days of receiving 

the online link, by providing your unique participant identification code. In the event 

that you revisit the page, you will complete a new blank questionnaire template to 

ensure that all responses recorded on separate days have been submitted and are not 

lost. 

 

End of Block: Block 2 

 

Start of Block: Default Question Block 

 

Q1 What is your unique identification code? 

________________________________________________________________ 

 

 

 

Q2 Can you describe how you have been feeling, in yourself, over the last 7 days, 

regarding your journey with low energy availability?  

Please note: if you have previously answered this question and are revisiting the 

page to record additional diary entries, you may wish to leave this blank and proceed 

to Question 3. 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

 

Start of Block: Block 1 

 

Q3 Please list all triggers of psychological conflict* that you have experienced over 

the last 7 days, in relation to your journey with low energy availability (fill as many 

boxes as you require for each separate trigger). 

 

*Any object, event or situation that caused you to experience feelings of discomfort, 

unease or worry with regard to managing your energy availability 
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What was the 

trigger? (1) 

What were 

you thinking 

about? (2) 

How were you 

feeling? (3) 

How did you 

react or 

behave as a 

result? (4) 

1 (1)      

2 (2)      

3 (3)      

4 (4)      

5 (5)      

6 (6)      

7 (7)      

8 (8)      

9 (9)      
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10 (10)      

Start of Block: Block 3 

 

 Thank you for your time, in taking this questionnaire. 

  

 Questions and withdrawing 

  

 If you have any further questions about the study, please feel free to ask the 

researcher before you finish or alternatively contact the researcher or their supervisor 

at any time on rlangbein@lincoln.ac.uk or pjackman@lincoln.ac.uk. If you wish to 

withdraw your data please also contact the researcher or supervisor with your unique 

participant number, which will be assigned to you during your first interview. Please 

note you will only be able to withdraw up to the point of data analysis, which is 

projected to be completed within three months of your final interview.  

 

Further help and support  

  If you have any ethical concerns regarding the current research, your treatment as a 

participant or your involvement in the study please feel free to 

contact ethics@lincoln.ac.uk.   If you have been affected by any of the issues raised 

by taking part in this study the following organisations may be able to provide help 

and advice: 

  Samaritans: (phone: 116 123; email: jo@samaritans.org) 

  BEAT eating disorder support: (phone: 0808 801 0677; email: 

help@beateatingdisorders.org.uk)    
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Chapter 5: Follow-up Interview 

 
This document outlines the procedure for the completion of a follow-up interview after the initial topical life-history interview and four-week journal 

activity. 
 

Confirmation of consent and Study Information  

 

 Firstly, thank you very much for giving your consent to participate in this study. I would like to start by reminding you that: 

 

• All of the information that you provide within this interview will be kept confidential, expect in the event that you disclose 

something to us that we feel puts you or another individual at risk. In such circumstances, we may feel it is necessary to report 

this information to the appropriate persons, but we will not do so without speaking to you beforehand. 
 

• If you are not comfortable with any of the questions that I ask, you do not have to answer them 
 

• You have the right to cease this interview at any time and withdraw from the study at any time 
 

Are still happy to participate in the interview? 

 

[If yes] That’s great, thank you. I will start the audio recording. 

 

To begin today’s interview, I’d like to check in with how you have found the last four weeks and how you are feeling about your participation in the 

study.  

 

1. Recap How have things 

gone since we last 

met? 

• How would you describe your recovery progress over this last month? 

• Have you experiencing any setbacks or successes which you would like to share? 
 

 

Great, thank you.  

 

In the fourth week following your first interview, you were asked to capture photographs of anything that triggered psychological conflict for you 

with regard to your eating and exercise behaviours.  
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I’d now like to ask a few questions about each photograph you took, in turn. If you’d like to choose one to start with and refer to any notes which 

you may have made at the time please do so. 

 

Prompt: encourage participant to find and display the photographs they have taken so that they are visible to you both. 

 

Section Questions Probes 

2. Photograph 

selection 

What does the 

photograph mean to 

you? 

 

• What prompted you to capture this photograph? 
 

3. Cognition What did you think 

about when you first 

saw what is in the 

photograph? 

• Can you recall any thoughts that you had? 

4. Affect How did you feel 

when you saw the 

content of the 

photograph? 

 

• What emotions can you remember experiencing? 

5. Behaviour How did seeing the 

content of this 

photograph affect 

how you behaved?  

• How did you react? 

• How did it affect you immediately/later in the day? 

6. Current 

cognitions 

How do you feel 

currently, looking at 

this photograph? 

• What thoughts are you experiencing? 

• How are these thoughts similar or different to those you had at the time of the 

photograph being taken? 
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Thank you. I would now like us to reflect on the different research activities that you have participated in so far, starting with the timeline that we 

created in your first interview. 

 

I am going to give you a few minutes to refamiliarise yourself with this timeline and make any comments, additions or changes that you wish, which 

you feel are relevant or important to your experience.  Is there anything which we did not discuss in that interview that you feel now may be relevant 

to add? 

 

Prompt: Provide the participant with their previously annotated timeline from Interview 1 and encourage them to make any further annotations 

  

[Participant confirmation that timeline is complete] That’s great, thank you. 

 

As you know, the next research activity you completed following the first interview, was the personal diary, which you filled out weekly about your 

psychological wellbeing and any sources of psychological distress you encountered. I’d now like to ask a couple of questions about this activity. 

 

Section Questions Probes 

7. Reflection 

on 

personal 

diaries 

How did you find 

documenting your 

psychological 

wellbeing and 

reporting your 

thoughts, feelings 

and behaviours over 

this period? 

 

• How, if at all, do you feel completing the weekly diaries has affected you? 
 

Refer to diary 

entries 

You wrote here, in 

week ____ that you 

were feeling ____ 

because you 

experienced _____. 

Could you tell me a 

little more about 

this? 

• How did you manage this psychological distress/conflict? 

• How, if at all, did this experience affect how you coped with other sources of 

conflict or distress? 

 

Prompt: Repeat above probes with diary entries which appear short or ambiguous and could elicit more elaboration. 
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Thank you for sharing those insights. 

 

We have now explored your experience of low energy availability at various time points and mapped out your psychological wellbeing throughout 

these times. 

 

Before we conclude today’s interview, I would like to finish by asking you about your recovery journey moving forward.  

 

Section Questions Probes 

8. Reflection 

and future 

expectation 

What do you consider current 

barriers to your recovery from 

low energy availability? 

 

 

• How, if at all, do you feel completing the weekly diaries has affected 

you? 
 

Refer to diary entries How do these barriers compare 

to barriers identified over the 

last four weeks – How are they 

similar? How are they 

different? 

 

• How did you manage this psychological distress/conflict? 

• How, if at all, did this experience affect how you coped with other 

sources of conflict or distress? 

 What do you feel would 

further facilitate your recovery 

from low energy availability? 

 

 

 What hopes do you have for 

the future with regard to 

managing your energyg 

availability in your sport? 
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Drawing interview to a close 

 

I would now like to draw the interview to a close. Is there anything you would like to ask me? 

 

Prompt: thank the participant for taking part in the interview 

 

Is there any else at all that you would like to add to the timeline we have created or to share before I close the interview and stop the 

recording? 

 

[If no] Okay, thank you again. I will now stop the recording. 

 

Interview Debrief 

 

As today’s interview has been of a very personal nature and some of the things that we have discussed and events you have recalled may 

have felt uncomfortable for you, I’d just like to check in with how you are feeling, having completed the interview, and the previous 

research activities. 

 

Is there anything you would like to discuss further with me before you leave? 

 

Should you feel at all distressed as a result of the things we have discussed, either now or later, there is further support available to you, 

from specialist organisations with people you can talk to. I have an information sheet for you that provides some contact details for 

these. 

 

Thank you, once again, for your participation in today’s interview, and the study as a whole. I shall be in touch with you following 

analysis of the study data, to provide a brief summary of the results, and subsequently, prior to any publication of the results. Once 

again, at no stage will your name be revealed in any research output from the study, and no reference will be made which could link you 

to the research. 

 
 

 

 



 

 346 

Chapter 6: Online Questionnaire 

 

Thank you for consenting to taking part in this questionnaire. If you have agreed to 

be contacted with regard to the future research included in this study, please provide 

your email address below  

________________________________________________________________ 

 

End of Block: Block 1 

 

Start of Block: About You 

 

 The following questionnaire should take no longer than 10 minutes to complete. 

You do not have to answer any questions you do not want to answer, and if at any 

time before or during the questionnaire you wish to withdraw, you may do so. If 

you close your internet browser, any responses you have provided will be erased.    

    

This first section begins with some questions about yourself and your sporting 

and/or exercise background. 

 

 

 

Q1 What is your current age, in years? 

________________________________________________________________ 

 

 

 

Q2 What is the gender with which you identify? 

________________________________________________________________ 

 

 

Q3 In which country do you currently reside? 
▼ Afghanistan (1) ... Zimbabwe (1357) [drop-down list] 

 

 

 

Q4 What is the main sport or exercise activity you are currently participating in or 

training for? 

________________________________________________________________ 

 

 

Q5 How long have you been participating in your main sport or exercise activity 

(years)? 

________________________________________________________________ 

 

This research study is being conducted during the year of the covid-19 

pandemic outbreak, and as such we are aware that many sporting competitions 

have been postponed or cancelled. Please answer the following question in 

relation to your competitive sporting involvement, in general, as opposed to 

how it may have changed specifically during this time. 
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Q6 Do you compete in sport?  

o Yes  (1)  

o No  (2)  

 
End of Block: About You 

 

Start of Block: Energy intake and expenditure 

 

   This section will ask you questions about your energy intake and exercise energy 

expenditure, over the past 28 days. You will be provided with definitions for both 

of these terms.  

 

 

 

 Energy intake refers to the amount of energy you consume through your total 

daily food consumption  

 

 

 

Q7 Which of the following statements applies to you? 

o I think I have been eating more than I need to account for my exercise and/or 

sporting activity  (1)  

o I think I have been eating enough to account for my exercise and/or sporting 

activity  (2)  

o I do not think I have been eating enough to account for my exercise and/or 

sporting activity  (3)  

o I'm not sure  (4)  

 

 

 

  

 

Exercise energy expenditure refers to the amount of energy you expend when 

performing physical activity. 
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Q8 Which of the following statements applies to you? 

o I think I have exercised or trained for my sport too much  (1)  

o I think I have done a sufficient amount of exercise or training for my sport(2)  

o I think I have exercised or trained for my sport too little  (3)  

o I'm not sure  (4)  

 

 

 

 We are now interested in how your energy intake compares to your exercise 

energy expenditure. Please answer the follow question in relation to the past 28 

days. 

 

Q9 Which of the following statements applies to you? 

o I have purposefully restricted how much I have eaten or significantly 

increased my physical activity to improve my exercise and/or sporting performance  

(1)  

o I have purposefully restricted how much I have eaten, or significantly 

increased my physical activity as a result of a diagnosed eating disorder or 

disordered eating behaviour  (2)  

o I have found it difficult to eat enough to account for my exercise and/or 

sporting activity, but have not purposefully restricted how much I have eaten  (3)  

o None of the above statements apply to me, my energy intake is sufficient to 

support my exercise energy expenditure  (4)  

 
End of Block: Energy intake and expenditure 

 

Start of Block: Eating attitudes and behaviours 

 

This section will ask you questions about your eating attitudes and 

behaviours.  Please answer the questions in relation to the past 28 days?  

 

The questions within this section are from a validated questionnaire, The Eating 

Attitudes Test (EAT-26; Garner & Garfinkel, 1979). A fee was not required for this 

measure to be included. 

 

Q10 To what extent do the following statements apply to you, over the past 28 

days? 
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Always 

(1) 

Usually 

(2) 

Often 

(3) 

Sometimes 

(4) 

Rarely 

(5) 

Never 

(6) 

Am terrified 

about being 

overweight 

(1)  
o  o  o  o  o  o  

Avoid eating 

when I am 

hungry (2)  o  o  o  o  o  o  

Find myself 

preoccupied 

with food (3)  o  o  o  o  o  o  

Have gone on 

eating binges 

where I feel 

that I may not 

be able to stop 

(4)  

o  o  o  o  o  o  

Cut my food 

into small 

pieces (5)  o  o  o  o  o  o  

Aware of the 

calorie 

content of 

foods that I 

eat (6)  

o  o  o  o  o  o  

Particularly 

avoid food 

with a high 

carbohydrate 

content (i.e. 

bread, rice, 

potatoes, etc.) 

(7)  

o  o  o  o  o  o  

Feel that 

others would 

prefer if I ate 

more (8)  
o  o  o  o  o  o  

Vomit after I 

have eaten (9)  o  o  o  o  o  o  

Feel 

extremely 

guilty after 

eating (10)  
o  o  o  o  o  o  
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Am 

preoccupied 

with a desire 

to be thinner 

(11)  

o  o  o  o  o  o  

Think about 

burning up 

calories when 

I exercise (12)  
o  o  o  o  o  o  

Other people 

think that I 

am too thin 

(13)  
o  o  o  o  o  o  

Am 
preoccupied 

with the 

thought of 

having fat on 

my body (14)  

o  o  o  o  o  o  

Take longer 

than others to 

eat my meals 

(15)  
o  o  o  o  o  o  

Avoid foods 

with sugar in 

them (16)  o  o  o  o  o  o  

Eat diet foods 

(17)  o  o  o  o  o  o  

Feel that food 

controls my 

life (18)  o  o  o  o  o  o  

Display self-

control 

around food 

(19)  
o  o  o  o  o  o  

Feel 

uncomfortable 

after eating 

sweets (20)  
o  o  o  o  o  o  

Engage in 

dieting 

behaviour 

(21)  
o  o  o  o  o  o  

Like my 

stomach to be 

empty (22)  o  o  o  o  o  o  
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Have the 

impulse to 

vomit after 

meals (23)  
o  o  o  o  o  o  

Enjoy trying 

new rich 

foods (24)  o  o  o  o  o  o  

 
Always 

(1) 

Usually 

(2) 

Often 

(3) 

Sometimes 

(4) 

Rarely 

(5) 

Never 

(6) 

Am terrified 

about being 

overweight 
(1)  

o  o  o  o  o  o  

Avoid eating 

when I am 

hungry (2)  o  o  o  o  o  o  

Find myself 

preoccupied 

with food (3)  o  o  o  o  o  o  

Have gone on 

eating binges 

where I feel 

that I may not 

be able to stop 

(4)  

o  o  o  o  o  o  

Cut my food 

into small 

pieces (5)  o  o  o  o  o  o  

Aware of the 

calorie 

content of 

foods that I 

eat (6)  

o  o  o  o  o  o  

Particularly 

avoid food 

with a high 

carbohydrate 

content (i.e. 
bread, rice, 

potatoes, etc.) 

(7)  

o  o  o  o  o  o  

Feel that 

others would 

prefer if I ate 

more (8)  
o  o  o  o  o  o  

Vomit after I 

have eaten (9)  o  o  o  o  o  o  
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Feel 

extremely 

guilty after 

eating (10)  
o  o  o  o  o  o  

Am 

preoccupied 

with a desire 

to be thinner 

(11)  

o  o  o  o  o  o  

Think about 

burning up 

calories when 

I exercise (12)  
o  o  o  o  o  o  

Other people 
think that I 

am too thin 

(13)  
o  o  o  o  o  o  

Am 

preoccupied 

with the 

thought of 

having fat on 

my body (14)  

o  o  o  o  o  o  

Take longer 

than others to 

eat my meals 

(15)  
o  o  o  o  o  o  

Avoid foods 

with sugar in 

them (16)  o  o  o  o  o  o  

Eat diet foods 

(17)  o  o  o  o  o  o  

Feel that food 

controls my 

life (18)  o  o  o  o  o  o  

Display self-

control 

around food 

(19)  
o  o  o  o  o  o  

Feel 

uncomfortable 

after eating 

sweets (20)  
o  o  o  o  o  o  

Engage in 

dieting 

behaviour 

(21)  
o  o  o  o  o  o  
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Like my 

stomach to be 

empty (22)  o  o  o  o  o  o  

Have the 

impulse to 

vomit after 

meals (23)  
o  o  o  o  o  o  

Enjoy trying 

new rich 

foods (24)  o  o  o  o  o  o  

Q11 In the past 28 days, have you 

 Never (1) 

Once a 

month or 

less (2) 

2-3 times 

a month 

(3) 

Once a 

week (4) 

2-6 times 

a week 

(5) 

Once a 

day or 

more (6) 

Gone on 

eating 

binges 

where you 

feel that you 

may not be 

able to 

stop?* (1)  

o  o  o  o  o  o  

Ever made 

yourself 

sick 

(vomited) to 

control your 

weight or 

shape? (2)  

o  o  o  o  o  o  

Find myself 

preoccupied 

with food 

(3)  
o  o  o  o  o  o  

Ever used 

laxatives, 

diet pills or 

diuretics 

(water pills) 

to control 

your weight 

or shape? 

(4)  

o  o  o  o  o  o  

Exercised 

more than 

60 minutes 

a day to lose 

or to control 

your 

weight? (5)  

o  o  o  o  o  o  
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End of Block: Eating attitudes and behaviours 

 

Start of Block: Attitudes towards exercise 

 

This section will ask questions about your attitudes towards exercise, which includes 

any training that you may engage in for your sport.  

 

The questions within this section are from a validated questionnaire, The 

Compulsive Exercise Test (CET; Taranis, Touyz, & Meyer, 2011). A fee was not 

required for this measure to be included. 

 

Q13 To what extent do the following statements apply to you, over the past 28 

days? 
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Always 

(1) 

Usually 

(2) 
Often (3) 

Sometimes 

(4) 

Rarely 

(5) 
Never (6) 

I feel 

happier 

and/or more 

positive 

after I 

exercise (1)  

o  o  o  o  o  o  

I exercise 

to improve 

my 

appearance 

(2)  

o  o  o  o  o  o  

I like my 
days to be 

organized 

and 

structured, 

of which, 

exercise is 

just one 

part (3)  

o  o  o  o  o  o  

I feel less 

anxious 

after I 

exercise (4)  
o  o  o  o  o  o  

I find 

exercise a 

chore (5)  o  o  o  o  o  o  

If I feel I 

have eaten 

too much, I 

will do 

more 

exercise (6)  

o  o  o  o  o  o  

My weekly 

pattern of 

exercise is 

repetitive 

(7)  

o  o  o  o  o  o  

I do not 

exercise to 

be slim (8)  o  o  o  o  o  o  

If I cannot 

exercise, I 

feel low or 

depressed 

(9)  

o  o  o  o  o  o  
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I feel 

extremely 

guilty if I 

miss an 

exercise 

session (10)  

o  o  o  o  o  o  

I usually 

continue to 

exercise 

despite 

injury, 

unless I am 

very ill or 

too injured 
(11)  

o  o  o  o  o  o  

I enjoy 

exercising 

(12)  o  o  o  o  o  o  

I exercise 

to burn 

calories and 

lose weight 

(13)  

o  o  o  o  o  o  

I feel less 

stressed 

and/or tense 

after I 

exercise 

(14)  

o  o  o  o  o  o  

If I miss an 

exercise 

session, I 

will try and 

make up for 

it when I 

next 

exercise 

(15)  

o  o  o  o  o  o  

If I cannot 

exercise, I 

feel 

agitated 

and/or 

irritable 

(16)  

o  o  o  o  o  o  

Exercise 

improves 

my mood 

(17)  
o  o  o  o  o  o  
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If I cannot 

exercise, I 

worry that I 

will gain 

weight (18)  

o  o  o  o  o  o  

I follow a 

set routine 

for my 

exercise 

sessions 

(e.g. walk 

or run the 

same route, 

particular 
exercises, 

same 

amount of 

time, and so 

on) (19)  

o  o  o  o  o  o  

If I cannot 

exercise, I 

feel angry 

and/or 

frustrated 

(20)  

o  o  o  o  o  o  

I do not 

enjoy 

exercising 

(21)  
o  o  o  o  o  o  

I feel like 

I've let 

myself 

down if I 

miss an 

exercise 

session (22)  

o  o  o  o  o  o  

If I cannot 

exercise, I 

feel anxious 

(23)  
o  o  o  o  o  o  

I feel less 

depressed 

or low after 

I exercise 

(24)  

o  o  o  o  o  o  

 
End of Block: Attitudes towards exercise 
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Start of Block: Psychological Stress 

 

 In this section you will be asked questions about sources of stress in your life. You 

should answer these questions in relation to the past 28 days. 

 

 

Q14  

 Over the past month, to what extent have the following situations been a source 

of stress for you?  

Not  at all stressful  Extremely stressful 

 

 0 1 2 3 4 5 6 7 8 9 10 

 

Lifestyle changes (e.g., employment, 

caring responsibilities) ()  

Personal health (physical and/or 

psychological) ()  

Sporting injury () 
 

Changes to exercise routine or training 

schedule ()  

Body image and weight () 
 

Social media () 
 

Social situations (e.g. gatherings, 

spending time with friends and/or 

family) ()  

Seeking professional help for physical 

health concerns ()  

Seeking professional help for 

psychological health concerns ()  

Communicating your feelings to other 

people ()  

Making decisions about eating (e.g. 

what to eat,  when to eat, how much) 

()  

Making decisions about 

exercise/training volume (e.g. whether 

to exercise or rest) ()  
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Chapter 7: Interview Guide 

 

Establishing rapport 

 

As this will be a ‘virtual’ interview via online means, the Researcher will spend the 

first five minutes establishing rapport with the participant, asking them some general 

informal questions and creating a comfortable environment in which the participant 

can speak freely. 

 

Confirmation of Consent and Study Information  

 

 [Interviewer] Firstly, thank you very much for giving your consent to participate in 

this study. I would like to start by reminding you that: 

 

• All of the information that you provide within this interview will be kept 

confidential, expect in the event that you disclose something to us that we 

feel puts you or another individual at risk. In such circumstances, we may 

feel it is necessary to report this information to the appropriate persons, but 

we will not do so without speaking to you beforehand. 

 

• If you are not comfortable with any of the questions that I ask, you do not 

have to answer them 

 

• You have the right to cease this interview at any time and withdraw from the 

study at any time 

 

• I will be audio-recording this online interview, which is something you 

initially consented to in the research questionnaire. Are you still happy with 

this and to participate in the interview? 

 

[If yes] Do you have any questions?  

 

[If no] That’s great, thank you. I will start the audio recording. 

 

[Interviewer] Firstly, could you tell me about your involvement in sport and exercise 

over the last 2 months?  
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I am now interested in hearing a little more about how you would describe your energy intake and expenditure during this time?   

Section  Sub-theme/topic Question Probe 

1. Energy 

Availability 

 

Energy intake 

To recap, energy intake refers to the amount of energy you 

consume through your total daily food consumption  

 

How would you describe your energy intake in the past two 

months?  

Questionnaire answers 1. 

eaten too little 2. eaten a 

sufficient amount 3. eaten 

more than enough 4. unsure 

Exercise energy 

expenditure  

And the same with your energy expenditure, which is the 

amount of energy you expend through physical activity, in 

addition to other bodily processes. 

 

How would you describe your exercise training volume over the 

past two months? 

Same as above 

Overall energy 

availability appraisal 

And finally, with regard to your overall energy availability, that 

is your energy intake in relation to your exercise volume, would 

you say you have purposefully restricted intake, found it difficult 

to eat enough, or been eating enough to account for the amount 

of exercise you do? 

 

  

2. Causes of 

LEA/adequate EA   

[If EA appraisal unchanged] 

Barriers to  

adequate EA 

[If Intentional LEA]: Can you tell me more about why you have 

intentionally restricted your dietary intake or significantly 

increased your exercise volume recently? 

 

What has influenced you to do so? 

 

How long would you say this has been the case for you? 
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[If Inadvertent LEA]: Could you tell me a little more about why 

you think you have found it difficult to eat enough in relation to 

your exercise volume recently? 

 

Do you feel that this has impacted you in any way, physically or 

mentally? 

What do you think might 

make it easier for you to 

achieve adequate  energy 

availability? 

[If EA appraisal changed to inadvertent/intentional/psychopathological] 

Reasons for change  

in EA 

X weeks ago you reported that _____ but are now reporting ___ 

 

What changes have occurred to your energy intake and/or 

exercise volume since you completed the initial questionnaire? 

[If not already explained in section 1] 

Do you feel that this has impacted you in any way, physically or 

mentally? 

  

 If EA appraisal changed to adequate EA] 

Reasons for change 

in EA 

What changes have occurred to your energy intake and/or 

exercise volume since you completed the initial questionnaire? 

[If not already explained in section 1] 

What has helped you to 

improve your overall energy 

availability, do you think? 

3. Stressor 

appraisals 

 

In your initial questionnaire you were asked to rate the level of stress you associated with a number of lifestyle 

stressors. A stressor refers to a stimulus that causes an individual to experience distress, such as lifestyle changes or 

work stress. 

 

Next, I’d like to explore some of these stressors, but also other factors that may influence your eating and exercise 

behaviours 

 

Could you describe any stressors, or situations which you feel 

influence how much you eat or the volume of exercise that you 

do? 

How exactly does this 

influence your 

eating/exercise behaviours? 

4. Closing questions  Is there anything else, at all that you would like to add?  
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Drawing interview to a close 

[Interviewer] I would now like to draw the interview to a close. Is there anything you 

would like to ask me? 

Prompt: thank the participant for taking part in the interview 

 

Is there any else at all that you would like to add to the timeline we have create or to 

share before I close the interview and stop the recording? 

[If no] Okay, thank you again. I will now stop the recording. 

 

Interview Debrief 

As today’s interview has been of a very personal nature and some of the things that 

we have discussed and events you have recalled may have felt uncomfortable for 

you, I’d just like to check in with how you are feeling, having completed the 

interview, and the previous questionnaire(s). 

 

Is there anything you would like to discuss further with me before you leave? 

 

Should you feel at all distressed as a result of the things we have discussed, either 

now or later, there is further support available to you, from specialist organisations 

with people you can talk to. I have a debrief sheet for you that provides some contact 

details for these, which I will send to you when we sign off from this call. 

 

Thank you, once again, for your participation in today’s interview, and the study as a 

whole. I shall be in touch with you following analysis of the study data, to provide a 

brief summary of the results, if you have provided consent for this. Again, at no 

stage will your name be revealed in any research output from the study, and no 

reference will be made which could link you to the research. 
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Appendix E: Reflective Diary Extracts 

 

Chapter 4 Reflective Diary: example extracts 

Example Extracts 

 

Interview 2: 3rd January 2019 - Verity 

 

I felt more anxious than I expected to ahead of today’s interview, but when I arrived 

in London and got out into the fresh air I felt better. I was very nervous waiting for 

the first interview, arriving at the coffee shop that was empty but had very loud 

music playing which made me panic the recording would be a disaster.  

 Thankfully, the interview went far better than expected, but I did notice my 

tendency to tendency to combine several questions in one, which could be quit 

overwhelming for the participant, so this is something to be aware of for future 

interviews. In the most part, Verity did a lot of the talking, which reassured me that I 

only really needed to use brief prompts and some of the key interview questions 

rather than being and afterwards commented on how much she had enjoyed the 

process. It was interesting to hear that immunological issues were a key feature of 

her experience RED-S. She also disclosed feeling as though she is very much still 

suffering from LEA but is in the ‘recovery’ process and has a strong support system 

and feels that her ‘rational brain’ is far louder than her ‘irrational’. She continued to 

find the ‘psychological side of things’ very difficult and all-consuming at times to 

manage, which she attributed to a history of anorexia and constant comparison to 

other people. 

 

Interview 4: 3rd January 2019 - Melanie 

 

This interview was considerably shorter than both of this morning’s interviews and 

this instantly made me feel as though I had ‘failed’ in some way. Melanie was 

initially quite shy and clearly quite reluctant to talk at length about her experiences.  

After a while she told me that she knew ‘this’ [eating attitudes and their impact upon 

her body and her mental health] was something she had to start talking about more in 

order get better, but that she was having difficulty both articulating and making 

sense of her experiences. 

 

Reflecting on this interview as I returned home from London, I felt overcome with a 

mixture of emotions, ranging from frustration and anger on the behalf of the 

participants whose stories tell of such psychological distress and a lack of support, to 

bewilderment towards my broader research topic. I was perhaps a little naïve to think 

three interviews in one day right at the start of data collection and may need to 

consider conducting fewer interviews over the course of the day in future. 
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Chapter 5 Reflective Diary: example extract 

 

Interview [topical life history]: 12th November, 2019 - Maisie 

 

This morning’s interview was really uplifting and further reinforced my confidence 

in myself as an interviewer. Maisie was very open and honest about some extremely 

difficult experiences that had contributed to her diagnosis of RED-S the previous 

year and her ongoing psychological difficulties in pursing recovery. She described 

that it has been a long time (maybe a year or more) since she felt any contentment 

with her life, but that she was starting to feel happier with the progress she has made 

to her eating and exercise behaviours and has seen improvements in her mental 

health. From a physical point she felt less content and frustrated by the slow nature 

of the physical recovery ‘process’ from her bone injury. Interestingly, she also spoke 

about trying to recover ‘perfectly’ despite not knowing what full ‘recovery’ might 

look like and how she would know when she achieved it. A particularly memorable 

part of the interview was Maisie’s recollection of receiving a RED-S diagnosis as 

she described it was helpful and validating to be able to ‘put her whole life’ into the 

RED-S model and start to consider how to begin fixing things and restoring her 

health. This led me to reflect on whether the RED-S model could be a helpful tool 

for other athletes and exercisers to acknowledge the potential dangers of their 

behaviours. It will be interesting to see if similar or different reactions to receiving a 

diagnosis or learning about RED-S are reported in upcoming interviews with others. 
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Chapter 7 Reflective Diary: example extracts 

Interview 4: 12th November, 2020 - Kris 

 

I really enjoyed this interview with Kris, who was very relaxed and conversational, 

which put me at ease instantly. I had initially been quite nervous having 

predominantly interviewed female athletes of a similar age to myself with whom I 

could identify in many ways, and I was concerned I may find it more difficult to 

establish rapport with a male athlete, older than myself, and engaging in a sport 

(cycling) that I am less familiar with than distance running and athletics, for 

example. Very early on in the interview, Kris described himself as ‘probably 

addicted’ to cycling, in the sense that his behaviour changes if I he doesn’t get his fix 

of exercise and keep up regular training. When the covid-19 UK lockdown began, he 

also recalled ramping up his training even more, as his usual structure and routine 

had been disrupted, and he found he had more time to dedicate to cycling. Kris very 

openly talked about being aware that his exercise behaviours may not be sustainable 

in the long term but as they were ‘not interfering with life too much’ at the present 

time he was happy to continue as he was, and not ready to delve into the ‘unknown’ 

that would come with having less structure and engaging in less training. This is 

something that echoes accounts from a number of previous interviews with 

participants posing the hypothetical questions ‘but why change if I’m comfortable?’ 

and ‘what am I or what do I do without my sport/exercise?’ 

 

 

Interview 10: 18th November, 2020 - Carys 

 

Carys’ interview was via Microsoft Teams and she appeared to be in her car (it was 

stationary though!) and at the beginning the connection was poor and her audio cut 

out now and again. Upon resolving the technical issues, Carys spoke about her recent 

struggles with iron-deficiency anaemia and persistent fatigue and how she felt she 

had been inadvertently under-fuelling for quite some time but had no real knowledge 

of where to turn for nutritional advice and professional support. She described how 

nobody seemed to care, or even notice, that she was struggling in training despite her 

inability to complete her training and subsequence absence from them. This made 

her feel as though people must have thought she wasn’t training hard enough. A 

recent tentative diagnosis of RED-S had, however, validated her experiences and 

given her something ‘tangible to work with’. Carys was keen to emphasise that 

although she had previously been quite overweight (in her own words) and had thus 

dieted ‘throughout her twenties’, she had a positive and health relationship with 

food. It wasn’t until her body ‘started giving up and slowing down’ and then her 

‘mood and mind and everything else went with it’ that psychological concerns 

started to surface, including irritability anxiety about her physical health
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Appendix F: Additional Research Insights 

 

Chapter 5 Participant Key Event Timelines 

 

In the figures presented below, the solid green line indicates key events that were perceived to facilitate improvements in energy availability. In 

contrast, the solid orange line represents key events that were perceived to reduce energy availability, as they prompted a reduction in EI and/or 

increase in exercise energy expenditure. Finally, the solid red line contains key events that reflected physiological or physical symptoms 

associated with RED-S. 

 

 

   

 

 

 

 

 

   

 

Ava’s topical life history timeline 

AN diagnosis 
& hospital 

admission 

Coming off oral 

contraceptive - 
awareness of 

amenorrhea  

Hip Injury 

Increased 
competition 

level  

Getting into 

athletics 
Moving 

to 

university 

Exercising 

less 

Learning 

about 
nutrition in 

GCSE PE 

Injury 

End of 

outpatient 
care 

Sport/exercise 

for recreation 
Increased rest 

days and 

strength 
training  
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Grace’s topical life history timeline 

AN diagnosis Depression 

Father 
left 

home 

Nutrition 
education 

in school 

Fussy 

eating 

Getting into running 
Starting at 

new 

athletics 

club 

Moving 
to a 

new 

school 

Death 
of 

coach 

Stress 

fracture 

Initial 
move to 

America 

Increased 

training 
and 

workload 

Change  

of sport and 
team 

environment 

Moving 

home 
(concern 

from loved 
ones) 

Injury 

Support of 

Dietician, 
Physio and 

Strength and 
Conditioning 

Coach 

Poor recovery 
from training 

and 

competition 

Training 
with new 

coach 

Maisie’s topical life history timeline 

ED onset 

in teenage 
years 

Moving to 
university 

Ill health  

of child 
Quit  
job 

Concerns 

about  
second  

child  
Injury 

Lack of  

support  
from GP 

Started 

MSc 

Osteopenia 
diagnosis 

Prescribed 
rigid meal 

plan 

Seeking help  
from ED  

psychologist 

Taking a 

break 
from 

running 

‘Return’  
of ED 
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Studying 
for A 

levels 

Identifying 
as ‘fat 

child’ 

Compliments 

and attention 
Taking up 

running 

Meeting 

husband 

Starting 
GP 

training 

Fatigue 
Significant 

weight loss 
Significant 

weight loss 

Menstrual 
dysfunction 

(inability to 
conceive) 

Injury 

and 
chest 

infection 

Coming off oral 

contraceptives 
Successful 

pregnancy 

RED-S 
workshop 

and online 

education 

Improved 

race 

performance 

Significant 
increase in 

exercise 

ED onset at 

age 13 
Moving to 

university 

Receiving CBT 

at University 
Joining 

new 

running 
club 

Marathon 

training 

Successful 

marathon  

Poor performance  

in marathon Injury 

Transition 
to triathlon 

Therapy Meeting 
long-term 

partner 

Personal 
Training 

Diploma 

Injury 

Talking 
to sister 

about 
ED 

Increased 

training load 

 Lily’s topical life history timeline 

Alicia’s topical life history timeline 
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Gabrielle’s topical life history timeline 

Increased 
training 

load 

Death 

in the 
family 

Increased 
training 

load 

Illness of 
family 

member 

Disordered 
eating 

behaviour 

Break 

from 
climbing 

Started 
climbing 

recreationally 

Menstrual 
Irregularity 

Chronic 
infections 

Low 

iron 
levels 

Poor 

performances 
Traumatic 

injury 

Rehabilitation 
from 

significant 
injury 

RED-S 

awareness 
event & 

regained 
period 

Nutrition 
course 

Athlete 

Climbing event 

Joining 

running 
club 

Multiple 
stress 

fractures 

One year 

without 
running 

Relationship 

breakup 
Return to 

running 
Good performance 

at World 

Championships 

Amenorrhoea 

Moving to 

University 
Menstrual 

cycle returned 

but irregular 

Conversation 

with Sports 
Doctor 

Injury 

Training 

with 

husband 

Moving 

to USA 
Improved 

race times 

Injury 

and 
illness 

Stress 

fracture 

Return 

to UK 

Return to 

running 

Seeing 

Sports 
Doctor 

Surgery 

& HRT 
Seeing 

Dietician 

Maya’s topical life history timeline 
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Sarah’s topical life history timeline 

Nutrition talk at 
youth development 

camp 

First 
international 

representation
vest 

Onset of 

DE 

Quitting track 

training 

Reduced 

performance 
Tendon 

injury 
Stress 

fracture 
Osteoporosis 

diagnosis 

Starting MSc Talking to 
Supervisor 

about ED 

Stress 

response 

Bullying at 
athletics 

club 

Holiday with 

friends 

Breakthrough 
performance at 

national race 

Starting 

PhD 
Starting at 

athletics 
club 
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Chapter 5: Example Photovoice Images and Reflections 

 

Alicia 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Interviewer: So this picture is of a calculation. What does this number 

represent? 

Alicia: So that's my current BMI but I'm quite proud of myself that I hadn't weighed 

myself since before Christmas, until Tuesday, so probably about four weeks. And 

I probably well weighed myself most days before. And I have scales in my room at 

work so that tug is quite tricky to avoid.  

 

And how does that number make you feel? 

Really bad {laughs}. 

 

And why is that? 

Because I haven't been that BMI for a long time 

 

So how does seeing the number impact you, if at all? 

So I took a picture of that because I obsessively calculated it all the time, in the past 

and I've stopped. In fact I used to track in my notes.. I mean what I've decided is, 

well my weight gave me certain permissions to do things so I'd weigh myself and be 

like 'oh it's not too bad, I can have a curry this weekend'... and now I'm like 'well it 

measures nothing about how I feel and how well I am'.  So it's like there's no point in 

doing it and it doesn't help me at all so I need to concentrate on how I feel and how 

regular my period is. 

 

Partly I've shared it with you because it's sharing it with somebody else, which 

makes me uncomfortable. I kind of did it on purpose to make myself feel 

uncomfortable. And I think the more you look at it the more you think 'it really 

doesn't matter' when you say it out loud. Yes deep down though I'm like all these 

people that I see on these Facebooks posts are tiny. They are really tiny and I can 

see why they lose their periods. I'm not, and I find that hard, there's that kind of 'you 

Image 2. 

Alicia's BMI calculation 
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should be running, you should be doing stuff, because you do eat a lot and you like 

food, you know I do restrict stuff but I like eating and I like food and that's always 

been an issue, like as an overweight teenager that's been a way to control it.  

 

I did get down to twenty point something at some point and I can't believe that now 

looking at that, thinking 'how was I down there', that was when I had no 

understanding whatsoever. 
 

 

 

Sarah 
 

 

 

I 

 

 

Interviewee: One of my other photos is just a picture of the local beach, just because 

it's beautiful. So almost trying to shift my attention from 'oh my foot isn't right it's not 

fair, I should be running this' to actually looking at what is around me. So yeah, 

nothing about that particular moment was special.  

  

So actually what I probably should have done is taken a picture of everybody else 

running. Because that... I'm gonna sound like such a bitch... but that's what gets me. 

It's really annoying seeing people taking up something and being able to make the 

most of their one allocated trip out when I can't. I get a little bit bitter. I'm like 'oh, 

you don't even look like you're enjoying it and I would definitely be enjoying it.’ 

 

Um, but actually then if I did go out and even do a long walk there would be that 

guilt about it making the foot [injury] worse  or not giving it the time to heal and 

then you worry about whether it's going to be three or four weeks or if it's going to 

be more like five or six weeks. 
 

 

Image 1. 

Sarah's beach horizon 
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Chapter 5: Email communication from study participant 
 

[Wednesday, 18 December 2019] 

 

Dear Rachel, 
 

You know I don’t stop thinking so I was thinking on the way home about what you asked 
about barriers and facilitators.  

 

Barriers (won’t stop me doing it but will make it harder!) 

Adverse events (e.g., family/ personal issues) 

Stress 
Not eating (brain affecting anxiety) 

Fluctuations in mood - can I get used to the fact that fluctuations are ok and that they pass 

and there doesn’t always have to be a big reason.  
Tiredness  

Unrealistic expectations I put on my self  

Triggering of any of the stuff on the psychology formulation - perfectionism or 

catastrophising  

Shutting myself away when things are difficult  
 

Facilitators 

Remembering that people care - allowing myself to let people care and letting them in  

Asking for help and letting people help* 

Reminding myself of all the things I’ve learnt  

Self-compassion - being nice to myself, doing something for me every day  

Eating  
Exercising for the right reasons - it reminds me to look after myself  

Professional support  
 

*the photos I sent you of the fields and woods links to this one. This was one of the low days 

when I was feeling so overwhelmed with a massive emotions (in a scary suffocating way) 
and it was unbearable. Last time it happened I didn’t tell anyone because I didn’t feel I 

could, I just waited for the feelings to pass. This time I texted a friend and told her I’d been 
for a cry in the woods which is code for I’m struggling. I remembered that I didn’t have to 

tell her how bad it was, I just needed to make contact with someone. She messaged back and 

offered to meet for coffee but I had to be somewhere. She had me laughing about something 
within minutes and it was just nice to have someone there on the other end of the phone. It 

took a lot of guts to text her and but I was glad I did it.  
 

Hope that’s useful.  

 
Thanks again for everything. It’s been strangely therapeutic to get it all down on one piece 

of paper and think about how it all happened.  
 

And thanks for your kindness and compassion. Not everyone could interview people on such 

sensitive subjects - you earned my trust and made me feel comfortable to be honest even just 
on the few occasions we met. That’s a real skill!  

 
Have a lovely Christmas! Thanks for the card - it nearly made me cry!!  

 

Maisie [pseudonym] 
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