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ABSTRACT 

EXAMINING THE RELATIONSHIP BETWEEN EXERCISE DEPENDENCE, 

DISORDERED EATING, AND LOW ENERGY AVAILABILITY.  

Megan A Kuikman 

University of Guelph, 2021 

     Advisor: 

     Dr. Jamie F. Burr 

 

The purpose of this research was to assess if exercise dependence (EXD) increases the 

risk of low energy availability (LEA), with consideration of disordered eating (DE) and athlete 

calibre. Via survey response female (n=642) and male (n=257) athletes were categorized into 

one of the following: DE only, EXD only, DE+EXD, or standard controls. Compared to controls, 

the likelihood of being at risk of LEA was 2.5 times for female athletes with DE and >5.5 times 

with combined DE+EXD. Notably, female athletes with EXD only were not at an increased risk 

of LEA. Similarly, male athletes with DE, both with or without EXD, were more likely to report 

various signs and symptoms associated with LEA compared to controls, which was not seen in 

male athletes with EXD only. Compared to recreational athletes, female and male international 

caliber and male national calibre athletes were less likely to be classified with DE.  
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 Review of the Literature 

1.1 The evolution of Relative Energy Deficiency in Sport 

1.1.1 The Female Athlete Triad: 

Seminal studies in the 1980’s demonstrated that female athletes with functional 

hypothalamic amenorrhea - the absence of menses or irregular menstrual cycles - had reduced 

bone mineral density (BMD) compared to eumenorrheic athletes [1] and that BMD improved 

with the resumption of menses [2]. This demonstrated the critical link between reproduction and 

bone health that built the foundation for the “Female Athlete Triad”- an interrelated syndrome of 

disordered eating, absence of menses or irregular menstrual cycles, and poor bone health [3,4] 

with the first position statement being published by the American College of Sports Medicine 

(ACSM) in 1997 [5]. At the time of this first position stand, the underlying cause of functional 

hypothalamic amenorrhea (FHA) was unknown. However, it was later shown that menstrual 

dysfunction was caused by low energy availability (LEA) [6] with energy availability being 

operationally defined as followed:  

Energy Availability = Energy Intake − Exercise Energy Expenditure  

÷ Lean Body Mass   

In 2007, the ACSM position statement of the Female Athlete Triad was updated to 

replace disordered eating with LEA, which can occur in the absence of disordered eating [7]. 

This updated position statement further reflected that each of the 3 conditions lie on a spectrum 

and that poor bone health was the result of not only reduced estrogen in situations of FHA, but 

also LEA due to alterations in metabolic hormones and substrates [8]. 
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1.1.2 Beyond the Triad 

The finding of menstrual dysfunction in female athletes was paralleled with research 

examining reproductive function in male athletes. This research demonstrated alterations were 

also present in the hypothalamic pituitary gonadal (HPG) axis of male athletes [9,10]. Further, 

the 1997 Female Athlete Triad ACSM position statement acknowledged that male athletes could 

be at risk of disordered eating and that this was associated with osteoporosis and low testosterone 

production [5]. However, the terminology of the Female Athlete Triad was not inclusive to both 

sexes, and males were largely excluded from research.  In addition to LEA being of concern to 

male athletes, accumulating evidence demonstrated that LEA had negative effects beyond bone 

health and reproductive function [11]. As such, the more comprehensive terminology of Relative 

Energy Deficiency in Sport (RED-S) was introduced in 2014 by the International Olympic 

Committee (IOC) consensus group, as a syndrome of “impaired physiological function 

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

synthesis, cardiovascular health” caused by LEA [11]. In 2018, the IOC consensus group 

released an updated statement on RED-S [12] to reflect research advancements. Since then, 

research has continued to advance the understanding of the effects of LEA on athlete health and 

performance.   

1.2 Health and performance outcomes 

1.2.1 Reproductive dysfunction 

Menstrual dysfunction in situations of LEA is the result of a reduction of gonadotropin 

releasing hormone (GnRH) from the hypothalamus such that luteinizing hormone (LH) and 

follicle stimulating hormone (FSH) levels are insufficient to maintain folliculogensis and 

ovulatory ovarian function [13], with disturbed LH pulsatility being demonstrated in athletes 
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with FHA [14–16]. While FHA is considered the most severe menstrual disturbance, LEA may 

result in more subtle menstrual disturbances among female athletes, such as anovulatory cycles 

and luteal phase defects  [17,18]. While early studies confirmed that increased exercise training 

coupled with energy restriction resulted in menstrual dysfunction [19,20], the independent role of 

exercise stress and inadequate energy intake on inducing menstrual dysfunction was unknown. 

However, short-term studies (4-5 days) demonstrated that LEA, not the stress of exercise, altered 

LH secretory patterns in sedentary females [6,21]. Longer periods of energy deficit in females 

have also been shown to impair follicular development, ovulation and luteal function with a 

dose-response relationship being demonstrated between the magnitude of the energy deficit and 

frequency of menstrual disturbance [22]. Menses can be restored in athletes with FHA with 

increases in energy intake while maintaining exercise training [23–26], which supports that LEA, 

rather than the stress of exercise, is the underlying cause of the menstrual dysfunction. Notably, 

while an energy availability of <30 kcal/kg LBM/day is typically defined as “low” based on 

short-term studies in young sedentary females [6,21], the threshold of energy availability that 

results in menstrual dysfunction may change with gynecological age [27]  and others have 

challenged that a threshold of energy availability results in menstrual dysfunction [28]. However, 

irrespective of the magnitude of energy availability that suppresses the HPG axis in females, 

there is strong evidence to suggest that inadequate energy intake relative to exercise energy 

expenditure, and not the stress of exercise, results in menstrual disturbances.  

Low levels of testosterone in males athletes is termed the exercise hypogonadal male 

condition (EHMC) [29]. While short-term (4-days) of experimentally induced LEA has been 

shown not to cause changes in testosterone levels in males [30], an increased duration and 

volume of endurance training is associated with reduced testosterone [31–33]. The mechanism 
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underpinning low testosterone in male athletes is not fully known and has been attributed to not 

only inadequate energy intake disturbing the HPG axis, but also testosterone production being 

disturbed by inhibitory factors, such as hormones in a stress response cascade to exercise [34]. In 

situations of energy restriction, reduced testosterone action likely stems from HPG suppression 

at the level of hypothalamic GnRH secretion [35] with energy restriction in males leading to a 

down-regulated LH production [36]. Within the context of energy restriction, when combined 

with low levels of LH and FSH low testosterone is termed hypogonadotropic hypogonadism 

[37]. Differences between male athletes and non-athlete controls give conflicting findings, with 

some reporting reduced testosterone without differences in LH pulse frequency and amplitude 

[38–40], whereas others reported altered LH patterns [41–43] Furthermore, like females with 

FHA, this HPG suppression is reversible [44–46]. However, the restoration of testosterone in 

these studies was achieved by increasing energy intake, while simultaneously reducing exercise 

energy expenditure.  As such, the separate contribution of exercise energy expenditure and 

energy intake on reproductive function in male athletes needs to be elucidated.  

1.2.2 Bone health 

Early studies demonstrate a critical link between menstrual function and bone health 

[1,2], and given the role of estrogen in preventing bone resorption [47] that reduced bone health 

seen in athletes with FHA was contributed to low estrogen. However, independent of estrogen 

levels, LEA increases bone resorption and decreases bone formation [8,48–50]. While studies 

assessing 5-days of LEA on bone turnover markers suggest that males may be less severely 

affected than females [51], reduced bone health due to LEA has also been reported in male 

athletes. This includes male cyclists with LEA having significantly lower lumbar BMD Z-scores 

compared to those with adequate energy availability [52] and male jockeys with decreased free 
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testosterone, who are known to engage in extreme weight loss practices, presenting with lower 

BMD and greater bone resorption compared to recreationally active controls [53]. Despite the 

potential for exercise to offer a protective effect against the negative impact of LEA on bone 

turnover markers [54], osteoporosis has been reported in athletes with FHA [55,56] and has been 

implicated in the lower than expected BMD seen in athletes [57]. This may have immediate 

implications by increasing the risk of bone stress injury development [58] or implications for 

osteoporosis development in  later years as peak bone mass occurs in young adult years [59]. 

Improving energy intake coupled with restoring reproductive function is critical to prevent these 

deleterious outcomes.  

1.2.3 Endocrine 

As highlighted, LEA suppresses the HPG axis leading to alterations in the reproductive 

system for both males and females. However, the endocrine effects of LEA extend beyond the 

suppression of reproductive hormones. Other endocrine alterations include changes to the 

hypothalamic-pituitary-thyroid axis, with LEA resulting in decreased triiodothyronine (T3) 

[60,61] and athletes with FHA consistently demonstrating low levels of T3 [16,58,62–66]. While 

an acute period of LEA failed to alter T3 in males [30], ~67% (4/6) athletes with 

hypogonadotropic hypogonadism due to LEA presented with T3 outside the normal range [44]. 

This suggests that LEA also alters the hypothalamic-pituitary-thyroid in males. LEA has also 

been implicated in enhancing the activation of the hypothalamic-pituitary-adrenal (HPA) axis 

leading to chronically elevated cortisol levels. Compared to eumenorrheic athletes, higher 

cortisol [66–68] and cortisol secretion [15] in athletes with FHA has been demonstrated, but this 

is not a universal findings [69]. Cortisol in males with EHMC and sedentary controls did not 

differ [39], whereas a review of case reports found that ~50% (5/10) males with 
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hypogonadotropic hypogonadism within the context of LEA had elevated cortisol levels [44]. 

Energy restriction can also disturb the growth hormone (GH)-insulin like growth factor-1 (IGF-

1) axis such that increased GH does not stimulate IGF-1 production and there is no subsequent 

negative feedback loop [70] with acute periods of LEA inducing these changes in females [21]. 

Comparisons between athletes with FHA and eumenorrheic athletes have reported altered GH 

secretion, but no difference in IGF-1 [71] as well as no difference in basal levels of GH or IGF-1 

or the concentrations of these hormones in response to an acute bout of exercise [72]. On the 

other hand, increased GH and decreased IGF-1 have been reported in male wrestlers in the late 

season following weight loss [73], and 3-days of LEA increased the GH response and led to a 

greater decline in IGF-1 following a bout of resistance exercise compared to a control condition 

with adequate energy availability [74]. Other endocrine responses seen in situations of LEA 

include reductions in insulin and leptin [21,30], as well as other dietary intake regulating 

hormones that have been reviewed extensively elsewhere [75–77].  

1.2.4 Metabolic 

A  suppressed resting metabolic rate (RMR) has been reported in both male [78,79] and 

female athletes [80–82]. This lower than expected RMR has been attributed to energy restriction 

leading to adaptative thermogenesis, which represents a fall in RMR independent of changes in 

body mass and body composition [83]. Adaptative thermogenesis with energy restriction has 

been demonstrated in non-athletic populations [84–86], and in a case report of a male combat 

athlete following 7-weeks of LEA [87]. On the other hand, 3 days of LEA in male athletes did 

not result in changes in the RMR [88]. This lack of change in RMR was likely due to the short 

duration of this study, as adaptive thermogenesis may require >2 weeks to occur [83]. In athletes 

with FHA, a suppressed RMR is the result of metabolic and endocrine adaptations at the tissue 
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level rather than a reduction in the size of highly active metabolic tissue [80]. Low sympathetic 

nervous system activity, T3, and leptin have all been implicated as mechanisms for adaptive 

thermogenesis [83]. While LEA can lead to reductions in thyroid hormones and leptin [30,60,89] 

and decreased T3 and leptin  have been demonstrated in females with a suppressed RMR [80,82], 

changes in the sympathetic nervous system with LEA and the effect on RMR have not been 

assessed. However, alterations in the autonomic nervous system of athletes with FHA have been 

reported, including an augmented heart rate variability [90] and a reduced sympathetic response 

to maximal exercise [69]. On the other hand, muscle sympathetic nervous activity burst 

incidence and burst frequency did not differ between athletes with FHA and eumenorrheic 

athletes [91]. Evidently, there are a multitude of physiological changes that occur in situations of 

LEA that likely contribute to the suppressed RMR seen in athletes with RED-S.  

1.2.5 Cardiovascular 

Given the vascular effects of sex hormones [92], the reproductive dysfunction caused by 

LEA has also been implicated in cardiovascular outcomes. For instance, estrogen decreases 

oxidation of  low-density lipoproteins (LDL) cholesterol [93] and athletes with FHA have been 

found to have increased LDL cholesterol [94,95] and increased LDL oxidation [96]. Estrogen’s 

vascular effects also include binding to receptors on blood vessel walls, promoting nitric oxide 

(NO) production and consequently enhanced vasodilation [97]. Athletes with FHA have 

demonstrated lower levels of endothelium-dependent vasodilation, suggesting endothelial 

dysfunction [95,98–100], lower levels of urinary NO [101], reduced calf blood flow, and 

increased vascular resistance [100,102] compared to eumenorrheic athletes. Despite the role of 

estrogen in blood vessel structure [103], arterial compliance appears to be well preserved in 

athletes with FHA [99,104]. Few studies have assessed the cardiovascular consequences of LEA 
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in male athletes, but like estrogen, testosterone also has cardiovascular effects [105,106]. Case 

reports on male athletes following periods of LEA have reported unfavourable changes in lipid 

profiles [107] as well as no change in lipid profiles [87] despite observed reductions in 

testosterone. Evidently, there is a gap in the literature surrounding the cardiovascular 

consequences of LEA in male athletes.  

1.2.6 Hematological 

While the lack of menses in female athletes was once theorized to improve performance 

by increasing hematocrit akin to “blood doping” [108], LEA may result in hematological 

outcomes that are detrimental to exercise performance. Poor energy intake may lead to 

suboptimal dietary iron intake and increase the risk of iron deficiency [109].  Iron deficiency 

may exacerbate LEA due to a reduced metabolic efficiency that in turn increases energy 

expenditure [109]. Hepcidin is the master iron regulatory hormone with increases leading to 

reductions in iron absorption and recycling [110]. While hepcidin increases 3-6 hours post 

exercise as an exercise-induced inflammatory response [111], there is evidence to suggest that 

increases in hepcidin may also occur with LEA [112,113]. As such, LEA may result in adverse 

changes in blood compositions by increasing levels of hepcidin, but this may alter occur 

indirectly due to the alterations in sex hormones that can occur with LEA. For instance, estrogen 

may play a role in reducing hepcidin [114,115] and testosterone plays a role in stimulating 

erythropoiesis [116] and has been shown to suppress hepcidin during an energy deficit in order 

to maintain erythropoiesis [117].  

1.2.7 Gastrointestinal 

Few studies have assessed the direct effects of LEA on the gastrointestinal system of 

athletes. Gastrointestinal disturbances have primarily been studied within the context of eating 
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disorders or disordered eating where a multitude of gastrointestinal symptoms are seen. Such 

symptoms can occur not only directly from malnutrition, but also as a result of other disordered 

eating behaviours, such as self-induced vomiting or laxative abuse [118] or by depriving the gut 

microbiota of required substrates [119]. While energy restriction may lead to gastrointestinal 

disturbances, this may also occur indirectly due to dietary choices, such as high intake of fibre, 

which has been demonstrated in female athletes with menstrual dysfunction [120–122].  Within 

the context of disordered eating, gastrointestinal symptoms, such  as delayed gastric emptying 

and intestinal transit can subside with the resumption of normal food intake and weight 

restoration [123,124]. However, gastrointestinal symptoms may perpetuate inadequate energy 

intake [124], and as such, may need to be addressed when treating LEA.  

1.2.8 Immunological 

Macronutrients, micronutrients and non-nutritive components all influence immune 

system function [125]. The majority of studies assessing the impact of energy restriction on 

immune system function have been in weight class athletes leading up to a competition, where 

extreme methods are used for weight loss purposes. These studies have revealed some aspects of 

immune function being altered [126–131]. Studies examining immune parameters in response to 

intensive training also provide evidence for the role of energy intake in the immune health of 

athletes. A study of soldiers undergoing an 8-week intensive period of training found that the 

supplementation of extra energy through additional food supplements prevented training induced 

decreases in leucocytes, lymphocytes and monocytes and increased salivary IgA secretion that 

was seen in soldiers that did not receive an extra food supplement [132]. Favourable markers of 

immune activity were also seen in male athletes who consumed a high carbohydrate diet during 6 

days of intensified training compared to those following their normal diet [133]. While the 
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favourable outcomes were attributed to the increased carbohydrate intake, this group of athletes 

increased their energy intake by 1400 kcal/day, which may have prevented an energy deficit that 

likely occurred in the control group that increased their exercise energy expenditure, but 

maintained their normal energy intake [133]. As such, the favourable immune outcomes may 

have been from the increased energy intake rather than the increased carbohydrate intake. 

Finally, a study of elite Australian athletes competing at the 2016 Olympics found that LEA was 

associated with higher odds of reporting symptoms of upper respiratory tract infection, bodily 

aches, gastrointestinal disturbances, and head symptoms [134]. While observational in nature, 

this too suggests that LEA can have negative implications for immune system function. Further 

research is needed elucidating the immune outcomes of LEA. 

1.2.9 Psychological 

Various psychological outcomes have been demonstrated in athletes with RED-S, such as 

higher levels of depression [135–137] and a greater need for social approval [135,138]. Notably, 

psychological disturbances may precede or be the result of  LEA [11]. For instance, following 

periods of energy restriction, major mood disturbances have been reported in male bodybuilders 

[139], and increased depressive symptoms among female fitness athletes [140]. A more negative 

mood profile was also reported among male race jockeys following a period of weight loss to 

achieve their minimal weight for racing [141]. In further support of psychological disturbances 

not only occurring, but also preceding the development of LEA, a qualitative study among a 

group of athletes found that a significant life event resulting in the perceived need for control 

was commonly reported as a mechanism that initiated the development of RED-S [142]. For 

these athletes, the development of RED-S was associated with psychological consequences, 

including irritability, withdrawal from social situations, depression, and anxiety  [142]. 
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Evidently, while LEA may have psychological effects, psychological factors may also 

predispose an athlete to developing LEA.   

1.2.10 Performance 

Given the role of body composition in athletic performance, athletes may restrict energy 

intake in order to achieve optimal performance-related physique goals [143]. However, reduced 

performance may occur because of the various endocrine and metabolic changes that occur with 

LEA. For instance, athletes with FHA have been shown to have impaired reaction time, knee 

muscle strength, and knee muscle endurance compared to eumenorrheic athletes, and these 

changes are associated with glucose, estrogen, T3, and cortisol levels [66]. Low energy 

availability results in reduced muscle glycogen stores [88,113], an impaired anabolic response to 

resistance exercise [74] and reduced myofibrillar protein synthesis [144], and this may prevent 

an athlete from adapting to training demands.  In support of LEA impeding training adaptations, 

studies examining exercise performance following periods of increased training load have 

demonstrated indicators of LEA in athletes that fail to adapt to the increased training load and 

present with reduced performance  [145–147]. This is further demonstrated by a study comparing 

female swimmers with indicators of LEA and their healthy counterparts, wherein both groups 

showed reductions in swim performance following a period of increased training load [65]. 

Notably, however, this period of increased training was followed by an improvement in swim 

performance among the healthy female swimmers, but performance remained impaired those 

with LEA across the swim season [65].  This suggests that LEA may contribute to 

underperformance in athletes following periods of increased training demand by impairing 

training adaptations.  
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Performance impairments may also occur indirectly with LEA. This includes impairments in 

performance seen in athletes with iron deficiency or iron deficiency anemia [111] or by 

interfering with an athlete’s ability to consistently train and compete due to the increased risk of 

illness [148] and injury [58,149–151] - as lost training time due to injuries and illness interferes 

with athletic success [152]. It has been shown that athletes with FHA missed significantly more 

training days due to injury, ran significantly less mileage, and did not improve their season best 

performance unlike eumenorrheic athletes [150]. Evidently, the negative implications of LEA 

extend beyond negative health consequences, and also include negative implications for an 

athlete’s ability to train and compete.  

1.3 Identification and prevalence of RED-S 

Despite LEA being the underlying cause of RED-S, due to the substantial error associated 

with calculating energy availability and the fact that no validated threshold of energy availability 

exists, calculations of energy availability are not recommended for identification purposes [153]. 

Instead, athletes can be identified with surrogate measures of LEA and/or validated survey.  

Within the clinical setting, the RED-S Clinical Assessment Tool (CAT) can be used by trained 

medical professionals to assess an athlete’s risk of RED-S based on symptoms of LEA [154]. 

Another tool available for identifying athletes at an increased risk of LEA is The Low Energy 

Availability in Females Questionnaire (LEAF-Q), which has been validated for use in female 

athletes [155]. Using the LEAF-Q, the prevalence of athletes identified as at risk of LEA ranges 

from ~23% (3/23) of elite sprinters [156] to ~63% (24/38) of recreationally active athletes [157].  

Studies using the LEAF-Q to assess risk of LEA have also reported that athletes competing at a 

higher level of sport, such as at the elite or international level, are more likely to be classified as 

at risk than those competing at a lower level [149,158]. However, while the LEAF-Q can be used 
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to identify athletes that may warrant further investigation, it is not a diagnostic tool. This is 

evident from a study finding that ~55% (58/105) of female athletes were identified as at risk of 

LEA using the LEAF-Q, but only ~11% of athletes had a suppressed RMR [159].  The 

prevalence of RED-S likely depends on the phase of an athlete’s training cycle.  For instance, 

among female fitness athletes, there was an increase in the number of athletes presenting with 

menstrual dysfunction from ~8% (2/25) at the start of competition prep to ~24% (6/25) at the end 

of competition prep [160]. Similarly, the number of elite female sprinters identified as being at 

risk of LEA using the LEAF-Q increased from ~23% (3/13) at the beginning of the season to 

~39% (5/13) after 5 months of indoor training [156]. As such, the phase of an athlete’s training 

cycle may impact the prevalence of RED-S.  

The prevalence of RED-S in males has not been extensively studied likely in part due to the 

lack of a validated screening tool for use in males. Male sporting groups that are speculated to be 

at high risk of RED-S include: cyclists, runners, rowers, combat athletes, and jockeys [161]. 

Studies that have used a suppressed RMR as a surrogate indicator of LEA have reported ~65% 

(20/31) of male endurance cyclists [78], and ~72% (38/53) of male endurance athletes [162] 

presenting with a RMR indicative of energy conservation. Evidently, as no gold-standard exists 

for identifying athletes with RED-S, for both males and females, a good estimate of the 

prevalence of RED-S remains elusive.  

1.4 Treatment  

Once identified, the treatment of RED-S is primarily aimed at addressing the underlying 

cause of LEA and will often require a inter-disciplinary team of health professionals [154]. The 

RED-S CAT can help guide return to play decisions [154]. Please see appendix 1 for a review 
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non-pharmacological strategies for the treatment of RED-S that was published in the 

International Journal of Sport Nutrition and Exercise Metabolism [163].  

While these interventions can be used to treat RED-S, especially within the context of 

unintentional under eating, the underlying cause of LEA must be considered in order to 

determine effective plans. For instance, basic nutrition education would be appropriate for LEA 

caused by unintentional undereating, but in isolation would likely be ineffective if LEA is caused 

by an eating disorder or food insecurity. As such, while nutrition interventions must correct the 

underlying LEA, for treatment plans to be effective the underlying causes of LEA must be 

addressed.  

1.5 Causes of low energy availability  

1.5.1 Unintentional undereating  

The 2007 ACSM position stand on the Female Athlete Triad replaced disordered eating 

with LEA [7]. This was to acknowledge that LEA can occur in the absence of disordered eating. 

Athletes unaware of their energy requirements may inadvertently develop LEA, especially when 

training load is increased as this does not always lead to a compensatory increase in energy 

intake [164–167]. The failure to increase energy intake despite the increased energy expenditure 

may be due to hormonal changes in response to exercise that suppress appetite [168–170] and/or 

exercise induced gastrointestinal disturbances [171]. The unique travel demands of competition 

and training camps may also contribute to the unintentional development of LEA by interfering 

with an athlete’s normal eating patterns or foods that an athlete typically consumes may be 

unavailable during travel [172]. In either case of unintentional undereating leading to the 

development of LEA, nutrition education from a Registered Dietitian will commonly suffice in 

order to implement strategies to overcome these barriers and improve energy availability. While 
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yet to be explored, unintentional undereating may also arise from lack of food access due to 

poverty or food insecurity. This has been implicated as one of the contributors to inadequate 

energy intake reported in East African runners [173]. More research is needed assessing the 

impact of food insecurity and poverty on the development of LEA in athletes. Finally, it is 

important to note that an unintentional state of LEA and subsequent changes in body 

composition and performance may trigger restrictive eating practices and disordered eating 

behaviours [142,174]. As such, causes of LEA should not be assumed to occur in isolation.  

1.5.2 Eating disorders or disordered eating  

Eating behaviours exist on a spectrum from optimized nutrition to a diagnosable eating 

disorder (ED) according to the Diagnostic and Statistical Manual of Mental Disorders-V [175]. 

Disordered eating (DE), which is problematic eating behaviours that fail to meet diagnosable 

criteria for a clinical ED [176] exist in the middle of the spectrum [176]. Disordered eating 

behaviours include pathogenic behaviours to control weight, preoccupation with “healthy” eating 

and/or cognitive focus on burning calories when exercising [177]. The prevalence of ED/DE 

ranges from 0-19% among male athletes and 6-45% among female athletes [178]. Higher rates of 

ED/DE have been reported in athletes than in non-athletes [179–182], but this is not a universal 

finding [183,184]. Higher rates of ED/DE are also seen in females than in males 

[181,182,185,186], and in athletes competing in “weight-sensitive” or “leanness” sports 

[174,179,182,187–189]. This includes aesthetically judged (figure skating, rhythmic and artistic 

gymnastics, synchronized swimming), body-weight dependent (long-distance running, mountain 

and bike cycling, ski jumping, jumping eventing in athletics) and weight class sports (lightweight 

rowing, judo, wrestling) [190]. Some studies report a higher prevalence of ED/DE among 
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athletes competing at a higher level of competition [188,191], but this is not a universal finding 

[192,193].  

It is commonly accepted that the energy restriction due to underlying ED/DE can lead to the 

development of LEA [176]. This is supported by higher ED/DE symptoms being reported among 

athletes with menstrual dysfunction [69,194,195] and athletes with higher ED/DE symptoms 

presenting with a higher incidence of menstrual dysfunction, a lower RMR, and lower T3 levels 

[196–198]. While ED/DE is also a concern and can present in male athletes, especially those 

competing in weight-sensitive sports [199], the relationship between ED/DE and LEA has not 

been thoroughly examined. In part this may be because of difficulties in identifying males with 

ED/DE due to stigmatization [200]. Two studies were located assessing symptoms of LEA with 

ED/DE.  A study of male endurance athletes found that restrained eating, which reflects a 

conscious restriction of food intake in order to control body weight or promote weight loss [201], 

was negatively associated with RMR ratio (r= -0.55) [202]. On the other hand, only ~13% (2/16) 

of male ballet dancers that had a suppressed RMR, indicating a state of LEA, presented with 

symptoms of ED/DE [79]. However, the authors of this study did question the accuracy of 

measures of ED/DE, which were low, and could be attributed to denial or under-reporting [79].  

Evidently, more research is needed assessing ED/DE in association with LEA in male athletes.  

There are several screening tools available to detect ED/DE in athletes, but these have only 

been validated in female athletes [203,204].  In the situation where ED/DE is detected, ongoing 

medical, dietary and mental health support will typically be required [12]. Early identification 

and appropriate management of ED/DE is vital as this leads to better outcomes [176]. In 

conclusion, while LEA may occur inadvertently in athletes, underlying ED/DE must also be 
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assessed as a contributing factor in athletes presenting with RED-S especially as stigmatization 

may prevent athletes from seeking assistance and/or disclosing the symptoms.  

1.5.3 Problematic exercise behaviours  

Most studies examining the underlying cause of LEA have focused on dietary habits. 

However, energy availability is determined by both energy intake and exercise energy 

expenditure, and problematic exercise behaviours could contribute to the development of LEA. 

Problematic exercise behaviours may include compulsive exercise or exercise dependence 

(EXD). Compulsive exercise represents an urge to perform exercise with the intent to escape 

anxiety that arises from the imagined negative consequences of not exercising [205]. For the 

exercise dependent athlete, exercise is an addictive behaviour that is intrinsically motivated 

through an influence on positive affect [205] with the diagnosis of EXD being modelled after the 

Diagnostic and Statistical Manual for Mental Disorder’s definition of substance dependence 

[175,206]. Both EXD and compulsive exercise commonly co-occur with ED/DE [207], but 

compulsive exercise is more reflective of problematic exercise that is secondary to ED/DE 

[208,209].  Furthermore, EXD has been reported in the absence of ED/DE in athletic 

populations [210–213], which is known as primary EXD [214]. However, EXD and ED/DE still 

exhibit a strong correlation in athletes [215,216]. 

While the prevalence of EXD among athletes ranges from 1.4-17% [217], few studies to 

date have looked at the role of EXD in the development of LEA. While results are limited to 

males and no comparison was made between primary and secondary EXD, biochemical markers 

indicative of LEA have been reported in male athletes with symptoms of EXD [162,218]. In 

females, self-reported menstrual dysfunction has been observed in those with primary or 

secondary EXD [219], but a follow-up interview demonstrated that some athletes with primary 
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EXD were falsely classified [220]. These studies provide preliminary evidence that EXD could 

lead to a state of LEA. However, further research is needed elucidating differences in primary 

and secondary EXD in order to determine if ED/DE exacerbates the risk of LEA. Alternatively, 

LEA in situations of secondary EXD, but not primary EXD could be attributed to the underlying 

ED/DE rather than EXD per se.  
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 Statement of Problem 

2.1 Rationale 

Inadvertent undereating and ED/DE are widely acknowledged as causes of LEA in athletes. 

Preliminary evidence suggests that EXD may also cause LEA, but the independent role of EXD in 

the absence of ED/DE has not been fully elucidated.  

2.2 Purpose 

To examine the association between EXD and LEA and if differences exist in the presence 

and absence of ED/DE. A secondary aim was to examine if risk of LEA, ED/DE, and EXD differ 

across the competitive status spectrum.  

2.3 Hypotheses: 

1) Athletes presenting with EXD both in the absence and presence of ED/DE will be at an increased 

risk of LEA and signs and symptoms of LEA compared to athletes without EXD or ED/DE 

2) Athletes competing at the highest level of competition will be at the greatest risk of LEA, 

ED/DE, and EXD  
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  Original Investigation 

3.1 Candidate’s Contribution 

 The manuscript included in this chapter of thesis is formatted for publication to an 

academic journal. The candidate was involved in study design, data collection, data analysis, and 

manuscript writing.  
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Abstract:  

Objective: To assess if exercise dependence is independently related to the risk of low energy 

availability (LEA), with consideration of disordered eating and athlete calibre.  

Methods: Via survey response female (n=642) and male (n=257) athletes were categorized by risk 

of: disordered eating, exercise dependence, disordered eating and exercise dependence, or as 

standard controls. Risk of LEA was assessed in female athletes using a validated questionnaire, 

while male athletes were asked questions assessing health risks associated with LEA. 

Results: Compared to controls, the likelihood of being at risk of LEA was 2.5 times for female 

athletes with disordered eating and >5.5 times with combined disordered eating and exercise 

dependence. Male athletes with disordered eating, with or without exercise dependence, were more 

likely to report signs and symptoms compared to controls- including suppression of morning 

erections (OR=3.4; p<0.0001), increased gas and bloating (OR=4.0-5.2; p<0.002) and were more 

likely to report a previous bone stress fracture (OR=2.4; p=0.01) and ≥22 missed days of training 

due to overload injuries (OR=5.7; p=0.02). Except for an increased risk of bone stress fracture in 

female athletes with exercise dependence, the risk of LEA and associated health outcomes were 

not increased in either sex with isolated exercise dependence. Compared to recreational athletes, 

female and male international caliber and male national calibre athletes were less likely to be 

classified with disordered eating.  

Conclusion: Exercise dependence increases the risk of LEA and health risks associated with 

relative energy deficiency in sport, but primarily when co-occurring with disordered eating.  

Keywords: Relative energy deficiency in sport, exercise dependence, disordered eating 
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INTRODUCTION  

When the energy demands of exercise are unmatched with sufficient energy intake, a state of low 

energy availability (LEA) can occur[11,12]. Low energy availability may result in metabolic and 

endocrine alterations[75,76], and underlies the syndrome of Relative Energy Deficiency in Sport 

(RED-S), which is defined by impaired physiological function with various health and 

performance consequences[11,12]. A state of LEA may inadevertently occur from an unintentional 

mismatch of energy supply and demand, or it can also result from disordered eating (DE) or a 

clinically diagnosable eating disorder (ED)[12]. While ED/DE is less prevalent in male compared 

to female athletes[181,182,185,186], ED/DE in male athletes may be underported due to 

stigmitization[200] and few studies have examined the relationship between ED/DE and LEA in 

male athletes. 

As energy availability is determined by both energy intake and exercise energy 

expenditure, both dietary and exercise behaviours – including problematic exercise behaviours 

such as exercise dependence (EXD) -need be considered when examining underlying causes of 

LEA. For the exercise dependent athlete, exercise is an addictive behaviour that is intrinsically 

motivated through an influence on positive affect[205], with the diagnosis of EXD being modelled 

after the Diagnostic and Statistical Manual for Mental Disorder’s definition of substance 

dependence[206]. Exercise dependence can occur in conjunction or as a result of  ED/DE, which 

is known as secondary EXD[205]. However, primary EXD, or that which occurs in the absence of 

ED/DE is also possible[210–213]. In situations of primary EXD, the continual exercise is solely 

for the psychological gratification resulting from the exercise behaviour rather than being the result 

of another pathology[205].  
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While ED/DE can undoubtedly lead to the development of LEA[176], the role of EXD 

independent of ED/DE in the development of LEA has yet to be examined. Preliminary studies in 

athletes with symptoms of EXD report elevations in some biochemical markers indicative of 

LEA[162,218]; however, these findings are limited, and a causative role of primary vs secondary 

EXD has not been elucidated. LEA in situations of secondary, but not primary, EXD could 

contribute to the ED/DE rather than the EXD per se. Using validated screening tools, the primary 

objective of this study was to investigate if primary EXD increases the risk of LEA in female 

athletes and to compare results across athletes of different levels of competition. While similar 

tools are not currently available for male athletes, a secondary aim was to screen for symptoms of 

LEA in male athletes to address the lack of studies examining the potential relationship between 

ED/DE and LEA. We hypothesized that athletes at risk of both primary and secondary EXD would 

be at an increased risk of LEA, as would athletes competing at the highest level of competition. 

METHODS 

Participants 

Athletes were invited to complete an anonymous electronic questionnaire that was distributed to 

national sports organizations and promoted via social media.  Athletes ≥18 years of age, from any 

country, who were training for and competing at any level of sport, were eligible. This study was 

approved by the University of Guelph Research Ethics Board (REB# 19-10-007). 

Questionnaire 

Table 1 summarizes the questionnaires that were included in the online survey. Based on the 

Exercise Dependence Scale and Eating Disorder Examination Questionnaire results, athletes were 

classified into one of the following categories: 1) ED/DE: at risk of ED/DE only 2) Primary EXD: 
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at risk of EXD only 3) Secondary EXD: at risk of both ED/DE + EXD 4) Control athletes: not at 

risk of ED/DE or EXD. 

To assess the impact of ED/DE and EXD status on LEA risk, females completed the Low 

Energy Availability in Females Questionnaire (LEAF-Q)[221]. To explore symptoms of LEA in 

males with ED/DE and EXD status, male athletes were asked questions to assess for health 

outcomes across the variables included within the LEAF-Q: injury history, gastrointestinal 

symptoms, and reproductive dysfunction[221]. Both male and female athletes were further 

questioned about history of bone stress fractures given the increased risk reported in athletes with 

LEA[58], as well as additional questions in regards to sport discipline, training program, 

anthropometrics and highest level of competition.    

Table 1 Summary of questionnaires used to classify athletes as at risk of exercise dependence, disordered eating, 

risk of low energy availability, and associated health outcomes   

Outcome  Questionnaire Measures 

Exercise 

dependence 

Exercise Dependence 

Scale[206] 

21-items rated on a 6-point Likert scale to compute 7 subscales: 

tolerance, withdrawal, intention effect, lack of control, time, 

reduction in other activities, and continuance 

Total score computed by summing subscales  

For analysis, athletes were classified as at-risk of EXD if scored 

5-6 on items for at least three subscales 

Disordered 

eating 

Eating Disorder 

Examination 

Questionnaire[222] 

22-items rated on a 6-point Likert scale to compute 4 subscales: 

restraint, eating concern, shape concern, and weight concern  

Mean global score computed from subscales  

For analysis, athletes classified as at risk of ED/DE if  global 

EDE-Q score ≥2.5 in females[223] and ≥1.68 in males[224] 

LEA in females Low Energy Availability 

in Females Questionnaire 

(LEAF-Q)[221] 

25-questions in regard to injury history, gastrointestinal, and 

reproductive function 

For analysis, a score ≥8 classified an athlete as at risk of LEA 

LEA in males Unvalidated questionnaire  4-questions assessing acute and overload injury history and 

severity of gastrointestinal and reproductive symptoms  

 

Statistical Analysis 

One-way ANOVA was used to compare baseline participant characteristics, stress fracture history, 

Eating Disorder Examination Questionnaire results, and Exercise Dependence Scale results with 
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ED/DE and EXD status, with Tukey’s post-hoc analysis, as required. For non-normally distributed 

variables, a Kruskal-Wallis test was used with a Bonferroni adjusted post-hoc analysis. 

Multinomial regression was used to yield exponentiating regression coefficients when assessing 

risk of being classified as at risk of LEA, menstrual dysfunction, history of >1 bone stress fracture 

as well as risk of being classified as ED/DE, EXD and/or at risk of LEA with competitive status. 

When survey questions were ordinal in nature (missed training days due to injuries, gastrointestinal 

symptoms and erectile dysfunction), an ordinal regression was used to yield an exponentiating 

regression coefficient. For both multinomial and ordinal regression, when assessing ED/DE and 

EXD status, the control athletes served as the reference group and for differences across athlete 

calibre, recreational athletes were used as the reference group. All analyses were completed using 

Statistical Package for the Social Sciences (SPSS, V.27, IBM. Chicago, IL), with an a priori alpha 

of <0.05 for significance. 

RESULTS 

The electronic survey was completed by 650 female and 276 male athletes. A small proportion of 

survey responses were excluded for incomplete data (8 female/19 male). The self-reported 

distribution of female/male athlete respondents by sport classification was: 84% (n=565/188) 

endurance sport athletes such as cycling, long-distance running, triathlon; 8% (n=32/38) mixed 

sport athletes such as soccer, rugby, water polo; 5% (n=30/16) power sport athletes such as 

sprinting, wrestling, shot-putting; and 1% (n=11/0) skill sport athletes such as archery and 

equestrian. The remaining 19 athletes (4 female/ 15 male) did not specify their primary sport.  The 

distribution of female/male athlete across self-reported level of competition was: recreational 

(n=148/62), collegiate (n=217/38), national (n=156/90), and international athletes (n=119/66). 

Most survey respondents were from North America (n=652), with further participation from 
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Europe (n=152), Australia (n=44), Africa (n=15), Asia (n=3), and South America (n=3). Thirty 

athletes did not specify their country.  

Baseline characteristics  

Of the 642 female athletes, 151(24%) were classified as ED/DE, 82(13%) with secondary EXD, 

and 23(4%) as primary EXD. The remaining 386(60%) female athletes served as the control 

athletes.  Of the 257 male athletes, 57(22%) were classified as ED/DE only, 13(5%) with secondary 

EXD, and 6(2%) with primary EXD. The remaining 181(70%) male athletes served as the control 

athletes. Age, body mass index, and training information of participants with ED/DE and EXD 

status are presented in Table 2.   

Table 2 Age, body mass index, and training information with disordered eating and exercise dependence 

classification  

 Secondary EXD ED/DE Primary EXD Control p-value 

Female athletes      

Age (yr) 26.0±6.5 27.4±8.8 27.7±9.3 28.4±9.0 0.15 

BMI (kg/m2) 20.1(18.9-21.5) 20.9(19.8-22.9)ǂ 19.7(18.2-20.8) 20.4(19.2-21.8) <0.0001 

Years competing 12.0±6.4 11.5±7.4 13.0±9.3 13.0±7.6 0.19 

Aerobic (hr/wk) 11.9±4.6* 9.6±4.0 11.2±3.6 9.2±3.9 <0.0001 

Strength (hr/wk) 3(2-5)§ 3(2-4) 3(2-4) 2(1-3) <0.0001 

Mobility (hr/wk) 2(1-4) 2(1-3) 1(1-2) 2(1-3) 0.21 

Male athletes      

Age (yr) 29.8±10.1  33.7±10.6 27.4±6.8 34.3±12.4 0.62 

BMI (kg/m2) 22.9(20.6-24.1) 23.4(21.8-25.8)§ 22.2(21.7-25.5) 22.4(21.0-24.1) 0.03 

Years competing 10.0(5.5-15.50) 10.0(6.0-19.0) 9.0(5.0-19.0) 11.5(8.0-21.0) 0.49 

Aerobic (hr/wk) 11.9±4.1 11.0±4.5 12.4±4.4 10.2±4.5 0.28 

Strength (hr/wk) 2(1-6) 3(1-4) 1(0-4) 2(1-3) 0.21 

Mobility (hr/wk) 1(1-2) 2(1-4) 2(0-3) 2(1-3) 0.18 

Normally distributed data are shown as mean±SD, and non-normally distributed data as median and IQR (IQ 25 

and IQ 75 percentiles). ǂp<0.05 vs primary EXD, secondary EXD and control athletes; *p<0.05 vs ED/DE and 

control athletes; §p<0.05 vs control athletes.  

BMI, body mass index; EXD, exercise dependence; ED, eating disorder; DE, disordered eating.  
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Eating Disorder Examination Questionnaire and Exercise Dependence Scale results 

As expected, both male and female respondents with primary and secondary EXD had a higher 

total score on the Exercise Dependence Scale than ED/DE and control athletes, with ED/DE 

athletes recording a higher total score than that of control athletes. Also not surprisingly, secondary 

EXD athletes and ED/DE athletes had higher global scores on the Eating Disorder Examination 

Questionnaire than controls. However, female athletes with secondary EXD and ED/DE athletes 

also had higher global scores than athletes with primary EXD and, interestingly, athletes with 

secondary EXD scored higher than ED/DE athletes. Differences and raw data across all Eating 

Disorder Examination Questionnaires and Exercise Dependence Scale subscales are offered in 

supplementary Table 1 (see appendix 5). 

Risk of LEA and associated health outcomes with EXD and ED/DE status 

Risk of LEA 

Compared to control athletes, athletes with secondary EXD and ED/DE athletes were more likely 

to be classified as at risk of LEA (Figure 1). 

 

Figure 1. Odds ratio and confidence interval of female athletes being classified as at risk of low energy 

availability with disordered eating and exercise dependence status. *P<0.0001 

EXD, exercise dependence; ED, eating disorder; DE, disordered eating; OR, odds ratio; CI, confidence 

interval.  
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Reproductive symptoms  

Compared to controls, females with secondary EXD or ED/DE were more likely to report previous 

menstrual dysfunction (Figure 2A) and current menstrual dysfunction (Figure 2B). Males with 

ED/DE were more likely to report decreased morning erectile function compared to controls and 

this trended toward statistical significance in athletes with secondary EXD (p=0.06; Figure 2C).   

 

Figure 2. Odds ratio and confidence interval of A) previous menstrual dysfunction B) current menstrual 

dysfunction and C) suppression of morning erections with disordered eating and exercise dependence 

status. *P<0.05 

EXD, exercise dependence; ED, eating disorder; DE, disordered eating; OR, odds ratio; CI, confidence 

interval. 
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Gastrointestinal Symptoms  

For both females (Figure 3A) and males (Figure 3B), secondary EXD and ED/DE athletes were at 

an increased risk of reporting gastrointestinal symptoms at an increased frequency compared to 

controls.  

 

Figure 3. Odds ratio and confidence interval of increased gas and bloating in A) females and B) males 

with disordered eating and exercise dependence status. *P<0.05 

EXD, exercise dependence; ED, eating disorder; DE, disordered eating; OR, odds ratio; CI, confidence 

interval.  

Injuries and bone stress fractures. 

Compared to control athletes, female athletes with primary and secondary EXD (Figure 4A) and 

male ED/DE athletes were more likely to report a previous bone stress fracture (Figure 4B). The 

assumption that the parameters were the same for all categories (test of parallel lines) was violated 

when considering risk of missed training days due to injuries for both male and female athletes. 

As such, a multinomial regression was used in place of ordinal regression to assess the risk of 

missing ≥22 training days or competition days due to injury over the last year with female athletes 

with secondary EXD being identified for this increased risk (OR=2.25; 95% CI=1.39-3.65; 

p=0.001). Similarly, male athletes with secondary EXD were more likely to report missing ≥22 

training days or competition days due to overload injuries over the last year (OR=5.73; 95% 
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CI=1.34-24.54; p=0.019), No significant difference was seen for missed training days due to acute 

injuries in male athletes with ED/DE and EXD status.  

 

Figure 4. Odds ratio and confidence interval of at least 1 previous bone stress fracture in A) females B) 

males. *P<0.05 

EXD, exercise dependence; ED, eating disorder; DE, disordered eating; OR, odds ratio; CI, confidence 

interval.  

Risk of ED/DE, EXD and LEA with athlete calibre 

Three athletes (2F/1M) did not include competitive status and were excluded from this analysis. 

While no difference was seen across athlete calibre for risk of LEA and EXD, compared to female 

recreational athletes, international calibre female athletes were 46% less likely to be classified as 

ED/DE (OR= 0.54; 95% CI= 0.30-0.99; p=0.046). A similar trend was seen in male athletes such 

that national athletes were 54% less likely (OR= 0.46; 95% CI= 0.22-0.98; p=0.045) and 

international athletes 66% less likely (OR=0.34; 95% CI= 0.14-0.78; p=0.012) to be classified as 

ED/DE compared to recreational athletes. 

DISCUSSION 

The aim of this study was to assess if athletes with EXD, both with and without ED/DE, were at 

an increased risk of LEA and differences across the spectrum of athlete calibre. The major novel 

finding of this study was that while EXD did increase the risk of LEA and associated health 

outcomes, this was only noted when EXD co-occurred with ED/DE. We must also reject our 
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hypothesis regarding the risk of LEA, ED/DE, and EXD, which were not increased among athletes 

competing at the highest level; rather, recreational athletes were more likely to be classified as 

ED/DE for both males and females compared to international caliber athletes, and at relatively 

similar rates for the responses received. 

Secondary EXD  

Disordered eating behaviors and diagnosed ED are recognized as causes of LEA in athletes[176]. 

As such, it is not surprising that compared to control athletes, male and female athletes classified 

as at risk of ED/DE were at an increased risk of LEA and associated health outcomes. However, 

for females with secondary EXD there was an exacerbated risk of LEA and various health 

outcomes compared to ED/DE athletes. This may be due to the higher psychopathology in athletes 

with secondary EXD given they had a higher Eating Disorder Examination Questionnaire global 

score and reported engaging in significantly more aerobic exercise than ED/DE athletes. To our 

knowledge, no study has examined differences in ED/DE psychopathology between athletes with 

secondary EXD and those with ED/DE alone. However, in those with clinical ED, compulsive 

exercise is associated with greater ED pathology [225,226]. Compulsive exercise represents an 

urge to perform exercise with the intent to escape anxiety that arises from the imagined negative 

consequences of not exercising[205] and better reflects exercise behaviours that are secondary to 

ED/DE than exercise dependence[205,208,209]. As such, the problematic exercise behaviours that 

led to an exacerbated risk of LEA in athletes with secondary EXD may be more reflective of 

compulsive exercise than exercise dependence.  

While male ED/DE athletes, both with and without co-occurring EXD, reported a greater 

risk of health outcomes within the RED-S model, unlike female athletes, an exacerbated risk was 

not noted in athletes with secondary EXD. While this may suggest sex-based differences in regard 
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to the effect of secondary EXD, these differences may be due to the questions used to assess health 

outcomes associated with LEA given these are not yet validated. Regardless, our results reinforce 

that ED/DE is also a concern among male athletes[199], and extends this finding by demonstrating 

that ED/DE both with or without EXD may increase the risk of various health outcomes. This 

included an increased risk of gastrointestinal symptoms, reproductive symptoms, and injuries - 

which provides insight into possible warning signs of ED/DE in male athletes. Evidently, ED/DE 

and LEA are not just a female athlete problem, and male athletes can also suffer negative health 

consequences due to ED/DE behaviours.  

Primary EXD  

A novel finding of this study was that primary EXD did not increase the reported risk of LEA or 

associated health outcomes. Furthermore, athletes with primary EXD did not differ from control 

athletes on many measures, including weekly exercise, and for male athletes the global measures 

of eating disorder were not different between these two groups. On the other hand, female athletes 

with primary EXD did have a higher Eating Disorder Examination Questionnaire global score 

than control athletes. While measures were still below the threshold indicative of ED/DE 

psychopathology, it is possible that athletes were falsely classified with primary EXD instead of 

secondary EXD, as has been reported by others[220]. Notably, athletes with primary EXD were at 

an increased risk of a previous bone stress fracture, but this was only observed in female athletes. 

As an increased risk of bone stress fracture have been reported in athletes with LEA[58] - but 

athletes with primary EXD were not at an increased risk of LEA - this higher incidence of injury 

could be due to the variety of other factors contributing to stress fractures, such as equipment, 

biomechanical, and environmental factors[227]. Alternatively, as the specific timing of previous 



 
 

34 
 

fractures was not assessed, it is possible that these occurred at a time when athletes were in a state 

of LEA.  

The low prevalence of primary EXD (~2-4%) suggests that overt EXD without co-

occurring ED/DE is relatively uncommon. Notably, there is debate if primary EXD is a health 

concern warranting separate diagnosis[220,228]. While our results do not support an increased risk 

of LEA in those with primary EXD, excessive exercise could interfere with other areas of life 

through time conflicts[229] and potentially lead to overreaching or overtraining syndrome[230]. 

However, in our population, athletes with primary EXD did not report engaging in more exercise 

than control athletes. Further research is needed to assess the role of primary EXD in athlete health 

and wellbeing.  

Risk of ED/DE with athlete calibre 

Despite no differences in the risk of LEA in females or EXD across athlete calibre, we did observe 

the risk of ED/DE in both males and females to be lowest among those competing at the highest 

level of competition. Existing data on the relationship between  rates of ED/DE and athlete calibre 

have been mixed, with reports of no difference[231,232], a higher risk among recreational 

exercisers compared to collegiate athletes[192], and a higher risk among athletes of higher 

calibres[188,191].  In our study, the lower risk of ED/DE among international athletes and male 

national athletes compared to their recreational counterparts may represent a selection factor, such 

that the health and performance implications of improper fueling could preclude success to 

progress to the international level. A higher drive for thinness is associated with an increased 

incidence of musculoskeletal injuries in female athletes[233], and ED/DE related injury could 

certainly interfere with athletic success in competition due to loss of training time[152]. 

Differences across athlete calibre may also relate to underlying motivations for training and 
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competing, as initiating training to lose weight is associated with an increased risk of ED/DE 

development[215]. It is likely that compared to athletes competing on an international stage lower 

calibre athletes have more autonomy to affect decisions about participation and training load in 

this regard, and less access to support systems including dietitians, targeted professional coaching, 

and clinical support teams. Future research is needed to assess underlying factors that may have 

contributed to the increased risk of ED/DE seen in recreational athletes as this may be a prevalent 

but unaddressed concern that warrants preventative strategies.  

Limitations 

 As with all research, the current study is not free from limitations, including the fact that this 

investigation was cross-sectional in nature, precluding insight into cause and effect. While 

validated screening tools were sought, the LEAF-Q has only been validated in endurance athletes 

and no such validated tool is available for male athletes- an area worthy of future attention and 

expansion. The data provided was self-reported in nature and the survey was available only in 

English. This likely led to the majority of responses being from North American athletes and thus, 

limits applicability to under-represented populations. It is possible that self-selection bias, such 

that those that have an interest in ED/DE and RED-S may have been more likely to participate, 

and this could impact these results to an unknown extent[234]. Finally, responses may also change 

across a competitive season, such as leading up to a major competition, and exercise dependence 

in some competitive athletes may have been overshadowed by “normal” training practices in the 

sport, which nullify decisions around exercise behaviours that more recreational athletes might 

face. Notably, the electronic survey was circulated during a period when most competitions were 

unexpectantly cancelled due to the COVID-19 pandemic. 

CONCLUSION 
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Given the low prevalence of primary EXD, athletes exhibiting problematic exercise behaviours 

should also be screened for ED/DE. In situations of problematic exercise contributing to the 

development of RED-S, clinical assessment and treatment must not only address dietary patterns, 

but also exercise behaviours. Athletes with primary EXD were not at increased risk of LEA and 

associated health outcomes, but further research is needed to determine if primary EXD is a 

concern to athlete health that warrants a separate diagnosis. Like female athletes, male athletes 

with ED/DE can demonstrate concerning health consequences within the RED-S model. More 

research is needed to examine the relationship between ED/DE and LEA as well as the 

development of a validated survey to assess risk of LEA in male athletes. 
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What are the new findings? 

• Exercise dependence in the absence of disordered eating is not prevalent in athletes 

and did not increase an athlete’s risk of low energy availability or associated health 

outcomes 

• When exercise dependence and disordered eating co-occur, this may exacerbate the 

risk of an athlete developing low energy availability and associated health outcomes 

of relative energy deficiency in sport (RED-S) compared to disordered eating in the 

absence of exercise dependence  

• Disordered eating may be more common among athletes competing for recreational 

purposes compared to those competing at the highest level of competition   

 

How might it impact on clinical practice? 

• Athletes exhibiting disordered eating behaviours should be screened for problematic 

exercise behaviours so that targeted treatment strategies can be implemented  
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 Interpretation of Findings, Summary, and Conclusions  

This thesis sought to determine if EXD is associated with an increased risk of LEA and health 

outcomes associated with LEA. As EXD and ED/DE frequently co-occur, outcomes were 

examined with EXD both in the presence and absence of ED/DE. The novel finding of this study 

was that primary EXD does not increase the risk of LEA or symptoms of LEA, but when co-

occurring with ED/DE an exacerbated risk was observed. Finally, for both male and female 

athletes, those competing at the recreational level were at an increased risk of ED/DE compared 

to athletes competing at the international level and for males, the national level.   

4.1 Disordered eating and exercise dependence  

Risk of ED/DE was identified in 36% (n=233) of females and 27% (n=70) of males. While 

ED/DE does not necessitate that LEA will occur, it is a commonly recognized cause of LEA 

[176]. This is supported by this thesis work with ED/DE athletes being at an increased risk of 

LEA and various health outcomes associated with LEA. While not a surprising finding that 

ED/DE was associated with an increased risk of LEA, the relationship between ED/DE and LEA 

in male athletes has been scarcely examined. This may in part be due to stigmatization the can 

prevent the identification of ED/DE in male athletes [200,235]. As such, the finding that male 

athletes with ED/DE had an increased risk of various signs and symptoms of LEA is of 

importance as it addresses this notable gap in the literature. Evidently, ED/DE and LEA is not 

only a female problem and more research is needed in male athletes examining the relationship 

between the two.   

Female athletes with secondary EXD had an exacerbated risk of LEA, menstrual 

dysfunction, gastrointestinal symptoms and missed training days due to injury compared to 



 
 

39 
 

athletes with ED/DE in isolation. Athletes with secondary EXD reported engaging in 

significantly more aerobic exercise compared to ED/DE athletes. While we did not measure 

exercise energy expenditure or energy intake, high training loads coupled with DE behaviours 

would increase the risk of an athlete developing LEA. Along with differences in reported 

exercise, female athletes with secondary EXD scored higher than ED/DE athletes on all Eating 

Disorder Examination Questionnaire subscales. To our knowledge, no study has assessed 

differences in ED/DE psychopathology between athletes with secondary EXD and those with 

ED/DE alone. However, in those with clinical ED, compulsive exercise is associated with greater 

ED pathology [225,226]. As such, the greater risk of LEA seen in female athletes with secondary 

EXD compared to athletes with ED/DE alone may be indicative of greater psychopathology. 

Unlike female athletes, differences in outcomes between male athletes with secondary EXD 

and ED/DE athletes were not as evident. Male athletes with secondary EXD had a greater risk of 

gastrointestinal symptoms and missed training days due to overload injury than ED/DE athletes. 

On the other hand, male ED/DE athletes were at a risk of some health outcomes not seen in male 

athletes with secondary EXD, such as erectile dysfunction and risk of previous bone stress 

fracture. Unlike female athletes, there was no difference between male athletes with secondary 

EXD and ED/DE athletes for weekly reported exercise or measures of ED/DE psychopathology. 

This may explain why male athletes with secondary EXD did not have an exacerbated risk of 

health outcomes compared to ED/DE athletes.  Alternatively, this could be due to the questions 

used to assess LEA health outcomes, which are not validated.  

Counter to our hypothesis, male and female athletes with primary EXD were not at an 

increased risk of LEA or the majority of health outcomes associated with LEA. Further, athletes 

with primary EXD did not differ from control athletes on many measures, including weekly 
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exercise, and for males, Eating Disorder Examination Questionnaire results were not different 

between these two groups. On the other hand, female athletes with primary EXD did differ from 

control athletes on multiple Eating Disorder Examination Questionnaire measures. This included 

athletes with primary EXD scoring higher than control athletes on eating concern, shape concern 

and restraint subscales, resulting in a higher Eating Disorder Examination Questionnaire global 

score. While this global score was still below the threshold used to classify athletes as being at 

risk of ED/DE, this may suggest that athletes with primary EXD did indeed exhibit some 

elevated ED/DE psychopathology. It is possible that these athletes were falsely classified and did 

indeed have underlying ED/DE as has been reported by others [220].  

Findings of EXD in the absence of ED/DE have been reported by others [210–213], but 

given the lack of evidence of psychopathology with primary EXD, there has been disagreement 

surrounding if primary EXD is a concern to health that warrants a separate diagnosis 

[220,228,236]. The only negative health outcome increased in athletes with primary EXD was a 

higher incidence of previous stress fractures compared to control athletes, but this was only 

apparent in female athletes. An increased risk of bone stress injury in athletes with LEA has been 

reported by others [58]. However, as athletes with primary EXD were not at an increased risk of 

LEA, this higher incidence of previous bone stress injury could be due to a variety of other 

external factors that contribute to the development of bone stress fractures [227]. Alternatively, 

as the time frame of bone stress fracture with respect to the date of survey completion was not 

assessed, it is possible that these injuries occurred at a previous time when athletes were in a 

state of LEA. 

The low prevalence of primary EXD (2-4%) suggests that overt EXD without co-occurring 

ED/DE is not a common issue. While our results do not support that athletes with primary EXD 
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have an increased risk of LEA and associated health outcomes, excessive exercise could lead to 

overreaching or overtraining syndrome [237] and/or interfere with other areas of life such as 

work and family life due to the lack of time for other activities [229]. However, within our 

population, athletes with primary EXD did not report engaging in more exercise than control 

athletes. Further research is needed assessing the role of primary EXD in athlete health and 

wellbeing.  

4.2 Competitive status 

In contrast to our hypothesis, risk of LEA, ED/DE and EXD was not increased in athletes 

competing at the highest level. Other studies examining risk of LEA with the LEAF-Q have 

reported a greater risk of LEA in female athletes competing at a higher competitive level 

[149,238]. Differences in results may be due to different caliber of athletes being included in the 

“higher” versus “lower” competitive groups or the type of athlete included in these studies with 

the majority of athletes in our survey competing in endurance events. Unfortunately, as no 

validated survey exists to assess risk of LEA in male athletes, we were unable to assess risk of 

LEA across athlete caliber in males. Risk of EXD both in the presence and absence of ED/DE 

also did not differ with competitive status. This was a surprising finding as the majority of 

studies have reported an increased risk of EXD with increased competitive status [239–241]. 

However, this increased risk with increasing athlete caliber has been suggested to be due to 

differences in interpretation of the tools used to measure EXD rather than a greater psychological 

morbidity [242]. Notably, studies examining risk of EXD across competitive status do not 

differentiate primary versus secondary EXD, which may explain differences in results.  

While risk of EXD and ED/DE did not differ with athlete caliber, we did find differences in 

risk of ED/DE across competitive status. International athletes had a lower risk of ED/DE 
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compared to recreational athletes and for males, a lower risk for ED/DE was also seen for 

national athletes compared to recreational athletes. In contrast to our findings, others have found 

a greater risk of ED/DE in female athletes competing at the international and provincial level 

compared to athletes competing at local and state level [188], whereas others have reported no 

difference in amateur male cyclists competing at the regional, national and international level 

[231] or in male and female athletes competing at the regional, national and international level 

[232]. These differences may be due to the sample population of athletes that completed the 

survey or that few studies have included a group of athletes that train and compete for sporting 

events purely at the recreational level.  

While speculative, the observed lower risk of ED/DE among international calibre athletes 

may represent a selection factor. For instance, a higher drive for thinness is associated with an 

increased incidence of musculoskeletal injuries in female athletes [233]. As such, it is possible 

that ED/DE could indirectly interfere with athletic success due to injuries and illness that result 

in loss of training time [152]. Alternatively, recreational athletes may be more likely to initiate 

training to lose weight, which is associated with an increased risk of ED/DE development [215]. 

The increased risk in female recreational athletes may reflect the changing female body ideal 

with athletes being a common role model for the increasing number of females who participate 

in sport [243]. Internationalization and pressure to achieve this athlete ideal  may in turn lead to 

the development of ED/DE and problematic exercise behaviours [244]. Future research is needed 

to expand on this finding of a higher risk of ED/DE in recreational athletes in order to determine 

effective preventative strategies.   



 
 

43 
 

4.3 Implications for treatment  

The findings of this master’s work have important implications for the assessment and 

treatment of RED-S and ED/DE. To begin, our research findings reinforce the importance of not 

assuming that an athlete is not struggling with ED/DE just because they appear to be at a healthy 

weight. Both male and female ED/DE athletes reported a significantly higher BMI than that of 

control athletes and for females, a significantly higher BMI than that of athletes with primary 

EXD. Notably, this BMI fell within the “healthy” range for all athlete groups. This demonstrates 

that making the assumption that an athlete is healthy purely on assessment of BMI may prevent 

an athlete from receiving appropriate treatment, which is of particular concern as early 

identification and treatment of ED/DE leads to better health outcomes [176]. Research findings 

further highlight that when examining factors contributing to the development of LEA, ED/DE 

behaviours should be assessed within the context of not only an athlete’s diet, but also an 

athlete’s relationship with exercise and training.  Problematic exercise behaviours may be easily 

hidden by athletes and socially accepted rather than recognized as an issue. This assessment must 

extend beyond the quantity of exercise performed and include an athlete’s psychological 

relationship to exercise. The quantity of exercise is not a predictor of ED/DE, but rather it is the 

compulsive and compensatory component of exercise that is of concern [245]. Only seeing 

exercise as a concern when an athlete engages in excessive exercise may result in problematic 

exercise being undetected and left untreated [246], or an athlete engaging in a high volume of 

exercise for training purposes may be deemed as having problematic exercise behaviours despite 

having a healthy relationship with exercise. This is demonstrated within our results when 

comparing the quantity of exercise performed between athletes competing at a lower and higher 

caliber.   Despite male and female international level athletes engaging in significantly more 
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aerobic training than recreational athletes (females: 11. 8±4.9 vs. 9.7±4.1 hr/wk; p<0.0001; 

males: 12. 5±4.7 vs 9.9±4.0hr/wk; p=0.005), they were at a lower risk of ED/DE.  As such, even 

if an athlete does not appear to be engaging in excessive exercise, an athlete should still be 

screened for problematic exercise behaviour. If detected, then treatment should focus on exercise 

psychoeducation rather than abstinence to help athletes establish a healthy relationship with 

exercise [247]. Failing to consider both ED/DE and co-occurring problematic exercise as 

contributors to RED-S may prevent treatment progress.     

4.4 Limitations and future direction 

A major limitation of this research is its cross-sectional nature, which prevents examining 

cause and effect. This survey was distributed during the COVID-19 pandemic when many 

athletes were prevented from training and competing. This unexpected disruption, as well as the 

increased risk of ED/DE seen during this unprecedent time [248], may have impacted results. It 

is also possible that results were impacted by self-selection bias such that athletes who have an 

interest in ED/DE, EXD, and RED-S may have been more likely to participate in this study 

[234]. This could explain the greater number of females than males that completed the survey 

and possibly, differences across the competitive status spectrum. While the anonymous nature of 

the survey should have reduced response bias, it is possible that athletes misreported results to 

more socially desirable answers and that this impacted findings [249] given results were 

dependent on an athlete’s honesty in responses. This online survey was only available in English, 

which could explain the majority of responses being received from North American athletes. 

This lack of representation limits applicability to under-represented groups. While this research 

sought to use validated screening tools, the LEAF-Q has only been validated in female 

endurance athletes, and despite the Eating Disorder Examination Questionnaire being a validated 
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and widely used screening tool, it has not been validated specifically within athletic populations. 

Finally, a notable limitation is the current lack of a validated tool to assess risk of LEA in males. 

As such, the questions that were asked to assess for signs and symptoms of LEA in males may 

not have been due to underlying LEA. 

Future research is needed to assess if primary EXD is associated with worsened outcomes in 

athletes. While we did not find an increased risk of health outcomes in male and female athletes 

with primary EXD, this is limited to health outcomes assessed with the LEAF-Q and the 

questions used to assess symptoms of LEA in male athletes. It is possible that athletes with 

primary EXD were experiencing physiological and psychological outcomes not assessed in this 

survey. Future studies are needed to elaborate on differences in EXD and compulsive exercise 

and their association with ED/DE in athletic populations. In particular, as our results suggest that 

EXD without co-occurring ED/DE does not increase the risk of LEA, screening tools for 

compulsive exercise rather than EXD may have more clinical relevance and importance for 

clinicians and researchers. Finally, this research highlights the scarcity of research examining 

ED/DE and LEA in male athletes. Research is needed to address this discrepancy as well as to 

examine differences between male and female athletes in the manifestation of ED/DE and 

problematic exercise behaviors.  

4.5 Conclusions 

While ED/DE increased the risk of an athlete developing LEA and various signs and 

symptoms of LEA, when ED/DE co-occurred with EXD an exacerbated risk was seen.  On the 

other hand, EXD without ED/DE did not increase the risk of LEA and the majority of health 

outcomes associated with LEA. Given that the overall prevalence of primary EXD was low (~2-

4%), EXD is likely to occur secondary to ED/DE rather than in isolation.  As such, if an athlete 
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presents with problematic exercise behaviors, then they should also be screened for ED/DE. 

Finally, when examining underlying causes of LEA in athletes, not only should dysfunction 

attitudes towards diet be considered, but also dysfunctional attitudes towards exercise and 

training.   
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2. Low Energy Availability in Females Questionnaire  
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3. Eating Disorder Examination Questionnaire  
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4. Exercise Dependence Scale  
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5.  Supplementary Table 1 

Global Eating Disorder Examination Questionnaire and Exercise Dependence Scale results  

 
Secondary 

EXD 

ED/DE Primary 

EXD 

Control Secondary 

vs     

ED/DE 

Secondary 

vs     

Primary  

Secondary 

vs      

Control 

ED/DE     

vs     

Primary  

ED/DE      

vs     

Control 

Primary    

vs     

Control 

Global Eating Disorder Examination Questionnaire results  

Females           

Eating 

concern 

3.59±1.36 2.54±1.20 1.17±0.80 0.57±0.62 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.01 

Shape 

concern 

4.81±0.90 4.34±0.79 2.42±0.86 1.65±1.07 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Weight 

concern 

4.42±1.08 3.97±0.90 1.73±0.94 1.35±0.93 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.22 

Restraint 4.06±1.37 3.14±1.29 1.57±1.57 0.85±0.87 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.01 

Global score 4.22±0.90 3.50±0.74 1.72±0.55 1.10±0.68 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Males           

Eating 

concern 

2.20(1.2-

4.6) 

1.60(1.0-

2.3) 

0.10(0.0-

0.85) 

0.20(0.0-

0.40) 

1.00 0.003 <0.0001 0.004 <0.0001 1.00 

Shape 

concern 

3.78±1.18 3.56±1.12 1.31±0.96 0.91±0.69 0.82 <0.0001 <0.0001 <0.0001 <0.0001 0.66 

Weight 

concern 

3.25±1.41 2.89±1.08 1.28±0.71 0.68±0.64 0.47 <0.0001 <0.0001 <0.0001 <0.0001 0.28 

Restraint 3.12±1.42 2.78±1.45 1.77±1.49 0.77±0.95 0.74 0.07 <0.0001 0.16 <0.0001 0.14 

Global score 2.85(2.32-

4.39) 

2.42(2.10-

3.20) 

1.23(0.78-

1.54) 

0.61(0.28-

1.01) 

1.00 0.15 <0.0001 0.14 <0.0001 0.42 

Exercise Dependence Scale results 

Females           

Intention 

effect 

13.45±3.45 8.97±2.87 11.43±4.19 6.71±2.83 <0.0001 0.02 <0.0001 <0.0001 <0.0001 <0.0001 
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5.  Supplementary Table 1 

Global Eating Disorder Examination Questionnaire and Exercise Dependence Scale results  

 
Secondary 

EXD 

ED/DE Primary 

EXD 

Control Secondary 

vs     

ED/DE 

Secondary 

vs     

Primary  

Secondary 

vs      

Control 

ED/DE     

vs     

Primary  

ED/DE      

vs     

Control 

Primary    

vs     

Control 

Withdrawal 15.35±1.70 12.77±2.68 14.26±3.21 10.93±3.45 <0.0001 0.44 <0.0001 0.14 <0.0001 <0.0001 

Continuance 14.46±3.12 10.22±3.35 12.09±4.67 7.70±3.30 <0.0001 0.01 <0.0001 0.06 <0.0001 <0.0001 

Tolerance 15.67±2.28 12.11±3.18 15.57±2.79 10.34±3.61 <0.0001 1.00 <0.0001 <0.0001 <0.0001 <0.0001 

Lack of 

control 

14.33±2.90 9.32±3.16 13.39±3.03 6.78±3.13 <0.0001 0.58 <0.0001 <0.0001 <0.0001 <0.0001 

Reduction 13.12±2.78 9.46±2.58 11.04±3.43 7.18±2.43 <0.0001 <0.0001 <0.0001 0.03 <0.0001 <0.0001 

Time 16.04±1.46 11.97±2.97 16.26±1.79 10.52±3.23 <0.0001 0.99 <0.0001 <0.0001 <0.0001 <0.0001 

Total EXD 102.43±10.

64 

74.81±13.6

5 

94.04±8.92 60.16±14.6

4 

<0.0001 0.05 <0.0001 <0.0001 <0.0001 <0.0001 

Males           

Intention 

effect 

12.54±2.90 7.84±2.72 10.50±3.08 6.88±2.92 <0.0001 0.48 <0.0001 0.14 0.13 0.01 

Withdrawal 14.85±1.35 11.09±3.78 13.83±4.92 9.24±3.50 <0.0001 0.94 <0.0001 0.27 <0.0001 0.01 

Continuance 12.38±4.21 8.86±3.79 12.50±3.83 6.93±3.05 <0.0001 1.00 <0.0001 0.05 <0.0001 <0.0001 

Tolerance 14.69±2.87 11.42±3.23 15.83±1.33 10.67±3.10 <0.0001 0.88 <0.0001 0.01 0.38 <0.0001 

Lack of 

control 

11.69±3.55 8.61±3.47 9.67±3.98 6.61±2.78 0.01 0.52 <0.0001 0.85 <0.0001 0.07 

Reduction 13.46±2.79 9.07± 2.57 11.50±2.59 7.54±2.73 <0.0001 0.45 <0.0001 0.15 <0.0001 <0.0001 

Time 15.92±1.71 12.04±3.50 14.67±4.50 10.69± 3.12 <0.0001 0.86 <0.0001 0.22 0.12 0.03 

Total EXD 95.54±9.21 68.93±14.1

5 

88.50±8.87 58.83±12.7

8 

<0.0001 0.69 <0.0001 <0.0001 <0.0001 <0.0001 

Normally distributed data are shown as mean and SD, and non-normally distributed data as median and IQR (IQ 25 and IQ 75 percentiles). 

 


