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ABSTRACT 

 

Pathological exercise (PE) is a common feature of individuals with eating disorders (ED) and 

represents a key maintaining factor of eating pathology. However, little is known about 

underlying mechanisms that maintain PE and whether these mechanisms are influenced by the 

occurrence of PE in the context of an ED. The present study tested hypotheses that women with 

PE would 1) experience exercise as more reinforcing, 2) show greater cortisol reactivity in 

response to exercise, and 3) that greater cortisol reactivity in response to exercise would predict 

greater increases in positive affect following exercise. Participants (N=64 women total; n=16 PE 

with ED, n=16 PE Only, n=16 ED Only, n=16 Control) completed a computerized progressive 

ratio (PR) task to earn running time on a treadmill as a measure of the reinforcing value of 

exercise. HPA-axis response to acute exercise was measured through salivary cortisol and 

changes in affect were measured by a self-report questionnaire. Participants provided four saliva 

samples and self-report ratings directly prior to and 0-, 20-, and 40- minutes after running for 30 

minutes on a treadmill at 75% maximum heart rate. Results indicated that women with PE had 

significantly higher reinforcing value of exercise (p<.001) and showed higher cortisol reactivity 

to exercise (p<.001). Contrary to hypotheses, cortisol reactivity to acute exercise did not predict 

exercise-induced changes in affect in the full sample. Cortisol reactivity significantly predicted 

breakpoint on the PR task (p<.001) in the full sample. Overall, findings provide preliminary 

evidence that women with PE may experience exercise as more rewarding than normal 

exercisers, which may be attributable to dysregulations in underlying biological mechanisms that 

influence its reinforcing value. Given limitations of the current study, future studies should use 

ecological momentary assessment to better understand factors driving associations between PE, 

reward, and dysregulations in HPA-axis activity in participants’ natural environment.  
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CHAPTER ONE 

INTRODUCTION 

Pathological exercise (PE) is a maladaptive pattern of exercise that leads to clinically 

significant impairment and distress. This behavioral feature occurs across eating disorder (ED) 

diagnoses and also occurs outside of EDs (Adams, 2009; Hausenblas & Symons Downs, 2002a; 

Weinstein & Weinstein, 2014). Irrespective of whether it co-occurs with EDs, PE is 

characterized by exercise despite illness or injury, extreme guilt when a planned exercise session 

is missed, stereotyped and inflexible exercise patterns, irritability when unable to exercise, and 

continuance of exercise despite negative social and/or occupational consequences. Thus, it is a 

multidimensional construct and has been conceptualized by various researchers as a compulsive 

(Davis et al., 1994; Goodwin, Haycraft, Taranis, & Meyer, 2011) and addictive (Berczik et al., 

2012; Bamber, Cockerill, Rodgers, & Carroll, 2003; Davis & Woodside, 2002) form of behavior.  

In the general population, the lifetime prevalence of PE is estimated to be approximately 

0.5 - 1% (Weinstein & Weinstein, 2014; Monok et al., 2012) and between 2.5% - 3.6% among 

regular exercisers (Griffiths, Szabo, & Terry, 2005; Monok et al., 2012; Szabo & Griffiths, 

2007).  Research has provided empirical support for associations between PE and significant 

psychological, social and occupational, and physical impairment (Grandi et al., 2011; Veale, 

1995; Bamber, Cockerill, & Carroll, 2000; Adams, Miller & Kraus, 2003; Weinstin & 

Weinstein, 2014). For example, individuals with PE report that their exercise habits cause 

intrusive thoughts/ruminations throughout the day and feelings of agitation, irritability, and 

depressed mood if unable to exercise (psychological impairment), conflicts with family members 

over time spent exercising rather than being with family or working (social and occupational 
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impairment), and significant physical injuries (physical impairment) (Grandi et al., 2011; 

Bamber, Cockerill, Rodgers, & Carroll, 2003). 

Lifetime occurrence of PE among individuals with eating disorders is estimated to be as 

high as 40-84%, supporting that individuals with EDs are at increased risk for developing PE.  In 

addition, data indicate that PE is a clinically significant aspect of eating pathology (Davis et al., 

1997; Taranis & Meyer, 2010; Mond & Colergo, 2009).  Indeed, PE is one of the last ED 

symptoms to remit in outpatient samples, and it predicts longer length of treatment and poorer 

outcome following treatment (Bergh & Sodersten, 1996; Davis et al., 1994; Davis & Woodside, 

2002). In multivariate models, PE was significantly and uniquely related to suicide risk in EDs 

(Smith et al., 2013).  Despite its importance, little is known about underlying mechanisms that 

maintain PE and whether these mechanisms are influenced by the occurrence of PE in the 

context of an ED.  

1.1 Pathological Exercise and Affect Regulation: Positive and Negative Reinforcement 

The affect-regulation hypothesis posits that PE may be positively reinforced if it leads to 

increases in positive affect and/or feelings of reward (e.g., feelings of well-being or a “runner’s 

high”).  Alternatively, PE may be negatively reinforced if it results in the reduction of negative 

affect (e.g., relief from depression and anxiety) (Bergh & Sodersten, 1996; Davis & Woodside, 

2002).  The former function would make PE similar to an addiction in which a substance is 

initially taken for its rewarding effects and then taken in increasing amounts even after the 

effects are no longer rewarded and may be punished.  The latter function would make PE similar 

to a compulsion in which a behavior is rigidly followed to reduce or prevent unwanted 

consequences of not engaging in the behavior, even if the behavior causes problems. 
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Studies have focused on the effect of exercise on mood in groups with PE that did not 

necessarily occur in the context of eating disorders.  Rosa and colleagues (2004) examined 

changes in affect following a maximal exercise test in a sample of individuals with PE. 

Sedentary men (n=20), non-PE control men (n=23), and men with PE (n=23) were recruited 

from the community to provide mood ratings before and after completing a maximal exercise 

test.  Results indicated that the PE group showed a significantly greater reduction in negative 

affect following the exercise test as measured by the Profile of Mood States (POMS) compared 

to the other two groups and that reduction in negative affect was longer lasting in the PE group 

compared to the sedentary and non-PE groups (up to 120 minutes).  No group differences were 

observed for changes in positive affect following exercise, as positive affect did not increase 

significantly for any of the three groups.  The authors concluded that PE was more negatively 

reinforcing than it was positively reinforcing (Rosa, Mello, Negrao, & Souza-Formigoni, 2004), 

and this appeared to be particularly true for those in the PE group.  

Shepanski and colleagues (2001) examined the differential effects of exercise on mood at 

varying intensities and durations of exercise in a sample of individuals with a high commitment 

to exercise compared to individuals with a low commitment to exercise. In this study, high 

commitment to exercise was defined as high frequency of exercise (i.e., a minimum of 15 

exercise sessions per month). While the authors did not directly recruit participants based on PE 

attitudes (e.g., as measured by the Commitment to Exercise Scale), the participants’ frequency 

and duration of exercise was indicative of a high drive for exercise, similar to the high 

commitment to exercise observed in PE samples.  In this study, 16 participants (n=8 high 

commitment to exercise; n=8 low commitment to exercise) completed mood ratings using the 

POMS before and after treadmill exercise at three different exercise intensities: 10 minutes at 
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75% VO2max (~85% max HR), 30 minutes at 50% VO2max (~70% max HR), and 30 minutes at 

75% VO2max (~85% max HR).  Results indicated that only individuals with a high commitment 

to exercise showed a significant change in affect (positive and/or negative) following exercise. 

Specifically, each exercise intensity was associated with a significant decrease in negative affect 

following exercise among individuals with a high commitment to exercise, but not among 

individuals with a low commitment to exercise.  In addition, positive affect increased 

significantly following exercise only in individuals with a high commitment to exercise.  

However, this effect was only observed in the two conditions in which participants ran for 30 

minutes at a moderate to high intensity (i.e., 30 minutes at ~70% maximum heart rate and 30 

minutes at ~85% maximum heart rate). The effect of exercise on mood was greatest in the 30 

minutes of high intensity exercise condition (~85% maximum heart rate), in which a moderate 

effect was reported for change in affect. This suggests that exercise-induced increase in positive 

affect may only be found when exercise reaches a minimum intensity and duration threshold, 

known as the intensity threshold effect (Shepanski, Hoffman, Ruble, Buckwalter, & Clifford, 

2001; Hill et al., 2008).  Specifically, exercise has only been shown to increase positive affect at 

a moderate-high intensity exercise for a minimum of 30 minutes (Hoffman et al., 2004; Rudolph 

& McAuley, 2010; Shepanski et al., 2001).  Thus, the exercise duration used in the study 

conducted by Rosa et al. (2004) (i.e., 10-15 minutes) may have been insufficient to induce 

changes in positive affect.  These findings support that at the right intensity and duration, PE 

may be maintained not only by negative reinforcement, but also through positive reinforcement 

(Shepanski et al., 2001). This effect has been replicated in samples with a history of a high 

commitment to exercise (e.g., Parfitt & Easton, 1995), suggesting that in addition to intensity and 
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duration, commitment to exercise (i.e., how often an individual exercises) is related to increases 

in positive affect following acute exercise.  

 An alternative approach to examining the effect of exercise on mood is to examine 

changes in mood states when deprived of exercise. Deprivation studies conducted in non-clinical 

samples have indicated that pathological exercisers with (LePage et al., 2012) or without 

(Mondin et al., 1996; Morris et al., 1990; Aidman & Woollard, 2003) co-occurring eating 

pathology reported increased feelings of depression, anxiety, and fatigue when deprived of 

exercise for one day.  In PE sample without co-occurring eating pathology, the magnitude of the 

shift in negative mood reported on days in which participants were deprived of exercise was 

significantly correlated with scores on the Exercise Addiction Scale.  In addition, negative mood 

changes when deprived of exercise among individuals with PE were significantly correlated with 

increases in resting heart rate on the day in which they were deprived of exercise compared to 

controls. The authors interpreted this significant difference in physiological arousal as indicative 

of the experience of withdrawal symptoms from exercise (Aidman & Woollard, 2003).  

Magnitude of negative mood when deprived of exercise was not related to severity of ED 

symptoms in one study (LePage et al., 2012), suggesting that PE may be maintained, in part, by 

negative reinforcement, regardless of ED status (e.g., Aidman & Woollard, 2003; Mondin et al., 

1996; LePage et al., 2012).   

Overall, a number of studies looking at affective changes following exercise among 

individuals with and without PE have reported decreases in negative affect following exercise, 

but not all have reported increases in positive affect following exercise.  Notably, studies that 

have failed to find increases in positive affect have not required participants to exercise at an 

intensity and duration necessary to produce increases in positive affect (e.g., Rosa et al., 2004).  
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In contrast, studies in which participants have exercised at a moderate-high intensity for at least 

30 minutes have shown both increases in positive affect and decreases in negative affect in 

individuals with a history of high levels of exercise (Parfitt & Easton, 1995; Hill et al., 2008; 

Shepanski et al., 2001). Thus, at the right intensity and duration, exercise may have the capacity 

to produce both positively and negatively reinforcing effects among individuals with PE. 

1.2 Measuring the Rewarding Value of Exercise from Behavior 

 A different approach to understanding the rewarding value of exercise is through the use 

of behavioral paradigms. One behavioral paradigm in particular, the progressive ratio (PR) 

paradigm, has been employed in animal and human studies to quantify the rewarding value of 

exercise. The PR paradigm was developed in the field of behavioral economics and provides a 

means to quantify the reinforcing value of a range of commodities (e.g., food, drugs of abuse, 

exercise). This paradigm posits that a reward is something an individual is willing to “work” for, 

and thus the greater amount of “work” an individual is willing to perform to obtain a rewarding 

object (e.g., food) or particular behavior (e.g., exercise), the greater rewarding value that object 

or behavior has to the individual.  The amount of “work” required to obtain a specified amount 

of the reinforcer becomes progressively greater as the task continues (e.g., 200 key taps to obtain 

a reinforcer on trial 1 versus 400 key taps to obtain a reinforcer on trial 2, etc.).  The PR task was 

originally developed to measure the reinforcing value of food in lab animals, where the amount 

of bar presses the animal would perform would serve as a measure of the rewarding value of 

food. The PR “breakpoint” is defined as the maximum number of responses (e.g., bar presses) 

completed in order to obtain a reinforcer before the participant stops working for it, such that the 

more reinforcing value a reinforcer has to a participant, the higher the breakpoint.  PR tasks can 

be used to measure the absolute reinforcing value of a commodity if no other reinforcers are 
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presented or the relative reinforcing value of a commodity if there are alternative reinforcers that 

may be obtained (e.g., food versus money).   

 Given that exercise that exceeds a minimum threshold for intensity and duration may be 

positively reinforced, attention has been given to the potentially reinforcing value of exercise in 

both animals and humans.  Importantly, almost all studies that have measured the reinforcing 

value of exercise through the use of behavioral paradigms have done so specifically in the 

context of understanding eating pathology. Indeed, outside of eating disorders, the only studies 

that have sought to measure the reinforcing value of exercise have been conducted in normal 

(Roemmich et al., 2008; Barkley, Epstein, & Roemmich, 2009) and overweight (Epstein, 

Kilanowski, Consalvi, & Paluch, 1999) children in order to measure the relative reinforcing 

value of physical activity (e.g., bicycling, stair stepping) compared to popular sedentary activities 

(e.g., video games, watching cartoons). In each study, children consistently worked harder (i.e., 

matched more shapes to earn points) for access to sedentary activities than for access to physical 

activities. However, these studies indicated that the amount of work children were willing to do 

for access to physical activities was correlated with their typical physical activity in daily life as 

measured by an accelerometer, with a moderate effect size (r=.42). This indicates that the 

amount of work performed in the laboratory to earn time exercising was a reliable measure of 

how much time the participants spent exercising outside of the lab.  Thus, performance on the PR 

task shows high external validity with exercise behaviors as they occur in their natural 

environment, which provides support for the utility of the PR task in measuring the reinforcing 

value of exercise.  Importantly, studies of the reinforcing value of exercise have not been 

conducted in normally exercising adult populations. Further, studies that have examined the 
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reinforcing value of exercise among pathological exercisers have been restricted to ED 

populations, and only two have been conducted.  

 In the first study, Schebendach and colleagues (2007) used a computerized progressive 

ratio (PR) task to measure the amount of “work” 16 inpatients with anorexia nervosa (AN) were 

willing to complete to earn exercise time on a treadmill. Each participant completed two PR task 

sessions, one in which participants could earn up to 15 minutes on a treadmill and one in which 

participants could earn up to 30 minutes on a treadmill.  In both PR task sessions, participants 

had the option of working for an alternative reinforcer, which consisted of a monetary voucher 

worth up to $20.  In addition, Schebendach and colleagues administered the Commitment to 

Exercise Scale in order to correlate PE attitudes and behaviors with the PR breakpoint.  Results 

indicated that the breakpoint for earning time on the treadmill did not differ between PR trials 

(i.e., 15 minutes versus 30 minutes), such that participants performed a mean of 1140.6 keyboard 

presses to obtain 15 minutes on a treadmill and 1128.1 keyboard presses to obtain 30 minutes on 

a treadmill, respectively. In addition, there was a trend toward a positive correlation between 

exercise breakpoint and Commitment to Exercise Scale score (r =.49, p=.054).  Importantly, this 

sample of patients with AN did not necessarily engage in PE.  Nonetheless, the trend toward an 

association with Commitment to Exercise Scale score suggested that the PR task breakpoint 

might be a useful way to quantify motivation to exercise in an ED population, using a behavioral 

paradigm.  

 Klein and colleagues (2010) conducted a follow-up study to Schebendach et al.’s (2007) 

experiment.  In this study, 10 of the 16 patients included in the Schebendach et al. (2007) study 

were asked to perform the PR task one more time after weight restoration, working for up to 30 

minutes exercise time on a treadmill.  Results from the 10 weight restored patients (~90% ideal 
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body weight) were then compared with results from the 16 underweight patients (~75% ideal 

body weight).  Results indicated that weight status did not influence exercise breakpoint and that 

exercise breakpoint was correlated with pre-hospitalization Commitment to Exercise Scale 

scores (r=.613, p=.012 at T1; r=.634, p=.049 at T2).  It is important to note that breakpoint did 

not change with weight restoration, as it indicates that willingness to work for exercise is not 

simply an indicator of a malnourished state and that women with eating pathology are driven to 

“work” hard for even a small amount of exercise.  

To understand whether exercise in eating disorders is pursued as a means to control 

weight or may be inherently rewarding, there have been animal studies using the activity based 

anorexia (ABA) model.  These studies provide strong evidence that exercise is inherently 

rewarding.  In the ABA model, animals are given restricted access to food (e.g., 1 hour per day) 

and free access to a running wheel.  Despite their food-deprived state, the animals will 

significantly increase their wheel running (i.e., energy expenditure) instead of decreasing wheel 

running to conserve energy.  The significant increase in wheel running results in a severely low 

body weight and even death (Barbarich-Marsteller et al., 2013; Giel et al., 2013; Dixon, Ackert, 

& Eckel, 2003).  This indicates that there is something inherently rewarding about exercise in a 

food-restricted state and point to the importance of considering physiological mechanisms in 

addition to psychological factors in understanding maintenance of PE.  This may also suggest 

that in humans, a food restricted state may enhance physiological mechanisms of reward in 

pathological exercisers; thus, PE that occurs in the context of an ED may be more rewarding than 

PE that occurs in the absence of an ED.  However, no study has directly compared individuals 

with PE in the presence versus absence of an ED on the reinforcing value of exercise or changes 

in affect following exercise; thus, this hypothesis has yet to be tested.  
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Overall, results from studies utilizing a PR paradigm to quantify the rewarding value of 

exercise indicate that exercise is inherently rewarding. The greatest support for the rewarding 

value of exercise has been established in ED populations, who will perform large amounts of 

work (e.g., 9,500 total key taps) to earn access to even a small amount of time on a treadmill 

(e.g., 15 minutes of brisk walking).  As such, several researchers have compared the drive to 

exercise observed in ED and non-ED patients as analogous to the drive to obtain a reward that is 

characteristic of addictions (Berczik et al., 2012; Davis & Woodside, 2002). Individuals with PE 

report several symptoms similar to individuals with substance dependence, and some researchers 

have suggested that PE should be diagnosed using DSM criteria analogous to the criteria used to 

diagnose substance dependences (Veale, 1995; Bamber et al., 2003; Adams, 2009).  

1.3 Physiological Underpinnings of Pathological Exercise: Potential Role for Cortisol 

Reactivity in Affect-regulation and Reward 

Specific physiological underpinnings that explain the drive for PE have not been 

established.  However, studies have established parallels between PE and biological substrates of 

reward common to other addictive behaviors (Davis & Woodside, 2002; Anshel, 1991; Erickson, 

Drevets, & Schulkin, 2003).  In particular, aberrant hypothalamic-pituitary-adrenal axis (HPA-

axis) activity has been linked to reward-related pathologies (Root et al., 2010).  HPA-axis 

activation during acute psychological and physical stress results in release of cortisol, a 

glucocorticoid hormone.  Thus, understanding the effects of glucocorticoids is important for 

establishing a link between sensitivity to glucocorticoids (i.e., the threshold at which 

glucocorticoids exert its effects on the system) and reward-related pathologies.   

 Although the glucocorticoid hormone cortisol is often associated with fear and stress 

responses, cortisol release can produce varied effects on neurotransmitters and neuropeptides, 



 

 

 

11 

resulting in diverse psychological and behavioral effects (Buwalda et al., 2012; Stephens & 

Wand, 2012).  Included in these effects are anxiolytic effects and increased reward sensitivity 

(Johnsguard, 1985; Mondin et al., 1996; Putnam et al., 2010).  Because exercise is a natural 

physiological stressor to the body, it increases activity of the HPA-axis and stimulates the release 

of glucocorticoids.  In turn, glucocorticoids stimulate dopaminergic neurons in the mesolimbic 

brain structure, which is a principle neural substrate of reward (Campioni, Xu, & McGehee, 

2009; Lo Sauro, Ravaldi, Cabras, Faravelli, & Ricca, 2008).  Thus, the rewarding effects of 

exercise may be mediated by enhanced release of dopamine triggered by cortisol (Erikson et al., 

2003; Sparling et al., 2003).  As such, it has been hypothesized that acute bouts of exercise 

activate brain substrates associated with reward and dependence through its influence on HPA-

axis activity (Heymen et al., 2012; see Fig. 1).  

 

  
Figure 1. Glucocorticoids as a Biological Substrate of Reward 

 

Activation of brain reward systems produces changes in affect ranging from slight 

elevations of mood to euphoria (Hamer & Karageorghis, 2007; Esch & Stefano, 2010; Plihal, 

Krug, Pietrowsky, Fehm, & Born, 1996; Schmidt et al., 1992; Brown, Khan, & Netjtek, 1999b; 

Barrot et al., 2000).  Interactions between glucocorticoid and dopamine systems produce diverse 

effects of glucocorticoids on neurotransmitters, such that moderate to high elevations in 

glucocorticoids can facilitate reward seeking behavior (Esch & Stefano, 2010; Sparling, 

Giuffrida, Piomelli, Rosskopf, & Dietrich, 2003).  
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Animal models indicate rats will exert moderate effort to produce bar presses in order to 

self-administer corticosterone (Piazza & Le Moal, 1997).  In addition, rats will consistently 

choose to drink a solution containing corticosterone compared to water when given the 

opportunity (Piazza, Deroche, Deminiere, Maccari, Le Moal, & Simon, 1993).  These findings 

indicate that corticosterone may have intrinsically motivating effects (Sparling et al., 2003; 

Aravich, Rieg, Lauterio, & Doerries, 1993; Gardner, 2005).  Elevations of corticosterone in 

animals during search and reward indicate that glucocorticoids influence arousal, learning, and 

memory of previous sources of reward (Brown et al., 1999b; Hyman, 2005).  Indeed, in rats 

categorized as high corticosterone responders, glucocorticoids increased dopamine synthesis of 

areas of the brain that modulate both psychomotor activity and reward-related learning (Piazza & 

Le Moal, 1997).  

Studies in humans indicate acutely elevated levels of cortisol are associated with 

euphoria, and that individuals who have high stress reactivity (i.e., high cortisol response) are 

more sensitive to the effects of immediate rewards than low cortisol responders (Esch & Stefano, 

2010; Sparling, Giuffrida, Piomelli, Rosskopf, & Dietrich, 2003; Wolkowitz et al., 1990).  Other 

human studies have reported that receiving an injection of cortisol or dexamethasone can cause 

mood elevation and others have reported that a dose of glucocorticoids induced feelings of 

euphoria and hypomania (Brown et al., 1999a; Plihal et al., 1996; Brown et al., 1999b).  

Recently, Het and colleagues (2012) reported an inverse relationship between cortisol and 

negative affect following a social stress test among healthy individuals, indicating higher cortisol 

levels were associated with decreased negative affect following the stress test. However, there 

have also been reports that elevated levels of cortisol have been positively associated with 

negative affect following a speech stressor (van Eck et al., 1996), while other studies have 
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reported no significant associations between changes in cortisol and affect (e.g., Buchanan, 

al’Absi, & Lovallo, 1999). Thus, evidence for a relationship between cortisol levels and changes 

in affect is mixed. However, it is important to note that previous studies have only examined 

changes in cortisol and affect following a psychological stressor, but not physical stressor (e.g., 

exercise). This may influence whether cortisol is associated with changes in positive or negative 

affect following exercise.  

In summary, exercise is a natural physiological stressor on the body that results in 

cortisol release, which may in turn stimulate reward pathways.  This exercise-reward connection 

may lead to the development of PE in those who demonstrate greater cortisol responses to 

exercise.  Importantly, not all individuals who exercise develop PE, nor do all individuals with 

an ED show PE as a feature of their disorder.  Thus, it is crucial for us to better understand 

mechanisms that may underlie PE and contribute to its development and maintenance. For those 

who do develop PE, this feature is associated with significant impairment and distress, regardless 

of whether it co-occurs with an ED. Among individuals with EDs, PE predicts greater illness 

severity, length of treatment, and relapse.  This indicates that PE is a feature with clinical 

significance, particularly for understanding ED maintenance. Therefore, research that examines 

differences between individuals in which PE occurs independent of an ED and individuals in 

which PE co-occurs with an ED is needed to determine how eating pathology may or may not 

modulate sensitivity to the rewarding effects of exercise.  

1.4 HPA-axis Reactivity, Eating Disorders, and Reward 

A key focus of research on risk for compulsive and pathological behaviors is individual 

differences in reward sensitivity.  Indeed, addictive behaviors are associated with disturbances of 

HPA functioning and HPA-induced sensitization of the dopaminergic (DA) mesolimbic reward 
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system (Lo Sauro et al., 2008; Gluck et al., 2004; Koob & Kreek, 2007).  Thus, abnormalities in 

stress reactivity, as indicated by elevated cortisol release, could set the stage for hypersensitivity 

to reward and the development of reward-related pathologies (e.g., pathological exercise).  

To date, only animal studies have examined how HPA-axis reactivity relates to 

vulnerability to developing PE.  In animal models, rat strains differing in HPA-axis reactivity 

showed differences in their vulnerability to developing activity-based anorexia (ABA), such that 

rats with higher HPA-axis reactivity following exercise were more prone to developing ABA 

than the strain with lower HPA-axis reactivity (Duclos et al., 2005; Duclos & Tabarin, 2011).  In 

addition, administration of a corticotropin releasing factor antagonist prevented the development 

of ABA (Duclos et al., 2005; Kawaguchi et al., 2005).  This finding is key, because it indicates 

glucocorticoids facilitate the rewarding aspects of exercise. Further, it indicates that blocking 

glucocorticoid release blocks the rewarding effects of exercise in animals.   

Two studies have examined HPA-axis activity in women and PE. Heaney and colleagues 

(2011) compared cortisol reactivity to a psychological stressor in women with PE in the absence 

of an ED (n=10) and regularly exercising control women (n=10).  Participants’ salivary cortisol 

and cardiovascular activity (heart rate and blood pressure) were recorded at rest and in response 

to a 10-minute mental arithmetic stress task.  Results indicated that pathological exercisers 

showed blunted cortisol reactivity and cardiac reactivity in response to the psychological stressor 

when compared to controls.  Although this finding seems to argue against a model of increased 

HPA-axis activity driving PE, the authors noted that blunted cortisol reactivity has been found in 

other reward-related pathologies (e.g., alcohol, tobacco). Thus, blunted cortisol response may be 

a marker of central motivation dysregulation.  In addition, there is mixed evidence regarding is 

the nature of HPA-axis activity that is associated with the onset versus maintenance of reward-
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related pathologies. While onset of addictive behaviors may be associated with hyper-reactivity 

to the rewarding effects of the stimulus (e.g., drugs, exercise), hypo-reactivity may occur as a 

consequence of repeated behaviors that increase HPA-axis activity.  This change represents the 

body’s attempt to maintain allostasis, which is the process of achieving homeostasis through 

physiological or behavioral change that can be carried out by means of alterations in HPA-axis 

hormones (e.g., cortisol). Importantly, the Heaney et al. (2011) study excluded participants with 

EDs and examined cortisol reactivity to a psychological stressor rather than physical stressor.  

Thus, these results may not generalize to cortisol reactivity stimulated by intense physical 

exercise in women with or without a co-occurring ED.   

Only one study has examined associations between cortisol and PE in an ED sample.  

Klein and colleagues (2007) evaluated associations between locomotor activity and urinary 

cortisol levels as well as locomotor activity and exercise history in a sample of 36 women 

hospitalized for AN.  Participants wore activity armbands for 48 hours during hospitalization, 

provided samples of 24-hour urine to measure cortisol levels, and completed self-report 

psychological measures, including the Commitment to Exercise Scale and an informal interview 

assessing participants’ exercise history.  Findings indicated that 24-hour urinary cortisol 

significantly correlated with activity counts (r = .41) and Commitment to Exercise Scale score (r 

= .49). In addition, activity counts were positively correlated with Commitment to Exercise 

scores (r =.37).  The authors concluded that some women with AN have a high drive for 

exercise, which persists into early hospitalization and may be associated with HPA-axis 

abnormalities.  A notable weakness of this study is that the data were correlational in nature; 

thus, it is unclear whether increased activity caused the increase in urinary cortisol or if increased 

cortisol caused a higher drive for physical activity.  
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Together, these findings indicate that 1) HPA-axis abnormalities exist among individuals 

with reward related pathologies, 2) strenuous acute bouts of exercise result in the release of 

cortisol, which stimulates areas in the brain associated with reward (Bergh & Sodersten, 1996; 

Lett et al., 1996), and 3) changes in mood following PE may maintain the pathological behavior 

through positive and negative reinforcement.  Taken together, individuals who are hypersensitive 

to the rewarding effects of exercise may be more susceptible to developing and maintaining PE.  

Importantly, there is no conceptual model that links physiological and psychological 

mechanisms of exercise to the regulation of affect and PE. Further, it remains unclear how PE in 

the presence of an ED may differ from PE in the absence of eating pathology. Sparse 

physiological data exist for examining associations between PE and EDs.  

1.5 The Present Study 

The purpose of the present study is to use a psychobiological approach to translate basic 

research on the effects of over-activity of the HPA-axis on affect regulation and reward 

sensitivity into explanatory models of PE.  Specifically, the present study will test the conceptual 

model that women with PE 1) show greater cortisol reactivity in response to acute exercise, 2) 

experience acute exercise as more rewarding than women without PE, which will be indicated by 

a higher breakpoint on a willingness to work task to earn time on a treadmill, and 3) that greater 

cortisol reactivity in response to acute exercise will predict greater increases in positive affect 

following exercise (see Fig. 2).  In addition, the present study will examine potential interactions 

between eating pathology and PE on sensitivity to the rewarding effects of exercise. Specifically, 

it will test whether the threshold at which exercise is perceived as rewarding is lower in 

individuals with co-occurring eating pathology compared to pathological exercisers without co-

morbid eating pathology.  
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Figure 2. Explanatory Model of Maintenance of Pathological Exercise 

 

 

The specific aims of the study are to 1) examine differences in the reinforcing value of 

exercise among women with EDs characterized by PE, women with PE in the absence of an ED, 

women with EDs who do not pathologically exercise, and healthy control women, 2) examine 

differences in cortisol reactivity among these four groups, and 3) explore associations between 

changes in cortisol levels and affect following acute exercise among these four groups.  In 

addition, this study aims to examine what effect co-morbid eating pathology has on sensitivity to 

the rewarding effects of exercise compared to individuals who pathologically exercise in the 

absence of an ED.   

It is hypothesized that there will be a main effect of PE on exercise breakpoint, such that 

women who pathologically exercise will show greater willingness to work for time running on a 

treadmill (i.e., higher breakpoint) than women who do not pathologically exercise. In regard to 

the second study aim, it is hypothesized that there will be a main effect of PE on cortisol 
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response, such that pathological exercisers will show significantly greater cortisol reactivity in 

response to acute exercise compared to women who do not pathologically exercise (with or 

without an ED). Finally, it is hypothesized that higher cortisol response to acute exercise will 

predict greater increases in positive affect. 

 Exploratory analyses will be conducted to examine interactions between PE and ED 

status on outcome variables.  Specifically, it is hypothesized that there will be an interaction 

between PE and ED status, such that women with both PE and an ED will show greater 

willingness for work for time on a treadmill than women with PE in the absence of an ED. In 

addition, it is hypothesized that there will be an interaction between PE and ED status on cortisol 

reactivity, such that individuals with eating and exercise pathology will show the highest cortisol 

reactivity in response to exercise among the four groups. 

The current study is the first to gather physiological data among a population of 

pathological exercisers with and without EDs.  In addition, it is the first study to link 

physiological underpinnings of PE to subsequent changes in affect among individuals with EDs, 

which is crucial to understanding how PE is maintained. Finally, this study is the first to examine 

how a co-morbid ED may modulate sensitivity to the rewarding effects of exercise compared to 

PE in the absence of an ED.  This will provide important data for understanding co-morbidity 

between PE and EDs, as well as how PE may maintain eating pathology.  
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CHAPTER TWO 

METHODS 

2.1 Participants 

 Four groups of women between the ages of 18 and 35 years were recruited: 1) women 

who currently met DSM-5 diagnostic criteria for any ED characterized by PE (PE w/ ED; n=16), 

2) women with PE without a history of an ED (PE Only; n=16), 3) women who met DSM-5 

diagnostic criteria for any ED but did not pathologically exercise (ED Only; n=16), and 4) 

control women who exercised regularly (i.e., a minimum of two times per week) but did not 

engage in PE or have a history of an ED (control; n=16).  All participants were within a healthy 

body mass index (BMI) range (18.5-26.5 kg/m2).  

Participants were recruited through the Florida State University psychology subject pool 

and through advertisements in the local community. The following inclusion criteria were 

applied to the two PE groups: 1) engage in exercise at least 2 times per week for the past 3 

months and 2) score >2 deviations above the community norm on the Commitment to Exercise 

Scale (CES). In addition, the PE Only group was required to score below the clinical cut-off 

score on the Eating Attitudes Test-26 (EAT-26). The ED Only group inclusion criteria were as 

follows: 1) engage in moderate to high intensity exercise at least 2 times per week for the past 3 

months, 2) score above the clinical cut-off score on the EAT-26, and 3) score within 1 standard 

deviation of community sample mean on the CES. The healthy control group: 1) engaged in 

moderate to high intensity exercise at least 2 times per week for the past 3 months, 2) scored 

below the clinical cut-off score for the EAT-26, and 3) scored within 1 standard deviation of 

community norm on the CES. In addition, because the current study required participants to 

work for running time on a treadmill in the first study visit and to run on a treadmill for a 
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minimum of 30 minutes in the second study visit, it was necessary for participants’ exercise 

routine to regularly include running (i.e., at least two times per week).  

The following exclusion criteria applied to all participants: 1) current medical condition 

that could influence cortisol secretion or ability to participate safely in study procedures (e.g., 

diabetes, heart condition), 2) endorse more than 1 major risk factor for cardiovascular disease, 3) 

current use of medications known to affect cortisol secretion (e.g., corticosteroids), 4) current 

substance dependence disorder due to potential influences on cortisol secretion, and 5) history of 

pregnancy or nursing within the past 6 months. Finally, participants were excluded from the PE 

Only and control groups if they endorsed significant weight loss in the past month (i.e., >5% 

body weight), significant body image disturbance, or a history of an ED.  

 Eleven individuals were determined to be ineligible at the first study visit and eight 

participants (11.1%; n= 2 PE with ED, n=2 ED Only, n=4 controls) did not return for the second 

study visit. Sixty-four participants (n=16 PE with ED, n=16 ED Only, n= 16 PE Only, n=16 

controls) completed all parts of both study visits and had complete data for all aspects of the 

study. There were no differences between participants who completed study procedures and 

those who dropped out on any demographic or clinical variables at baseline (ps>.29). The mean 

(SD) age of the sample was 20.4 (2.5) (range=18-31 years). Consistent with the age of the 

sample, the majority (87.5%) of participants’ highest level of education was high school. Eight 

participants (11.5%) had completed college and one participant (1.4%) completed graduate 

school.  The majority of the sample was Caucasian (61.1%), 18.1% were Hispanic, 11.1% 

African American/Black, 2.8% Asian, and 6.9% Mixed/Other.         
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2.2 Procedure 

Interested participants contacted the lab for an initial phone interview, which was 

conducted by trained research assistants to determine potential study eligibility.  If the participant 

appeared to be eligible, the research assistant explained the details of the study (e.g., number of 

study visits, exercise requirements) and scheduled the participant for the first study visit during 

which eligibility was established. If participants did not report being on a hormonal 

contraceptive, they were scheduled to complete the study visits during the follicular phase of 

their menstrual cycle.  

Study Visit #1 

The first study visit was scheduled at a time that the participant would normally exercise.  

The main purpose of the visit was to determine eligibility for future visits and to complete a 

computerized task that measured reinforcing value of exercise.  Participants were provided 

informed consent and had their height, weight, and resting heart rate measured.  A master’s level 

graduate student interviewed participants to determine the presence of current and lifetime 

psychiatric diagnoses, including eating disorders, using the Structured Clinical Interview for 

DSM-IV (SCID-I; First, 1995), which was modified to also establish DSM-5 diagnoses.  

Participants then completed self-report questionnaires that assessed eating pathology, PE 

attitudes and behaviors, mood, and personality features (see Measures). This assessment took 

approximately 60 minutes. 

Pending confirmation of eligibility, participants then completed a computerized task 

designed to measure the reinforcing value of exercise, following which the participants were 

given access to a treadmill to complete the amount of running time earned during the 

computerized task. Instructions for the computer task were played on a cassette player to 
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decrease the likelihood of experimenter influence. The instructions stated that participants would 

have the opportunity to earn between 0-60 minutes running on a treadmill by pressing the 

spacebar on the keyboard (see description below in Measures and Appendix A).   

Following the computerized progressive ratio task, participants were fitted with a heart 

rate monitor and 70-80% maximum heart rate was calculated. The heart rate monitor was 

programmed with participants’ target heart rate zone (70-80% maximum heart rate) and 

displayed a visual signal and sounded an audible alert if heart rate exceeded the target zone or 

fell below 70% maximum heart rate. Participants were instructed to aim for 75% maximum heart 

rate. Participants were then given the opportunity to run on a treadmill for the amount of time 

earned during the computerized task (i.e., 0-60 minutes). Because engaging in exercise in close 

proximity to the study visit could influence a participant’s performance on the progressive ratio 

task, participants were asked not to engage in exercise for 24 hours prior to the study visit and 

told that the exercise performed during the study visit should be the only exercise they engaged 

in for that day.  Including time on the treadmill, the first study visit took up to three hours to 

complete, and participants received $30 or 3 research credits in compensation.  

Study Visit #2 

 Participants arrived at the laboratory between 3:00-4:00pm for the second study visit.  

Prior to arriving to the lab for this visit, participants refrained from engaging in exercise for 24 

hours.  The first 15 minutes of the study visit served as an acclimation period during which 

participants completed a brief health history form that asked questions regarding the last time 

participants had consumed food, caffeine, and alcohol as well as exercised, in order to ensure 

compliance with study procedures. The questionnaire also asked questions regarding the start of 

the participant’s last menstrual cycle to ensure that participants who were not on a hormonal 
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contraceptive were within the follicular phase of their menstrual cycle. After 15 minutes, 

participants completed a brief questionnaire about their current mood and subjective states and 

provided a baseline saliva sample.  Next, participants completed a 3-minute warm up period of 

brisk walking on the treadmill followed by 30 minutes of running at a standardized, moderate to 

high intensity (70-80% maximum heart rate).  Directly following the 30 minutes of treadmill 

running, participants rated their mood and subjective states, and a second saliva sample was 

obtained.  Participants sat in a quiet room and provided a third and fourth saliva sample at 20 and 

40 minutes post running, respectively. Participants completed mood and subjective state ratings 

each time a saliva sample was obtained. Of note, the intervals described above (pre-running and 

0-, 20- and 40- minutes post-running) were designed to allow enough time to capture peak 

cortisol secretion and return to baseline, as prior studies have suggested cortisol levels peak in 

the 15-20 minute period following moderate-intense exercise (Hill et al., 2008; Singh et al., 

1999; Kirschbaum et al., 1999).  Notably, the intensity and duration threshold to find an effect of 

exercise on affect (moderate-high intensity for 30 minutes) is the same threshold necessary to 

produce a significant change in cortisol levels in healthy individuals (Hill et al., 2008).  Saliva 

samples were assayed for cortisol using enzyme-linked immunosorbent assay (described below).   

 The second study visit took approximately 1.5 hours to complete.  Participants received 

$15 or 1.5 research credits for compensation for study visit #2.  Thus, if participants completed 

both study visits, it took approximately 4.5 hours over the course of two days, and they received 

a total of $45 or 4.5 research credits for compensation.  

2.3 Materials and Measures 

2.3.1 Exercise Reward.  The reinforcing value of exercise was measured using a modified 

version of a progressive ratio computer task used in prior studies of eating disorder participants 
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(Klein et al., 2010; Schebendach et al., 2007).  This laboratory paradigm quantified the 

reinforcing value of exercise by determining the amount of “work” an individual was willing to 

do in order to receive time (in minutes) on a treadmill. “Work” was determined by the number of 

key presses completed on a computer keyboard, and the task required the individual to work 

progressively harder in order to receive additional time on the treadmill.  The outcome in the 

current study was the breakpoint (number of key presses in the final completed trial, representing 

the maximum amount of work a participant was willing to perform to earn exercise). The 

maximum amount of time on the treadmill that could be earned was 60 minutes.  The task 

consisted of 10 trials and as the trials progressed, more key presses were required to earn 6 

additional minutes of running time on the treadmill.  The work required for the first trial was 50 

key presses and increased by 200 key presses each subsequent trial (i.e., 50 key presses for trial 

1, 250 key presses for trial 2, 450 key presses for trial 3, 650 key presses for trial 4… 1850 for 

trial 10).  As such, a participant needed to perform 9,500 total key presses to earn all 60 minutes 

of treadmill running.  Before beginning the task, participants were told they would be given the 

opportunity to earn running time on a treadmill by pressing the spacebar on the computer 

keyboard.  They were told that the computer task consists of 10 opportunities or “trials” to earn 

time on the treadmill and that at the end of the task they would be given access to a treadmill for 

their earned amount of running time.  Additionally, participants were instructed that they could 

perform as little or as many key presses as they want, that there were no right or wrong answers, 

and that the task was not a competition.  After completion of each trial, an image of “+6 

minutes” with a picture of the treadmill would appear on the computer screen.  The participant 

was left alone to complete the computer task and was asked to alert the experimenter when she 

had completed all 10 trials or when she had decided to stop.  
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2.3.2 Exercise Intensity.  The exercise protocol involved exercising at a moderate to high 

intensity (70-80% maximum heart rate) for up to 60 minutes at study visit #1 and 30 minutes at 

study visit #2. Maximum heart rate was calculated using the following the gender adjusted 

formula: HRmax = 206 – (0.88 x age) (Gulati et al., 2010).  Participants wore a wireless heart rate 

monitor at all times while on the treadmill and were instructed that their target heart rate was 

75% maximum heart rate, with an allowable range between 70-80% maximum heart rate.  The 

monitor was programmed to alert the participant if her heart rate exceeded 80% maximum heart 

rate or fell below 70% maximum heart rate in order to ensure maintenance of a moderate to high 

exercise intensity across all participants.  Participants were informed that they could discontinue 

participation in the task at any time.  

2.3.3 Cortisol Levels.  Cortisol levels were measured by collecting approximately 1.5 mL of 

saliva at each of the four collection points at the second study visit, for a total of 6 mL of saliva 

(less than two teaspoons).  Prior to saliva collection, participants were asked to thoroughly rinse 

out their mouths to decrease likelihood of sample contamination by food and/or blood. Saliva 

samples were collected via passive drool technique and a saliva collection aid (SCA) was used to 

guide the saliva into the cryovial. Cryovials were stored in a -80 degree C freezer until assayed. 

Cortisol levels were determined by enzyme-linked immunosorbent assay (ELISA) using a 

commercially available kit (Human Cortisol EIA kit, Salimetrics, State College, PA). Cortisol 

levels were measured at the second study visit, rather than the first study visit, in order to 

standardize time, duration, and intensity of the exercise as well as the time of day that the 

exercise was completed. This was necessary to ensure that the magnitude of the cortisol response 

was not a measure of differences in exercise intensity, duration, or time of day rather than true 
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differences in cortisol response to the same dose of exercise at the same time of the day. Intra-

assay coefficient of variability (CV) was good (mean % CV=4.71).  

2.3.4 Psychiatric Diagnoses.  

Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-I; First, 1995).  The SCID-I is 

a semi-structured interview that assesses current and lifetime history of mood, substance use, 

anxiety, and eating disorder diagnoses.  The mood, substance use, and eating disorder modules 

were administered in the current study to assess study eligibility.  SCID-I questions in the eating 

disorders and substance use modules were adjusted to evaluate DSM-5 criteria for eating 

disorder diagnoses and substance use disorders.  Follow-up questions from the Eating Disorder 

Examination (EDE; Cooper, Cooper, & Fairburn, 1989) were used to confirm the presence of 

binge eating episodes (if necessary) and undue influence of weight/shape on self-evaluation.  

Kappa reliabilities of the SCID of lifetime and current Axis-I diagnoses were reported to be high 

(.90 and .89) in prior studies (Keel, Brown, Holm-Denoma, & Bodell, 2011; Brown, Holland, & 

Keel, 2014), and interrater reliability was excellent among the five clinical interviewers in the 

current study (Κ=1.00 for lifetime mood, eating, and substance use disorders).  

2.3.5 Eating Disorder Symptoms.  

The Eating Disorder Examination-Questionnaire (EDE-Q; Fairburn & Beglin, 1994) is a self-

report questionnaire that was adapted from the EDE and assesses eating disorder diagnoses, 

specific eating disorder features and frequency of binge eating, purging, and nonpurging 

behaviors over the past 4 weeks.  The items can be divided in four subscales: Restraint, Eating 

Concern, Shape Concern, and Weight Concern.  The EDE-Q has demonstrated high correlations 

with the EDE semi-structured interview (Sysko et al., 2005) and good internal consistency and 

test-retest reliability in community-based samples (Mond, Hay, Rodgers, Owen & Beumont, 
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2004a, 2004b). Reliability for the individual subscales and total score in the current study was 

also good with alphas ranging from .91- .96.  

Eating Attitudes Test (EAT)-26 (Garner, Olmsted, Bohr, & Garfinkel, 1982). The EAT-26 is a 

26-item self-report measure that evaluates eating attitudes and behaviors characteristic of eating 

disorders. Total scores on the EAT-26 range from 0-78, with higher scores indicating greater 

eating pathology.  A cut-off score of 20 is often used to identify individuals with eating disorders. 

The EAT-26 has demonstrated good test-retest reliability and internal consistency (Cronbach’s 

alpha >.90; Garner et al., 1982; Welch, Miller, Ghaderi, & Vaillancourt, 2009) as well as validity 

in diagnosing individuals with and without eating pathology (Mintz & O’Halloran, 2000). 

Internal consistency in the current sample was also good, ranging from .89-.93.  

Body Shape Questionnaire. The Body Shape Questionnaire (BSQ; Cooper, Taylor, Cooper, & 

Fairburn, 1987) is a 34-item self-report measure that assesses the degree of unhappiness with 

one’s body appearance on a 6-point Likert-type scale. The BSQ has shown good concurrent and 

discriminant validity (Cooper et al., 1987) and test-retest reliability in clinical and community-

based samples (Rosen, Jones, Ramirez, & Waxman, 1996). Internal consistency in the current 

sample was excellent (Cronbach’s alpha = .97).  

Clinical Impairment Assessment (CIA; Bohn et al., 2008). The CIA is a 22-item self-report 

measure that evaluates specific domains of impairment (interpersonal, occupational, emotional) 

attributable to the presence of an eating disorder (if present). The CIA has demonstrated high 

internal and discriminant validity (Bohn et al., 2008).  In the current study, the CIA was used to 

assess eating disorder impairment among the two eating disorder groups and to ensure lack of 

impairment among the two non-eating disorder groups. Cronbach’s alpha for the CIA in the 

current study was good (alpha = .94).  
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2.3.6 Pathological Exercise. Three multi-dimensional measures of PE were used in the current 

study. The measures differed in the populations in which they were developed (e.g., eating 

disordered or non-eating disordered). While the Commitment to Exercise Scale was used as the 

primary measure of PE in the current study, the Compulsive Exercise Test and Exercise 

Dependence Questionnaire were administered so that we could compare results from the current 

study with previously published studies that have utilized these additional scales.  

Commitment to Exercise Scale (CES; Davis et al., 1993). The CES is an 8-item self-report 

measure, which is used to assess compulsive attitudes towards exercise.  Items on the CES are 

measured on a 155 mm visual analogue scale, with higher scores indicating more compulsive 

attitudes towards exercise.  Items include questions that assess the degree to which feelings of 

well-being are influenced by exercise, whether individuals would exercise when injured, and the 

amount of distress one experiences if unable to exercise.  Factor analytic studies have indicated 

that the CES has a two-factor structure. The first factor measures an obligatory aspect of exercise 

(i.e., the extent to which one’s well-being is dependent on exercise) and the second factor is a 

pathological exercise factor, which measures an individual’s drive to exercise in the face of 

adverse circumstances. Correlation between the factors is .42 and internal consistency for the 

scale is high (Cronbach’s alpha = .88) (McLaren, Gauvin, & White, 2000).  In the current study, 

the CES was used to confirm the presence of PE, such that participants in the PE with ED and PE 

Only groups were required to score at least two standard deviations above the community norm. 

Conversely, the CES was used to ensure the absence of PE in the ED Only and the healthy 

control groups, such that they were required to score within 1 standard deviation of the norm. 

Cronbach’s alpha in the current study was good (alpha = .91).  
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Compulsive Exercise Test (CET; Taranis, Touyz, & Meyer, 2011).  The CET is a 24-item self-

report measure that is used to assess five domains of PE: avoidance and rule-driven behavior, 

mood improvement, weight control exercise, lack of exercise enjoyment, and exercise rigidity.  

Items are rated on a 6-point Likert scale.  The CET has shown good internal, content, and 

concurrent validity (Goodwin, Haycraft, Taranis, & Meyer, 2011; Meyer, Taranis, Goodwin, & 

Haycraft, 2011) and strong associations with well-validated measures of eating pathology. 

Internal consistency of the subscales and total scale scores were good in the current study, 

ranging from .87-.93.  

Exercise Dependence Scale-21 (EDS-21; Hausenblas & Symons Downs, 2002b).  The EDS is a 

21-item self-report measure used to assess symptoms of exercise dependence based on DSM-IV-

TR substance dependence criteria.  The EDS has primarily been used in non-ED samples to 

diagnose PE, where mean overall scores for the EDS differentiate between individuals that are 

at-risk for exercise dependence, non-exercise dependent but symptomatic, and non-dependent 

asymptomatic (Hausenblas & Symons Downs, 2002b).  In addition, the sum score specifies 

whether the individual shows evidence of physiological dependence or not. The EDS has shown 

good concurrent validity with other measures of PE used in ED samples (e.g., Obligatory 

Exercise Questionnaire, Exercise Dependence Questionnaire) as well as high test-retest 

reliability and internal consistency (α = .93) (Hausenblas & Symons Downs, 2002b). Internal 

consistency was for all subscales and total EDS score was good (alphas ranging from .94-.98).  

2.3.7 Mood and Personality. 

Beck Depression Inventory-II (BDI-II; Beck, Steer, & Brown, 1996). The BDI is a 21-item 

measure, which assesses physical and psychological symptoms of depression. Items are scored 

on a 0-3 scale, with higher scores indicating more severe depressive symptoms.  The BDI has 
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shown good convergent and discriminant validity as well as high internal consistency across 

clinical and nonclinical samples (Dozois, Dobson, & Ahnberg, 1998; Whisman, Perez, & Ramel, 

2000).  In the current study, the BDI was used as a covariate in all analyses, given the association 

between depressive symptoms and aberrant HPA-axis activity in young adults (e.g., Morris et al., 

2014).  Internal consistency for the BDI in the present study was alpha = .94.  

Visual Analogue Scales (VAS). 100 mm visual analogue scales were used to obtain subjective 

ratings of the participant’s urge to exercise, how rewarding exercise was to the participant, how 

much the participant liked exercise, and how much the participant wanted to exercise at the 

second study visit.  VAS ratings were taken at each of the four time points in which saliva 

samples and mood states were collected.  Responses were indicated by placing a vertical line on 

a 100 mm horizontal line, anchored at “not at all” to “extremely”.  VAS are useful for measuring 

momentary states, because they are efficient and inexpensive to use and have shown good 

within-subject reliability.  In addition, VAS used in our lab have shown significant associations 

with physiological measures (i.e., CCK response; Keel, Wolfe, Liddle, De Young, & Jimerson, 

2007) and have distinguished between ED and non-ED groups in prior studies (e.g., Keel et al., 

2007; Pirke, Kellner, Friess, Krieg, & Fitcher, 1994; Schebendach et al., 2013).  In the current 

study, VAS were used to examine potential correlations between salivary cortisol levels and 

mood states prior to and following exercise.  

Positive Affect and Negative Affect Schedule- Revised (PANAS; Watson, Clark, & Tellegen, 

1988). The PANAS is a 20 item self-report questionnaire used to assess state and trait positive 

and negative affect.  Items are scored on a 5-point scale, ranging from 1 (very slightly or not at 

all) to 5 (extremely).  The PANAS has demonstrated good internal consistency, convergent 

validity (Watson et al., 1988) and has shown to be a valid and reliable measure of fluctuations in 
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state affect (Watson, Clark, McIntyre, & Hamaker, 1992).  In the current study, the PANAS was 

used during the first and second study visits to measure state changes in affect prior to and 

following exercise and changes were examined in relation to changes in cortisol levels. Internal 

consistencies for the positive and negative affective subscales were excellent (alphas = .99).   

2.3.8 Health History. 

Heath History Form. Participants completed a self-administered medical history screen at the 

first study visit prior to participating in any study procedures. The questionnaire screened for 

personal and family history of health conditions (e.g., heart disease), which may affect an 

individual’s ability to participate in the study procedures. In addition, the Health History Form 

included questions regarding use of hormonal contraceptives and stage of menstrual cycle.  

2.3.9 Additional Self-Report Measures. Although not directly related to study hypotheses, the 

following additional self-report questionnaires were included in the study to help us understand 

whether ED participants in the current study resemble ED participants in other personality 

constructs, body image disturbance, impairment related to the ED, and comorbid symptoms. In 

addition, inclusion of the measures allowed us to better characterize differences between women 

for whom PE occurs in the context of an ED and women for whom PE occurs in the absence of 

an ED.  

Difficulties in Emotion Regulation Scale (DERS; Gratz & Roemer, 2004). The DERS is a 36 

item scale used to assess emotion dysregulation in the following domains: 1) awareness and 

understanding of emotions; 2) acceptance of emotions; 3) ability to engage in goal-directed 

behavior while refraining from impulsive behavior while experiencing negative affect; and 4) 

access to effective emotion regulation strategies.  This scale was included in the current study 

based on previous findings that PE may represent a misdirected means of affect regulation. The 
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DERS has shown good internal consistency, construct and predictive validity (Gratz & Roemer, 

2004). Internal consistency for the subscales were good in the current sample, ranging from .88-

.96. 

Behavioral Inhibition Scale/Behavioral Approach Scale (BIS/BAS; Carver & White, 1994).  The 

BIS/BAS is a 24-item questionnaire measure of differences in behavioral avoidance and 

behavioral approach, respectively.  Items are rated on a 1 (very true for me) to 4 (very false for 

me) scale. The BIS/BAS consists of a single behavioral avoidance subscale and 3 behavioral 

approach subscales: Reward responsiveness, Drive, and Fun Seeking.  The BIS/BAS was 

administered as a measure of sustained responsiveness to reward attainment.  All subscales of the 

BIS/BAS have shown satisfactory internal consistencies and two-month test-retest reliabilities 

(Carver & White, 1994) as well as good internal consistency in the present study (Cronbach’s 

alphas = .84-.95).  

UPPS Impulsive Behavior Scale (UPPS; Whiteside & Lynam, 2001).  The UPPS is a 45-item 

self-report questionnaire that assesses four aspects of impulsive behavior: Urgency, (lack of) 

Premeditation, (lack of) Perseverance, and Sensation Seeking. Items are scored on a 4-point scale  

from 1 (agree strongly) to 4 (disagree strongly). This measure has been used to examine 

associations between aspects of impulsive behavior (e.g., negative urgency) and symptoms of 

eating pathology in clinical and non-clinical samples. Of interest to the present study were 

potential differences in levels of negative urgency among pathological exercisers, given the 

posited use of exercise to alleviate negative emotion.  Evidence supports the convergent and 

discriminant validity and internal consistency of the measure (Whiteside & Lynam, 2001). 

Cronbach’s alphas in the present study were good (alphas = .92-.96).  



 

 

 

33 

State-Trait Anxiety Inventory (STAI; Spielberger et al., 1983). The STAI is a 40-item 

questionnaire that assesses state and trait anxiety. Twenty items are asked in the context of how 

the individual feelings in the current moment (state) and how the individual generally feels 

(trait). Each item is scored on a four-point scale ranging from 1 (almost never) to 4 (almost 

always), with higher scores indicating greater feelings of anxiety. This scale has good construct 

validity and internal consistency (Spielberger & Vagg, 1984), including in the current sample 

(alphas = .89-.91). 

Frost Multidimensional Perfectionism Scale (FMPS; Frost, Marten, Lahart, & Rosenblate, 1990). 

The FMPS is a 35-item multidimensional, self-report assessment of perfectionism, which 

measures six domains of perfectionism: concern over mistakes; personal standards; parental 

expectations; parental criticism; doubts about actions; and organization.  Items are rated on a 5-

point scale, ranging from 1 (strongly disagree) to 5 (strongly agree).  The FMPS has shown 

sound concurrent validity, internal consistency, and reliability (Frost et al., 1993; Frost et al., 

1990). There are strong associations between high levels of perfectionism and PE (Hall, Kerr, 

Kozub, & Finnie, 2007) as well as high levels of perfectionism and eating pathology (Shafran, 

Cooper, & Fairburn, 2003). Thus, the FMPS was used to compare individuals with PE and those 

without PE on this dimension (alphas = .88-.96).  

2.4 Data Analytic Plan 

Analyses were conducted using SPSS version 23.0.  To address the first hypothesis that 

women with PE will show significantly greater willingness to work for exercise than women 

without PE, an ANCOVA was conducted with breakpoint as the dependent variable.  Age, BMI, 

BDI score, use of hormonal contraceptives, and other methods of purging were included as 

covariates. In addition to a main effect of PE on willingness to work, it was hypothesized that 
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there would be a main effect of ED status on willingness to work for exercise, such that women 

with an eating disorder would work for more time on a treadmill than women without an eating 

disorder. Further, in addition to breakpoint, we examined total keyboard presses completed, total 

number of trials, and number of keyboard presses tapped per second.  We also recorded whether 

participants ran for the full amount of time they earned during the PR task at study visit #1.  

To address the second hypothesis that women with PE will show significantly greater 

cortisol reactivity in response to acute exercise compared to women who without PE, an 

ANCOVA was conducted, with area under the curve (AUC) as the dependent variable.  Age, 

BMI, BDI score, use of hormonal contraceptives, other methods of purging, and assay were 

included as covariates. Area under the curve (AUC) is a summary measure of cortisol reactivity 

that takes into account rate of change of the measurements over time. Area the curve with respect 

to ground (AUCG) (i.e., total hormonal output) and area under the curve with respect to increase 

(AUCI) (i.e., output with respect to baseline) were calculated.  In addition to AUC, percent 

increase from baseline to post-exercise stressor was calculated. Although not related to a specific 

study aim, baseline levels of cortisol between groups were examined to identify potential 

differences in baseline circulating levels of cortisol between groups in addition to potential 

differences in cortisol reactivity between groups.  

To address the third hypothesis that higher cortisol response will predict greater increases 

in positive affect in the overall sample following 30 minutes of treadmill running at a moderate 

to high intensity, a multiple regression analysis was conducted in which cortisol AUCI and 

percent change from baseline to peak served as predictor variables and change in positive affect 

from baseline to 0-, 20- and 40- minutes post-exercise and AUCI served as dependent variables.  



 

 

 

35 

This analysis controlled for age, BMI, BDI score, use of hormonal contraceptives, other methods 

of purging, and assay.  

In addition, exploratory analyses were conducted to test whether differences between 

groups are enhanced when PE occurs in the context of an ED.  Specifically, interaction terms 

were entered into each model to determine if there was an interaction between PE and ED status 

on willingness to work for exercise, cortisol reactivity, and the magnitude of change in affect 

following exercise.  In addition, bivariate associations between variables associated with the 

reinforcing value of exercise and cortisol reactivity (e.g., mood symptoms, PE symptoms) were 

calculated and a regression analysis was conducted to examine whether cortisol reactivity 

predicted PR task performance.  

2.4.1 Power Analyses. Results from pilot data suggested the difference between women with PE 

vs. non-PE on willingness to work for exercise (i.e., breakpoint) was very large (d = 2.05).  

Additionally, Schebendach and colleagues (2007) and Klein and colleagues (2010) reported large 

effect sizes for the correlation between willingness to work for exercise and PE scores among 

individuals with anorexia nervosa (.49-.63). Based on this information, the estimated total 

sample size necessary to detect a large effect for differences between individuals with PE (with 

or without an ED) and women without PE (with or without an ED) on willingness to work for 

exercise (PR breakpoint) above 80% was n= 42 total. (G*power 3.1; 

www.psycho.uniduesseldorf.de/app/projects/gpower/; Faul, Erdfelder, Buchner, & Lang, 2009).  

Regarding cortisol reactivity to acute exercise, pilot data indicated a large effect for 

exercise-induced changes in cortisol from baseline to post-exercise (Cohen’s d = 1.42). 

Similarly, effect sizes for exercise-induced changes in mood among pathological exercisers have 

been moderate-large (Cohen’s d ranging from .42-.56).  Based on this information, as well as 
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taking into account entering 6 covariates into the model (i.e., age, BMI, BDI score, use of 

hormonal contraceptives, use of other methods of purging, and assay), it was estimated that total 

sample size necessary to detect a moderate to large effect for differences between individuals 

with PE (with or without an ED) and women with PE (with or without an ED) on cortisol 

reactivity and exercise-induced mood changes above 80% was n= 26 per group (i.e., PE vs. non-

PE), for a total sample size of n =52.  

Exploratory analyses tested for interactions between PE status and ED status. Taking into 

account that 6 covariates were entered into the model (i.e., age, BMI, BDI score, use of hormonal 

contraceptives, use of other methods of purging, and assay), it was estimated that total sample 

size necessary to detect a large effect (i.e.,  f=.4) for the interaction between pathological 

exercise status and eating disorder status on willingness to work, cortisol reactivity, and changes 

in mood following exercise above 80% was n= 16 per group, for a total sample size of n = 64.  
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CHAPTER THREE 

RESULTS  

3.1 Sample Characteristics 

Demographic data for the PE and non-PE participants are presented in Table 1. There 

were no significant differences between study groups on age, BMI, race, or highest education (all 

ps>.36). Table 2 presents data on exercise-related variables between women with and without 

PE. As expected, women with PE reported significantly higher frequency and duration of 

exercise than women without PE (ps<.001). Women with PE exercised approximately 6 days per 

week for approximately 501+252 minutes per week (i.e., approximately 90 minutes per exercise 

session) compared to women without PE, who exercised an average of 3.14 days per week for an 

average of 189+128 minutes per week (i.e., approximately 60 minutes per exercise session). 

Additionally, women with PE scored higher on all measures of PE (i.e., all subscales of the CET, 

CES, and EDS) compared to women without PE, with the one exception of the Lack of 

Enjoyment (of Exercise) subscale of the CET (p=.12).  

Data on exercise-related variables were also examined across the four groups (PE with 

ED, PE Only, ED Only, and control) to examine potential differences in exercise related 

variables between women for whom PE occurred in the presence versus absence of an eating 

disorder (Table 3). Differences between women for whom PE occurred in the presence versus 

absence of an ED occurred on four measures: CET Rule Avoidance Exercise Subscale (p=.02), 

CET Weight Control Exercise Subscale (p=.03), CET Total (p=.03), and EDS Reduction of 

Activities subscales (p=.04). For all four scales, women with PE that occurred in the presence of 

an ED scored significantly higher than women for whom PE occurred in the absence of an ED. 

There were no significant differences in exercise frequency between the two PE groups; 
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however, women with PE that occurred in the presence of an ED exercised for a significantly 

longer duration per week (589 minutes versus 402 minutes) compared to the PE Only group.  

3.2 Comparisons on Clinical Scales 

3.2.1 Group Differences in Eating Disorder Symptomatology.  

Table 4 presents information on levels of ED symptomology across the four groups. 

Because both the PE and no PE groups were composed of approximately half women with EDs 

and half women without EDs, data are presented separately for the four groups, as no differences 

in eating disorder symptomatology emerged when groups were collapsed into PE versus no PE. 

Women with an ED (with or without PE) scored significantly higher on all measures of eating 

disorder psychopathology compared to women without an ED (with or without PE) (all ps <.05). 

No significant differences in eating disorder psychopathology emerged between the PE with ED 

and ED Only groups on any measure (all ps >.13). Conversely, the PE Only group scored 

significantly higher on the EDE Restraint subscale, EDE Shape Concern subscale, EDE Weight 

Concern subscale, EDE Total scale, EAT-26 Dieting subscale, and EAT-26 total scale score 

compared to controls (all ps<.05). However, all scores on ED related psychopathology measures 

in the PE Only group were significantly lower than both ED groups (all ps <.01) and below 

clinical cut-off scores. This indicates that while the PE Only group did endorse more eating-

related concerns than the control group, these concerns remained significantly below that of a 

clinical eating disordered population.  

3.2.2 Group Differences in Mood, Personality, and Co-Morbid Psychopathology.  

 Table 5 presents data on scores on other clinical characteristics, including symptoms of 

depression (BDI), impulsivity (UPPS), behavioral inhibition and activation (BIS/BAS), state and 

trait anxiety (STAI), trait positive and negative affect (PANAS), perfectionism (FMPS), and 
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emotion regulation (DERS). On the BDI, the two ED groups (PE with ED and ED Only groups) 

scored significantly higher than the control group (p<.001). The ED Only group also scored 

significantly higher than the PE Only group (p=.001); however, the PE with ED group and PE 

Only groups did not differ significantly (p=.10). No other differences between groups emerged 

on the BDI. On the UPPS Negative Urgency subscale, the two ED groups scored significantly 

higher than the non-ED groups (ps<.001) but did not differ significantly from each other. On the 

UPPS (Lack of) Perseverance subscale, significant differences emerged between the PE Only 

group and ED Only group, such that the ED Only group scored significantly higher than the PE 

Only group (p=.04). No other differences emerged between groups on UPPS subscales. On the 

BIS/BAS, the ED Only group scored significantly higher on the BAS Drive subscale than the PE 

Only group (p=.03). No other significant differences were observed on the BIS/BAS subscales. 

On the STAI-State anxiety subscale (SAI), the two ED groups scored significantly higher than 

the two non-ED groups (ps<.001). No differences emerged on the STAI-Trait anxiety scale 

(TAI).  

On the PANAS, the ED groups scored significantly lower on trait positive affect 

(PANAS-Positive) compared to the two non-ED groups (ps<.05) and the PE with ED group 

scored significantly higher than the ED Only group (p=.04). On trait negative affect, both ED 

groups scored significantly higher than the control (p<.001), but not PE Only, groups.  

Regarding perfectionism, the two ED groups scored significantly higher than the control group 

on the Concerns over Mistakes subscale, Doubts about Actions subscale, and Total scale score 

(all ps<.05). In addition, the ED Only group scored significantly higher on the Concerns over 

Mistakes subscale than the PE Only group (p<.05), and the PE only group scored significantly 

higher on the Personal Standards subscale, Doubts about Actions subscale, and Total scale score 
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compared to the control group (ps<.05). On the DERS, the ED Only group scored significantly 

higher than the control and PE Only groups on the Strategies and Clarity subscales (all ps<.05) 

and significantly higher than the control group on the total scale score (p<.01).  

Consistent with the literature on EDs and psychiatric comorbidity (Hudson et al., 2007), 

women in the two ED groups showed significantly higher prevalence of current and past 

psychopathology than the non-ED groups (Table 6). Specifically, the PE with ED and ED Only 

groups endorsed significantly greater past major depressive disorder (p<.001), suicidality 

(p=.02), alcohol abuse (p<.01), alcohol dependence (p<.001), substance dependence (p<.05), 

DSM-5 alcohol use disorder (p<.001) and DSM-5 substance use disorder (p<.001). The PE with 

ED group reported a significantly higher prevalence of DSM-5 lifetime alcohol use disorder 

compared to the ED Only group (p<.01). No other significant differences between groups were 

observed.  

Regarding the severity of DSM-5 alcohol and substance use disorders observed, 9 out of 

13 cases in the PE with ED group endorsed 2-3 symptoms (mild alcohol use disorder), 2 out of 

13 cases endorsed 4-5 symptoms (moderate alcohol use disorder), and 2 endorsed 6+ symptoms 

(severe alcohol use disorder). In the ED Only group, 3 out of 6 cases endorsed 2-3 symptoms 

(mild alcohol use disorder), 2 out of 6 cases endorsed 4-5 symptoms (moderate alcohol use 

disorder), and 1 case endorsed 6+ symptoms (severe alcohol use disorder).  All cases in the PE 

Only and Control groups endorsed 2-3 symptoms (mild alcohol use disorder).  For lifetime 

substance use disorders based on DSM-5 criteria in the PE with ED group, 2 out of 5 cases 

endorsed 2-3 symptoms (mild substance use disorder), 2 endorsed 4-5 symptoms (moderate 

substance use disorder), and 1 endorsed 6+ symptoms (severe substance use disorder). In the ED 

Only group, 3 out of 4 cases endorsed 2-3 symptoms (mild substance use disorder) and 1 
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endorsed 4-5 symptoms (moderate substance use disorder). All cases in the PE Only and Control 

groups endorsed 2-3 symptoms (mild substance use disorder). 

3.3 Comparisons on Reinforcing Value of Exercise 

3.3.1 Hypothesis 1: Women with PE will show significantly greater willingness to work for 

exercise than women without PE.  

 Means and standard deviations for PR task-related outcomes (i.e., trials completed, 

breakpoint, total key presses, key presses per minute, minutes earned, and percent minutes used) 

are presented in Table 7. Consistent with our hypothesis, participants with PE demonstrated 

significantly greater reinforcing value of exercise (i.e., higher breakpoint) than women without 

PE, controlling for age, BMI, hormonal contraceptive use, use of other purging methods, and 

BDI score (p<.001, η2 = .45; Table 8). Women with PE performed an average of 5,520+2693 

total key presses, compared to women without PE, who performed an average of 1,554+1137 

total key presses. Thus, women with PE performed approximately 3.5 times more total key 

presses as women without PE. The number of trials completed for the PE group ranged from 4-

10, with an average of 7.44+1.83 trials. Of note, 9 out of 34 women with PE (26.5%) completed 

all 10 trials. In the non-PE group, trials completed ranged from 1-7, with an average of 

3.92+1.48 trials. In terms of minutes earned, women with PE worked to earn approximately 

twice as many minutes running time compared to women without PE (44.5 min vs. 23.5 min). In 

addition to PE status as a significant predictor of PR task breakpoint, ED status was significant at 

trend level (p=.053), partially supporting our hypothesis. Examination of estimated marginal 

means indicated women with an ED had a higher average breakpoint compared to women 

without an ED at trend level. The interaction between PE and ED status was not significant.  

Graphical depiction of differences in PR task performance is presented in Figures 3-4.  
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3.4 Group Differences in Cortisol Reactivity 

3.4.1 Hypothesis 2: Women with PE will show significantly greater cortisol reactivity in 

response to acute exercise compared to women without PE. 

 Means and standard deviations for salivary cortisol levels directly before and 0-minutes, 

20-minutes, and 40-minutes post-standardized exercise are presented in Table 9. In addition, the 

table presents means and standard deviations for area under the curve with respect to ground 

(AUCG), area under the curve with respect to increase (AUCI), and percent increase from 

baseline to peak. All analyses controlled for age, BMI, hormonal contraceptive use, other 

methods of purging, BDI score, and assay.  There was no main effect of group on baseline 

cortisol levels. There was a main effect of time on cortisol levels across groups. Cortisol levels 

peaked at 20-minutes post-exercise and decreased to near baseline values at 40-minutes post-

exercise in all groups. There was a significant main effect of group on cortisol reactivity, such 

that women with PE demonstrated significantly higher cortisol reactivity compared to women 

without PE (Table 10). Specifically, women with PE had significantly greater AUCI and percent 

increase from baseline compared to women without PE (ps<.05). Women with PE demonstrated 

a mean AUCI of 184.8+203.2 and percent increase of 160.7% + 109.5% compared to controls, 

who showed a mean AUCI of 101.0+ 182.6 and percent increase of 122.1% + 95.8%. However, 

AUCG did not differ between groups (p=.13). This finding indicates that the significant 

differences between groups were attributable to differences in sensitivity of the system (i.e., 

change over time; AUCI) rather than the overall hormonal output (AUCG), consistent with study 

hypotheses. There was neither a significant main effect of ED status nor a significant interaction 

between PE and ED status on cortisol reactivity. Notably, differences in cortisol reactivity cannot 

be attributed to differences in exercise intensity or time, because all participants ran for the same 
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duration (30 minutes) and intensity (75% maximum heart rate). Graphical depiction of cortisol 

reactivity across groups is shown in Figures 5-6. 

3.5 Group Differences in Exercise Induced Changes in Affect 

 

 Group differences on measures of state positive and negative affect directly before and 0 

minutes, 20 minutes, and 40 minutes post-exercise and AUCI for change in affect are presented 

in Table 11. The overall trend for the two groups was similar, such that there was an increase in 

positive affect from baseline to 0-minutes post-exercise, followed by a gradual decrease in 

positive affect from 0 to 20 and 20 to 40-minutes post-exercise (for graphical depiction, please 

see Figure 7). There was no significant difference in baseline levels of positive affect between 

groups. There was a significant main effect of time on positive affect but there was no main 

effect of PE status. However, there was a trend-level PE group by time interaction, such that 

women with PE reported greater positive affect than women without PE immediately following 

running (p=.05). There was also a significant main effect of ED status at all four time points (all 

ps<.05), such that women with an ED reported significantly lower positive affect at all time 

points compared to women without an ED. Graphical depictions of differences in changes in 

positive affect across groups are presented in Figures 7 and 8.  

 In terms of negative affect, the overall trend for the two groups was the same, such that 

negative affect decreased from baseline to 20-minutes post-exercise and remained approximately 

the same from 20 to 40 minutes post-exercise. Only one significant difference emerged between 

groups, which was a main effect of PE on baseline negative affect score. Women with PE had 

significantly higher baseline levels of negative affect than women without PE. Graphical 

depictions of changes in negative affect are shown in Figures 9 and 10.  
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3.5.1 Hypothesis 3: Higher cortisol response will predict greater increases in positive affect in 

the overall sample following 30 minutes of treadmill running at a moderate to high intensity.  

 Contrary to the study hypothesis, multiple regression analyses indicated that in the 

overall sample, cortisol AUCI and percent increase from baseline to peak were not significant 

predictors of change in positive and negative affect from baseline to 0-minutes post-exercise, 20-

minutes post-exercise, or 40-min post-exercise or affective change measured by AUCI when 

controlling for age, BMI, hormonal contraceptive use, other methods of purging, total BDI score, 

and assay. Cortisol reactivity was not predictive of change in positive affect or negative affect 

when analyses were restricted to only participants with PE.  

3.6 Associations between PE Symptoms, Cortisol Reactivity, and PR Task Performance 

 Although not directly related to the study aims, correlations between PE symptoms, 

cortisol reactivity, and progressive ratio task performance in the full sample and PE group were 

examined (Table 12). In the full sample, there were significant correlations (rs = .19-.64) 

between all PE measures and PR task breakpoint, and total key presses in the expected direction, 

with the exception of the Lack of Enjoyment subscale of the CET, which did not show 

significant associations with PR task performance. In addition, the EDS withdrawal effects 

(r=.28) and continuance (r=.26) subscales showed significant correlations with cortisol 

reactivity, with greater cortisol reactivity being associated with greater pathology indicative of 

physiological and psychological dependence on exercise. This is consistent with the hypothesis 

that PE is associated with physiological disturbances, similar to other addictions. No other 

significant associations were found between exercise scales and cortisol reactivity.  

Among PE participants, PR task breakpoint and total presses were associated with 

duration of exercise per week (r=.39-.40, respectively), CET exercise rigidity subscale (r=.42-



 

 

 

45 

.43, respectively), and the EDS reduction in other activities subscale (r=.32-36, respectively). 

Only the withdrawal effects subscale of the EDS was significantly associated with cortisol 

reactivity within the PE group (r=. 34), which may be an indicator of physiological dependence 

on exercise.  

Table 13 presents correlations between self-reported mood and subjective states 

(completed in second study visit), cortisol reactivity, and PR task performance in the full sample 

and PE group. Overall, there were significant associations between PR task performance and 

cortisol reactivity in the full sample but not within the PE sample alone. Associations between 

PR task performance (total key presses) cortisol reactivity (cortisol AUCI and percent increase) 

and total key presses in the full sample were of moderate strength (rs =.31-.44). PR task 

performance was also significantly associated with subjective states in the full sample, but not 

within the PE sample alone. Specifically, PR task breakpoint was significantly associated with 

participants’ ratings of liking (r=.36) and wanting (r=.32) exercise as well as urge to exercise 

(r=.35) and how rewarding they found exercise (r=.29). However, state mood ratings (positive 

and negative) were not significantly associated with PR task performance or cortisol reactivity in 

either the full group or the PE sample. Overall, there was convergence between PR task 

performance and cortisol reactivity; however, there was no evidence of significant associations 

between mood and either PR task performance or cortisol reactivity.  

3.7 Exploratory regression analysis: Cortisol Reactivity Predicts PR-Task Performance 

An exploratory regression analysis was conducted to examine whether cortisol reactivity 

was predictive of PR-task performance in the overall sample. Controlling for age, BMI, 

hormonal contraceptive use, other methods of purging, total BDI score, and assay, AUCI 

emerged as a significant predictor of PR-task performance. Specifically, higher cortisol reactivity 
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was significantly associated with breakpoint (β=.47, t=3.67, p=.001) and total number of presses 

on the PR task (β=.40, t=3.49, p=.001).  
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CHAPTER FOUR 

DISCUSSION 

The purpose of the current study was to better understand mechanisms that may underlie 

pathological exercise, both within and outside the context of eating disorders. Specifically, this 

study sought to use a psychobiological approach to translate basic research on the effects of 

over-activity of the HPA-axis on affect regulation and reward sensitivity into explanatory models 

of PE.  A conceptual model tested whether women with PE experience exercise as more 

rewarding than women without PE, show greater cortisol reactivity in response to acute exercise, 

and if greater cortisol reactivity in response to acute exercise would predict greater increases in 

positive affect following exercise (Fig. 2).  In addition, the current study examined potential 

interactions between eating pathology and PE on sensitivity to the rewarding effects of exercise. 

Consistent with our hypotheses, we found that women with PE had a greater reinforcing value of 

exercise than women without PE, and that this finding was strongest in women with co-morbid 

eating pathology. Greater reinforcing value of exercise was associated with scores on self-report 

measures of PE. Additionally, women with PE showed significantly greater cortisol reactivity in 

response to acute exercise, and cortisol reactivity predicted greater reinforcing value of exercise. 

Contrary to our hypotheses, we did not find that cortisol reactivity predicted affective response to 

exercise (positive or negative), nor did we find significant associations between mood and either 

PR task performance or cortisol reactivity.  

Our finding that women with PE showed a higher reinforcing value of exercise is 

consistent with Schebendach and colleagues’ (2007) study that reported a trend level association 

(r=.49, p=.054) between CES scores and performance on a PR task that measured the relative 

reinforcing value of exercise in an inpatient sample of women with EDs. However, this is the 
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first study to recruit both a PE and non-PE sample to compare performance as well the first to 

compare women with PE in the context of an ED versus the absence of an ED. Consistent with 

findings from Schebendach and colleagues (2007) we found a significant correlation between PR 

task breakpoint and CES scores (r=.64, p<.001 in full sample, r=.30, p<.05 in the PE sample 

alone). In the full sample, PR task breakpoint was significantly correlated with all measures of 

PE. Importantly, group differences in PR task breakpoint remained significant after controlling 

for (lack of) perseverance. Thus, performance on this task did not reflect a tendency for 

individuals with PE or an ED to show greater perseverance in general, and that effort on the task 

was a measure of the reinforcing value of exercise.  

It is interesting to note that in addition to a significant main effect of PE status on PR task 

breakpoint, there was a significant main effect of ED status at trend level (p=.05). Given that the 

PE and no PE groups were matched for ED status (i.e., equal amount of ED participants in both 

groups), this significant main effect of ED status reflects a potential difference in reinforcing 

value of exercise attributable to the presence of an ED alone. This finding is consistent with 

literature on the activity based anorexia (ABA) model, which suggests that there is something 

inherently rewarding about exercise in a food-restricted state. In humans, a food restricted state 

may enhance physiological mechanisms of reward, thus supporting our findings. Although our 

participants were within a healthy weight range and BMI was not significantly associated with 

PR task breakpoint, those with an ED may have been severely restricting their food intake, which 

may contribute to an increased reinforcing value of exercise and vulnerability to developing and 

maintaining PE in this group.  
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This study also provides evidence that PE is associated with physiological disturbances of 

the HPA-axis, specifically as it relates to reactivity to acute exercise. This represents a significant 

contribution to the literature on PE, which until this point has never included an examination of 

differences in physiological response to acute exercise. Findings from the current study are 

consistent with Klein and colleagues’ (2007) correlational study which showed that 24-hour 

urinary cortisol was significantly associated with higher activity counts and CES scores; 

however, the present study extends these findings considerably by examining cortisol response to 

acute exercise and establishing temporal order of effects. Notably, our finding that women with 

PE showed higher cortisol reactivity to standardized exercise supports our proposed model of 

over-activity of the HPA axis in response to acute exercise. This is in contrast to findings 

reported by Heaney and colleagues (2011), who found blunted salivary cortisol response to a 

psychological stressor in women with PE in the absence of an ED. Their results may not 

generalize to cortisol reactivity stimulated by physical exercise because they measured reactivity 

to a psychological stressor (i.e., mental arithmetic task). Further, cortisol reactivity was not 

modeled as AUCI in their investigation. However, their results may provide support for 

dysregulated HPA-axis activity as a marker of central motivation dysregulation in PE samples 

more generally. Notably, groups did not differ on baseline levels of cortisol in the current study 

but did on AUCI, indicating that the significant differences between groups represented 

differences in sensitivity of the system (change over time) rather than overall hormonal output.  

The exploratory finding that higher cortisol reactivity predicted higher PR breakpoint 

provides more support for a link between biological underpinnings of PE and the reinforcing 

value of exercise. While cross-sectional in nature, these findings suggest that an exaggerated 

cortisol response to acute exercise may underlie enhanced reinforcing value of exercise and also 
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indicate that cortisol is a biological indicator that can predict a behavioral assessment of 

incentive motivation. Additionally, cortisol reactivity (AUCI) was significantly associated with 

the Withdrawal Effects and Continuance subscales of the Exercise Dependence Scale in the 

overall sample and the Withdrawal Effects subscale in the PE sample. This is particularly 

interesting because it indicates convergence between a physiological indicator of hyper-reactivity 

of the HPA axis (cortisol reactivity to acute exercise) with self-report measurements of 

symptoms of dependence on exercise. For example, the Withdrawal Effects and Continuance 

subscales of the Exercise Dependence Scale include statements such as “I exercise to avoid 

feeling irritable” and “I exercise despite persistent physical problems”. Our findings may suggest 

the possibility that individuals with PE continually seek exercise to counteract the body’s 

downregulated response to higher cortisol levels as a means to increase the “dose” of cortisol, 

perhaps for a perceived reinforcing property.  

However, contrary to study hypotheses, cortisol reactivity did not predict greater 

increases in positive affect following acute exercise, nor did it predict greater decreases in 

negative affect. Women with PE showed greater positive affect than women without PE at a 

trend level (p=.05) directly following exercise (0-min post); however, no other differences in 

positive affect emerged between PE groups. Importantly, there was a significant effect of time on 

positive affect ratings, indicating that the standardized exercise protocol used in the current study 

was sufficient to elicit affective changes; however, these changes did not differ significantly 

between groups. Additionally, both groups returned to baseline levels of positive affect at 40-

minutes post-exercise, suggesting that neither group experienced sustained mood-boosting 

effects of exercise. This indicates that the mechanism through which cortisol is reinforcing may 

not be as simple as an immediate, subjective feeling of pleasure or positive affect.   
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One explanation for finding a relationship between an enhanced reinforcing value of 

exercise (PR breakpoint) and exaggerated cortisol reactivity to acute exercise in women with PE, 

but not a significant relationship between cortisol reactivity and changes in positive affect may 

relate to distinguishing “liking” from “wanting”.  Recent research suggests that dopamine may 

contribute more to motivation (“wanting”) than to the sensation of pleasure (“liking”) (Berridge 

& Kringelbach, 2015; Robinson & Berridge, 2003). Addiction literature indicates that following 

repeated exposure to and flooding of the reward systems with dopamine through drug exposure, 

“liking” and “wanting” systems can become disconnected over time, leading an addicted 

individual to crave a drug that no longer brings them pleasure. This dissociation may contribute 

to the continuance of the compulsive behavior long after it is rewarding to the individual. 

Likewise, exposure to intense exercise may initially be an inherently pleasurable experience that 

increases positive affect (i.e., “liking” experience) but with repeated exposure may no longer be 

rewarding, but still pursued due to a form of “wanting” (incentive salience). This may indicate 

that over time, the physiological effects of intense exercise may be associated more with 

incentive salience (“wanting”) than a pleasurable experience, such as an acute increase in 

positive affect (“liking”). That is, PE may be more of a disorder of aberrant incentive motivation 

due to exercise-induced sensitization of neural systems associated with reward, consistent with 

the physiological profile of substance dependence. 

In fact, several findings from the present study support the conceptualization of PE as a 

form of addiction. First, PE participants endorsed psychological and physiological symptoms of 

dependence (as measured by the Exercise Dependence Scale), which were associated with both a 

behavioral measure of the reinforcing value of exercise (breakpoint on PR task) and 

physiological factors indicated in addiction (hyper-responsivity of HPA-axis). The finding that 
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individuals with PE showed higher HPA-axis reactivity is consistent with prior studies showing 

that high cortisol responders are more sensitive to the reinforcing effects of drugs (Oswald et al., 

2005; Esch & Stefano, 2010; Sparling et al., 2003). This study is the first of women with PE to 

use experimental methods to provide evidence for this relationship. Additionally, data from the 

clinical interview suggest a much higher prevalence of substance abuse history in women with 

PE compared to women without PE. Indeed, women with PE in the context an ED had the 

highest rate of a past alcohol use disorder compared to women with an ED in the absence of PE, 

women with PE in the absence of an ED and controls. Specifically, 72% of women with PE in 

the context of an ED had a past alcohol use disorder (DSM-5) compared to 35% of women with 

an ED Only, 13% of women with PE outside the context of an ED, and 5% of control women. 

One possible explanation for this pattern of results is that both PE and substance use disorders 

may share an underlying genetic vulnerability and that a food restricted state may enhance the 

reinforcing effects of alcohol or other drugs. The latter finding is based on the data that women 

with PE outside the context of an ED had significantly lower prevalence of alcohol use disorders 

than women with PE in the context of an ED (12.5% versus 72%, respectively). Thus, a food 

restricted state may enhance the reinforcing effects of PE and alcohol, providing more evidence 

that underlying HPA-axis dysregulation may be common to all three conditions (PE, EDs, and 

substance use disorders). Indeed, fluctuations in other physiological states (e.g., hunger) can 

amplify reward valuation (Berridge & Kringelbach, 2015); thus, being in a food restricted state 

may modulate the reinforcing value of exercise and other drugs of abuse.  

  If a food restricted state amplifies the reinforcing value of exercise in women with PE, 

this may help explain the high comorbidity between PE and EDs (40-84%; Mond & Colergo, 

2009; Davis et al., 1997). It may also help explain why the onset of PE is prior to the onset of the 
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ED for some, while for others PE onset occurs after the onset of an ED. Exploratory analyses 

indicated that in the current study, on average, PE preceded the onset of an ED by approximately 

1 year (10.5 months) while other PE with ED participants were unable to distinguish which came 

first or reported that ED symptomatology preceded PE. However, PE can also occur outside the 

context of an ED, which supports its conceptualization as a co-morbid condition of an ED rather 

than a symptom circumscribed to eating pathology. Taken together with the finding that PE more 

often preceded an ED, this raises a larger question of whether within the context of an ED, PE 

should be treated as a feature of the ED. Alternatively, PE may be more of a comorbid disorder 

that is independent of eating pathology but commonly co-occurs with it given its desired effect 

on weight and shape.  

In summary, several researchers have compared the drive to exercise observed in ED and 

non-ED patients as analogous to the drive to obtain a reward that is characteristic of addictions 

(Berczik et al., 2012; Davis & Woodside, 2002). Individuals with PE report several symptoms 

similar to individuals with alcohol or other substance dependences and evidence from the present 

study may point to a shared underlying genetic vulnerability for the development of EDs, PE, 

and substance use disorders.  

Overall, findings support convergence between self-report, behavioral and biological 

measures of the reinforcing value of exercise, which is crucial when studying underlying 

mechanisms of dysregulated behaviors. Not only did higher PR task breakpoint predict cortisol 

reactivity, but PR task breakpoint was significantly associated with subjective states rated on 

visual analogue scales in the overall sample. Specifically, PR task breakpoint was significantly 

associated with ratings of how much participants liked exercise, how much they wanted to 

exercise, how strong of an urge they felt to exercise, and how rewarding they found exercise. 
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Similarly, cortisol reactivity was associated with self-report measurements of symptoms of 

physiological and psychological dependence on exercise. Overall, this provides support for 

convergence between measures of the reinforcing value of exercise used in the current study, 

which is critical for better understanding mechanisms underlying PE.  

This study had several strengths worth noting. First, the study sample was representative 

of the sample of the larger community in which the study was run (US Census Bureau, 2015). 

Second, measures used in the present study had good psychometric properties, including a semi-

structured clinical interview to confirm ED diagnoses and assess for current and lifetime mood 

and substance use disorders in which clinical interviewers showed excellent inter-rater reliability 

(K=1.00). In addition, we used multiple measures of PE with established cut-offs, developed 

both for individuals with EDs and without EDs, to confirm diagnosis. For cortisol assays, intra-

assay coefficients of variability were low (average % CV<5.0), indicating reliable measurement. 

In addition, we controlled for menstrual phase by requiring all participants be in the follicular 

phase of their menstrual cycle for both study visits if they were not taking hormonal 

contraceptives. We developed a novel computerized progressive ratio task in which participants 

worked to earn running time on a treadmill, modeled from Schebendach and colleagues’ (2007) 

paradigm used in an inpatient ED sample working for walking time. This is the first study to 

recruit women with PE both within and outside the context of an ED in order to better tease apart 

what effects may be due to PE versus the presence of an ED. Past studies have either excluded 

ED participants or examined symptoms of PE within the context of an ED sample that were not 

necessarily symptomatic of PE. Further, this is the first study to use experimental methods to 

provide empirical support for the relationship between PE and underlying physiological 

disturbances. Indeed, this is the only examination of PE to measure cortisol reactivity in women 
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with PE following acute exercise. This is necessary to establish a connection between 

physiological disturbances and PE, specifically as it relates to the behavior of interest (PE). 

Finally, this is the first study of PE to show convergence across behavioral, self-report, and 

biological measures of PE.  

There are also several limitations worth acknowledging. First, although the sample was 

the largest PE sample to date (n=32 PE participants with full data, n= 32 non-PE participants 

with full data), comparisons may have been underpowered, especially when looking at data 

across the four groups (n=16 per group). In addition, the majority of participants were college-

aged, which may have created a homogenous sample in terms of duration of illness (both for ED 

and PE) compared to that of a more diverse community-based sample. Given that physiological 

reactivity to exercise after a prolonged course of PE may differ from those who recently 

developed PE, it will be important for future studies to examine how duration of illness (PE) 

influences cortisol reactivity. In addition, given the demands of the experimental design (running 

approximately 3 miles during the second study visit), only exercisers who regularly engaged in 

running on a treadmill were recruited. This may not generalize to other types of pathological 

exercisers, who may favor other forms of physical activity (e.g., swimming, high intensity 

interval training, CrossFit). However, it was necessary to recruit participants for whom cortisol 

response to running for 30 minutes would represent true physiological response rather than an 

excessive response due to the situation itself being psychologically or physically novel. Another 

limitation worth noting is that there was a ceiling effect in measuring breakpoint on the PR task 

for the 9 of the 34 PE participants who completed all 10 PR task trials. It is possible that the true 

breakpoint of those participants might have been significantly higher, particularly if they were 

motivated to work for the typical duration of their average workout (approximately 90 minutes). 
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A related limitation is that running on a treadmill in a room for 30 minutes at 75% maximum 

heart rate may not generalize to the participants’ typical exercise routine, which may have 

impacted affective ratings in response to exercise. For example, PE participants may typically 

exercise for much longer and at a higher intensity than was permitted at the study visit and they 

may have felt upset that they did not get their “dose” of exercise for the day. However, it was 

necessary to be able to standardize the intensity and duration of exercise across participants 

given the influence of those factors on cortisol reactivity. Similarly, it was necessary to ensure 

precise timing of cortisol sample collection, which would not be possible to do if not done in a 

controlled environment.    

Given these limitations, future studies should aim to both replicate cortisol findings in a 

controlled environment but also extend the protocol to include measurement of cortisol reactivity 

following a participant’s regular exercise routine in his or her natural environment to increase 

external validity.  Such a design could be incorporated into ecological momentary assessment 

designs that could also capture momentary changes in affect that occur in response to exercise in 

the natural environment. A design of this type also would allow for PE participants who favor 

forms of exercise other than running. In addition, it will be important for future studies to 

replicate findings from the PR task in order to validate this as a useful measure of the reinforcing 

value of exercise in PE populations. Future designs could modify the PR task to have the 

participant work for exercise time in general rather than exercise time that must be spent running 

on the treadmill, as this may increase the likelihood that participants would be working for the 

amount of time they would want to use in their natural environment. Future studies could also 

measure reactivity of other hormones, such as endocannabinoids (e.g., 2-AG, AEA, 

anandamide), that are implicated in other reward related pathologies as possible biological 
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mechanisms responsible for affect-regulatory effects of exercise. Finally, it would be interesting 

to know whether HPA-axis reactivity to acute exercise during the pathogenesis of PE is different 

than HPA-axis reactivity after prolonged PE exposure, and how this may affect reward 

sensitivity. Future studies should recruit participants who differ in duration of PE history (e.g., 

<3 or 6 months versus several years) to determine how prolonged exposure to PE may be related 

to potential differences HPA-axis reactivity, given that physiological reactivity to exercise after a 

prolonged course of PE may differ from those who recently developed PE.  

 In summary, the current study provides evidence that physiological response to exercise 

predicts a greater reinforcing effect of exercise in women with PE and provides evidence of 

significant associations between PE, physiological response to exercise, and heightened 

reinforcing value of exercise. It is the first study to provide evidence of enhanced reinforcing 

value of exercise in women with PE and the first to gather physiological data among a population 

of pathological exercisers with and without EDs.  In addition, it is the first study to link 

physiological underpinnings of PE to subsequent changes in affect among individuals with EDs, 

which is crucial to better understanding how PE is maintained. Finally, this study is the first to 

examine how a co-morbid ED may modulate sensitivity to the rewarding effects of exercise 

compared to PE in the absence of an ED.  Overall, this study provides important exploratory and 

preliminary data for understanding co-morbidity between PE and EDs, as well as how PE may 

maintain eating pathology. Improved understanding of mechanisms that may underlie the 

pathogenesis and maintenance of PE is crucial to lead to the development of novel psychological 

and/or pharmacological treatments for PE both within and outside the context of eating disorders.  
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Table 1. Demographic Data for Full Sample, Pathological Exercisers, and Non-Pathological Exercisers 

 Full Sample 

(n=72) 

PE 

(n=34) 

Non-PE 

(n=38) 

   

Variable Mean (SD) Mean (SD) Mean (SD) t df p 

Age 20.4 (2.5) 20.6 (2.6) 20.4 (2.6) 0.28 70 .79 

BMI (kg/m
2
) 22.2 (2.0) 22.0 (1.9) 22.4 (2.0) -0.75 70 .38 

 n (%) n (%) n (%) Chi-Square df p 

Race 

3.60 4 .46 

      Asian 2 (2.8%) 1 (2.9%) 1 (2.6%) 

      Black 8 (11.1%) 5 (14.7%) 3 (7.9%) 

      Hispanic 13 (18.1%) 5 (14.7%) 8 (21.1%) 

      White 44 (61.1%) 19 (55.9%) 25 (65.8%) 

      Mixed/Other 5 (6.9%) 4 (11.8%) 1 (2.6%) 

Highest Education 

4.39 2 .36 
      High School  63 (87.5%) 34 (89.5%) 29 (85.3%) 

      College 8 (11.3%) 4 (10.5%) 4 (11.8%) 

      Graduate  1 (1.4%) 0 (0%) 1 (2.9%) 
 

Notes: PE=Pathological Exercisers; BMI=body mass index (kg/m
2
) 
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Table 2. Differences in Exercise-Related Variables Between Pathological Exercisers and Non-Pathological Exercisers 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes: PE=Pathological Exercise; CET = Compulsive Exercise Test; CES = Commitment to Exercise Scale; EDS = Exercise 

Dependence Scale; *Degrees of freedom for tests when equal variance not assumed due to violation of assumption. 

 

  

 PE 

(n=34) 

 Non-PE 

(n=38) 

    

Variable Mean SD  Mean SD  t df p 

Exercise           

     Frequency per week 5.6 1.0  3.1 1.7  -7.56 60.5* <.001 

     Duration per week (min)  501.2 252.1  188.9 127.8  -6.73 70 <.001 

     Intensity 7.4 1.5  6.8 1.6  -1.77 70 .08 

CET          

     Avoidance / Rule Driven  3.3 0.9  1.6 1.2  -6.80 70 <.001 

     Weight Control Exercise 3.9 1.1  2.7 1.4  -4.30 68.0* <.001 

     Mood Improvement 4.2 0.7  3.7 0.9  -2.80 70 <.01 

     Lack Enjoyment 1.4 1.2  1.0 1.2  1.58 70 .12 

     Exercise Rigidity  11.6 3.2  8.8 3.6  -3.47 70 .001 

     Total  17.9 2.7  12.2 4.1  -6.88 61.0* <.001 

CES 115.4 17.6  61.6 25.6  -10.22 60.4* <.001 

EDS          

     Withdrawal Effects 11.9 4.1  8.0 3.6  -4.4 70 <.001 

     Continuance 8.7 4.4  3.8 1.5  -6.4 39.5* <.001 

     Tolerance 12.9 3.9  8.1 3.8  -5.3 70 <.001 

     Lack of Control 9.9 4.3  5.4 3.3  -4.9 70 <.001 

     Reduction in Activities 7.2 2.7  5.1 2.7  -3.2 70 <.01 

     Time 11.6 3.9  6.6 3.6  -5.63 70 <.001 

     Intention Effects 9.6 4.1  5.2 2.5  -5.4 53.1* <.001 

     Total 71.6 14.7  42.1 16.7  -7.8 70 <.001 
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Table 3. Differences in Exercise-Related Variables Across Four Groups 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes: Means sharing a letter in their superscript do not differ significantly at p<.05; PE=Pathological Exercise; CET = Compulsive 

Exercise Test; CES = Commitment to Exercise Scale; EDS = Exercise Dependence Scale  

 

  

 PE with ED 

(n=18) 

 PE Only 

(n=16) 

 ED Only 

(n=17) 

 Control 

(n=21) 

  

Variable Mean (SD)  Mean (SD)  Mean (SD)  Mean (SD) F (3) p 

Exercise           

     Frequency per week 5.9 (0.9)
a 

 5.3 (1.0)
a 

 3.3 (2.1)
b 

 3.0 (1.4)
b 

18.9 <.001 

     Duration per week (min)  589.2 (289.6)
a
  402.2 (158.2)

b
  204.7 (137.3)

c 
 176.2 (121.5)

c
 19.4 <.001 

CET          

     Avoidance / Rule Driven  3.7 (0.1)
a 

 2.9 (1.0)
b  2.5 (0.9)

b
  0.9 (.83)

c
 37.5 <.001 

     Weight Control Exercise 4.4 (0.8)
a 

 3.4 (1.1)
b
  3.8 (0.7)

a,b 
 1.8 (1.2)

c
 23.7 <.001 

     Mood Improvement 4.3 (0.6)
a 

 4.1 (0.8)
a,b 

 3.9 (0.6)
a,b 

 3.5 (1.03)
b 

3.9 .01 

     Lack Enjoyment 1.2 (0.8)
a 

 0.8 (0.8)
a 

 2.1 (1.3)
b 

 0.8 (0.5)
a 

8.4 <.001 

     Exercise Rigidity  12.2 (2.7)
a 

 10.9 (3.7)
a,b 

 9.9 (4.0)
a,b 

 7.9 (3.0)
b 

5.9 .001 

     Total  19.1 (2.4)
a 

 16.5 (2.4)
a,b 

 15.5 (2.2)
b 

 9.9 (3.5)
c 

39.8 <.001 

CES 121.9 (14.4)
a 

 108.2 (18.4)
a  79.2 (20.5)

b  49.9 (21.8)
c 

54.1 <.001 

EDS          

     Withdrawal Effects 12.4 (4.4)
a 

 11.4 (3.7)
a 

 8.9 (3.1)
a,b 

 7.2 (3.9)
b 

7.4 <.001 

     Continuance 8.9 (4.7)
a 

 8.3 (4.1)
a 

 4.1 (0.8)
b 

 3.6 (1.3)
b 

13.7 <.001 

     Tolerance 14.4 (3.2)
a 

 11.6 (4.0)
a,b 

 8.2 (3.5)
b 

 7.9 (4.0)
b 

12.3 <.001 

     Lack of Control 11.2 (3.8)
a 

 8.9 (4.4)
a,b 

 7.0 (3.5)
b,c 

 4.1 (2.7)
c 

12.8 <.001 

     Reduction in Activities 8.2 (2.6)
a 

 6.0 (2.2)
a,b 

 6.7 (3.0)
a 

 3.9 (1.7)
b 

10.9 <.001 

     Time 12.1 (4.4)
a 

 11.0 (3.3)
a,b 

 7.9 (4.1)
b,c

  5.6 (2.8)
c
 12.4 <.001 

     Intention Effects 10.3 (4.1)
a 

 8.6 (4.0)
a,b 

 6.2 (2.3)
b 

 4.4 (2.4)
b 

11.9 <.001 

     Total 77.4 (15.9)
a 

 65.4 (10.6)
a 

 48.9 (17.3)
b
  36.8 (14.5)

b
 30.0 <.001 
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Table 4. Differences in Eating Disorder Symptoms Across Four Groups 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes: Means sharing a letter in their superscript do not differ significantly at p<.05; EDE-Q=Eating Disorder Examination 

Questionnaire; EAT-26 = Eating Attitudes Test- 26; BSQ=Body Shape Questionnaire; CIA=Clinical Impairment Assessment; 

OBEs=Objective binge episodes; SBEs = Subjective binge episodes; 
1
= df= 1 because comparisons are between ED groups 

only 

 PE with ED 

(n=18) 

 PE Only 

(n=16) 

 ED Only 

(n=16) 

 Control 

(n=21) 

   

Variable Mean (SD)  Mean (SD)  Mean (SD)  Mean (SD)  F (3) p 

EDE-Q           

     Restraint 3.8 (0.9)
a 

 2.0 (1.1)
b 

 3.2 (1.2)
a 

 0.4 (0.6)
c 

 50.5 <.001 

     Eating Concerns 2.8 (1.2)
a 

 0.6 (0.4)
b 

 2.2 (1.2)
a 

 0.1 (0.2)
b 

 42.8 <.001 

     Shape Concerns 4.7 (0.7)
a 

 2.2 (1.3)
b 

 4.6 (0.7)
a 

 0.9 (0.8)
c 

 82.8 <.001 

     Weight Concerns 4.1 (0.8)
a 

 1.6 (1.3)
b 

 4.0 (0.7)
a 

 0.7 (0.7)
c 

 69.7 <.001 

     Total  4.0 (0.7)
a 

 1.7 (0.9)
b 

 3.6 (0.6)
a 

 0.6 (0.6)
c 

 101.8 <.001 

EAT-26           

     Dieting 21.8 (7.0)
a 

 6.7 (4.8)
b 

 18.4 (5.6)
a
  1.3 (1.6)

c 
 68.1 <.001 

     Food Preoccupation 6.1 (3.4)
a 

 0.6 (1.0)
b 

 6.3 (5.4)
a
  0.2 (0.9)

b 
 21.3 <.001 

     Oral Control 2.7 (1.9)
 

 2.7 (2.3)
 

 1.6 (1.6)
 

 1.2 (1.3)
 

 3.3 .03 

     Total  30.6 (9.4)
a 

 9.9 (6.3)
b 

 24.6 (6.3)
a 

 2.6 (2.2)
c 

 73.6 <.001 

BSQ-Body Shape 

Concerns  

138.7 

(20.3)
a  

74.1 

(26.8)
b 

 135.9 

(21.0)
a 

 44.3 (13.9)
c 

 
91.6 <.001 

CIA- Distress/Impairment 22.5 (7.3)
a 

 6.4 (4.6)
b  21.9 (5.0)

a
  1.7 (3.1)

c 
 75.8 <.001 

OBEs per Week
1 

0.8 (1.0)  ---  0.9 (1.3)  ---  0.1 .79 

SBEs per Week
1 

1.6 (2.7)  ---  0.8 (1.5)  ---  1.3 .27 

Duration of Illness (years)
1 

2.6 (2.3)  ---  2.7 (2.8)  ---  0.04 .85 
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Table 5. Group Differences in Other Clinical Characteristics  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 PE with ED  PE Only  ED Only  Control    

Variable Mean (SD)  Mean (SD)  Mean (SD)  Mean (SD)  F (3) p 

BDI 11.8 (8.4)
a.b 

 6.9 (7.3)
b,c 

 17.3 (10.3)
a 

 3.1 (3.5)
c 

 12.0 <.001 

UPPS           

     Negative Urgency 2.7 (0.6)
a 

 2.0 (0.6)
b  2.9 (0.5)

a  1.8 (0.5)
b 

 16.6 <.001 

     Perseverance (Lack of) 1.9 (0.4)
a,b 

 1.6 (0.4)
b 

 2.0 (0.4)
a 

 1.8 (0.4)
a,b 

 2.2 .04 

     Premeditation (Lack of) 2.1 (0.4)  1.9 (0.6)  2.0 (0.4)  2.0 (.04)  0.6 .45 

     Sensation Seeking 3.0 (0.7)  3.2 (0.6)  2.7 (0.6)  3.1 (0.5)  1.8 .12 

BIS/BAS           

     Drive 13.1 (1.9)
a,b 

 13.7 (1.9)
a 

 11.7 (2.1)
b 

 12.2 (1.8)
a,b 

 3.7 .02 

     Fun Seeking 13.4 (2.2)  12.8 (2.9)  12.1 (2.3)  12.7 (2.0)  1.1 .48 

     Reward Responsiveness 18.7 (1.2)  18.6 (1.6)  18.3 (1.3)  18.5 (1.6)  0.3 .87 

     BIS 21.9 (4.2)  21.0 (3.3)  23.7 (2.4)  21.4 (3.0)  1.6 .21 

STAI           

    State Anxiety 44.8 (9.2)
a 

 34.9 (9.3)
b 

 46.3 (9.4)
a 

 27.6 (6.4)
b
  15.2 <.001 

    Trait Anxiety 50.8 (3.4)
 

 51.8 (2.0)  52.1 (2.5)  52.4 (2.7)  1.2 .31 

PANAS (trait)           

     Positive Affect 32.2 (6.7)
a,b 

 39.4 (7.9)
b 

 25.3 (8.5)
a 

 36.4 (7.9)
b 

 10.3 <.001 

     Negative Affect 20.6 (4.6)
a 

 16.9 (3.0)
a,b 

 21.3 (5.9)
a 

 12.8 (3.0)
b 

 9.0 <.001 

FMPS           

     Concerns over Mistakes 27.6 (9.6)
a 

 24.0 (5.4)
a,b 

 30.1 (4.8)
a 

 18.8 (4.5)
b 

 11.1 <.001 

     Personal Standards 27.3 (4.1)
a,b 

 28.7 (2.7)
a 

 27.8 (4.9)
a 

 23.5 (4.8)
b 

 5.6 <.01 

     Organization 23.4 (5.1)  24.3 (4.6)  23.6 (5.4)  23.3 (4.8)  0.1 .98 

     Parental Expectations 15.4 (4.7)  16.7 (16.7)  16.6 (5.1)  14.9 (3.5)  0.8 .53 

     Parental Criticism 9.2 (4.7)  8.8 (3.8)  10.5 (4.3)  7.6 (2.8)  1.8 .15 

     Doubts about Actions 10.5 (3.3)
a 

 10.2 (10.2)
a 

 11.2 (2.6)
a 

 7.5 (2.9)
b 

 4.6 <.01 

     Total  82.2 (17.2)
a 

 83.2 (8.1)
a  86.6 (10.6)

a  70.9 (11.5)
b  6.0 <.001 

DERS           

    Non-acceptance 15.4(6.4)  15.6 (6.2)  15.5 (5.2)  11.6 (4.8)  1.8 .16 

    Goals 14.9 (5.4)  15.0 (4.0)  17.8 (4.7)  13.4 (4.5)  2.2 .10 

    Impulse 13.3 (4.9)  10.4 (4.4)  13.6 (5.6)  9.8 (2.8)  2.8 .05 

    Awareness 13.8 (4.1)  12.6 (4.6)  14.8 (3.0)  12.9 (4.2)  0.9 .46 

    Strategies 18.4 (8.1)
a,b 

 14.9 (5.9)
a,b  20.8 (5.6)

a  13.1 (4.1)
b  4.8 <.01 

    Clarity! 12.5 (4.5)
a,b

  10.1 (3.2)
a
  15.1 (4.1)

b
  9.7 (4.4)

a
  5.6 <.01 

    Total  88.1 (26.8)
a,b 

 78.6 (19.7)
a,b 

 97.5 (16.5)
b 

 70.8 (18.9)
a
  4.5 <.01 
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Table 5 Continued.  

 

Notes: Means sharing a letter in their superscript do not differ significantly at p<.05;  

BDI=Beck Depression Inventory; UPPS = UPPS Impulsive Behavior Scale , BIS/BAS = Behavioral Inhibition and Activation Scales 

STAI= State Trait Anxiety Inventory; PANAS = Positive and Negative Affect Schedule;  FMPS = Frost Multidimensional 

Perfectionism Scale; DERS = Difficulties in Emotion Regulation Scale. 
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Table 6. Group Differences in Current and Lifetime Psychopathology   

Notes: Groups sharing superscripts do not differ significantly at p<.05; Current Alcohol or Substance Dependence was an exclusion 

criterion for the current study. 

 PE with ED 

(n=18) 

 PE Only 

(n=17) 

 ED Only 

(n=16) 

 Control 

(n=21) 

  

Variable 
% (n)  % (n)  % (n)  % (n) Χ

2
 (3) p 

Lifetime Major Depression 66.7% (12)
a 

 25.0% (4)
b,c 

 58.8% (10)
a,b 

 14.3% (3)
c 

15.09 <.01 

     Current Major Depression 22.2% (4)  12.5% (2)  11.8% (2)  0.0% (0) 4.91 .18 

Lifetime Alcohol Abuse (DSM-IV) 33.3% (6)
a 

   6.3% (1)
a  23.5% (4)

a  0.0% (0)
b 

10.22 .02 

     Current Alcohol Abuse (DSM-IV) 5.6% (1)    0.0% (0)  11.8% (2)  0.0% (0) 4.15 .25 

Lifetime Alcohol Dependence (DSM-IV) 27.8% (5)
a 

   0.0% (0)
b
  29.4% (5)

a 
 0.0% (0)

b 
12.30 <.01 

Lifetime Alcohol Use Disorder (DSM-5) 72.2% (13)
a 

 12.5% (2)
b 

 35.3% (6)
b 

 4.8% (1)
b 

23.95 <.001 

Lifetime Substance Abuse (DSM-IV) 16.7% (3)    0.0% (0)  17.6% (3)  9.5% (2) 3.35 .34 

     Current Substance Abuse (DSM-IV) 0.0% (0)    0.0% (0)    5.9% (1)  0.0% (0) 3.28 .35 

Lifetime Substance Dependence (DSM-IV) 22.2% (4)
a 

   0.0% (0)
b 

 17.6% (3)
a 

 0.0% (0)
b 

8.41 .04 

Lifetime Substance Use Disorder (DSM-5) 27.8% (5)
 

   6.3% (1)
 

 23.5% (4)
 

 4.8% (1)
 

5.87 .12 

Lifetime Suicidality 38.9% (7)
a 

 18.8% (3)
a,b  47.1% (8)

a  4.8% (1)
b 

9.86 .02 

     Current Suicidality 16.7% (3)    0.0% (0)  11.8% (2)  0.0% (0) 6.01 .11 
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Table 7. Means and Standard Deviations for PR task Performance 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 PE 

(n=34) 

 Non-PE 

(n=38) 

Variable Mean SD  Mean SD 

Trials Completed 7.44 1.83  3.92 1.48 

Breakpoint 1338.24 365.78  636.84 290.55 

Total Key Presses 5519.53 2693.39  1554.05 1137.09 

Minutes Earned 44.47 10.97  23.53 8.86 

Percent Minutes Used 99.95% 0.003  99.96% 0.002 
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Table 8. Group Differences in PR task Performance
a 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Notes: 
a 
Models adjusted for Age, BMI, Hormonal Contraceptive Use, Other Methods of 

Purging, Total BDI Score 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

Variable F (1, 63) η
2
 p 

Trials Completed    

   PE Status 72.36 .55 <.001 

   ED Status 3.82 .06 .06 

   PE x ED Interaction 0.19 .01 .67 

Breakpoint    

   PE Status 69.64 .45 <.001 

   ED Status 3.90 .03 .05 

   PE x ED Interaction 0.12 .12 .73 

Total Key Presses    

   PE Status 83.94 .57 <.001 

   ED Status 3.58 .05 .06 

   PE x ED Interaction 1.09 .01 .30 

Minutes Earned    

   PE Status 71.14 .53 <.001 

   ED Status 3.85 .06 .05 

   PE x ED Interaction 0.13 .01 .71 

Percent Minutes Used    

   PE Status 0.02 .00 .89 

   ED Status 0.00 .00 .99 

   PE x ED Interaction 0.75 .01 .39 
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Table 9. Means and Standard Deviations for Cortisol Reactivity Post-Standardized Exercise
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes: AUCG = Area under the curve with respect to ground; AUCI = Area under the curve with 

respect to increase; Percent Increase = Percent Increase from baseline to peak 

  
PE 

 

Non-PE 

(n=32) (n=32) 

Variable Mean (SD) 
 

Mean (SD) 

AUCG 477.75 (253.30) 
 

438.63 (207.80) 

AUCI 192.30 (196.25) 
 

100.97 (182.59) 

Percent Increase 160.74 (109.46) 
 

122.05 (95.77) 

Baseline Cortisol  4.70 (2.01) 
 

5.03 (2.48) 

Post – 0 min 6.53 (4.07) 
 

6.00 (2.79) 

Post – 20 min 7.84 (4.93) 
 

7.00 (4.40) 

Post – 40 min  7.01 (3.57) 
 

5.62 (2.93) 
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Table 10. Group Differences in Cortisol Reactivity Following Standardized Exercise
a
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes: 
a 
Models adjusted for Age, BMI, Hormonal Contraceptive Use, Other Methods of 

Purging, Total BDI Score, and Assay; AUCG = Area under the curve with respect to ground; 

AUCI = Area under the curve with respect to increase; Percent Increase = Percent Increase from 

baseline to peak 

 

Variable F (1, 54) η
2
 p 

AUCG 
   

   PE Status 2.23 0.04 0.14 

   ED Status 0.42 0.01 0.52 

   PE x ED Interaction 0 0 0.96 

AUCI 
   

   PE Status 13.68 0.21 0.001 

   ED Status 2.71 0.05 0.11 

   PE x ED Interaction 0.33 0.01 0.57 

Percent Increase 
   

   PE Status 6.62 0.12 0.01 

 ED Status 1.18 0.04 0.18 

   PE x ED Interaction 1.2 0.02 0.28 

Baseline Cortisol  
   

   PE Status 0.05 0.01 0.83 

   ED Status 0.49 0.01 0.49 

   PE x ED Interaction 0.11 0.01 0.75 

Post – 0 min 
   

   PE Status 3.76 0.07 0.06 

   ED Status 1.21 0.02 0.28 

   PE x ED Interaction 0.51 0.01 0.48 

Post – 20 min 
   

   PE Status 4.47 0.08 0.04 

   ED Status 1.89 0.04 0.18 

   PE x ED Interaction 0.06 0.01 0.81 

Post – 40 min  
   

   PE Status 3.38 0.06 0.07 

   ED Status 1.33 0.03 0.26 

   PE x ED Interaction 0.02 0.01 0.89 
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Table 11. Group Differences for Self-Reported Mood and Subjective States Pre, 0-, 20-, and 40- Minutes Post- 

Standardized Exercise 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes: 
a 
Models adjusted for Age, BMI, Hormonal Contraceptive Use, Other Methods of Purging, and Total BDI Score 

†
p= .05, *p<.05, **p<.01, ***p<.001 

 

 

 

 PE 

(n=34) 

 Non-PE 

(n=38) 

 PE ED PE x ED 

Variable Mean SD  Mean SD  F (1, 55) F (1, 55) F (1, 55) 

Positive Affect          

   Pre 26.33 6.87  25.68 8.96  .28 8.30** .95 

   Post-0 min 35.88 7.81  32.48 7.84  3.51
†
 4.67* .15 

   Post- 20 min 28.58 8.16  26.35 7.45  1.94 5.90* 2.12 

   Post- 40 min 25.09 6.91  24.87 8.06  .35 10.53** .21 

   Δ Pre-Post-0 min 9.55 9.34  6.81 4.66  2.05 .25 .26 

   Δ Pre-Post-20 min 2.24 7.29  .68 3.90  1.06 .57 8.49 

   Δ Pre-Post-40 min -1.24 6.20  -.81 3.59  .01 .01 3.72 

   AUCI 285.38 411.39  185.85 195.26  1.56 .31 2.62 

Negative Affect          

   Pre 14.67 5.04  13.03 3.22  4.05* .22 1.7 

   Post-0 min 12.09 2.70  11.47 2.24  .69 .01 .64 

   Post- 20 min 11.52 2.14  10.90 1.40  2.85 1.64 1.49 

   Post- 40 min 11.24 2.14  10.87 1.63  1.32 1.92 1.32 

   Δ Pre-Post-0 min -2.58 4.44  -1.62 2.27  2.46 .30 .84 

   Δ Pre-Post-20 min -3.15 4.38  -2.13 2.67  1.85 .02 .69 

   Δ Pre-Post-40 min -3.42 4.35  -2.17 2.78  2.48 .06 .68 

   AUCI -165.53 243.16  -105.85 131.49  2.53 .03 .80 
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Table 12. Correlations Between Pathological Exercise Symptoms, Cortisol Reactivity, and Progressive Ratio Task Performance in the 

Full and PE Samples 

Notes: PE=Pathological Exercise; CET = Compulsive Exercise Test; CES = Commitment to Exercise Scale; EDS = Exercise 

Dependence Scale; *p<.05, **p<.01, ***p<.001  

 

 

  

 Full Sample 

(n=64-72) 

 PE Sample 

(n=32-34) 

Variable Breakpoint Total 

Responses 

Cortisol 

AUCI 

Percent 

Increase 

 Breakpoint Total 

Responses 

Cortisol 

AUCI 

Percent 

Increase 

Exercise           

     Frequency per week .60*** .56*** .03 .05  .21 .20 -.36 -.09 

     Duration per week (min)  .61*** .64*** .06 .09  .39* .40* -.22 -.04 

CET          

     Avoidance/Rule Driven  .54*** .52*** .11 .13  .10 .13 -.11 .07 

     Weight Control Exercise .47*** .44*** .24 .17  .25 .23 .24 .11 

     Mood Improvement .24* .19 -.06 -.03  -.06 -.10 -.21 -.08 

     Lack Enjoyment -.11 -.07 .03 .04  .23 .22 .24 .10 

     Exercise Rigidity  .45*** .46*** -.04 -.04  .43** .42* -.21 -.08 

     Total  .57*** .55*** .15 .05  .28 .27 -.01 -.15 

CES .64*** .64*** .16 .12  .30* .32 -.20 -.13 

EDS          

     Withdrawal Effects .38*** .35** .28* .19  -.03 -.04 .36* .16 

     Continuance .45*** .45*** .26* .24  .02 .04 .06 .15 

     Tolerance .44*** .45*** .02 -.01  .14 .12 -.27 -.27 

     Lack of Control .41*** .39** -.04 .04  .07 .08 -.26 -.07 

     Reduction in Activities .46*** .44*** -.05 .05  .36* .32 -.22 .00 

     Time .50*** .49*** .01 .13  .17 .17 -.22 .09 

     Intention Effects .38*** .36** .04 .01  .01 -.04 -.19 -.18 

     Total .57*** .55*** .11 .08  .17 .15 -.13 -.08 
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Table 13. Correlations Between Self-Reported Mood and Subjective States, Cortisol Reactivity, and Progressive Ratio Task 

Performance in the Full Sample (Above Diagonal) and PE Sample (Below Diagonal) 

Notes: AUCI = Area under the curve with respect to increase; Percent Increase = Percent Increase from baseline to peak  

*p<.05, **p<.01, ***p<.001 

Variable 1 2 3 4 5 6 7 8 9 10 

1. Positive Affect  -- -.13 .31* .28* .11 .24 .11 .09 -.01 .17 

2. Negative Affect -.28 -- -.05 -.02 .07 -.11 .16 .17 -.02 -.13 

3.  Like Exercise .16 -.15 -- .64*** .34** .69*** .36** .33** .05 .05 

4.  Want Exercise .09 -.15 .51 -- .63*** .71*** .32* .25 .02 .05 

5.  Urge Exercise -.07 -.09 .03 .46** -- .64*** .35** .28* -.02 .02 

6.  Reward Exercise .11 -.38* .50** .79*** .55** -- .29* .23 .09 .08 

7.  Breakpoint .04 .11 .13 .01 .09 -.07 -- .92*** .44*** .31* 

8.  Total Presses .06 .11 .13 .06 .09 -.01 .99*** -- .43*** .30* 

9.  Cortisol AUCI -.02 .10 -.23 -.25 -.39 -.42 .12 .14 -- .67*** 

10. Percent Increase .32 -.16 -.07 -.10 -.16 -.27 .19 .19 .50*** -- 
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Figure 3. Differences in PR Task Performance Across Pathological Exercisers and Non-Pathological Exercisers 

 

Note: PE group significantly higher on all three dependent variables (breakpoint, trials completed, and total presses). 
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Figure 4. Differences in PR Task Performance Across Four Groups 

 

Note: PE w/ ED and PE Only groups scored significantly higher than ED Only and Controls on all three dependent variables 

(breakpoint, trials completed, and total presses). PE w/ ED and PE Only groups did not differ from each other and ED Only and 

Control groups did not differ from each other.  
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Figure 5. Changes in Cortisol Following Standardized Exercise in Pathological Exercisers and 

Non-Pathological Exercisers 

 

Notes: Significant difference in AUCI at p<.001; Pre = 0 minutes prior to running, Post-0 = 0 
minutes following completion of 30 minutes running, Post-20 = 20 minutes following 
completion of 30 minutes running, Post-40 = 40 minutes following completion of 30 minutes 
running 
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Figure 6. Changes in Cortisol Following Standardized Exercise Across Four Groups 

 

Notes: AUCI for PE w/ ED is significantly greater than all other groups (p<.01); Pre = 0 minutes 
prior to running, Post-0 = 0 minutes following completion of 30 minutes treadmill running, Post-
20 = 20 minutes following completion of 30 minutes running, Post-40 = 40 minutes following 
completion of 30 minutes running
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Figure 7. Changes in Positive Affect Following Standardized Exercise in Pathological 

Exercisers and Non-Pathological Exercisers 

 

Notes: Positive affect is significantly greater 0-min post-exercise in PE Only group at trend level 
(p=.05). Pre = 0 minutes prior to running, Post-0 = 0 minutes following completion of 30 
minutes treadmill running, Post-20 = 20 minutes following completion of 30 minutes running, 
Post-40 = 40 minutes following completion of 30 minutes running. 
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Figure 8. Changes in Positive Affect Following Standardized Exercise Across Four Groups 

 

Notes: PE w/ ED and ED Only groups reported significantly lower positive affect at baseline, 20- 
and 40-minutes post exercise compared to PE Only and Control groups. Pre = 0 minutes prior to 
running, Post-0 = 0 minutes following completion of 30 minutes treadmill running, Post-20 = 20 
minutes following completion of 30 minutes running, Post-40 = 40 minutes following 
completion of 30 minutes running. 
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Figure 9. Changes in Negative Affect Following Standardized Exercise in Pathological 

Exercisers and Non-Pathological Exercisers 

 

Notes: No significant differences in negative affect. Pre = 0 minutes prior to running, Post-0 = 0 
minutes following completion of 30 minutes treadmill running, Post-20 = 20 minutes following 
completion of 30 minutes running, Post-40 = 40 minutes following completion of 30 minutes 
running. 
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Figure 10. Changes in Negative Affect Following Standardized Exercise Across Four Groups 

 
Notes: PE w/ ED and ED Only reported significantly higher levels of baseline negative affect 
compared to the control group. PE w/ ED also reported higher levels of negative affect at 0-, 20-, 
and 40 minutes post-exercise. Pre = 0 minutes prior to running, Post-0 = 0 minutes following 
completion of 30 minutes treadmill running, Post-20 = 20 minutes following completion of 30 
minutes running, Post-40 = 40 minutes following completion of 30 minutes running. 
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APPENDIX A 

COMPUTER TASK INSTRUCTIONS 

 

1.! In this computer task you will have the opportunity to earn between 0-60 minutes of 
running time on the treadmill.  
 

2.! This computer task consists of 10 opportunities, or trials, to earn time running on the 
treadmill by repeatedly pressing the space bar.  
 

3.! How much time you work for is up to you. You may work for as little or as much time 
as you desire. You will then have the opportunity to complete the amount of running 
time you earned during the computer task immediately following the task.  

 
4.! You will earn 6 minutes of running time per trial. The number of presses needed to earn 

6 minutes of treadmill running time will increase as you go through the trials.  
 

5.! After you complete a trial, a screen will appear that says “You have completed the 
trial.” The screen will appear for 5 seconds, followed by the image of a women running 
with +6 minutes written underneath.   

!

+6 min 
This indicates that by finishing that trial you have earned 6 more minutes on the 
treadmill. The bottom of the screen will then display the total number of minutes you 
have earned on the treadmill.  

 
6.! You will then be prompted to press the space bar to begin the next trial.  

 
7.! You will have up to 40 minutes to complete the computer task; however, you may stop 

at any time. There are no right or wrong answers and this is not a competition.  
 

8.! To end the task, please open the door to the room to let the experimenter know that you 
are done. Note that you only earn 6 minutes running time for completed trials.  

 
9.! After you open the door, the experimenter will set up the treadmill for you to run on for 

the amount of time you earned during the task.  
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APPENDIX B 

USE OF HUMAN SUBJECTS IN RESEARCH—APPROVAL MEMORANDUM 

 
The Florida State University 
Office of the Vice President For Research 
Human Subjects Committee 
Tallahassee, Florida 32306-2742 
(850) 644-8673 · FAX (850) 644-4392 
 
APPROVAL MEMORANDUM 
 
Date: 1/16/2014 
 
To: Lauren Holland 
 
Address: 1107 W. Call Street 
Dept.: PSYCHOLOGY DEPARTMENT 
 
From:   Thomas L. Jacobson, Chair 
 
Re:     Use of Human Subjects in Research 
Mechanisms Underlying Problematic Exercise in Women 
 
The application that you submitted to this office in regard to the use of human subjects in the 
research proposal referenced above has been reviewed by the Human Subjects Committee at its 
meeting on 12/11/2013.  Your project was approved by the Committee. 
 
The Human Subjects Committee has not evaluated your proposal for scientific merit, except to 
weigh the risk to the human participants and the aspects of the proposal related to potential risk 
and benefit. This approval does not replace any departmental or other approvals, which may be 
required. 
 
If you submitted a proposed consent form with your application, the approved stamped consent 
form is attached to this approval notice.  Only the stamped version of the consent form may be 
used in recruiting research subjects. 
 
If the project has not been completed by 12/10/2014 you must request a renewal of approval for 
continuation of the project. As a courtesy, a renewal notice will be sent to you prior to your 
expiration date; however, it is your responsibility as the Principal Investigator to timely request 
renewal of your approval from the Committee. 
 
You are advised that any change in protocol for this project must be reviewed and approved by 
the Committee prior to implementation of the proposed change in the protocol.  A protocol 
change/amendment form is required to be submitted for approval by the Committee.  In addition, 
federal regulations require that the Principal Investigator promptly report, in writing any 
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unanticipated problems or adverse events involving risks to research subjects or others. 
 
By copy of this memorandum, the Chair of your department and/or your major professor is 
reminded that he/she is responsible for being informed concerning research projects involving 
human subjects in the department, and should review protocols as often as needed to insure that 
the project is being conducted in compliance with our institution and with DHHS regulations. 
 
This institution has an Assurance on file with the Office for Human Research Protection. The 
Assurance Number is FWA00000168/IRB number IRB00000446. 
 
Cc: Pamela Keel, Advisor 
HSC No. 2013.11259 
 
 
The Florida State University 
Office of the Vice President For Research 
Human Subjects Committee 
Tallahassee, Florida 32306-2742 
(850) 644-8673 · FAX (850) 644-4392 
 
RE-APPROVAL MEMORANDUM 
 
Date: 11/13/2014 
 
To: Lauren Holland 
 
Address: 1107 W. Call Street 
Dept.: PSYCHOLOGY DEPARTMENT 
 
From:   Thomas L. Jacobson, Chair 
 
Re:     Re-approval of Use of Human subjects in Research 
Mechanisms Underlying Problematic Exercise in Women 
 
Your request to continue the research project listed above involving human subjects has been 
approved by the Human Subjects Committee. If your project has not been completed by 
11/11/2015, you must request a renewal of approval for continuation of the project. As a 
courtesy, a renewal notice will be sent to you prior to your expiration date; however, it is your 
responsibility as the Principal Investigator to timely request renewal of your approval from the 
committee. 
 
If you submitted a proposed consent form with your renewal request, the approved stamped 
consent form is attached to this re-approval notice.  Only the stamped version of the consent 
form may be used in recruiting of research subjects. You are reminded that any change in 
protocol for this project must be reviewed and approved by the Committee prior to 
implementation of the proposed change in the protocol.  A protocol change/amendment form is 
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required to be submitted for approval by the Committee. In addition, federal regulations require 
that the Principal Investigator promptly report in writing, any unanticipated problems or adverse 
events involving risks to research subjects or others. 
 
By copy of this memorandum, the Chair of your department and/or your major professor are 
reminded of their responsibility for being informed concerning research projects involving 
human subjects in their department.  They are advised to review the protocols as often as 
necessary to insure that the project is being conducted in compliance with our institution and 
with DHHS regulations. 
 
Cc: Pamela Keel, Advisor 
HSC No. 2014.13950 
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APPENDIX C 

FSU CONSENT FORM (BIO-MEDICAL STUDY) 

 

Mechanisms Underlying Problematic Exercise in Women 

 
You are invited to participate in a research study of potential biological, behavioral, and 
psychological differences among groups with and without problematic exercise. You were 
selected as a possible participant because you volunteered from a public advertisement or email 
and either exercise regularly or have problematic exercise.  Please read this form and ask any 
questions you may have before agreeing to be in the study. 
 
This study is being conducted by Lauren A. Holland, M.S., a graduate student in the Department 
of Psychology under the supervision of Professor Pamela K. Keel, Ph.D.  
 
Study Purpose 

 
Problematic exercise can be a feature of eating disorders and can occur outside of eating 
disorders.  Research suggests that there are hormonal differences between women with and 
without a range of eating disordered behaviors, but few studies have examined how these 
differences may influence behavior, including the rewarding aspect of exercise.  Results of this 
study may help us better understand risk and maintaining factors of and the treatment of 
problematic exercise.  Furthermore, as new questions emerge, data from this study may be used 
to inform other important questions about eating disorders and related problems.  
 
Study Procedures 

 
If you agree to participate in this study, we would ask you to do the following: 
 
First Appointment: Participate in interviews that will cover any current or previous problems 
with mood, eating and other behaviors. You will have your weight and height measured and fill 
out questionnaires that ask detailed questions about eating related behaviors, body image, 
anxiety, mood, and exercise. You will be free to skip any questions that you would prefer not to 
answer.  We would like to audio record the interview; however, this is optional (please see 
Audio/Video Recording on the next page). In addition, you will be asked to participate in a 
computer task that looks at how much work (pressing a computer keyboard button) you are 
willing to do for a specified amount of running time on a treadmill. Following the computer task, 
you will be given an opportunity to exercise on the treadmill for the amount of time you earned 
in the computer task. This study visit will take approximately 1.5-3 hours to complete. Duration 
of the study visit will depend on the amount of exercise you wish to work for and complete.  
 
Second Appointment: You will be asked to consume lunch 3 hours and not to exercise for 24 
hours prior to arriving at the second study visit, which will begin between 3:00 and 4:00 p.m. At 
the study visit you will be asked to complete measures of current feelings of mood and feelings 
toward exercise, provide 4 saliva samples over the course of the study visit (2mL each for less 
than 2 teaspoons total). The saliva samples you provide will be used to measure your levels of 
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cortisol before exercise and in response to exercise. You will complete 30 minutes of running on 
a treadmill at a moderate-high intensity (i.e., 70-85% maximum heart rate; approximately 10-12 
minute per mile pace). This study visit should take approximately 1.5 hours to complete.  
 

Audio Recording/Video Recording/Photographs 

Audiotapes of interviews are used to check that interviewers rate responses in the same way. 
Taped interviews are labeled by identification number and do not use first or last names. Only 
clinical interviewers will have access to audiotapes from this study. Recordings will be destroyed 
following completion of the review for consistency of interviewer ratings. 
 
[  ]  Yes    [  ]  No  I give you permission to make audio recordings of me during this study.  
 
Risks of Study Participation 

 
Participation in interviews and questionnaire measures may involve recalling sad or upsetting 
memories.  Some of the questions may be sensitive, and you can decide not to answer any 
questions you wish.  A list of names and phone numbers of clinic and mental health 
professionals will be provided to participants.  
 
Participation in the treadmill exercise may result in fatigue or feeling faint. In addition, treadmill 
exercise may increase the risk of falling, adverse cardiac events (e.g., heart palpitations), 
dehydration, muscle soreness, or running-related injury. We will monitor the intensity of your 
exercise while you are on the treadmill to reduce these risks, and you may stop exercising at any 
point.  
 
Benefits of Study Participation 

 

We hope that you may benefit from being part of a research study by learning how researchers 
provide society with valuable information that could advance the understanding of how 
problematic exercise may maintain eating pathology. In addition, we hope other people might 
benefit from this study because results may shape the way we understand risk factors for 
problematic exercise and contribute to improved prevention efforts and treatment.  
 
Alternatives to Study Participation 

 
The alternative to study participation is that you may choose not to take part at all.  
 
Study Compensation 

 
You will be paid or receive research credits for use towards a course requirement to compensate 
for your time and inconvenience related to your participation in the study.  Disbursement will 
occur at two time points, one payment of $30 (or 3 research credits) after completion of your first 
appointment and $15 (or 1.5 research credits) after completion of your second appointment. 
Payment will be prorated to the degree of completion of the study components (full payment for 
full completion). For example, if you discontinue participation after completing the first study 
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visit, you would be compensated for the first study visit ($30 or 3 research credits) but not the 
second study visit.  
 
Research Related Injury 

 
If you are injured from taking part in this study, medical treatment in the form of first aid will be 
available from study staff at no charge to you.  If you require emergency care, you will be taken 
to the closest emergency room.  If you require follow-up care, you will be responsible for 
coordinating this.  No compensation for treatment of research-related illness or injury is available 
from Florida State University.  Care you receive for research-related injury (beyond immediate 
first aid and acute medical monitoring by study staff) will be billed in the ordinary manner to you 
and/or your insurance company.  Thus, you and/or your insurance company will be responsible 
for any costs associated with emergency care, including transportation by ambulance and 
emergency room fees, and follow-up care.  
 
Confidentiality 

 
The records of this study will be kept private and confidential, to the extent allowed by law.  In 
any publications or presentations, we will not include any information that will make it possible 
to identify you as a subject. Your record for the study may, however, be reviewed by 
representatives from the National Institute of Mental Health and by departments at the University 
with appropriate regulatory oversight. However, no information from this study will be included 
in any existing medical record for you. In addition, research records that include sensitive 
information will be identified by a unique identification number, and records that link your name 
to your identification number will be destroyed after study completion.  
 
Voluntary Nature of the Study 

 
Participation in this study is voluntary.  Your decision whether or not to participate in this study 
will not affect your current or future relations with the University. If you decide to participate, 
you are free to withdraw at any time without affecting those relationships. 
 
Contacts and Questions 

 

The researchers conducting this study are Lauren A. Holland, M.S. and Dr. Pamela K. Keel.  
You may ask any questions you have now, or if you have questions later, you are encouraged to 
contact Lauren A. Holland at XXX-XXX-XXXX or by email XXX@XXX.edu. Additionally, if 
you have questions you may contact XXX-XXX-XXXX or XXX@XXX.edu. 
 
If you have any questions or concerns regarding the study and would like to talk to someone 
other than the researchers, you are encouraged to contact the FSU IRB at telephone number 850-
644-8633. You may also contact this office by email at humansubjects@magnet.fsu.edu, or by 
writing or in person at 2010 Levy Street, Research Building B, Suite 276, FSU Human Subjects 
Committee, Tallahassee, FL 32306-2742. 
 
You will be given a copy of this form for your records. 
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Statement of Consent 

 

I have read the above information I have asked questions and have received answers. I consent to 
participate in this study. 
 
___________________                                ____________ 
Signature of Subject    Date 
 
 
___________________                                ____________ 
Signature of Investigator                                Date 
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