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Behavior-based addictions are widely researched phenomena, though they are not included in the 

DSM-IV-TR (2000) with their substance-based counterparts. Exercise dependence is one such 

behavioral addiction that has garnered a lot of interest, yet is still poorly understood. The goal of 

the current study was to contribute to the understanding of exercise dependence by examining its 

latent structure. A community sample of 577 exercisers completed the Exercise Dependence 

Scale, Revised (EDS-R; Hausenblas and Downs, 2002b). The seven subscales of the EDS-R 

were used as indicators of exercise dependence in two taxometric analyses, MAMBAC and 

MAXEIG. Results of these analyses consistently indicated that the latent structure of exercise 

dependence is dimensional in nature, suggesting that exercise dependence represents an extreme 

on the full spectrum of all exercise behavior. 
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The United States Department of Health and Human Services (2008) recommends that 

adults engage in at least 30 minutes of exercise five or more days per week. However, it is 

estimated that only 25% of American adults engage in any regular exercise (defined as 10 

minutes or more of physical activity at least three times per week; Lethbridge-Çejku, Schiller, & 

Bernadel, 2004). In other words, three-quarters of adults in the U.S. rarely, or even never 

exercise. Lack of exercise is associated with a number of health problems, including: heart 

disease, high blood pressure, type 2 diabetes, stroke, some cancers, and osteoporosis (United 

States Department of Health and Human Services, 2008). However, health problems, both 

physical and psychological, have been documented at the other extreme as well. Addiction to 

exercise, or exercise dependence, has been shown to cause serious, permanent injury in addition 

to interpersonal, social and occupational problems (Bamber, Cockerill, Rodgers, & Carroll, 

2000; Cox & Orford, 2004; Griffiths, 1997; Morgan, 1979). Despite 40 years of research on 

exercise dependence, the exact nature of this construct still is not well understood. A critical 

aspect that is relevant to both research and clinical work is the latent structure of exercise 

dependence. Providing evidence for a continuous versus categorical structure can inform 

assessment, diagnosis, and potentially treatment of this addiction. However, no research study to 

date has examined whether exercise dependence should be characterized as a pathological 

category of behavior or as the extreme end on a continuum of all exercise behavior. The goal of 

the current study was to address this gap in the literature by examining the latent structure of 

exercise dependence and providing evidence of its categorical or dimensional nature.  

���������������� �!"����	�#�$��$"��

Much of the research on exercise dependence consists of in-depth case studies seeking to define 

exercise dependence based upon symptom presentation, risk factors, and characteristics of 

individuals (e.g., Bamber et al., 2000; Cox & Orford, 2004; Griffiths, 1997; Morgan, 1979; 

Veale, 1995; Warner & Griffiths, 2006). The first set of case studies was published by Morgan 

(1979), who described eight adults who were addicted to running. Morgan classified them as 

such because they became increasingly less invested in matters unrelated to running (e.g., family 

life, work), less motivated by achievements unrelated to running (e.g., promotions at work), and 
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they continued their running programs in the face of negative consequences (e.g., injury). For 

example, a male subject reported running daily despite developing extreme pain in his feet. Even 

when the pain became so severe that he had to walk down flights of stairs backwards he 

continued his daily runs, refusing to rest. He sought treatment only when he was no longer able 

to negotiate stairs in any manner, having severely and permanently damaged his Achilles 

tendons. Another subject reported gradually increasing the frequency and duration of his runs so 

that completing his increasingly long runs during his lunch break became more important than 

returning to work. Through these studies of individuals Morgan brought to light the detrimental 

effects an addiction to running can have on a person’s personal life and health, because of the 

tendency to persist with exercise regardless of the consequences.  

 Following Morgan’s (1979) case studies depicting the negative consequence of running 

addiction, Veale (1995), Griffiths (1997), and Bamber et al. (2000) published additional case 

studies documenting exercise dependence that caused significant impairments in a number of 

areas. In these cases physical health was put in jeopardy, in addition to personal finances, 

relationships, schooling, careers, and social functioning. Furthermore, it was made clear through 

these studies that exercise dependence was not exclusive to runners; it was documented in 

exercisers who engaged in activities such as Jiu-Jitsu (Griffiths, 1997), cycling, (Bamber et al., 

2000; Veale, 1995), weight training (Bamber et al., 2000), and swimming (Bamber et al., 2000). 

Case studies have been critical to the advancement of the field of exercise dependence, as they 

have illuminated common symptoms, at risk populations, and the many ways exercise 

dependence can be impairing. This wealth of information has in turn generated theories, 

hypotheses, and quantitative research to further explore and define this construct. In the 

following sections the major theories of exercise dependence will be reviewed, including how it 

is defined in relation to eating disorders, compulsions, and addictions. 

� �!"����	�#�$��$"������$�����$%�	���!��!�

The current version of the Diagnostic and Statistical Manual of Mental Disorders (DSM-

IV-TR, American Psychological Association, 2000) specifies two diagnostic categories for 

eating disorders: anorexia nervosa and bulimia nervosa. Anorexia nervosa is defined as a refusal 

to maintain minimally normal body weight, intense fear of gaining weight, extreme 

misperception of body shape and size, and amenorrhea. Individuals with anorexia nervosa 
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maintain their inordinately low body weight through dieting, exercise, or both. Bulimia nervosa 

is characterized by cycles of binging and purging, where large amounts of food are consumed in 

a short period of time followed by compensatory behavior. Compensatory behavior may include 

vomiting, use of laxatives or other medications, fasting or excessive exercise. For both disorders, 

exercise may be used as a means of controlling weight. Veale (1987) labeled this type of exercise 

‘secondary exercise dependence,’ or abnormal exercise behavior that occurs secondary to an 

eating disorder. He broadly defined secondary exercise dependence as a continuum of exercise 

behavior, from exercise patterns that are excessive to exercise patterns that are severe enough to 

cause impairment, tolerance, and withdrawal symptoms in the absence of exercise. Regardless of 

the severity of the exercise pattern, the goal of exercise in secondary exercise dependence is to 

lose weight or compensate for calories consumed. Veale (1987) argued that primary exercise 

dependence, on the other hand, may only be considered in the absence of an eating disorder, and 

the goal of exercise must not be based upon influencing one’s weight or shape. Furthermore, 

rather than existing on a continuum, primary exercise dependence was defined as reaching a 

specific level of severity. Veale (1987) outlined a set of seven criteria that must be met for a 

pattern of exercise to be considered dependent: stereotyped patterns of exercise, salience of 

exercise above all other activities, tolerance, withdrawal in the absence of exercise, avoidance of 

withdrawal through further exercise, insight, and relapse. Veale’s description of exercise 

dependence is significant in the field because it provided the first set of diagnostic criteria for 

exercise dependence, which were based upon the core features of dependence (Edwards et al., 

1977, as cited in Veale, 1987). Furthermore, by identifying and defining two subtypes of exercise 

dependence Veale accounted for the close association between eating disorders and exercise 

dependence that is implied by the inclusion of excessive exercise as a feature of both anorexia 

nervosa and bulimia nervosa in the DSM-IV-TR (2000), while still allowing for the occurrence 

of exercise dependence in the absence of an eating disorder. 

 Supporting this conceptualization of exercise dependence is a recent study examining the role 

of exercise motivation in the relationship between exercise dependence and eating disorder 

symptoms. In a sample of undergraduates, Adkins and Keel (2005) found that symptoms of 

exercise dependence were associated with eating disorder symptomatology only in men and 

women who exercised for appearance related reasons. In those who exercised for non-

appearance related reasons (e.g., fitness, mood management, socializing) no association was 
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found between symptoms of exercise dependence and disordered eating. This study supports 

Veale’s (1987) argument that motivation to exercise mediates the relationship between eating 

disorders and exercise dependence. Furthermore, the finding that exercise dependence symptoms 

exist in the absence of eating disorder symptoms provides support that exercise dependence does 

not exist solely in the context of an eating disorder. Through this and similar studies (e.g., Thome 

& Espelage, 2007; Elbourne & Chen, 2007) it is clear that exercise dependence and eating 

disorders are interrelated but they are not one and the same. Examination of the structure of 

exercise dependence will help to further clarify the relationship between these two constructs and 

can guide the manner in which this relationship is explored. 

� �!"����	�#�$��$"���������&#�'���$�

 As defined by the DSM-IV-TR (2000), a compulsion is a repetitive behavior that is engaged in 

to reduce distress or anxiety. Compulsions are not performed because they are pleasurable or 

provide gratification; rather, they are anxiety or distress-driven responses to obsessive thoughts 

or rules. In the DSM-IV-TR (2000) compulsions are strictly defined as features of obsessive-

compulsive disorder (OCD). However, the term “compulsive” also is used to describe substance 

use in the context of dependence (p. 192, 194; DSM-IV-TR, 2000). Furthermore, in the addiction 

literature dependence often is described as a type of compulsion (Everitt & Robbins, 2005; 

Leshner, 1999; Veale, 1987; cf Levy, 2006). This lack of differentiation indicates that 

conceptually there is a great deal of overlap between addictions and compulsions. 

In the area of exercise dependence this overlap has led some researchers to use the terms 

interchangeably (e.g., Davis, 2000), whereas other researchers provide strong arguments for the 

use of one term over the other (e.g., Hausenblas & Downs, 2002a; Yates, 1991). Those who have 

examined exercise dependence from the compulsion viewpoint have found that exercise that is 

obligatory in nature is associated with obsessive-compulsive symptoms. Gulker et al. (2001) 

hypothesized that “excessive exercisers” would demonstrate significantly more obsessive-

compulsive symptomatology than “normal” exercisers. They divided a sample of 172 exercisers 

into “excessive exercisers” and “non-excessive exercisers” using a median split of scores on a 

measure of obligatory exercise (Obligatory Exercise Questionnaire; Pasman & Thompson, 

1988). Research examining the factor structure of this scale has found between one and three 

factors, including an emotional element, a factor describing frequency, and a factor describing 

fixation or commitment (Ackard et al., 2002; Pasman & Thompson, 1988; Steffen & Brehm, 
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1999). Despite the inconsistent factor structure of this measure, and criticisms regarding its 

content validity (Hausenblas & Downs, 2002), Gulker et al. found that the exercisers labeled as 

excessive demonstrated significantly greater obsessive-compulsive symptomatology than the 

group of non-excessive exercisers. This conclusion was not reached, however, by comparing 

groups. The authors determined the correlation between the measure of obligatory exercise and 

obsessive compulsive symptoms in each group, and, because the correlation was significant in 

the group of excessive exercisers (r= .49), they concluded that the groups were significantly 

different. They did not report the correlation in the group of non-excessive exercisers and did not 

report having compared the two correlations statistically. Therefore, the only clear result from 

this study is that in exercisers with moderate to high levels of obligatory exercise symptoms, 

obsessive compulsive symptoms are positively correlated with obligatory exercise symptoms.  

 Iannos and Tiggemann (1997) compared a sample of excessive (greater than 11 hours per 

week), moderate (5-11 hours per week), and light (less than 5 hours per week) exercisers on a 

variety of personality variables, including obsessive-compulsiveness. They failed to find group 

differences in obsessive-compulsive symptoms; however, when exercise was examined 

continuously the authors found a weak, yet significant, correlation between exercise frequency 

and obsessive-compulsive symptoms (r= .20). The authors also created their own measure of 

obligatory exercise to use in their study. It consisted of nine items (Chronbach’s alpha = 0.75) 

that assessed guilt experienced when missing an exercise session, preoccupation with exercise, 

continuance in the face of injury, and continuance despite personal commitments. The authors 

found that this measure weakly correlated with obsessive compulsive symptoms (r= .16). The 

latter finding is consistent with the findings of Gulker et al. (2001), indicating that while there 

may be a positive relationship between obligatory exercise and compulsiveness, it may not be 

not strong enough to produce group differences. These studies also demonstrate the confusion 

that can arise when there are multiple ways to define and measure a construct. Currently exercise 

dependence is measured both categorically and continuously, sometimes within the same study 

(e.g., Gulker et al., 2001). Knowledge of the latent structure of exercise dependence could 

provide structure and consistency for future research studies by indicating the most accurate way 

to measure this construct. 
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 The terms “addiction” and “dependence” are used interchangeably in the addiction literature to 

refer to a pattern of behavior that is marked by continuance of the behavior in the face of 

negative consequences, withdrawal symptoms in the absence of the behavior, tolerance to the 

behavior, and relapse after a period of time refraining from the behavior (Donovan, 2005). The 

DSM-IV-TR (2000) defines dependency only in terms of substance use, however it is now 

generally recognized that other behaviors, such as gambling, videogame playing, sex, and 

exercise may become addictive (Brown, 1997; Griffiths, 2005; Marks, 1990; Orford, 2001). 

These activities have been identified as potentially addictive because for some individuals 

engaging in these activities leads to pathological involvement with them, causing significant 

distress or impairment, and the development of the aforementioned symptoms (Donovan, 2005). 

 Although currently exercise addiction is classified with other addictive behaviors based upon 

impairing symptoms, Glasser (1976) defined addiction to exercise as a positive experience, 

ostensibly because it confers many benefits and enjoyment. According to his theory of positive 

addiction, an addiction to physical activity is a positive rather than negative experience because 

it builds character, strength, and well being. Additionally, Glasser theorized that exercising 

allows a person to achieve a meditative state of mind, which he identified as the addictive aspect 

of exercise. Symptoms of withdrawal were attributed to the absence of the enjoyment and 

pleasure that is derived from reaching this meditative state. Thus, Glasser distinguished an 

addiction to exercise from traditional substance-based addictions by asserting that it is a positive 

and beneficial experience rather than negative and detrimental experience.  

Contrary to Glasser’s theory of positive addiction, Morgan (1979) argued that exercise 

dependence should be defined as a negative addiction because of the numerous ways it can be 

impairing. He based this assertion on a series of eight case studies. Through these studies it 

became apparent that an addiction to exercise can be extremely impairing, such that an addict 

will refuse to alter his or her exercise routine even in the face of deleterious consequences. 

Furthermore, Morgan classified withdrawal from exercise as a negative state, rather than the 

absence of a positive experience Glasser (1976) portrayed it to be. Morgan noted that in the 

absence of exercise the dependent exerciser may develop depression, anxiety, irritability, 

insomnia, or other somatic symptoms. Based on these features of impairment and withdrawal, 
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Morgan concluded that addiction to exercise is a negative experience in the same ways that other 

addictions are. 

Recent attempts to define and conceptualize exercise dependence have treated this 

construct as a distinct category of behavior and have developed diagnostic criteria to define the 

threshold between normal and abnormal exercise behavior. Griffiths (1997, 2005) developed the 

components model of addiction, which unites both chemical and behavioral addictions under six 

common components (Griffiths, 2005). These six components include: withdrawal, conflict, 

salience, tolerance, relapse, and mood modification. A brief screening measure was developed to 

assess these components among exercisers, with each component represented by one question. A 

cutoff score located at the top 15% of the total score was chosen to identify exercisers at-risk for 

exercise dependence (Terry, Szabo, & Griffiths, 2004). This cutoff identified approximately 3% 

of exercisers at risk for exercise dependence in an undergraduate sample. Using this screening 

measure, Griffiths tested his model in a principle components analysis, which supported a single-

component structure that explained 55.9% of the variance (Griffiths, Szabo, & Terry, 2005). This 

measure also was highly correlated with other indicators of exercise dependence, including the 

Exercise Dependence Scale, Revised (r= .81; Hausenblas and Downs 2002b). Taken together, 

Griffiths’ components model of addiction and his screening scale are strong contributions to the 

literature on exercise dependence; they are theoretically based and serve to unite the DSM-IV-

TR (2000) conceptualization of dependence with current addiction research. However, the 

validity and reliability of the full model remain untested outside Griffiths’ own research, 

necessitating further studies to demonstrate the robustness and accuracy of this model.  

Rather than develop a new criteria set, Hausenblas and Downs (2002b) modified the 

existing DSM-IV-TR (2000) substance dependence criteria so they could be applied to exercise 

dependence. They reasoned that if exercise dependence truly is an addiction it should be defined 

using the current diagnostic criteria for addiction. The DSM-IV-TR (2000) diagnostic criteria for 

substance dependence as they apply to exercise dependence include: 

(1)�Tolerance: a need for increased amounts of exercise to achieve the desired effect or a 

diminished effect occurs with continued use of the same amount of exercise 

(2)�Withdrawal: manifested by either the characteristic withdrawal symptoms for 

exercise (e.g., anxiety, fatigue) or the same (or closely related) amount of exercise is 

taken to relieve or avoid withdrawal symptoms 
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(3)�Intention Effect: exercise is often taken in larger amounts or over a longer period than 

was intended 

(4)�Lack of Control: a persistent desire or unsuccessful effort to cut down or control 

exercise 

(5)�Time: a great deal of time is spent in activities necessary to obtain exercise (e.g., 

physical activity vacations) 

(6)�Reductions in Other Activities: social, occupational, or recreational activities are 

given up or reduced because of exercise 

(7)�Continuance: exercise is continued despite knowledge of having a persistent or 

recurrent physical or psychological problem that is likely to have been caused or 

exacerbated by the exercise (e.g., continued running despite injury). 

Hausenblas and Downs (2002b) developed the Exercise Dependence Scale (EDS, 2002; 

EDS-R, 2004) to examine the validity of using these criteria to describe exercise dependence. 

The EDS is a self report measure that assesses for the above diagnostic criteria, with each 

criterion represented by a subscale comprised of three Likert-style items. As in the DSM-IV-TR 

(2000), the EDS defines dependence as endorsement of three or more criteria; respondents who 

do so are labeled as “at-risk” for exercise dependence. The seven factor structure of the EDS was 

supported by two confirmatory factor analyses conducted by the authors in separate samples 

(TLI= .90, CFI= .91, RMSEA= .07; TLI= .95, CFI= .96, RMSEA= .06) (Downs et al., 2004). 

The authors also conducted a series of studies comparing the EDS to other measures of exercise 

dependence and to measures of self-efficacy, perfectionism, body dissatisfaction, mood states, 

and anxiety. Group differences between dependent and non-dependent exercisers were 

demonstrated on self efficacy, body dissatisfaction, and perfectionism. In each case the 

dependent exercisers scored significantly higher than the nondependent exercisers. Though the 

validity of this scale has been demonstrated through numerous studies, they have been conducted 

exclusively by the authors and in undergraduate samples. However, these studies provide 

evidence that the DSM-IV-TR (2000) substance dependence criteria can be applied to exercise 

dependence to accurately and validly assess this construct. What is not yet apparent, however, is 

whether a categorical approach is the most appropriate when conducting research involving this 

construct. No study to date has addressed whether exercise dependence represents a distinct 

category of pathological, dependent behavior, or if it exists as the extreme end on a continuum of 
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all exercise behavior. The latent structure of exercise dependence has important implications for 

how this construct is examined in relation to other constructs, and potentially how it is treated in 

clinical settings. By providing evidence of the latent structure the current study adds to the 

understanding of exercise dependence and could influence the way it is approach in each of these 

areas. 

Since the early case studies of Morgan (1979), exercise dependence has been 

conceptualized in a number of different ways, some of which have proven to be more accurate 

than others. Studies have shown that while excessive exercise is a diagnostic feature of eating 

disorders (DSM-IV-TR, 2000), this relationship may be mediated by exercise motive and is not 

the exclusive manifestation of exercise dependence (Adkins & Keel, 2005). Furthermore, though 

exercise dependence may share common features with OCD (e.g., Yates, 1991) and may be 

correlated with compulsivity (Gulker et al., 2001; Iannos & Tiggeman, 1997) conclusive 

evidence has not been found supporting the conceptualization of exercise dependence as a 

variant of OCD (e.g., Iannos & Tiggeman, 1997). Evidence has been found, however, supporting 

the conceptualization of exercise dependence as an addiction (e.g., Allegre et al., 2006; Downs et 

al., 2004; Hausenblas & Downs, 2002a; Terry, Szabo, & Grittiths, 2004). Furthermore, recent 

research suggests that exercise dependence can be accurately assessed using the DSM-IV-TR 

substance dependence criteria (Hausenblas & Downs, 2002b). Establishing the appropriate 

diagnostic category for exercise dependence and demonstrating successful use of appropriate 

diagnostic criteria was a critical step in accurately defining and characterizing exercise 

dependence. However, establishing and applying diagnostic criteria does not automatically 

validate the conceptualization of exercise dependence as a true category. In other words, what 

still is lacking in the definition of exercise dependence is whether it represents a separate, 

pathological category of behavior, or if it is the extreme end on a continuum of all exercise 

behavior. The purpose of the current study was to address the question of the latent structure of 

exercise dependence, with the goal of increasing the accuracy with which this construct is 

defined and measured. 

�)�!)��*�����(����!!�$�����+�

The current study sought to provide evidence of the latent structure of exercise 

dependence. The latent structure of exercise dependence was examined through taxometric 

analysis, using the criteria for dependence as operationalized by the Exercise Dependence Scale, 
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Revised (EDS-R; Downs et al., 2004). Taxometric methods involve the examination of proposed 

indicators of a construct in relation to each other. The manner in which the indicators interact can 

be graphically displayed, with the graphs revealing information about the underlying latent 

structure of the construct. Taxometric analyses have been utilized to examine the latent structure 

of many DSM-IV-TR (2000) disorders, including other dependence disorders (e.g., nicotine 

addiction, Goedeker & Tiffany, 2008; cannabis addiction, Denson & Earleywine, 2006). In the 

case of nicotine addition, it was found that the latent structure is best described as taxonic 

(Goedeker & Tiffany, 2008), whereas cannabis addiction was found to be dimensional in nature 

(Denson & Earleywine, 2006). These mixed findings indicate that the latent structure of 

addictions may not be uniform across chemical dependencies, let alone across chemical and 

behavioral dependencies. Based upon this research, no hypothesis was made as to the underlying 

latent structure of exercise dependence. However, it was hypothesized that the dependence 

criteria would be strong indicators of exercise dependence, based upon the literature supporting 

the conceptualization of exercise dependence as a dependence disorder. 

A secondary goal of the current study was to demonstrate that exercise dependence is 

pathological in nature. In the current study establishment of the pathology of exercise 

dependence was accomplished by examining the relationship between the measure of exercise 

dependence and measures of impairment, distress and perfectionism. These constructs were 

expressly chosen because each is associated with increased levels of psychopathology (Kessler et 

al., 2002; Leon, Shear, Portera, & Klerman, 1992; Flett, Hewitt, Whelan & Martin, 2007). 

Results demonstrating significant relationships between exercise dependence and these 

constructs will be considered indicative of the pathological nature of exercise dependence.  
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Recruitment of subjects was designed to maximize the likelihood that subjects would 

exhibit some symptoms of exercise dependence. It has been proposed that the ideal base rate for 

conducting taxometric analyses is approximately .50 (Meehl, 1995); the base rate of exercise 

dependence in the general population has been estimated at 3-12% (Griffiths, Szabo, & Terry, 

2005; Garman, Hayduk, Crider, & Hodel, 2004, respectively). Therefore, participant recruitment 

focused on ensuring that a large number of potential taxon members were invited to participate 

in the current study to increase the base rate in the research sample. Members of running and 

triathlon groups were asked to complete the study survey, as were selected students from a large 

southeastern university. The students were identified through a psychology department mass 

screening based upon their answers to two questions designed to identify potential exercise 

dependent individuals. The questions were: “how often do you exercise, on average, per week?” 

and “if you miss an exercise session how upset or distressed do you feel?” These questions were 

intended to approximate two of the diagnostic criteria for dependence; time and withdrawal. The 

questions were rated on Likert scales of 1-5, with higher scores indicating higher frequency and 

higher distress. Students who indicated a four or higher on both questions were contacted 

through email for participation in the current study. Data were collected from a total of 681 

individuals; 28 of whom were students selected through the university mass screening.  

Data from individuals with high scores on the Eating Attitudes Test (EAT-26; Garner, 

Olmstead, Bohr, & Garfinkel, 1982; Appendix E) were excluded from analyses. Some eating 

disorders have been shown to have a taxonic structure (Williamson et al., 2002), and eating 

disorder symptoms and symptoms of exercise dependence may be closely associated in some 

populations (Adkins & Keel, 2005). Therefore, in order to prevent a taxonic finding that is based 

upon eating disorder symptoms rather than exercise dependence symptoms, those participants 

who endorsed high levels of eating disorder symptomatology were excluded from the current 

study. Subjects who scored at or above 20 on the EAT-26 were excluded from analyses, as the 

EAT-26 has a 90% accuracy rate in identifying those with and without DSM-IV-TR (2000) 

eating disorders when a cutoff total score of 20 is used (Mintz & O’Halloran, 2000). 
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One hundred and four subjects (15.3%) had total scores of 20 or higher on the EAT-26 

(M= 28.27, SD= 8.11). One-way analyses of variance (ANOVAs) were used to compare this 

group (EAT+) to participants with EAT total scores of less than 20 (EAT- ; M= 10.44, SD= 

3.88). The EAT+ group was found to have scored significantly higher on all study measures, 

except the Continuance subscale of the EDS-R (Table 1). EAT+ subjects were comprised of 

significantly more women (75.0% compared to 41.8%) and were significantly younger (30.8% 

were under the age of 25 compared to 18.9%). In both samples the most common age group was 

18-25 (EAT+ = 30.8%, EAT- = 18.9%), and subjects were primarily Caucasian (EAT+= 85.6%, 

EAT- = 87.3%).  

 

 

Table 1  

Comparison of the Main Study Sample with the EAT+ Sample 

 EAT+ (N=104) EAT- (N=577)  

 Mean SD Mean SD significance 

EAT total 28.27 8.11 10.44 3.88 ** 

EDS total 76.51 17.65 68.11 14.65 ** 

Withd 13.03 3.27 10.86 3.41 ** 

Cont 9.89 4.12 9.35 3.62 p=.18 

Tol 13.38 2.75 12.37 2.93 ** 

Lack 8.97 3.64 7.56 3.24 ** 

Reduce 9.09 3.30 8.02 2.84 ** 

Time 11.94 3.66 11.16 3.08 * 

Int 10.22 3.14 8.78 2.95 ** 

SDS 11.51 5.61 9.69 5.13 ** 

K10 10.04 6.54 6.03 4.76 ** 

PCI 55.26 19.65 37.15 17.80 ** 

Note. EAT total= Eating Attitudes Test total score; EDS total = Exercise Dependence Scale total 

score; Withd = withdrawal; Cont = continuance; Tol = tolerance; Lack = lack of control; Reduce 

= reductions in other activities; Time = time; Int = intention effect; SDS = Sheehan Disability 

Scale; K10 = K10; PCI = Perfectionism Cognitions Inventory. 

*   = p <.05, **  = p <.01 
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Subject data were not excluded based upon missing data. Twenty-seven (4.7%) subjects 

had greater than four missing data points, and no subjects exceeded ten missing data points. 

Missing data were handled using multiple imputation.  

After excluding the 104 EAT+ subjects, the research sample consisted of 577 subjects 

(333 male subjects, 244 female). Ages ranged from 18 to 60+, and consisted of the following age 

groups: 18-25 (N=109; 18.9%); 26-30 (N=100; 17.3%); 31-40 (N=151; 26.2%); 41-50 (N=120; 

20.8%); 51-60 (N=72; 12.5%); 60+ (N=24; 4.2%). In this sample 87.3% identified as Caucasian 

(N=504), 3.8% identified as Hispanic (N=22), 3.6% identified as Asian (N=21), 1.9% identified 

as biracial (N=11), 1.2% identified as African American (N=7), 0.5% identified as Native 

American (N=3), and 0.2% identified as Native Hawaiian (N=1). Eight participants (1.3%) did 

not report race or ethnicity. Running was the most common primary mode of exercise (N=433), 

followed by biking (N=251), swimming (N=142), and weight training (N=139). Many 

participants (N= 284) indicated more than one mode of exercise as their primary form of 

exercise, most likely due to subject recruitment through triathlon groups.  

�����!���
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 The Exercise Dependence Scale, Revised (EDS-R; Downs et al., 2004; Appendix A) assesses 

for symptoms of exercise dependence through self-report, Likert-style items that address the 

DSM-IV-TR (2000) substance dependence criteria, adapted for exercise (Hausenblas & Downs, 

2002b). These criteria include: tolerance, withdrawal, intention effect, lack of control, time, 

reduction in other activities, and continuance. Each criterion is represented by a subscale, and 

each subscale contains three items, for a total of 21 items. Each item is rated from 1 (never) to 6 

(always), with higher scores indicating increased risk for exercise dependence.  

Subscale correlations in the current sample ranged from r = .17 (continuance and 

tolerance) to r = .59 (time and reduction in other activities; Table 2). The range of scores on each 

subscale varied from 13-15. Internal consistency for the entire scale was α=.90, and for the 

subscales ranged from α= .71 (Reduction in Other Activities) to α= .92 (Intention Effects). Using 

the scoring method proposed by Hausenblas & Symons-Downs, the percent of exercisers 

identified as at risk for exercise dependence was 4.68% (N= 27). 

�
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 The Sheehan Disability Scale (SDS; Leon, Shear, Portera, & Klerman, 1992; Sheehan, 1983; 

Appendix B) was used to assess the extent to which symptoms of exercise dependence are 

impairing. The SDS assesses functional impairment in three domains: work/school, social, and 

family life (Leon et al., 1992). Each of these three areas is addressed by a single item, which is 

rated on a Likert-style scale of 0-10, with higher numbers indicating increased impairment. The 

original items read: “The symptoms have disrupted your work/school work,” “The symptoms 

have disrupted your social life/leisure activities,” and “The symptoms have disrupted your family 

life/home responsibilities.” For the purposes of the current study the items were modified to 

read: “Your exercise routine has disrupted your work/school work,” “Your exercise routine has 

disrupted your social life/leisure activities,” and “Your exercise routine has disrupted your 

family life/home responsibilities/relationships.” In addition, examples were provided below each 

item, and included: “e.g., I’ve missed class or time at work to exercise,” “e.g., I’ve given up 

other leisure activities to increase my time exercising,” and “e.g., My partner/roommate/parent 

has argued with me about the amount of time I spend exercising.” The three items were summed 

to create a composite score of overall impairment ranging from 0 (unimpaired) to 30 (highly 

impaired).  

 This scale has been used to identify impairment in patients with generalized anxiety disorder, 

major depressive disorder, panic disorder, phobias, and substance dependence, with reported 

sensitivity of .83 and specificity of .69 (Olaufson et al., 1997). Previous studies have shown 

inter-item correlations to be high (r= .70 for work and family, r= .72 for work and social, and r= 

.79 for family and social). In the current study all correlations were significant, however, the 

pattern of relationships was quite different from prior studies. Inter-item correlations were 

negative between work and family (r= -.14) and work and social (r= -.22), while the correlation 

between family and social was positive (r= .50). Examination of the data reveals that participants 

often endorsed moderate to high scores on work and low scores on family and social (work: M= 

5.42, SD= 4.20; family: M= 1.51, SD= 2.04; social: M= 2.77, SD= 2.50). These unusual 

relationships may be due to the method of subject recruitment; because subjects were recruited 

from organized running and triathlon groups, it is not surprising that the data reflect low social 

impairment. If an exerciser’s primary social activity is the running or triathlon group he or she 

would not report any impairment due to high levels of exercise. Furthermore, because exercise 
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generally is seen as a positive, healthy activity, perhaps reported conflict between even addicted 

exercisers and friends or family members tends to be low, especially when compared with 

physical and other mental illnesses. The internal consistency of the scale reflects the unusual 

relationships found between the items in the current sample and was low (α= .13) compared to 

the internal consistency found in prior studies (e.g., Leon et al., 1997; α=.89). 

����'�!���+"(�'�%�"�'�+&#��&�"�'��-�504�����'�!�����'�,�/00/2�

 Substance dependence is also characterized by clinically significant levels of distress (DSM-

IV-TR, 2000), therefore a measure of distress was included in the current study to examine the 

relationship between distress and exercise dependence. Distress was measured using the Kessler 

Psychological Distress Scale (K10; Kessler et al., 2003; Appendix C). The K10 was developed 

for use in the U.S. National Health Interview Survey to measure non-specific psychological 

distress (Kessler et al., 2002). It has been validated as a measure of distress in both the general 

population and in clinical samples of individuals with anxiety, affective, and substance 

dependence disorders (Andrews & Slade, 2001; Furukawa, Kessler, Slade, & Andrews, 2003). 

The K10 consists of ten items assessing general symptoms of anxiety and depression that have 

occurred over the previous 30 days. The ten items were chosen from a larger pool of items using 

methods from item-response theory. The original pool contained items from existing screening 

scales (e.g., Symptom Checklist-90, Derogatis, 1983; for a full list see Kessler et al., 2002). The 

K10 utilizes a Likert-style scale from 1 (all of the time) to 5 (none of the time), with lower scores 

indicating higher levels of distress. For the purpose of the current study the K10 was scored in 

the reverse direction so that higher scores indicate higher levels of distress (i.e., 5 = all of the 

time). This was done to avoid confusion for potential subjects, as all other measures were written 

and scored so that higher numbers indicated higher levels of psychopathology. The K10 has 

demonstrated good precision in identifying cases of DSM-IV-TR disorders (sensitivity and 

specificity = .90; Furukawa et al., 2003) and outperformed other measures of distress in correctly 

detecting cases of mental illness (Andrews & Slade, 2001; Furukawa, et al., 2003; Kessler et al., 

2002). Internal consistency in the current study was high (α =.86). 

��!��"���$��&���%$����$���$)�$��!+�-�'���,���*���,��'�$9����$,�:�
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 A measure of perfectionism was included in the current study because high levels of 

perfectionism have been associated with increased levels of psychopathology, including 

symptoms of eating disorders (Bardone-Cone et al., 2007), depression (Flett, Hewitt, Blackstein, 
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& Gray, 1998), and anxiety (Antony, Perdon, Huta, & Swinson, 1998; Flett et al., 1998). High 

levels of perfectionism have also been associated with symptoms of exercise dependence (Hagan 

& Hausenblas, 2003). In the current study a specific aspect of perfectionism was assessed: 

automatic, perfectionistic thought. This aspect of perfectionism was chosen because of its high 

correlation with measures of psychopathology, rumination, and general distress (Flett et al., 

1998; Flett, Hewitt, Whelan, & Martin, 2007; Flett, Madorsky, Hewitt, & Heisel, 2002; 

O’Connor, O’Connor, & Marshall, 2007). The Perfectionism Cognitions Inventory (PCI; Flett et 

al., 1998; Appendix D) was used to assess the nature and frequency of automatic thoughts of 

perfectionism. It consists of 25 items assessed on a Likert scale of 0 (not at all) to 4 (all of the 

time). The psychometric properties of the scale were demonstrated through a series of studies by 

the authors (Flett et al., 1998). Internal consistency was high (α = .96), as was test-retest 

reliability over a 3-month period (r = .67). A principle components analysis resulted in a single 

factor explaining 51.3% of the variance (Flett et al., 1998). The PCI significantly correlates with 

3-day self-reported frequency of perfectionistic thoughts (r = .41) as assessed through a diary 

study (Flett et al., 1998); it also correlates with measures of distress (r = .56), rumination (r = 

.48), and trait perfectionism (r = .36-.63) (Flett et al., 2007). Furthermore, the PCI has been 

shown to account for unique variance in psychological distress above and beyond that accounted 

for by other measures of perfectionism and measures of negative automatic thoughts (Flett et al., 

1998). Internal consistency in the current study was high (α =.95). 

����$%���������������./;�-���./;2�

A measure of eating disorder symptomatology was included in the survey to screen out 

participants with elevated symptoms of disordered eating behavior. The Eating Attitudes Test 

(EAT-26; Garner, Olmstead, Bohr, & Garfinkel, 1982; Appendix E) is a 26-item, self-report 

measure of disordered eating attitudes and behaviors. It was developed via factor analysis of the 

original EAT (EAT-40; Garner & Garfinkel, 1979), and it includes three subscales: dieting, 

bulimia and food preoccupation, and oral control. It is scored on a 6-point, Likert-style scale 

from never to always, with high scores indicating increased disordered eating behaviors and 

attitudes. The EAT-26 has a 90% accuracy rate in identifying those with and without DSM-IV 

eating disorders when a cutoff total score of 20 is used (Mintz & O’Halloran, 2000). The EAT-

26 has demonstrated good internal consistency (α = 0.94; Garner et al., 1982) and discriminant 
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validity when compared to a measure of dieting behavior and a measure of personality (Garner & 

Garfinkel, 1979). Internal consistency in the current study was high (α =.85). 
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The seven subscales of the EDS-R were used as indicators of exercise dependence in 

each taxometric analysis. Subscale scores were computed by summing the raw scores of the 

items that contributed to each subscale. Each subscale is comprised of three items, rated from 1-

6; the potential score range for any subscale is 3-18. In the current study two subscales were not 

rated along the full range of scores; reduction in other activities (3-16) and intention effect (3-

17).  

 The appropriateness of using the EDS-R subscales to detect a potential taxon was evaluated in 

a number of ways. First, the correlations between the subscales were examined (Table 2).  

 

 

Table 2 

Subscale and Measure Correlations, Full Sample (N=577) 

 EDt Withd Cont Tol Lack Reduc Time Int SDS K10 PCI 

EDt            

Withd .57**           

Cont .59** .19**          

Tol .57** .17** .17**         

Lack .74** .35** .35** .30**        

Reduce .76** .36** .36** .30** .50**       

Time .72** .23** .30** .44** .40** .59**      

Int .73** .32** .28** .35** .56** .49** .46**     

SDS .21** .06 .11** .09* .13** .23** .25** .15**    

K10 .32** .40** .15** .07 .20** .30** .12** .25** .11**   

PCI .44** .37** .20** .27** .30** .33** .27** .31** .14** .51**  

EATt .27** .21** .16** .12** .18** .17** .20** .22** .10* .22** .26** 

Note. *   = p < .05, ** = p < .01 
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Correlations between indicators of a taxon show distinct patterns when examined in samples 

containing members of a taxon. In a mixed sample including both taxon and complement group 

members, correlations between indicators are expected to be moderately strong. In the full 

sample correlations between indicators ranged from r=.17 (withdrawal and lack of control) to r= 

.58 (reduction in other activities and time). In samples that are no longer mixed, which consist 

only of taxon members or complement group members, the indicators are expected to 

demonstrate weak, non-significant correlations (Meehl & Yonce, 1994). Correlations that fall 

below 0.30 are generally desirable (Meehl, 1995). In each taxometric analysis the taxon base rate 

was estimated and subjects were sorted into groups accordingly. Correlations were examined 

within each group. In the MAMBAC analysis correlations within the taxon group (N= 325) 

ranged from r = .01 (continuance and time) to r = .32 (lack of control and intention effects).  

 

 

Table 3 

MAMBAC Within Group Correlations (Taxon/Complement) 

 Withd Cont Tol Lack Reduce Time 

Withd       

Cont  .07 / -.11      

Tol -.13 / .03 -.09 / .01     

Lack  .09 / .11  .14 / .04  .07 / -.02    

Reduce  .14 / .05  .09 / .13 -.02 / .07 .13 / .17   

Time -.11 / -.01  .01 / .07  .27 / .22 .08 / .00 .32 / .36  

Int  .04 / .08  .04 / -.02  .04 / .19 .32 / .22 .15 / .18 .14 / .17 

 

 

In the complement group (N= 252) correlations ranged from r = .00 (lack of control and time) to 

r = .35 (reduction in other activities and time) (Table 3). In the MAXEIG analysis correlations 

within the taxon group (N= 295) ranged from r = .01 (continuance and intention effects) to r = 

.33 (reduction in other activities and time). In the complement group (N= 282) correlations 

ranged from r = .01 (continuance and tolerance) to r = .34 (reduction in other activities and time) 

(Table 4).  
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Table 4 

MAXEIG Within Group Correlations (Taxon/Complement) 

 Withd Cont Tol Lack Reduce Time 

Withd       

Cont  .06 / -.09      

Tol -.10 / .02 -.09 / .01     

Lack  .11 / .10  .15 / .01  .06 / .05    

Reduce  .13 / .08  .02 / .15 -.02 / .09 .11 / .18   

Time -.10 / -.01 -.05 / .09  .24 / .27 .05 / .05 .33 / .34  

Int  .02 / .11  .01 / -.02  .03 / .21 .30 / .26 .11 / .19 .14 / .17 

 

 

Correlations exceeding 0.30 that occur between indicators in these “pure” groups are known as 

nuisance covariance (e.g., Meehl & Yonce, 1994). Nuisance covariance can directly affect the 

interpretability of the results of a taxometric analysis; it can flatten the curves that are generated, 

making them more difficult to interpret (Meehl & Yonce, 1994). Given the lack of extensive 

nuisance covariance found in the taxon and complement groups there was little concern that the 

curves generated in the taxometric analyses would be difficult to interpret. 

 A second method to determine the appropriateness of specific indicators is to examine indicator 

validity in terms of group separation. To examine indicator validity the difference between the 

means of the taxon and complement groups is calculated for each indicator and is expressed in 

terms of Cohen’s d, with 1.25 as the generally accepted minimum (Meehl, 1995). Based upon 

group assignment in the MAMBAC analysis, Cohen’s d ranged from 0.99 (tolerance) to 1.69 

(reduction in other activities), with an average of 1.34 (SD = 0.32) (Table 5). The range for the 

MAXEIG analysis was 0.92 (tolerance) to 1.70 (reduction in other activities), with an average of 

1.33 (SD = 0.33) (Table 5). In each analysis three indicators were below the generally accepted 

minimum separation (withdrawal: 1.02, 0.98; continuance: 1.02, 1.06; tolerance: 0.99, 0.92). 

Following these results a third method of examining the appropriateness of these indicators was 

used. This method is described in the next section. 
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Table 5 

Cohen’s d for MAMBAC and MAXEIG 

 MAMBAC MAXEIG 

Withdrawal 1.02 0.98 

Continuance 1.02 1.06 

Tolerance 0.99 0.92 

Lack of Control 1.65 1.63 

Reduction in Other Activities 1.69 1.70 

Time 1.48 1.45 

Intention Effects 1.53 1.54 

Mean (Standard Deviation) 1.34 (0.32) 1.33 (0.33) 
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 Taxometric analyses are frequently conducted using a suite of taxometric programs (Ruscio, 

2008) written for the statistical program R (R Development Core Team, 2009). One feature of 

the taxometric programs is the ability to generate simulated datasets that have the same indicator 

distributions and correlations observed in a given research dataset, but with known latent 

structures. The purpose of generating these datasets is to evaluate the ability of a proposed 

analysis to detect a taxonic latent structure when one exists. When these simulated datasets are 

subjected to taxometric analyses they should yield curves that differ between the taxonic and 

dimensional datasets. Furthermore, the curves generated by the simulation data can be compared 

to the curves generated by the research data, and it can be determined to which curve the 

research data is most similar. Use of this method has been supported by a number of studies as a 

highly accurate method of evaluating the robustness of taxometric results (Ruscio & Kaczetow, 

2009; Ruscio & Marcus, 2007; Ruscio & Walters, 2009; Walters & Ruscio, 2009).  

In the current study, 100 datasets with a taxonic latent structure and 100 datasets with a 

dimensional latent structure were generated for each analysis. Each of the simulated datasets was 

submitted to the proposed taxometric analysis. Results from these analyses are summarized in 

two graphs; one displaying results for the taxonic data and one for the dimensional data. On each 

graph two lines are plotted that represent +/- 1 standard deviation from the averaged curve of 
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either the taxonic or the dimensional datasets. If an analysis is suitable given the unique 

properties of the research data the graphs for the taxonic and dimensional datasets should look 

dissimilar (Ruscio, 2008). If the analysis is not suitable for use with the research data the graphs 

will look very similar and will not be easily distinguished. The averaged curve for the research 

data also is plotted on each graph, visually demonstrating if a taxonic or dimensional latent 

structure is a better fit for the research data.  

 The evaluation of the fit of the research data to the taxonic or the dimensional curves is not 

conducted by visual inspection alone. The Comparison Curve Fit Index is a measure of the 

goodness of fit of the research data to the averaged curves of the simulated datasets using root 

mean square residuals. CCFI values range from zero to one. The closer a value is to zero, the 

closer the fit of the research data is to the dimensional curve. The closer a value is to one, the 

closer the fit of the research data is to the taxonic curve. Studies have show that values in the 

middle of the index, approximately .40 - .60 should be interpreted with caution, as these values 

indicate that the research data may fit either the taxonic or dimensional curve equally well 

(Ruscio & Walters, 2009; Ruscio, Walters, Marcus, & Kaczetow, 2010). The further values are 

away from the midpoint, the more confident conclusions can be regarding the latent structure of 

the research data. Recent studies indicate that outside the range of .40-.60 confidence levels are 

upwards of 97% (Ruscio & Walters, 2009; Ruscio, Walters, Marcus, & Kaczetow, 2010).  

�������

  The first analysis conducted and evaluated for suitability was Mean Above Minus Below A 

Cut (MAMBAC; Meehl & Yonce, 1994). MAMBAC analyses are conducted using pairs of 

indicators. For each pair, one indicator is selected as the input variable, and one as the output 

variable. A “cut” is made along the distribution of the input variable. The mean on the output 

variable is calculated for the group of participants falling below this cut and for the group falling 

above this cut. The difference between these means is calculated and plotted on a graph. As 

successive cuts are made along the input variable and differences in means on the output variable 

are calculated and plotted, a curve is generated. When the latent structure is taxonic the curve 

resembles an inverted U-shape, while dimensional latent structures yield U-shaped curves.  

 The MAMBAC analysis was conducted in the same manner for the research data and the 

simulated datasets. One hundred taxonic and 100 dimensional datasets were generated with an 

average sample size of 100,000 cases. All seven subscales of the EDS-R were used in each 
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analysis, with each subscale serving once as the input indicator. Based upon research supporting 

the use of composite indicators in MAMBAC analyses, the output indicator consisted of a 

composite of the remaining subscales (Ruscio et al., 2006; Walters & Ruscio, 2009). Each 

analysis was conducted using fifty evenly spaced cuts along each input indicator, beginning and 

ending 25 cases from each extreme. The results from the simulated datasets were averaged and 

are presented in Figure 1. The graphs contain lines representing +/- 1 standard deviation from the 

averaged taxonic or dimensional curve, respectively. The averaged curve of the research data 

also is presented on each graph, and is represented by a bold, dotted line. This curve was 

generated by analyzing the research data ten times and averaging the results. Replications are 

conducted to take into account sampling error that may occur when cuts are made between 

equally scoring cases along the input indicator (Ruscio, et al., 2006). The average curves by 

subscale are presented in Figure 2. 

 

 

 

 

 

 

 

 

 

Figure 1. MAMBAC Analysis. This figure illustrates the results of the MAMBAC analysis. 

The averaged curve of the research data is superimposed over lines representing +/- 1 SD from 

the averaged curve of the taxonic and dimensional comparison data. 

 

 

Visual inspection of the graphs of the simulation data shows the taxonic and dimensional 

curves to be distinct, indicating that this taxometric analysis is suitable for use in detecting the 

latent structure of exercise dependence. The graphs also visually demonstrate that the research 

data is a closer fit to the graphs produced by the dimensional simulated data. The CCFI (0.274) 

supports the conclusion that the latent structure of exercise dependence is dimensional in nature. 

Base rates were estimated for each curve that was generated by the research data and ranged 

from .45 to .71 (M= .56, SD= .08). 
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 As a final consistency check each of the seven curves generated by the research data was 

visually inspected by two upper-level graduate student raters independent of one another. Neither 

student had previous experience with taxometric analyses. Prior to examining the data the 

students were trained on distinguishing taxonic from dimensional curves using curves produced 

by Monte Carlo simulations (Ruscio et al., 2006). Six of the seven curves generated by the 

research data were rated as dimensional (85.7%) and one curve (14.3%) was rated as ambiguous. 

Agreement between raters was 100%. No curves were rated as taxonic. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. MAMBAC curves.  
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The second taxometric analysis that was conducted was Maximum Eigenvalue 

(MAXEIG; Meehl & Yonce, 1996). For this analysis overlapping intervals are created along the 

distribution of an input variable. Within each interval eigenvalues are calculated for the output 

variables and are plotted on a graph (Waller & Meehl, 1998). Each indicator is used once as the 

input indicator while all other indicators serve as the output indicators. When latent structures are 

taxonic a curve is created, while a line is created when latent structures are dimensional.  

 The MAXEIG analysis was conducted in the same manner for the research data and the 

simulation data. One hundred taxonic and 100 dimensional simulation datasets were generated 

with an average sample size of 100,000 cases. All seven subscales were used in each analysis. 

Each subscale was used once as the input indicator while all others were used as the output 

indicators. A composite output indicator was not used in this analysis because doing so has not 

been demonstrated to increase the interpretability of curves (Walters & Ruscio, 2009). For each 

analysis 25 overlapping intervals with 90% overlap were created along the distribution of the 

input indicator, yielding 170 cases per window. The results of the analysis of the simulated 

datasets were averaged and are presented in Figure 3 in the same format as the results from the 

MAMBAC analysis.  

 

 

 

 

 

 

 

 

 

 

 

Figure 3. MAXEIG Analysis. This figure illustrates the results of the MAXEIG analysis. The 

averaged curve of the research data is superimposed over lines representing +/- 1 SD from the 

averaged curve of the taxonic and dimensional comparison data. 
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The averaged curve of the research data also is presented on each graph, and is represented 

by a bold, dotted line. This curve was generated by replicating the analysis of the research data 

ten times and averaging the results. The average curves by subscale are presented in Figure 4. As 

can be seen in Figure 3, the taxonic and dimensional curves generated by the simulation datasets 

are distinct, indicating that this analysis is suitable for detecting a latent taxon. As was found in 

the MAMBAC analysis, the research data is a closer fit for the dimensional curves. The CCFI 

(0.150) also indicated a dimensional latent structure. Base rates for the curves generated by this 

analysis ranged from .30 – .71 (M= .51, SD= .17). All seven curves generated by the research 

data were rated by the same independent raters as previously. Six curves were rated as 

dimensional (85.7%) and one curve was rated as ambiguous (14.3%). No curves were rated as 

taxonic, and rater agreement was 100%.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. MAXEIG curves. 
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 Based upon results indicating a dimensional latent structure, the total score of the EDS-R was 

used continuously to examine the relationships between exercise dependence and the external 

validators. Correlations were examined between the EDS-R and the SDS, K10, and PCI (Table 

2). All correlations were significant, with perfectionistic thought showing the strongest 

correlation (r = .44, p< .01), followed by distress (r = .32, p< .01) and impairment (r = .21, p< 

.01). As a check against the influence of disordered eating symptoms, a hierarchical multiple 

regression was conducted. The EDS-R total score was entered as the dependent variable, the 

EAT total score was entered in the first step, and the SDS, K10, and PCI total scores were 

entered in the second step. When disordered eating symptoms were controlled for the 

relationships between the EDS-R and each external validator remained significant (R square 

change= .174, p< .01, Table 6).  

 

 

Table 6 

Multiple Hierarchical Regression, Controlling for EAT Score (N= 577) 

 ∆R
2
 β B Standard 

Error 

Significance 

Step 1 .073      .001 

   EAT total  .150  .565 .143 .001 

Step 2 .174    .001 

   SDS total  .142 .407 .105 .001 

   K10 total  .105 .323 .130 .013 

   PCI total  .326 .268 .035 .001 
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The definition and true nature of exercise dependence has been debated since the first case 

studies of exercise “addicts” were published (Little, 1969). Exercise dependence has been 

described as a symptom of an eating disorder (e.g., Bamber et al., 2000), a variant of obsessive-

compulsive disorder (e.g., Yates, 1991), and a type of dependence disorder (Allegre et al., 2006). 

Evidence most strongly supports the conceptualization of exercise dependence as a dependence 

disorder, and several researchers have developed dependence disorder-based diagnostic criteria 

to identify exercise dependent individuals (e.g., Veale, 1995; Hausenblas & Downs, 2002b). The 

development of these criteria and the use of measures that categorize respondents based upon 

symptom severity assumes a categorical latent structure; however, prior to the current study the 

latent structure of exercise dependence was unknown. The primary goal of the current study was 

to provide evidence of the latent structure of exercise dependence to increase understanding 

about and inform future research of this construct. 

�(������$���!�"��!������ �!"����	�#�$��$"�  

The results of this study consistently supported the conceptualization of exercise 

dependence as the extreme end of a continuum that includes all exercise behavior. Across two 

distinct taxometric analyses a dimensional latent structure was indicated through subjective 

visual inspection of curves and objective curve fit evaluation. The most compelling evidence 

regarding the latent structure of exercise dependence was the CCFI value of each analysis. These 

values indicate how similar a curve generated by the research data is to the average curve 

generated by the analysis of simulated datasets that have taxonic or dimensional latent structures. 

A CCFI value of zero indicates a perfect fit to the average curve produced by dimensional 

simulated datasets, while a CCFI value of one indicates a perfect fit to the average curve 

generated by simulated taxonic datasets. The CCFI value of the MAMBAC analysis was 0.274 

and for the MAXEIG analysis was 0.150, both of which are strongly indicative of a dimensional 

latent structure. The subjective evaluation of individual curves also supported a dimensional 

latent structure. Two independent raters examined each curve produced by the MAMBAC and 

the MAXEIG analyses of the research data. They rated 12 of the 14 curves as dimensional, with 

100% agreement. One curve from each analysis was described by each rater as ambiguous, and 
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no curves were rated as taxonic. Based upon the CCFI values and the subjective rating of curves 

it can be concluded with a high level of confidence that the underlying latent structure of 

exercise dependence is dimensional. 

These results can be used to directly impact the accuracy by which exercise dependence 

is measured. The current literature on exercise dependence is disjointed and chaotic because of 

the tendency to rely on widely varying definitions and operationalizations of exercise 

dependence. Some researchers assign subjects to categories based upon cut scores (e.g., Hagan & 

Hausenblas, 2003), while others examine scores continuously (e.g., Cook & Hausenblas, 2008). 

Many researchers rely on rating instruments of varying validity to assess exercise dependence 

(e.g., Allegre et al., 2006), while others define exercise dependence based solely on exercise 

duration and frequency (e.g., Rosa, de Mello, Negrao, & De Souza-Formigoni, 2004). This 

variation in research methodology makes comparing results across studies nearly impossible, and 

hinders the field in moving forward. The results of the current study can promote two common 

ways to examine exercise dependence in future studies. The strong evidence supporting an 

underlying dimensional latent structure suggests discontinuing the often arbitrary assignment of 

subjects to categories (e.g., Gulker et al., 2001), and instead promotes dimensional examination 

of this construct. Furthermore, evidence supporting the valid use of the EDS-R subscales to 

identify exercise dependence encourages future use of this and other dependence-based measures 

and discourages use of less constructurally valid measures. The authors of the EDS-R conducted 

a substantial amount of research to test the validity of their scale, focusing particularly on 

construct validity (e.g., Hausenblas & Downs, 2002b). Though they did not address external 

validity in their studies, results from the current study support the use of the EDS-R across 

exercisers. Included in the current sample were exercisers of varying age, sex, race, ethnicity, 

geographical region, exercise frequency, and exercise modality. Even in this diverse sample the 

subscales of the EDS-R consistently were shown to be valid indicators of exercise dependence. 

Thus, in addition to having high construct validity the EDS-R also shows high external validity. 

Increased use of validated measures such as the EDS-R and use of a common method of 

measurement will lead to a more organized field, and a more accurate understanding of exercise 

dependence and its relationships with other constructs. 

�$��"���!������ �!"����	�#�$��$"���



30 

 

The hypothesis that the EDS-R subscales would be valid indicators of the latent structure 

of exercise dependence was supported by the results of both taxometric analyses. Nuisance 

covariance was at a minimum among the indicators, and the average indicator validity was above 

the recommended minimum (Cohen’s d= 1.34). Furthermore, the graphs produced by the 

simulated taxonic and dimensional datasets demonstrated the ability of the indicators to produce 

graphs that clearly distinguished taxonic from dimensional latent structures. This evidence shows 

that were there a taxonic latent structure underlying exercise dependence use of these indicators 

in this data sample would be sufficient to detect it. Obtaining a dimensional result, therefore, is 

not likely to be due to data or indicator selection issues, and instead is suggestive of the actual 

latent structure of exercise dependence.  

Individually, each indicator produced a clearly dimensional graph in the MAMBAC and 

MAXEIG analyses. The exception to this was indicator four, lack of control. In both analyses 

this indicator produced ambiguous graphs that did not look clearly dimensional or taxonic. This 

indicator had the lowest mean subscale score (M= 7.56, SD 3.24), and evidenced some nuisance 

covariance with indicator seven, intention effects. However, it evidenced strong indicator 

validity (MAMBAC Cohen’s d= 1.65, MAXEIG Cohen’s d= 1.63). The poorly defined graphs 

produced by this indicator might suggest that higher validity is necessary for this indicator to 

produce unambiguous graphs, even though the obtained indicator validity was above the 

recommended minimum of d= 1.25 (Meehl, 1995; Ruscio et al., 2006). Alternatively, lack of 

control may be one aspect of the dependence disorder criteria that does not translate well to a 

behavioral addiction of this nature. Because exercise generally is viewed as a positive, healthy 

activity, intentional efforts to cut down may be so rare that it is not a defining feature of the 

disorder in the same way that the other indicators are.  

Overall successful use of the EDS-R subscales to identify the latent structure of exercise 

dependence provides further support for the conceptualization of exercise dependence as a 

dependence disorder, because the EDS-R is based on the substance dependence criteria of the 

DSM-IV-TR (2000). These results provide strong evidence that a behavior-based dependency 

can validly be assessed using the substance dependence disorder criteria. Valid use of these 

criteria in turn suggests that this behavior-based dependency can be categorized with substance 

dependencies in future versions of the DSM, suggesting an overall broadening of the dependence 

disorder diagnostic category. The addiction literature provides consistent support for the 
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inclusion of behavior-based addictions in the diagnostic category of dependence disorders 

(Donovan et al., 2005; Marks, 1990; Westphal, 2007); however, this is not yet reflected in the 

current DSM (DSM-IV-TR, 2000). The results of the current study add to this body of research 

supporting a broadening of the definition of dependence disorders in the DSM, though additional 

studies are necessary to determine whether these criteria will provide valid assessment of other 

behavior-based dependencies.  

� ��!$�'�=�'������$�

A secondary goal of the current study was to provide evidence that exercise dependence 

is associated with increased psychopathology. The results of the hierarchical regression analysis 

demonstrated that exercise dependence symptoms are associated with symptoms of impairment, 

distress, and automatic perfectionistic thought, independent of eating disorder symptoms. The 

association of increased pathology with increased exercise dependence symptomatology 

indicates that symptoms of exercise dependence are pathological in nature and represent harmful 

abnormal behavior. It was important to show this association because it must be demonstrated 

prior the inclusion of exercise dependence in any diagnostic system that exercise dependence 

symptoms are in fact maladaptive and harmful. This follows the convention used in the DSM-

IV-TR (2000) to differentiate abnormal from normal behavior; behavior must cause either 

significant impairment or distress to be considered for any diagnosis. 

Evidence supporting the association of impairment, distress, and maladaptive 

perfectionistic thought with exercise dependence symptoms suggests that treatment of 

individuals with these symptoms is warranted, especially in severe cases where personal health 

and well-being is in jeopardy. However, identification of a cutoff point for prescribing treatment 

is complicated by the dimensional latent structure of exercise dependence that was indicated by 

the current study. Using cut scores such those indicated by the EDS-R, which is based upon the 

DSM-IV-TR (2000) cut score for substance dependence, would exclude from treatment those 

who fall just below the artificial cut point, and who may be just as or more severely impaired 

than those who fall just above the cut point. Furthermore, the cut score for “at-risk” exercisers 

based upon the DSM-IV-TR diagnostic system may be excessively stringent, given that the 

estimated base rate in each taxometric analysis implies a much higher base rate of exercise 

dependence than what was indicated in the current sample by the EDS-R. This evidence in 

conjunction with the dimensional latent structure suggests that diagnosis and treatment may be 
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best approached by basing need for treatment on individual levels of symptoms, distress, and 

impairment. Some exercisers may experience higher distress and impairment at lower symptom 

levels, requiring treatment when others would not. A dimensional structure lends itself well to 

individualized treatment of this nature, especially in light of the low base rate of exercisers 

seeking treatment for their symptoms (Bamber et al., 2000). 

��&������$���$������!��	�!�"���$��

A limitation of the current study is the use of a self-report measure. Accurate self-report 

is heavily dependent upon insight, and there is reason to believe that insight into problematic 

exercise patterns may be even lower than for other problematic behaviors (e.g., Morgan, 1979). 

A possible reason for this is the nearly exclusive view that exercise is positive, regardless of 

amount of associated impairment (e.g., Glasser, 1976). Thus, there may have been significant 

under-reporting of the problematic aspects of exercise behaviors. Under-reporting could account 

for the low level of reported social impairment in the current study. Future studies could increase 

the validity of reported exercise behaviors and associated psychopathology by conducting semi-

structured clinical interviews. Clinical interviews with individuals would ensure that subjects 

understood what information was being asked of them, and interviewers could use follow-up 

questions to elucidate the actual extent of impairment and distress.  

Other future studies could focus on the relationship between exercise dependence and 

disordered eating symptoms. Some have argued that exercise dependence does not exist as a 

distinct disorder because it does not cause psychopathology; rather, the psychopathology that 

does occur is argued to be a result of eating disorder symptomatology (Bamber et al., 2003). The 

results of the current study do not support this argument, and instead support the pathological 

nature of exercise dependence, independent of eating disorder symptomatology. However, a not 

insignificant portion of respondents to the survey had elevated EAT scores (15.3%), and this 

group evidenced significantly higher means on all study measures compared to the group with 

EAT scores in the normal range, including the EDS-R total score (M= 76.51 versus M= 68.11). 

These associations may merely be artifacts of increased psychopathology; those with elevated 

EAT and EDS-R scores would be expected to experience high levels of impairment, distress, and 

perfectionism. However, with such a high proportion of exercisers evidencing elevated EAT 

scores and a large proportion of those with elevated EAT scores evidencing higher EDS-R 
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scores, these relationships will be important to explore further, as they may shed more light on 

the nature of both exercise dependence and disordered eating.  

 

��$"'����$�

Exercise dependence symptoms were assessed in a sample of community exercisers using 

a measure that is based on the substance dependence criteria of the DSM-IV-TR (2000). Two 

taxometric analyses utilizing the subscales of this measure revealed with a high degree of 

certainty that the latent structure of exercise dependence is dimensional in nature. Furthermore, 

in this sample it was found that symptoms of exercise dependence are positively associated with 

symptoms of psychopathology, including distress, impairment, and automatic perfectionistic 

thought. The results of this study support the conceptualization of exercise dependence as a 

behavior-based dependence disorder that warrants individualized treatment for exercisers 

adversely affected by the symptoms. These results also provide clear evidence that restriction of 

the dependence disorders to substance-based addictions is not reflective of the diverse 

manifestation of dependence disorders. Furthermore, the current category-based diagnostic 

system is not an accurate representation of dependence disorders across the board. At the time of 

this writing this is at least the third study producing results indicating that the latent structure of a 

dependence disorder is dimensional (e.g., Denson & Earleywine, 2006; Walters, Diamond, & 

Magaletta, 2010). These studies highlight the need for a re-examination of the diagnostic system 

to increase the accuracy of the identification and diagnosis of psychological disorders. Future 

studies of this kind, using taxometric methods to examine the latent structure of psychological 

disorders, can provide invaluable information to stimulate and support this undertaking. 
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research protocol for the above-referenced project has been reviewed and approved. 

 

Please be reminded that if the project has not been completed by 3/17/2010, you must request 

renewed approval for continuation of the project. 

 

By copy of this memorandum, the chairman 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 IRB00000446. 

 

Cc: Joyce Carbonell, Advisor 

HSC No. 2009.3241  
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This survey is part of a research project conducted by a graduate student at Florida State 

University. The purpose of this project is to examine people's typical exercise and eating 

behaviors. 

  

This survey is expected to take approximately 5-10 minutes. 

 

This survey is completely anonymous and there are no expected risks associated with the 

completion of this survey. Should you have any questions or concerns please feel free to contact 

the principal investigator, whose information appears below and on the last page of the survey. 

 

If you have questions about your rights as a participant in this research you may contact the 

Chair of the Human Subjects Committee, Institutional Review Board, through the Office of the 

Vice President for Research at (850) 644-8633. 

 

Principal Investigator: 

Erika North 

north@psy.fsu.edu 

 

Joyce Carbonell 

(850) 644-1042 

carbonel@psy.fsu.edu 
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