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Abstract

Objective: Although maladaptive exercise (ME) is widely recognized as a clinical feature in 

transdiagnostic eating disorders, less is known about psychosocial factors that give rise to and 

perpetuate this behavior. This systematic review aimed to examine the empirical status of this 

association.

Method: We reviewed 46 full text articles examining longitudinal associations between 

psychosocial variables and ME.

Results: Eighteen studies met full inclusion criteria. Based on our qualitative synthesis, evidence 

suggests reasonably consistent associations between early concern with weight and shape, and 

negative affect on later development of ME.
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Discussion: Inconsistent and insufficient assessment of ME across a majority of studies 

underscores caution in interpretation of results, but guides important discussion for future clinical 

and research efforts.

Resumen
Aunque el ejercicio desadaptativo (ME, por sus siglas en inglés) es ampliamente reconocido como 

una característica clínica en el transdiagnóstico de los trastornos alimentarios, se sabe menos 

acerca de los factores psicosociales que dan lugar a este comportamiento y lo perpetúan. Esta 

revisión sistemática tuvo como objetivo examinar el estado empírico de esta asociación.

Revisamos cuarenta y seis artículos de texto completo que examinaban las asociaciones 

longitudinales entre las variables psicosociales y el ME.

Dieciocho estudios cumplieron todos los criterios de inclusión. Con base en nuestra síntesis 

cualitativa, la evidencia sugiere asociaciones razonablemente consistentes entre la preocupación 

temprana por el peso y la forma, y el afecto negativo sobre el desarrollo posterior de ME.

La evaluación inconsistente e insuficiente del ME en la mayoría de los estudios subraya la cautela 

en la interpretación de los resultados, pero guía una discusión importante para futuros esfuerzos 

clínicos y de investigación.

Keywords

compulsive exercise; eating disorder; exercise; maladaptive exercise

1 ∣ INTRODUCTION

Eating disorders (EDs) are pernicious psychiatric illnesses that are associated with increased 

mortality and high treatment costs (Van Hoeken & Hoek, 2020), and significant global 

disease burden (Erskine, Whiteford, & Pike, 2016). At best, ED treatments for anorexia 

nervosa (AN) and bulimia nervosa (BN) in adolescents achieve full remission in only about 

40% of cases who complete treatment (Lock & Le Grange, 2018), and effective treatments 

for adults with AN remain limited (Bulik, Berkman, Brownley, Sedway, & Lohr, 2007; 

Frank & Shott, 2016). Improving treatment outcome for a majority of patients with EDs 

depends on clarifying the etiology of key symptoms that maintain these life-interrupting 

disorders.

Maladaptive exercise (ME) is a hallmark ED-related behavior reported in up to 80% of 

those with AN (Dalle Grave, Calugi, & Marchesini, 2008), 73% of those with atypical 

AN (Sawyer, Whitelaw, Le Grange, Yeo, & Hughes, 2016), and 40% of those with BN 

(Shroff et al., 2006). A widely accepted definition of ME has yet to be harmonized across 

the literature, but a type of ME commonly identified among patients with EDs is referred 

to as “compulsive” (Adkins & Keel, 2005). Building on this construct, several criteria 

have been proposed that capture the compulsive nature of some ME (Dittmer, Jacobi, 

& Voderholzer, 2018), and a recent review of the assessment of exercise in ED patients 

(Harris, Hay, & Touyz, 2020) concluded that component characteristics across definitions 

of ME overlapped most closely with the American Psychiatric Association's account of 

compulsivity, defined by “repetitive behaviors that the person feels driven to perform” that 
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are “aimed at preventing or reducing distress” (APA, 2013). This exercise behavior may 

be excessive with regards to intensity, duration, and frequency (Solenberger, 2001), and 

individuals with ME may feel compelled to engage in physical activity to control weight or 

shape; to prevent or reduce negative affect; or to avoid adverse health effects of a sedentary 

lifestyle (Dittmer et al., 2018). Furthermore, individuals with EDs often engage in ME 

despite pain or injury, or significant adverse medical, psychological, social, or occupational 

consequences (Noetel, Dawson, Hay, & Touyz, 2017). Although ME has been assessed 

with considerable variability across the ED literature (Rizk, Lalanne, Berthoz, Kern, & 

Godart, 2015), this behavior pattern consistently marks increased risk for suicidal behavior 

(Smith et al., 2013), poorer treatment outcomes (Dalle Grave et al., 2008; Solenberger, 

2001), increased ED and related psychopathology (Brewerton, Stellefson, Hibbs, Hodges, 

& Cochrane, 1995; Davis & Kaptein, 2006; Holtkamp, Hebebrand, & Herpertz-Dahlmann, 

2004; Shroff et al., 2006), and ED relapse (Steinhausen, Grigoroiu-Serbanescu, Boyadjieva, 

Neumärker, & Winkler Metzke, 2008). The elevated prevalence and negative sequelae 

associated with this behavior suggest that a better understanding of ME onset in the context 

of EDs is critical to delineating factors that contribute to, and maintain this behavior. 

Identification of these precipitating factors may then be used to inform intervention targets 

and contribute to improved clinical outcomes. While complete cessation of exercise is 

typically recommended in the face of medical acuity, a historically cautionary approach to 

exercise among patients with restrictive EDs has inadvertently contributed to a lack of focus 

on ME, both in empirical ED intervention and research in this domain (Cook et al., 2016).

More recently, ME has received increased focus in ED research, including attempts to target 

the compulsive nature of this behavior (Dittmer et al., 2020). A restless urge to move 

among some patients with AN is thought to reflect involuntary neurobiological processes, 

secondary to weight loss (Casper, 2006, 2018). ME may also be conceptualized as a 

cognitively and/or emotionally motivated behavior, related to weight and shape concerns 

(Meyer, Taranis, Goodwin, & Haycraft, 2011), and driven by primary and/or secondary 

reward processing (Bamber, Cockerill, Rodgers, & Carroll, 2003; Cunningham, Pearman, & 

Brewerton, 2016). ME has been characterized independently of psychological processes in 

a rodent model of activity-based anorexia (ABA) (Epling & Pierce, 1989), which supports 

a link between increased activity and subsequent food restriction. In humans, evidence also 

supports a positive genetic correlation between AN and measured physical activity (Watson 

et al., 2019). Across both animal and human research, ME may thus be characterized by an 

intersection of involuntary and voluntary behavior patterns.

Historically, ME was characterized by its excessive nature (Davis & Fox, 1993), whereas 

more recent research supports the notion that motivation for exercise (e.g., weight control; 

regulating negative affect) is more problematic than simply the frequency or duration of 

activity (Adkins & Keel, 2005; Meyer et al., 2011; Mond & Calogero, 2009; Seigel & 

Hetta, 2001). Specifically, detrimental associations with exercise (e.g., lower remission rates 

in ED treatment; Monell, Levallius, Forsén Mantilla, et al., 2018) exist in ED samples, 

despite research that suggests exercise dependence, not exercise behavior, mediates the 

relationship between exercise and eating pathology (Cook, Hausenblas, Crosby, Cao, & 

Wonderlich, 2015). Therefore, given that psychological motivation for exercise within ED 

populations (e.g., Hausenblas & Downs, 2002a), rather than exercise behavior itself (i.e., 
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exercise frequency, duration, type, and intensity), may be the pivotal component to impact 

clinical outcomes within ED populations (e.g., Young et al., 2018), it is critical to consider 

ME not alone, but within the context of eating pathology.

Conceptualizations of ME have been formalized with various psychosocial models that 

draw upon principles of positive and negative reinforcement to explain the maintenance 

of this behavior (Hausenblas & Downs, 2002b; Meyer et al., 2011). Two of the most 

prominent psychosocial models of ME (i.e., characterizing this behavior either as “exercise 

dependence” (Hausenblas & Downs, 2002a) or as “compulsive exercise” [Meyer et al., 

2011]) agree on momentary affect regulation as the main psychological outcome of exercise 

behavior in the context of EDs. As such, an overarching theory of ME that is rooted in 

affect-regulation aligns well with etiological models that conceptualize ED behaviors more 

broadly as maladaptive attempts to regulate negative affect induced by ED-specific events 

and cognitions (Haynos & Fruzzetti, 2011). In alignment with reinforcement theory, the 

potential short-term affect-regulation effects of ED behaviors such as ME (i.e., decrease in 

negative affect, increase in positive affect) can be considered the primary motivators (and 

maintenance mechanisms) for maladaptive behavior (Swerdlow, Pearlstein, Sandel, Mauss, 

& Johnson, 2020).

Even within this affect-regulation framework, as a field, we remain without consensus 

regarding for whom, why, and how ME may arise and be maintained in the context of 

eating pathology. One barrier to consensus has been the considerable number of terms 

used to define the construct of ME, which vary in both the degree to which they quantify 

exercise (i.e., excessive nature) or in their qualitative nature (i.e., motivation for engaging 

in exercise behavior). Some of these constructs include “compulsive” (Meyer et al., 2011); 

“exercise dependence” (Hausenblas & Downs, 2002b); “obligatory” (Pritchard & Beaver, 

2012), “addictive” (Adams & Kirkby, 2002), and “driven” (Stiles-Shields et al., 2015), 

among others. ME has also been defined as either a primary disorder (functioning to reduce 

negative affect) or a secondary symptom of an ED (functioning to control weight and shape) 

(Bamber et al., 2003), and research distinguishing these forms of problematic exercise 

typically qualifies primary pathological exercise as addictive and secondary pathological 

exercise as compulsive (Cunningham et al., 2016). Recent cross-sectional research suggests 

that those with ME and ED pathology experience greater levels of both the addictive 

and compulsive qualities of exercise than individuals without EDs (Cook et al., 2013; 

Cunningham et al., 2016). In acknowledgement of these myriad terms and their respective 

theoretical underpinnings, a decision was made among the authors for the current review 

to refer to this behavior broadly as ME. Of note, given the lack of consensus on an 

operational definition of exercise behavior across the ED literature, it is possible that our use 

of the term “ME” here may in fact capture several different but related constructs. Further, 

understanding ME in the context of eating pathology has been limited by nearly exclusive 

use of self-report methodology within cross-sectional designs. While numerous studies have 

characterized individuals who experience concurrent eating and exercise pathology (e.g., 

Dalle Grave et al., 2008; Mond & Calogero, 2009; Schaal et al., 2011), a paucity of studies 

that employ longitudinal analyses has limited our ability to evaluate the temporal nature of 

ME onset within EDs.
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Given associations between ME and poorer prognosis (e.g., Monell et al., 2018; Solenberger, 

2001), there has been a recent upsurge in the number of treatment interventions for exercise 

behavior in EDs (e.g., Dittmer et al., 2020; Hay et al., 2018). However, to date, targeting ME 

in ED treatment has been limited by lack of consensus in a “best practices” approach (e.g., 

Cook & Leininger, 2017; Danielsen, Rø, & Bjørnelv, 2018; Quesnel et al., 2018), suggesting 

that a better understanding of psychological factors that contribute to, and maintain ME, 

are indicated and necessary to guide future research and intervention efforts for ME in the 

context of EDs. Towards this end, increased experimental study of ME may lend support 

for specific affect-regulatory mechanisms that contribute to ME in the context of eating 

pathology, and ultimately lead to a more comprehensive model of this behavior (Kolar 

& Gorrell, 2020). To date, models of ME (e.g., “compulsive” exercise) propose several 

domains of psychosocial variables that are posited to contribute to ME including, but not 

limited to, weight and shape concerns, negative affect (and its regulation), compulsivity, 

rigidity and perfectionism (Meyer et al., 2011).

Accordingly, our primary aim with this study was to provide a systematic review of 

psychosocial variables that are longitudinally associated with ME in the context of EDs. 

In addition, we strove to a) determine, where possible, limitations of the current literature 

base, and b) provide commentary on important future lines of scientific inquiry.

2 ∣ METHODS

2.1 ∣ Data sources and search strategy

This review was registered on the International Prospective Register of Ongoing Systematic 

Reviews (PROSPERO; Booth et al., 2012) and conducted in accordance with the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Moher 

et al., 2009). The primary search strategy involved six online databases: PubMed, 

PsycINFO, MEDLINE, Web of Science, Scopus, and SPORTDiscus, and was not restricted 

to a given timeframe. Unpublished studies were solicited through targeted inquiry (e.g., 

ED-specific listserv and private communication) but none were provided. Search parameters 

with key terms (e.g., “eating disorders” AND “compulsive exercise”) are presented in 

Supporting Information.

2.2 ∣ Eligibility criteria

Articles were screened at two stages based first on title and abstract, and then on full text. 

To be included in the review, articles were required to have met the following criteria: (i) 

sufficient data from at least two time points (i.e., longitudinal or prospective study design); 

(ii) valid assessment of ME, and assessment of eating pathology. Articles were excluded if 

they (i) only collected data through an objective measure of exercise (e.g., accelerometer 

derived step-counts) without a secondary qualifying feature (e.g., motivation for activity); 

(ii) were interventions designed to target and reduce ME; (iii) were in languages other 

than English; or (iv) were published abstracts, reviews, book chapters, editorials and 

commentaries.
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2.3 ∣ Study selection and data abstraction

Two research team members (REF/SG) conducted independent dual review of study titles 

and abstracts. Studies were considered for full-text review if they met the predefined 

eligibility inclusion and exclusion criteria; a study was excluded at this stage if both 

reviewers agreed that it did not meet eligibility criteria. If reviewers did not agree on 

inclusion, they resolved the disagreement through discussion or with help of a third author. 

Papers meeting criteria for full-text review were read in their entirety by two authors 

(REF/SG) who abstracted information on study characteristics, methods, and results (Table 

1); each researcher’s findings were independently checked by the other.

2.4 ∣ Data synthesis

All but one study eligible for inclusion in the review used a design in which a designated 

variable of interest was entered into an analytic model as an independent variable at Time 1 

(T1) to predict the dependent variable of ME at Time 2 (T2). As an exception to this format, 

one study examined bidirectional covariation between eating pathology and ME among 

elementary school youth (Davis et al., 2018). As predictors emerged during the course of 

data abstraction, they were individually classed into common themes by two authors (REF/

SG), with any differences in themes resolved by discussion across all authors. Statistical 

significance was relied upon to determine reported associations between predictor variables 

and ME, and effect sizes were considered when available.

2.5 ∣ Quality rating

To critically appraise the quality of evidence provided by the included studies, we used 

the Quality Assessment Tool for Quantitative Studies (QATQS) developed by the Effective 

Public Health Practice Project (Thomas, Ciliska, Dobbins, & Micucci, 2004). Similar to 

study selection and data abstraction, two authors (REF/SG) conducted an independent dual 

review using the QATQS, and resolved discrepancies through discussion or consultation 

with a third author. A rating of strong, moderate, or weak was assigned for each of 

six domains: (1) selection bias, (2) study design, (3) confounders, (4) blinding, (5) data 

collection methods, and (6) withdrawals and dropouts. A global quality rating was then 

made according to the ratings from the six domains based on a scoring system recommended 

by Thomas et al. (2004); a strong global rating was made for studies that did not receive 

any weak ratings for each of the six domains. A moderate rating was made for studies that 

only received one weak rating across the six domains. A weak rating was made when a study 

received ≥ two weak ratings across the six domains. Consistent with previous reviews that 

have used the QATQS (Godfrey, Gallo, & Afari, 2015; Linardon, Gleeson, Yap, Murphy, & 

Brennan, 2019), we did not exclude any studies based on their quality rating. Full details of 

our quality assessment procedure are available in Supporting Information.

3 ∣ RESULTS

3.1 ∣ Characteristics of included studies

Titles and abstracts of 2,789 papers were scanned and full texts of 46 identified articles 

were reviewed (see Figure 1 for a PRISMA diagram flow of the literature search process). 
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Based on our inclusion and exclusion criteria, final review included 18 publications (Table 

1). Eligible studies (N = 18) included youth or adolescent populations (n = 11); college or 

transition age youth populations (n = 6); and adult populations (n = 1). Studies represented 

populations from Australia (n = 5), Italy (n = 1), United Kingdom (n = 6), and the United 

States (n = 6). Nine studies did not report on socioeconomic status; some reported on 

parental education as a proxy for socioeconomic status, with a majority of studies reporting 

varied income levels across participants. Five studies did not report on race or ethnicity; 

across all studies that did report on race/ethnic identification, a majority of participants were 

White. Available study details are presented in Table 1.

3.2 ∣ Key findings

Only one study examined bidirectional relations between eating behavior and ME (Davis 

et al., 2018). Although the researchers additionally examined purging and binge-eating 

behavior, significant effects in a cross-lagged model were only evidenced for T1 fasting, 

which predicted T2 ME, and T1 ME, which predicted T2 fasting; the duration of time in 

this bidirectional association was 6 months. Of note, in this study, ME demonstrated a linear 

decline over the 5 study years (with assessments over nine time points), and overall findings 

were invariant across gender.

Below, further results are organized according to the type of psychosocial variable that was 

assessed for its unidirectional association with ME. Patterns emerged across the literature, 

which we summarize below in light of their strength of evidence as assessed by the QATQS 

ratings. Specifically, findings from variables investigated in multiple studies with strong to 

moderate quality of evidence ratings (i.e., weight and shape concerns; thinness and eating 

expectancies; affect; and obsessive–compulsive [OC] traits) are highlighted in Table 2 and in 

the text. Variables represented by only one study with strong-moderate quality of evidence 

rating are also briefly described in the text. A majority of work defined ME based on its 

presence v. absence, according to a definition determined by the respective authors; we note 

exceptions to this approach when relevant.

3.2.1 ∣ Weight and shape—Elevated body dissatisfaction and self-objectification 

predicted ME among college men (Dakanalis et al., 2016), with similar findings among 

adolescent girls (McCabe & Ricciardelli, 2004, 2006), but not among boys (McCabe & 

Ricciardelli, 2004, 2006, 2009). Distinct from body dissatisfaction, body importance (i.e., 

the degree to which body weight and shape reportedly impact self-identity and/or mood) 

predicted ME for both adolescent girls and boys (McCabe & Ricciardelli, 2006, 2009). 

Given further evidence of associations between strategies to increase muscularity and ME 

for some boys, and for girls who reported a focus on athletics (McCabe & Ricciardelli, 

2006), it seems plausible that future research might benefit from assessing a broader 

and more comprehensive definition of body dissatisfaction and/or body importance when 

investigating factors that may increase risk for ME, across gender identity, and athletic 

status.

Of these studies, one qualified ME as those who “engaged in more intense exercise” 

(regardless of duration/frequency of exercise) “specifically to counteract the effects of 
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overeating” (Dakanalis et al., 2016), whereas the three other studies assessed ME as a form 

of “exercise dependence” (McCabe & Ricciardelli, 2004, 2006, 2009).

3.2.2 ∣ Thinness and eating expectancies—In middle school boys and girls, greater 

thinness expectancies and eating expectancies were linked with the presence of ME (Davis 

et al., 2016a, 2016b). Despite some indication among college women that both athletic 

and thin-ideal internalization may impact ME, neither evidenced a significant unique 

contribution to ME when tested in one model (Homan, 2010). Although the directionality 

of these findings suggests positive associations with ME, the group of studies defined ME 

differently, with the former two studies defining ME by report of exercise as related to 

weight and shape (e.g., “a way to control your weight or because you ate a lot”) (Davis et 

al., 2016a, 2016b), whereas the latter study defining ME by guilt or depression associated 

with missed exercise (e.g., “When I miss a scheduled exercise session, I may feel tense, 

irritable, or depressed”) (Homan, 2010).

3.2.3 ∣ Affect—Depressive symptoms or negative affect showed direct positive 

associations with ME in middle school boys (Davis et al., 2016a), middle school girls (Davis 

et al., 2016b), adolescent boys and girls (McCabe & Ricciardelli, 2009), late adolescent boys 

(Allen et al., 2013), and college men (Dakanalis et al., 2016). As a slight departure, one 

study found a negative effect of positive mood on ME for adolescent boys and girls, and 

a negative effect of depression on ME for adolescent girls, but not for boys (McCabe & 

Ricciardelli, 2006). Goodwin et al. (2014c) investigated the impact of different emotion 

regulation styles on the development of ME. The only unique significant predictor of 

ME for both boys and girls was “Internal Dysfunction,” an emotion regulation style that 

describes the extent to which an adolescent copes with a situation by themselves (internally), 

incorporating such features as rumination (Phillips & Power, 2007).

Although these findings are generally consistent and together represent strong-moderate 

strength of evidence, definitions of ME had varying time frames of assessment (range 9 

months to 6 years) and definition. Two studies evaluated ME based on Exercise Dependence 

Scale scores (Hausenblas & Downs, 2002a; McCabe & Ricciardelli, 2006, 2009), one study 

evaluated ME based on Compulsive Exercise Test scores (Goodwin et al., 2014c; Taranis, 

Touyz, & Meyer, 2011), and the remaining work defined ME as the presence or absence of 

exercising for weight control in the past month (Allen et al., 2013), three months (Dakanalis 

et al., 2016) or 2 weeks (Davis et al., 2016a, 2016b).

3.2.4 ∣ Compulsivity—Providing some support for a compulsive characterization of ME 

(Meyer et al., 2011), and validation for similar cross-sectional work (Goodwin, Haycraft, 

Willis, & Meyer, 2011), within a community sample of adolescents, higher levels of OC 

and self-perfectionism (i.e., imposing an unrealistic desire to be perfect on oneself) predicted 

greater ME 2 years later among boys, but not girls (Goodwin et al., 2014b). This study 

defined ME using scores on the Compulsive Exercise Test (Taranis et al., 2011), which 

assesses an individual's compulsivity towards exercise (e.g., “I feel extremely guilty if I miss 

an exercise session”).
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In summary, the psychosocial variables that demonstrated associations with later ME 

broadly comprise body concern, affect regulation, and compulsivity. Together, these domains 

support a definition of ME as “compulsive” (Harris et al., 2020); features of a “compulsive” 

psychosocial model of ME (Meyer et al., 2011); and an overarching frame-work from which 

we might experimentally examine other potential affect-regulatory mechanisms that may 

maintain this behavior (Kolar & Gorrell, 2020).

4 ∣ DISCUSSION

The current systematic review summarized existing evidence regarding psychosocial factors 

that appear to longitudinally contribute to the development of ME. In light of both the 

relative amount and strength of evidence, the domains of weight and shape concern and 

negative affect appear to be reliably supported in their association with ME. We detail below 

how these results improve our understanding of causes and maintaining factors of ME, and 

may inform both intervention strategies for clinicians treating EDs and research efforts.

4.1 ∣ Clinical implications of findings

4.1.1 ∣ Weight and shape, and Thinness expectancies—Items in widely-used 

ED measures (e.g., Eating Disorder Examination; Fairburn, Cooper, & O'Connor, 1993) 

typically describe ME as a behavior that is intended to manipulate weight or shape. 

Therefore, it is notable that factors that do not appear to impact engagement in ME are 

pubertal timing (McCabe & Ricciardelli, 2004, 2006, 2009), and BMI or weight status 

(McCabe & Ricciardelli, 2006, 2009). However, greater risk for ME may result from 

thinness expectancies among middle school children (Davis et al., 2016a, 2016b) and 

among adolescents, from body dissatisfaction among girls (McCabe & Ricciardelli, 2004, 

2006), and body importance, across gender (McCabe & Ricciardelli, 2006, 2009). In young 

adulthood, ME demonstrated associations with body dissatisfaction and weight and shape 

concerns for male undergraduates (Dakanalis et al., 2016), and with both athletic- and thin-

ideal internalization among college women (Homan, 2010). Taken together, the evidence 

strongly suggests that across age and gender, risk for ME may be linked with a desire to 

manipulate body weight and shape.

Only one study explicitly evaluated drive for muscularity, but its findings suggest that 

strategies to build muscle may contribute to the presence of ME in adolescence (McCabe & 

Ricciardelli, 2006). In future work, measures should be selected for use that are sensitive to 

characterizing the pursuit of muscularity via weight-lifting/muscle-building activities, which 

may be more relevant or prevalent in men (Lavender, Brown, & Murray, 2017) or in female 

athletes (Negrin, Skemp, & Baumann, 2018) than a description of ME that promotes weight 

loss.

ME and dietary restriction are both means of influencing weight; a compelling finding 

emerged among studies directly investigating covarying relations between ME and ED 

symptoms, specific to fasting. Davis et al. (2018) found that fasting predicted ME and that 

ME predicted fasting; in earlier work, restriction and ME covaried over time in middle 

school children, with no difference across gender (Davis et al., 2016a, 2016b). These 

findings align with the rodent model of ABA (Epling & Pierce, 1989). That is, while 
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the ABA model cannot be expected to fully model human AN (Chowdhury, Chen, & 

Aoki, 2015), theoretical links between activity and energy depletion (Klok, Jakobsdottir, & 

Drent, 2007) suggest that biological mechanisms in energy regulation (e.g., leptin, ghrelin, 

dopamine, and endocannabinoids) should be considered alongside psychosocial models of 

ME in humans.

4.1.2 ∣ Affect and compulsivity—With one exception (i.e., McCabe & Ricciardelli, 

2006), the current review found a consistent role for negative affect in contributing to 

the development of ME, with a moderate to strong quality of evidence for these findings. 

In regard to study design, two studies defined ME by exercise dependence (McCabe & 

Ricciardelli, 2006, 2009), one defined ME by compulsivity (Goodwin et al., 2014c), and 

the remaining four defined ME by the presence of exercising for weight control (Allen et 

al., 2013; Dakanalis et al., 2016; Davis et al., 2016a, 2016b). Despite the differences in 

definitions, the consistency in these findings suggests that the association between negative 

affect and ME is robust to possible variations in the motivation for ME.

Of note, although one study reported a negative effect of anxiety on ME among adolescent 

boys, the authors also found a positive effect of OC traits and self-perfectionism on ME 

(Goodwin et al., 2014b), with further evidence that greater internalizing (i.e., ruminating) 

contributed to ME in a community sample of both boys and girls (Goodwin et al., 2014c). 

Both of these studies defined ME by scores on the Compulsive Exercise Test (Taranis et al., 

2011); future work might investigate relations between OC traits and a measure of ME that 

includes different variants of ME (e.g., motivated by drive for muscularity or exclusively 

for weight control). While the strength of evidence in these studies is moderate, it aligns 

with consistent evidence from clinical ED research where lifetime comorbidity of AN 

and OCD is considerably elevated (35–44%; LaSalle et al., 2004; Pinto, Mancebo, Eisen, 

Pagano, & Rasmussen, 2006). Given that childhood OC symptoms and traits have been 

implicated in later risk for AN (Anderluh, Tchanturia, Rabe-Hesketh, & Treasure, 2003; 

Micali et al., 2011) and recent work found OCD polygenic risk scores to predict ME in 

an epidemiological sample of adolescents (Yilmaz et al., 2020), longitudinal associations 

between OC features and ME warrant further inquiry.

Together, these findings underscore the importance of distinguishing between ME and 

adaptive exercise, in that while negative affect generally appears to increase risk for ME, 

burgeoning research indicates benefits of exercise to improve negative affect in samples 

with depression and anxiety (Asmundson, Fetzner, DeBoer, Otto, & Smits, 2013; Carek, 

Laibstain, & Carek, 2011; Heyman et al., 2012), which may have important implications 

for clinical ED samples. Specifically, given high prevalence rates of comorbid psychiatric 

disorders with EDs (Bühren et al., 2014; Salbach-Andrae et al., 2008; Udo & Grilo, 2019), 

as well as acknowledged benefit of physical activity in some ED samples (Achamrah, 

Coëffier, & Déchelotte, 2016; Calogero & Pedrotty, 2004; Carei, Fyfe-Johnson, Breuner, & 

Brown, 2010; Hausenblas, Cook, & Chittester, 2008), careful titration of adaptive exercise 

within the context of ED treatment may be therapeutically indicated (Cook et al., 2016; 

Cook & Leininger, 2017; Hausenblas et al., 2008).
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Considering all findings in light of their strength of evidence, future screening, and research 

efforts should be oriented toward the following psychosocial domains and their links with 

ME. First, across age and gender, evidence supports associations between increased desire to 

manipulate body weight and shape and later engagement in ME. Some findings support the 

role of body importance (McCabe & Ricciardelli, 2006; McCabe & Ricciardelli, 2009), 

thinness and eating expectancies (Davis et al., 2016a, 2016b), thin- and athletic-ideal 

internalization (Homan, 2010), and muscularity concerns (McCabe & Ricciardelli, 2006), 

suggesting that assessment of the motivation for ME must include broader features that lie 

beyond “body dissatisfaction” or a desire for weight loss. In addition, depression and OC 

features may be particularly implicated in later onset of ME, for which increased screening 

in community samples, across gender, is warranted.

4.2 ∣ Limitations in the evidence base

Findings are limited in their external validity as few studies reported extensively on 

participant characteristics that may impact both ME and ED behavior (e.g., socioeconomic 

status), and while over half of the studies included information on race and ethnicity, a 

majority of studies were comprised of White participants. There are also multiple instances 

where author groups are represented several times in different articles (i.e., using study 

design, assessment methods, and participant populations that were similar to one another). 

In particular, partial inclusion of a broader sample in two different studies, while unique in 

analyses and research question, are limited in their overall generalizability. Longitudinal 

studies are naturally vulnerable to attrition, and many authors included data only for 

participants for whom all assessment time points were available. While these analytic 

decisions were appropriately adjusted for (e.g., by using imputation methods for missing 

data), we should exercise caution in interpretating selectively reported data.

The limitation most germane to this review is the heterogeneity in how ME was 

assessed, quantified, and conceptualized, and the resulting challenge in drawing meaningful 

conclusions across studies. Consensus does not exist across the extant literature in 

determining differences between normative and problematic physical activity. Although 

most researchers and clinicians who focus their work on individuals with EDs would 

report that they assess for “problematic exercise behavior,” the current review reveals how 

disparate and inconsistent the measures and definitions for ME are, and how difficult it is 

to integrate and interpret findings. For instance, roughly half of the studies relied on single 

binary items to determine whether participants endorsed ME. Four studies (~20%) earned 

a global rating of “strong” strength of evidence based on methodological rigor, but these 

studies used items only, and did not use a complete measure of ME. Of the remaining 

studies that used full measures or an adaptation, only four used a measure with psychometric 

validity in ED samples (e.g., CET; Harris et al., 2020; Meyer et al., 2016; Taranis et al., 

2011). This limitation may be less important, as few samples in the current review were 

comprised of individuals with EDs; however, we are then limited in our ability to extend our 

findings across a broader conceptualization of ME within the context of more severe eating 

pathology. We acknowledge an additional challenge in synthesizing this literature, namely 

that engaging in ME “to manipulate body weight or shape” may have been included in both 

the assessment of the behavior (i.e., a criterion for endorsement) as well as an outcome (i.e., 
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a stated reason for engaging in ME). This may have introduced a tautology in some of the 

included studies.

Although a majority of studies included covariates in their reported statistical models, only 

10 studies explicitly report that T1 ME had been specifically accounted for in longitudinal 

analyses. Further, although a majority of studies defined group comparisons by the presence 

or absence of ME, the definition of ME across studies varied enormously. For example, 

some work defined a categorical group with ME as those who reported exercise as a means 

to control weight and shape (e.g., Davis et al., 2016a, 2016b); in contrast, other work defined 

a categorical group with ME as those who reported feelings of guilt or depression related to 

a missed exercise session (e.g., Homan, 2010). As such, both the heterogeneity and lack of 

quality in assessment of ME did not justify meta-analytic evaluation in the current review; 

quantitative synthesis of disparate and/or biased findings would likely yield more hindrance 

than benefit in interpretation. It is essential that moving forward, empirical longitudinal 

study of ME not rely on single items, but rather, use complete and validated measures. 

Further, to build cohesive understanding of ME in the literature, it is critical that, as an 

improved biobehavioral model of ME is established, we begin to minimize the number of 

validated self-report measures of ME employed across samples. Finally, only 10 of the 18 

studies specifically stated that they included accounted for T1 ME in statistical analyses. 

With this limitation, and other methodological issues, less than a quarter of the studies 

met criteria for strong quality of evidence, and almost half were determined to have weak 

quality of evidence. Therefore, although we have made an effort to highlight the most robust 

evidence among studies included in the current review, we must also consider the evidence 

in light of the problems of definition and rigor that beset this field of inquiry.

4.3 ∣ Implications for future research

We have highlighted, both in the results and noted limitations, areas that warrant further 

inquiry and methodological improvement. Several additional areas of research suggested 

by the current review are important to mention. For one, studies that include predictors 

of ME that are not psychosocial are not included in this review. For example, recent 

work prospectively exploring childhood neurocognitive profiles found that better scores 

on working memory tasks in childhood were associated with decreased risk of fasting 

and increased risk of ME in adolescence (Schaumberg et al., 2020). This line of inquiry 

is nascent, but highlights a need for future work investigating potential neurobiological 

mechanisms related to learning and reinforcement that may serve to initiate and perpetuate 

ME.

Such investigation would inform proposed psychosocial models of ME, and a broader 

understanding of how physical activity is both maintained within EDs, and also contributes 

to the severity of the ED itself. Although evidence suggests that the compulsive nature 

of ME aligns more with ED pathology than its addictive qualities (Scharmer, Gorrell, 

Schaumberg, & Anderson, 2020), the current review does little to support a model of 

exercise dependence (Bamber et al., 2003; Hausenblas & Downs, 2002b) or a continuum 

model for obligatory exercise (Elbourne & Chen, 2007). Evidence supporting negative 

affect avoidance and OC features in the current review does offer support for domains 
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within a model of compulsive exercise (Meyer et al., 2011); however, no longitudinal 

study to date has fully tested all elements in confirmation of this model. The current 

review only provides cursory information regarding the etiology, and function of ME. 

The reinforcing aspects of exercise, including its anxiolytic (Favaro, Caregaro, Burlina, & 

Santonastaso, 2000; Guarda, Schreyer, Boersma, Tamashiro, & Moran, 2015) and naturally 

rewarding (Davis & Woodside, 2002; Guarda et al., 2015) properties, likely play a pivotal 

role in the development and perpetuation of ME. Broadening this possibility, Flack, 

Pankey, Ufholz, Johnson, and Roemmich (2019) reported a genetic contribution to exercise 

reinforcement, tolerance for exercise intensity, and moderate-vigorous physical activity. 

Similarly, a positive genetic correlation between AN and measured physical activity suggests 

an underlying shared genetic etiology between these two traits (Watson et al., 2019). As 

such, comprehensive multi-level study of proposed psychosocial models of ME, in tandem 

with neurocognitive, psychobiological, and genetic underpinnings of exercise behavior, are 

critical lines of further research.

5 ∣ CONCLUSIONS

Evidence from longitudinal studies suggests that several psychosocial factors contribute to 

the development of ME in the context of EDs. In particular, findings provide support for 

weight and shape concerns and negative affect in their precursory role in increasing risk for 

ME across varied samples. Preliminary evidence was provided for a dynamic relationship 

between dietary restriction and ME, underscoring the importance of further psychobiological 

research regarding the multi-faceted association between activity and intake. The majority 

of evidence in the current review was methodologically constrained by limited assessment 

of ME, highlighting the primary importance of the consistent implementation of empirically 

validated measures of ME in future investigation.
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FIGURE 1. 
PRISMA flow diagram
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