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Abstract (230/250) 
 

Background: Exercise addiction is associated with multiple adverse outcomes and can be 

classified as co-occurring with an eating disorder, or a primary condition with no indication 

of eating disorders. We conducted a meta-analysis exploring the prevalence of exercise 

addiction in adults with and without indicated eating disorders.  

 

Methods: A systematic review of major databases and grey literature was undertaken from 

inception to 30/04/2019. Studies reporting prevalence of exercise addiction with and without 

indicated eating disorders in adults were identified. A random effect meta-analysis was 

undertaken, calculating odds ratios for exercise addiction with versus without indicated 

eating disorders.  

 

Results: Nine studies with a total sample of 2140 participants (mean age = 25.06; 70.6% 

female) were included. Within these, 1732 participants did not show indicated eating 

disorders (mean age = 26.4; 63.0% female) and 408 had indicated eating disorders (mean age 

= 23.46; 79.2% female). The odds ratio for exercise addiction in populations with versus 

without indicated eating disorders was 3.71 (95%CI 2.00-6.89; I2 = 81; p=<0.001). Exercise 

addiction prevalence in both populations differed according to the measurement instrument 

used.  

 

Discussion: Exercise addiction occurs more than three and a half times as often as a 

comorbidity to an eating disorder than in people without an indicated eating disorder. The 

creation of a measurement tool able to identify exercise addiction risk in both populations 

would benefit researchers and practitioners by easily classifying samples.  

 

Key words: exercise addiction; exercise dependence; addiction; pathological exercise; eating 

disorders; disordered eating 
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1. Introduction 
 

Regular and sustained participation in physical activity and exercise (one domain of physical 

activity) has been shown to yield several positive health outcomes, including improvements 

in mental health conditions [1], cardio-vascular disease [2] and wellbeing [3]. There is 

evidence, however, suggesting that for a sub-set of people exercise can become obsessive, or 

compulsive (or both), to a point where negative health outcomes are experienced, with 

physical outcomes including bone fractures, psychological outcomes including increased 

anxiety, and social outcomes including the detriment of social relationships and financial debt 

[4]. Several terms have been used to describe the phenomenon, including ‘exercise 

dependence’ and ‘compulsive exercise’ [5,6]. Unfortunately, several authors have failed to 

provide definitions for these terms, making the interpretation of findings in the related 

literature challenging [7]. In this paper the term exercise addiction (EA) will be used, as it has 

been suggested as the most appropriate as it includes aspects of dependence and compulsion 

[8,9], and can be defined as ‘a morbid pattern of behaviour in which the habitually exercising 

individual loses control over his or her exercise habits and acts compulsively, exhibits 

dependence, and experiences negative consequences to health as well as in his or her social 

and professional life’[7]. 

 

Early conceptualization in this area suggested a distinction between being highly committed 

to exercise and EA, with committed, non-EA, subjects exercising mainly for extrinsic 

rewards, not seeing exercise as central to their life, and suffering fewer and/or less severe 

symptoms of withdrawal upon cessation [10]. Concurrently, EA subjects exercise for intrinsic 

rewards, seeing exercise as central to their life, and suffer severe psychological and 

physiological withdrawal upon cessation [11]. Many theoretical models have been proposed 

to explain EA, including the Sympathetic Arousal Hypothesis [12] , the Cognitive Appraisal 

Hypothesis [13], the IL-6 model [14], Four Phase model [15], Biopsychosocial model [16]. 

Furthermore, Egorov & Szabo [17] updated the Cognitive Appraisal Hypothesis with their 

Interactional Model of EA. Disparities between these models indicate a lack of etiologic 

consensus amongst researchers, which could be one reason why the phenomenon has not 

been officially classified as a behavioural disorder in The Diagnostic and Statistical Manual 

of Mental Disorders 5 [18] or the International Classification of Diseases 11th Revision [19].  
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Several screening measures have been developed for assessing risk of EA, with earlier ones 

lacking underlying theoretical frameworks, including the Obligatory Exercise Questionnaire 

(OEQ) [20] and the Exercise Dependence Questionnaire (EDQ) [21]. More recent screening 

measures have used underlying theoretical models, such as the Exercise Dependence Scale 

(EDS) [22], which uses Diagnostic and Statistical Manual of Mental Disorders 4 [23] criteria 

for substance abuse, and the Exercise Addiction Inventory (EAI) [24], based on Brown’s 

[25,26] components of behavioural addictions. Currently there is no consensus as to which 

questionnaire is the most appropriate, however the most commonly used in recent studies are 

the EAI and the EDS [7].  

 

EA has been shown to be highly prevalent in populations that have either indicated or 

clinically diagnosed eating disorders (EDs), with prevalence rates in these populations 

ranging from 29%-80% [27,28]. This is supported by Berczik et al.’s [9] classification of EA 

being sandwiched between ‘body-dysmorphic disorder’ and ‘anorexia nervosa’ on Hollander 

and Wong’s [29] compulsive-obsessive spectrum. Of the different types of EDs, in-patients 

with clinically diagnosed restricting type anorexia nervosa (AN) have been shown to have 

higher prevalence rates of EA (80%) when compared with binge/purging type AN (43.3%), 

purging type bulimia nervosa (BN; 39.3%), and EDs not otherwise specified (EDNOS; 

31.9%) [30]. High prevalence of EA in patients with AN is of particular concern as these 

subjects have been shown to have the highest mortality rates of all EDs [31–33], as well as 

having an increased risk of osteopenia, osteoporosis, and related fractures [34]. It has been 

reported that subjects with indicated EDs and EA often present with stress fractures and 

engage in excessive exercising despite injury, with some subjects reporting exercising 

because it feels like a compulsion rather than for enjoyment [35,36]. Considering that weight 

gain is one of the primary aims of treatment of patients with EDs (particularly AN) [37,38], 

excessive exercise can result in longer periods to achieve the desired weight gain, which can 

be costly from a service provision prospective. 

 

EA has also been shown to be prevalent in populations that show no evidence of indicated 

EDs (failing to reach published cut-off in ED testing questionnaires). For instance, a recent 

meta-analysis found 11.4% of health club users had EA in the absence of indicated EDs [39] 

Some primary studies have also shown significant differences between prevalence rates of 

EA with and without indicated EDs, with EA in the absence of EDs showing consistently 

lower prevalence rates than subjects with indicated EDs [27,28]. Furthermore, a recent meta-
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analysis explored the prevalence of EA in different populations, however offers no 

information on the ED status of the populations [40], making it unclear if the prevalence of 

EA differs by ED status. 

 

Despite the potential differences in the underlying prevalence and potential adverse events of 

EA between those without and without indicated EDs, it is unknown whether EA risk differs 

substantially in subjects with and without indicated ED. Moreover, pooled prevalence rates 

and differences between pooled prevalence rates are unknown. Therefore, the primary aim of 

this study was, using meta-analytic techniques, to calculate ORs for EA in subjects with and 

without ED symptomology, and systematically compare the prevalence of EA according to 

EA measurement tools. Understanding this is essential to understanding more about these 

conditions, and could inform the creation of new measurement tools, as well as informing the 

development of targeted interventions. Considering that primary studies have reported that 

the prevalence of EA with indicated EDs is higher than those without indicated EDs [27,28], 

we hypothesised that when comparing studies systematically we would find that EA is more 

prevalent in subjects with indicated EDs than without.  
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2. Method 
 

This systematic review was conducted according to the Strengthening the Reporting of 

Observational Studies in Epidemiology [STROBE] criteria and the recommendations in the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses [PRISMA] statement 

[41,42]. 

 

2.1 Search strategy  
 

Two investigators (MT, LS) searched PsycINFO, Medline, SportDiscuss and Open Grey 

from inception to 30/04/19 for articles written in English. The search terms (title of article) 

used were (exercise OR physical activity OR fitness OR sport OR sports) and (addition OR 

dependence OR dependency OR compulsion OR addict) or (maladaptive OR excessive OR 

compulsive OR obligatory OR obsessive) and (exercise OR physical activity OR fitness OR 

exerciser OR exercisers OR sport OR sports). The reference lists of the articles included in 

the analysis were hand-searched to identify additional literature, and conference abstracts 

were also considered. 

 

2.2 Study selection 
 

Titles and abstracts were independently assessed by two authors (MT, LS) for eligibility 

against the inclusion and exclusion criteria.  

 

Inclusion Criteria 

Articles were included that met the following criteria:  

1. Studies that reported an EA with and without indicated EDs OR or statistics sufficient to 

calculate such an OR;  

2. Written in English;  

3. In adults (≥18 years);  

4. That measured the prevalence of EA in any population using any validated measuring tool 

of EA with established cut-offs (as per original authors’ guidelines) that define subjects as at 

risk of EA;   

5. Tested for indicated EDs using a validated measure;  
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6. That used the same study population to determine EA prevalence rates in indicated and 

non-indicated ED populations (to eliminate population bias). 

 

Exclusion Criteria 

1. Non-adults (<18 years) 
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2.3 Data extraction 
 

The following information was extracted by the lead author including: demographic (age, 

sex, body mass index [BMI]) and prevalence (total EA with and without indicated EDs n, EA 

with and without indicated EDs events n, measuring instrument of EA, measuring instrument 

of ED) data, and missing information was obtained where possible by contacting lead authors 

(see acknowledgments). If prevalence data were missing and the authors did not 

respond/have access to the data (two attempted contacts to authors over a one-month period), 

these studies were excluded. Prevalence data was then converted into ORs. Studies with 

missing demographic data, but full EA with and without indicated ED prevalence data, were 

included. Subjects were then categorised into two groups: subjects that failed to meet 

published cut-offs (as defined by the original author article) for EDs in the non-indicated ED 

group, and subjects that scored over the published cut offs for EDs in the indicated ED group. 

In both ED status sub-groups, subjects that met the published cut-offs for EA were 

respectively categorised as EA.  

 

2.4 Meta-analysis 
 

A random-effects model was conducted, weighting studies based on the inverse variance, and 

calculating odds ratios (ORs) and prevalence rates with 95% confidence intervals (CIs) using 

Comprehensive Meta-Analysis version 3 [43]. The primary aim was to calculate ORs of EA 

in populations with and without indicated EDs. The meta-analysis was conducted in the 

following steps: 1. ORs of EA comparing those with and without indicated EDs were 

calculated with 95% CIs using a mixed effects analysis. 2. Heterogeneity was assessed with 

the Cochrane Q [44] and I2 [45] statistics for all analyses. 3. Sub-group analysis comparing 

ORs of EA in populations with and without indicated ED by EA measurement tool. 

Publication bias was assessed with a visual inspection of funnel plots and with the Begg-

Mazumdar Kendall’s tau [46] and Egger bias test [47]. As per recommendations from Fu et 

al. and Sterne et al.  [48,49], these tests were only conducted if the number of studies 

exceeded ten. If the Egger bias test was significant, to adjust for potential publication bias, 

the trim-and-fill adjusted analysis was used to remove the most extreme small studies from 

the positive side of the funnel plot and effect sizes re-calculated, until the funnel plot was 

symmetrical with the new effect size [50]. A sensitivity analyses was calculated around the 
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primary analyses, using a one-study removed method. This was to detect whether the 

observed effect was overly influenced by any one study. 
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3. Results 
 

The literature search yielded 1375 results, of which 369 were removed as duplicates, leaving 

1,006 studies screened using title and abstract. From the 1,006 titles and abstracts screened, 

223 studies were selected for full-text review. Of the 223 studies reviewed, 9 studies were 

eligible for inclusion. Reasons for exclusion are shown in Figure 1 and descriptive statistics 

for included studies are shown in Table 1. From the 9 included studies, there were a total of 

2,140. 1,732 subjects scored below published ED cut-offs and were categorised as the non-

indicated ED group, of which 342 scored above EA cut-offs are were defined as exercise 

addicted. 408 subjects scored above the published ED cut-offs and were categorised as the 

indicated ED group, of which 225 scored above EA cut-off and were defined as EA. The 

methods of measuring EA were the Exercise Dependence Questionnaire [21], the Exercise 

Dependence Scale [22], the Obligatory Exercise Questionnaire [20], and the Exercise 

Addiction Inventory [24]. The methods of measuring for indicated EDs were the Eating 

Attitudes Test 40 [51], the Eating Attitudes Test 26 [52], the Eating Disorder Examination 

Questionnaire [53], the Eating Disorder Inventory-2 [54], and the SCOFF Questionnaire [55]. 

 

3.1 Meta-analysis results 

 

3.1.1 ORs of EA in populations with and without indicated EDs 

 
The pooled OR of EA in populations with indicated EDs compared to those without indicated 

EDs was 3.71 (95% CI 2.00-6.89; I2 = 81.159; p=<0.001; Egger bias = 2.054 p=0.480; trim-

and-fill adjustment not required). The meta-analysis forest plot is shown in Figure 2.  

 

3.1.2 Sensitivity analysis 

 

The direction or significance of the ORs was not changed by the sensitivity analysis, with 

point estimates ranging from 3.019-4.755. One study [56] had a large effect of the magnitude 

of the result, with the removal of this study yielding an estimate of 4.755 (95% CI 2.875-

7.863; p=<0.001) 
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3.1.3 Sub-group analysis of EA prevalence in populations with and without indicated ED by 
EA measurement type.  
 

As shown in Table 2, the OR of EA among subjects with indicated vs no-indicated EDs was 

highest when measured with the OEQ (6.9; 95%CI 2.2-21.8), followed by the EAI (4.2; 

95%CI = 1.4-12.2), the EDS (3.9; 95%CI = 1.2-12.5), with the EDQ yielding the lowest OR 

(2.4; 95CI 1.0-5.7).  
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4. Discussion 
 

This meta-analysis of 9 studies demonstrated that the OR of EA in populations with vs 

without indicated EDs was 3.7. The sensitivity analysis showed that the direction and 

significance of the findings were unchanged when one study was removed. ORs also differed 

largely in both populations depending on the EA measurement tool being used.  

 

Subjects who score above published cut-offs for EDs are over three times more likely to be at 

risk of EA, with observed prevalence rates in subjects with indicated EDs comparing well 

with EA studies conducted on clinical ED populations [35,57]. One possible reason is that 

excessive exercise has been consistently shown to be an inherent part of several types of EDs, 

with patients demonstrating aversions to weight gain and showing obsessions towards not 

gaining weight [58]. Furthermore, ED subjects have been shown to score higher on addictive 

personality measures and obsessive-compulsive behaviours [59]. Considering this, future 

studies that use clinically diagnosed ED patients (of all types of EDs) would be useful. Given 

that EA can be secondary to an ED and with the results of this study suggesting that subjects 

who show ED symptomology have significantly higher prevalence of EA, this adds to the 

evidence suggesting that practitioners working with ED patients should consider monitoring 

exercise levels a priority, as ED patients have been shown to suffer from serious medical 

conditions as a result of excessive exercise, such as fractures, increased rates of 

cardiovascular disease in younger patients and increased overall mortality [34]. 

 

The large difference in EA prevalence observed between indicated and non- indicated ED 

groups adds to evidence suggesting that ED symptomology should be screened for in all 

studies that measure EA. The current meta-analysis excluded 93 studies that failed to 

measure ED symptomology, which agrees with recent reviews suggested that the EA 

literature has not readily distinguished between ED status as standard practice [60]. 

Currently, to measure EA and screen for EDs, two questionnaires are needed. Future work to 

create a new tool that screens for EDs and EA in one single tool would be beneficial. Not 

only would this benefit researchers by only having to use one tool to categorise EA with and 

without indicated EDs, it could also be beneficial in both a clinical and public health settings 

by highlighting at-risk subjects earlier, which could inform (in ED subjects) specialized 

nursing observation and bathroom supervision to regulate EA behaviours be implemented 

earlier in treatment. Moreover, earlier categorisation of EA with an indicated ED has the 
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potential to allow practitioners such as general practitioners, physiotherapists and health 

practitioners to therapeutically explore EA at an earlier point.  

 

The large differences in prevalence rates by EA measurement tool are a further indication 

that differing EA measurement tools are measuring different aspects of the same 

phenomenon, with the two tools with no underlying theories (OEQ and EDQ) yielding higher 

ORs than the two tools that use underlying addiction theories (EAI and EDS). To date, no 

studies have been conducted comparing subjects who score above the published thresholds 

for different EA measurement tools and clinical interviews to determine the sensitivity of 

these tools. It is therefore difficult to recommend a specific measurement tool. It is the 

authors’ view that the EAI and EDS be used until such studies are conducted, as they both are 

based on underlying theories of addiction and have been described as comparable by several 

authors [8,9]. 

 

Limited research has been conducted exploring possible treatments for EA. Much of the 

focus of treatment has been focussed around cognitive behaviour therapies, yet their 

effectiveness has been shown to be limited [61]. Adams, Miller and Kraus [62] suggested 

specific therapeutic guidelines for subjects with EA, although Lichtenstein et al. [63] 

comment that studies to test these guidelines are sparse. Although one individual 

pharmacological case study has been conducted with an EA patient showing lower EAI 

scores post-4 weeks of taking an anti-psychotic drug (Quetiapine)[64], no other 

pharmacological treatments have been explored. Due to the higher rates of serious injury and 

mortality amongst ED patients, treatment for ED should be prioritised over treatment 

specifically for EA, although further research is required to explore the relationships between 

the two so that effective treatments can be refined and/or developed.  

 

While this meta-analysis is the first to measure EA prevalence rates in populations with and 

without indicated EDs, the findings should be considered within the limitations of this study. 

Firstly, the heterogeneity of population groups and measurement tools (for EA and ED) and 

very small sample sizes means that this should only be considered a broad overview; further 

studies are needed to determine more accurate prevalence rates, using homogeneous tools. 

Secondly, the use of questionnaires for testing for EDs has limited applications to clinical 

diagnoses. Thirdly, the use of the questionnaires in this study precluded the sub-

categorisation of different types of EDs, which is relevant as previous research has shown 
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prevalence rates to differ depending on the type of ED [30]. Moreover, athletic subjects who 

use ED testing questionnaires have been shown to under-report due to possible 

stigmatization, with false-positives a possibility [53,65]. Lastly, there was high heterogeneity 

which we could not fully explain.  
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5. What is already known?  

 

It is known that exercise addiction exists both as a primary condition without indicated eating 

disorders, and as a secondary condition to an eating disorder. What is unknown is the 

magnitude of risk for EA with an indicated eating disorder vs no-indicated eating disorders.  
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6. What does this study add? 

 

Subjects with indicated eating disorders are over 3.5 times more likely to suffer from 

addiction to exercise than their non-indicated eating disorder counterparts. Due to the higher 

risk of mortality in subjects with eating disorders, this study adds to the evidence that 

exercise levels should be closely monitored in these populations. Furthermore, the absence of 

eating disorders does not preclude the risk of being addicted to exercise. Further study in this 

area to explore treatments and the effect on quality of life is warranted.  
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7. Conclusion 
 

The OR for EA in populations with vs without indicated EDs is 3.7, with EA being 

significantly more prevalent in subjects with indicated EDs than in subjects without indicated 

EDs, adding to the evidence that practitioners working with ED subjects should closely 

monitor exercise levels. However, even in those showing no indicated EDs, EA is of notable 

prevalence – EA should not be discounted entirely on the basis of no indicated ED 

behaviours.  It is also recommended that all future research exploring the prevalence of EA 

test for EDs to determine accurate prevalence rates.  
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Figure 1: Prisma flowchart of included studies 
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Figure 2: Forest plot showing odds ratios of exercise addiction in populations without vs with indicated eating disorders  

 

  

Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper 
ratio limit limit p-Value

Bamber et al. (2000) 4.934 2.365 10.294 0.000
Blaydon et al. (2002) 2.067 1.078 3.962 0.029
Blaydon et al. (2004) 4.742 2.900 7.752 0.000
De Young and Anderson (2010) 6.836 2.402 19.455 0.000
Di Lodovido et al. (2018) 4.172 1.432 12.157 0.009
Grandi et al. (2011) 0.490 0.186 1.287 0.147
Lease and Bond (2013) 16.687 8.593 32.404 0.000
Meulemans et al. (2014) 3.884 1.206 12.508 0.023
Serier et al. (2018) 2.450 0.865 6.939 0.092

3.708 1.995 6.894 0.000
0.01 0.1 1 10 100
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11. Tables 

 

Table 1: Descriptive statistics of included articles 
Author EA odds 

Ratio (95% 
CI) 

Sub-group Total 
n 

Mean 
Age 

BMI Sex (% 
female) 

Country Population EA 
measure† 

EA measure 
reliability 
(Cronbach’s alpha) 

ED Measure 
Used‡ 

Bamber et. al. 

[66] 

4.934 

(2.365-

10.294) 

Non-

indicated ED 

153 NR NR 100 UK Various (aerobic dance classes; 

university and community sports 

centres; university cross country and 

athletics clubs and local running clubs) 

EDQ 

 

0.84 

 

EDE-Q 

 

Indicated ED 41 NR NR 100 

Blaydon and 

Lindner [67] 

2.067 

(1.078-

3.962) 

Non-

indicated ED 

113 NR NR 32.69 Multi-

national 

 

Triathletes 

 

EDQ 

 

NR EAT-40 

 

Indicated ED 58 NR NR 40.54 

Blaydon and 

Lindner [68] 

4.742 

(2.900-

7.752) 

Non-

indicated ED 

296 NR NR 27.70 UK Amateur competitive exercisers 

 

EDQ 

 

NR EAT-40 

 

Indicated ED 86 NR NR 52.33 

De Young and 

Anderson [69] 

6.836 

(2.402-

19.455) 

Non-

indicated ED 

207 19 24.2 49.28 NR Undergraduate students that engage 

in ‘physical exercise at least 

occasionally’ 

OEQ 

 

0.89 EDE-Q 

Indicated ED 21 20 23.94 80.95 

Di Lodovico, 

Dubertret, & 

Ameller [70] 

4.172 

(1.432-

12.157) 

Non-

indicated ED 

129 30.39 NR 46.51 NR Runners EAI NR SCOFF 

Indicated ED 25 26.72 NR 84.00 

Grandi et. al. 

[56] 

0.490 

(0.186-

1.287) 

Non-

indicated ED 

79 30 21.6 57.00 Italy Health Club users EDQ 0.92 EDI-2 

Indicated ED 28 NR NR NR 

Lease and 

Bond [71] 

16.687 

(8.593-

32.404) 

Non-

indicated ED 

227 23 23.35 100 Australia Health Club users 

 

OEQ NR EAT-26 

Indicated ED 75 21 22.78 100 
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Meulemans et. 

al. (55) 

3.884 

(1.206-

12.508) 

Non-

indicated ED 

480 19.76 22.14 54.12 USA Various undergraduate 

and graduate students 

EDS-R NR EAT-26 

Indicated ED 41 19.7 22.07 75.61 

Serier et. al. 

[73] 

2.450 

(0.865-

6.939) 

Non-

indicated ED 

48 36.23  NR 100 USA Women seeking help for body-

dissatisfaction 

OEQ 0.88 EAT-26 

Indicated ED 22 29.86 NR 100 
†EDQ = Exercise Dependence Questionnaire; EDS = Exercise Dependence Scale; OEQ= Obligatory Exercise Questionnaire; EAI = Exercise Addiction Inventory.  

‡EDE-Q = Eating Disorders Examination Questionnaire; EAT 26 = Eating Attitudes Test 26; EAT 40 = Eating Attitudes Test 40 EDI-2 = Eating Disorders Inventory 2 
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Table 2: Odds ratios of risk of exercise addiction with and without indicated eating disorders by exercise addiction measurement type 

 Meta-analysis Heterogeneity Publication Bias 

Exercise addiction 

measurement tool 

Number of 

studies 

Number of 

subjects 

Odds ratio  

(95% CI) 

I2 Egger bias 

and P-value 

Trim-and-fill (95%CI) 

[number of studies trimmed] 

OEQ 3 600 6.9 (2.2-21.8) 84.903 -7.389 

p=0.219 

NA 

EDQ 4 865 2.4 (1.0-5.7) 79.141 -7.234 

p=0.296 

NA 
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