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Abstract (231/250)

Background: Exercise addiction (EA) can be debilitating and can be a symptom of an eating
disorder. To date, the prevalence rates of EA without indicated eating disorders in the general

population and associated correlates remain unreported.

Methods: Two authors searched major databases from inception to 31/12/2018 to identify studies
investigating the prevalence of EA in any population without indicated eating disorders. We conducted
a random effects meta-analysis to report i) prevalence rates of EA using the exercise addiction
inventory and exercise dependence scale and compare sub-populations, ii) compare methods of EA
measurement and explore heterogeneity, and iii) report on correlates.

Results: A total of 13 studies including 3635 people were included. The prevalence of EA among
general exercisers was 8.1% (95% CI 1.5-34.2%), amateur competitive athletes was 5.0% (95% CI
1.3-17.3%), and university students was 5.5% (95% CI 1.4-19.1%%). Overall prevalence rates varied
depending on the EA measurement tool. EA subjects were more likely to have lower levels of overall
wellbeing (only in amateur competitive athletes), higher anxiety levels, and have greater frontal brain

activity.

Conclusions: EA is prevalent in the absence of indicated eating disorders across populations but
varies more depending on measurement tool. Further research is needed to explore EA without
indicated eating disorders in different populations using homogenous measurement tools, further
determine psychological correlates, and examine which measures of EA without indicated eating

disorders predict poor health outcomes.

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

eating; eating disorders



1. Introduction

Exercise may be defined as ‘a subset of physical activity that is planned, structured, repetitive and
has as a final or an intermediate objective the improvement or maintenance of physical fitness™.
Regular participation in exercise has been shown to be beneficial for almost all facets of health across
the lifespan. In the UK, 61% of adults are estimated to adhere to the Department of Health? guidelines
of 150 minutes of moderate intensity activity per week. Despite the various positive health outcomes
of regular exercise, for a subset of people, exercise can become excessive to an extent where the
exerciser experiences negative social and physiological symptoms, including training through injury,
withdrawal symptoms, and the detriment of important social relationships through excessive
exercise®, with extreme cases reporting subjects to have exercise related financial debts, trouble
concentrating, with some individuals reporting that ‘their life becomes unbearable’ if they cannot
exercise*. The specific terms used to name this phenomenon has had several synonyms in the
literature, including (but not limited to) ‘exercise addiction’, ‘compulsive exercise’, ‘obligatory exercise’,
and ‘exercise dependence’>®. Szabo et al.” and Berczik et al.® argue that the term ‘exercise addiction’
is the most appropriate, as the term incorporates ‘both dependence and compulsion’. For this review,

the term exercise addiction (EA) will be used.

EA can be separated into two sub-categories: primary and secondary. Primary EA can be defined as
having EA where there is no evidence of the EA being a symptom of another disorder (such as an
eating disorder), with secondary EA showing evidence of another condition in which the EA can be
accounted for, such as an eating disorder®°. Currently, no form of EA is recognised by the American
Psychiatric Association (APA)'" or the World Health Organisation (WHO)'2 as a clinical disorder, with
gambling addiction the only psychological addiction to be formally recognised by the APA, and
gambling and gaming disorder recognised by the WHO. The APA does state, however, that EA is not
listed due to lack of peer-reviewed evidence to support any diagnostic classification, which includes

data regarding prevalence rates (to determine the scale of the potential issue) and aetiology.

Several measurement tools have been created for the classification of subjects at risk of EA; some
drawing on underlying addiction theories, such as the Exercise Addiction Inventory'® (EAI), based on
Brown’s components of behavioural addictions', and the Exercise Dependence Scale'® (EDS), based
on the Diagnostic and Statistical Manual of Mental Disorders 4° criteria for substance dependence.
Other tools have been developed that lacked such an underlying framework, including questionnaires
evolved from previous, population specific questionnaires, such as the Obligatory Exercise
Questionnaire'” (OEQ), modified from the Obligatory Running Questionnaire'®. Furthermore, other
tools have been developed by using qualitative data from self-identified ‘exercise addicts’ to create
measurable traits, such as the Exercise Dependence Questionnaire'® (EDQ). Primary studies have
suggested that different EA measuring tools yield different prevalence rates in the same
populations?®2!, with several authors arguing that only the EAl and EDS should be used in future

studies as they broadly measure the same constructs and are therefore ‘broadly comparable’®.



A recent narrative systematic review?? has estimated that the prevalence rates of EA range from 3-
14.2% depending on the population, however this review failed to report whether or not the
populations had indicated eating disorders. As several studies have shown that subjects with
indicated eating disorders have higher prevalence rates than those without?*24, with some authors
arguing that all cases of EA are secondary to eating disorders?, reporting on the prevalence of EA
without indicated eating disorders is warranted. Furthermore, several psychological correlates that
have been associated with EA, such as anxiety, body dysmorphia, and personality?®, have also been
associated with eating disorders?’-2°. Without stratifying primary and secondary EA it is impossible to

associate these correlates with EA independently, highlighting a need for such an exploratory review.

Therefore, the primary aim of this study was, using meta-analytic techniques, to aggregate the
prevalence rates of EA as measured by the EAI and EDS in subjects without indicated eating
disorders and stratify this across different populations. A second aim was to compare overall
prevalence rates across all EA measurement tools, with a third aim to report on any and all correlates
of EA (measured with the EAl or EDS) without indicated eating disorders that have been reported to

date.



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®'.

2.1 Search strategy

Two investigators searched PsycINFO, Medline, and SportDiscuss from inception to 31/12/18. The
search terms (title) used were: (exercise OR physical activity OR fithess 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).

Any inconsistencies were resolved by discussion, with further disagreements resolved through
discussion with a third reviewer (which was not required in this study). The reference lists of articles
included in the analysis were hand-searched to identify additional publications. Conference abstracts

were also considered, (no conference abstracts were included in the final review).

2.2 Study selection

Titles and abstracts were independently assessed by two authors for eligibility against the inclusion
and exclusion criteria. Any disagreements were resolved through discussion with a third reviewer
(which was not required in this study). Articles were included that met the following inclusion and

exclusion criteria:

2.3 Inclusion Criteria

1. Cross sectional or longitudinal studies

2. Written in English

3. In adults (=18 years)

4. That measure the prevalence of EA in any population.

5. Screen for eating disorders using a validated measure (to exclude for EA with indicated eating
disorders)

2.4 Exclusion Criteria

1. Studies that fail to screen for eating disorders using a validated measure (therefore precluding
indicated/no indicated eating disorder categorisation).

3. Subjects who have scored above published cut-offs for eating disorders (including clinician
diagnosed ED)

4. Samples that include elite athletes, as elite athletes have been shown to interpret EA measurement

tools in such a way that indicates falsely high EA risk’.



2.5 Data extraction

The following information was extracted by the lead author including demographic (age, sex, BMI)
and prevalence (total n, events n, measuring instrument of EA, screening instrument of eating
disorders) data. Missing information was obtained by contacting lead authors. If prevalence data were
missing/incomplete (e.g. unknown eating disorder status) 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. Studies with missing demographic data, but full prevalence data were included. Subjects
failing to meet established cut-off for eating disorders and meeting established cut offs for EA were
classified as at risk of EA. Subjects failing to meet established cut-offs for both eating disorders and
EA were categorised as not at risk of EA. All subjects scoring over the published cut-offs for eating

disorders were excluded.

2.6 Quality assessment

Included studies were assessed for quality by the lead author using Newcastle-Ottawa Quality
Assessment Scale®? (NOS), modified for cross sectional studies. The NOS has established content
validity and inter-rater reliability and has a scoring system based on positive answers to questions
regarding appropriateness of research design, recruitment strategy, response rate,
representativeness of sample, objectivity/reliability of outcome determination, power calculation, and
appropriate statistical analyses, with points being assigned to positive answers, with a maximum
quality score of 10, with higher scores indicting higher quality studies (see supplementary data for full

scale and scoring criteria)

2.7 Meta-analysis

Due to the anticipated heterogeneity, a random-effects model was conducted, calculating the
prevalence rates with 95% confidence intervals (Cls) using Comprehensive Meta-Analysis Version
333, The meta-analysis was conducted in the following steps. 1. Prevalence rates for the total sample
and population sub-groups were conducted using only studies that used the EAl and EDS 2. EA
measurement tool sub-groups (using all EA measurement tools) were calculated with 95% Cls using
total ns and event ns. 2. Heterogeneity was assessed with the Cochrane Q** and /? statistics®. 12
values of 25%, 50%, and 75% suggested low, moderate, and high heterogeneity, respectively®. 3.
Publication bias was assessed with a visual inspection of funnel plots and with the Begg-Mazumdar
Kendall's tau®” and Egger bias test®®. As per recommendations from Fu et al.*® and Sterne, Egger, &
Moher?, these tests were only conducted if the number of studies exceeded 10. 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*'. A sensitivity analyses was
calculated around the primary analyses, using a one-study removed method. This was to detect

whether the observed effect was overly influenced by any one study.



2.8 Narrative synthesis of correlates of EA without indicated eating disorders

For the correlates of EA without indicated eating disorders, a narrative synthesis was conducted of all
the available evidence within the included articles. Correlates that failed to stratify between
indicated/no indicated EDs were excluded.



3. Results

The initial literature search yielded 1,541 results, of which there were 425 duplicates, which were
removed, leaving 1,116 studies screened using the title and abstract. From the 1,116 titles and
abstracts screened, 235 studies were selected for full-text review. Of the 235 studies reviewed, 13
studies'®2042-52 were eligible for inclusion. Descriptive statistics for included studies are shown in
Table 1. Reasons for exclusion and a PRISMA flowchart are shown in Figure 1. Of the thirteen
studies, four studies used the EDS™, two studies used the EAI'3, four studies used the EDQ?®, and
three studies used the OEQ'". For the eating disorder screening, three studies used the Eating
Attitudes Test-26°, two studies used the Eating Attitudes Test-40%, three studies used the Eating
Disorder Examination Questionnaire®®, one study used the Eating Disorder Inventory-2 ¢, two studies
used the Questionnaire for Eating Disorders Diagnosis®’, and two studies used the SCOFF
Questionnaire®. For the EDS and EAI sub-population analysis, three sub-populations were identified.
Amateur competitive athletes (subjects who exercised in a competitive sporting context), general
exercisers (subjects who exercised in a non-sporting context, such as people who use health clubs
and non-specified ‘exercisers’), and university students. Table 2 shows full population information.
The mean NOS score for all of the included studies was 6.29 + 1.2 (range: 4-8) - full NOS scoring is

shown in Supplementary Table 1.



Table 1: Descriptive statistics for included studies

dissatisfaction

Author Year Population Country Total Events M Age BMI Sex (percentage EXD Measure ED Measure NOS
n n female) Usedt Usedt Score

Bamber et. al.*? 2000 General exercisers (non- UK 153 43 NR NR 100 EDQ EDE-Q 7
athletes)

Blaydon and 2002 Amateur competitive athletes Multi- 65 23 NR NR NR EDQ EAT-40 7

Lindner* (amateur triathletes) national

Blaydon et. al.* 2004 Amateur competitive athletes UK 296 58 NR NR 27.70 EDQ EAT-40 8
(multiple sports)

De Young and 2010 University students NR 207 66 19 242 49.28 OEQ EDE-Q 4

Anderson*® (undergraduate and graduate)

Di Lodovico et. al.*® | 2018 Amateur competitive athletes NR 129 11 30.39 NR 46.51 EAI SCOFF 6
(runners)

Gapin et. al.*’ 2009 General exercisers (non- USA 28 9 3243 23.37 100 EAI QEDD 6
athletes)

Grandi et. al.*® 2011 People using health clubs Italy 79 32 30 21.6 57.00 EDQ EDI-2 7

Hausenblas et. al."® 2002 Undergraduate students USA 373 39 20.32 NR 48.39 EDS QEDD 4

Lease and Bond® 2013 Health club users Australia 227 47 23 23.35 100 OEQ EAT-26 6

Menczel et. al.*® 2017 Health club users Hungary 1346 30 32.18 23.63 56.70 EDS SCOFF 6
Amateur competitive Hungary 93 2 29.35 23.41 26.90 EDS SCOFF
exercisers (self-identified)

Meulemans et. al.>° 2014 Physically active population USA 480 13 19.76 22.14 54.12 EDS-R EAT-26 7
(undergraduate students)

Miiller et. al.%? 2015 Health Club users Germany 111 7 26.5 22.54 36.94 EDS-G EDE-Q 6

Serier et. al.®' 2018 Women seeking help for body- | USA 48 20 36.23 NR 100 OEQ EAT-26 8




Medline PsycINFO SportDISCUSS
n=674 n=472 n=395

425 duplicates

1069 articles for abstract

review 881 articles excluded

220 articles excluded:

235 full-text articles
screened Further duplicates n=2

Exclusively eating disorder
population n=6

Eating disorder
measurement insufficient
n=7

13 articles selected for

inclusion .
Exercise dependence

measure insufficient n=13

Failure to measure for eating
disorder n=99

Incomplete data n=76
Notin English n=15
Non-adults n=1

Data used in a study already
included n=1

Elite athletes n=2

Figure 1: Prisma flowchart of included studies

Table 2: Description of sub-populations (using the exercise addiction inventory and the exercise dependence scale)

Sub-group Populations included in sub-group
Generally active population (3 - Women who were regularly physically active (Gapin et al.*")
studies) - Fitness centre members (Menczel et al.*°)

- Habitual exercisers recruited at fitness clubs (Muller et al.%?)

Amateur competitive athletes (2 - Runners recruited from running specific social media pages (Di
studies) Lodovico et al.*6)

- Self-identified ‘amateur competitive exercisers’ (Menczel et al.*°)

University students (3 studies) - Non-specified undergraduate students (Hausenblas and
Downs'®)

- Students in various undergraduate and graduate classes

(Meulemans et al.*%)




3.1 Meta-analysis results

3.1.1 Prevalence proportions of EA without indicated eating disorders across different settings using
the EAl and EDS

As shown in Table 3, the highest prevalence of EA was among the general exercisers (8.1%, 95%
Cl=1.5-34.2%), university students (5.5%; 95%CI=1.4-19.1%), with amateur competitive athletes
(5.0%, 95% CIl=1.3-17.3%), yielding the lowest prevalence rate. Forest plots for all sub-groups are
shown in Figure 2. The average pooled prevalence rate was 6.2% (95% CI 3.0--12.6).
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Table 3: Prevalence of exercise addiction in non-ED subjects across different settings using the exercise addiction inventory and the exercise dependence scale.

Meta-analysis

Heterogeneity

Publication Bias

Sub-group Number of Number of Total Event Rate 95% ClI 12 Egger bias and P-value | Trim-and-fill (95%CI)
studies subjects events [number of trimmed
(number of studies]
sub-
samples)
Amateur competitive 2 222 13 5.0% 1.3-17.3% 70.765 NA (too few studies) NA (Egger bias not
athletes significant)
University students 3 853 52 5.5% 1.4-19.1% 94.761 7.718 p=0.308 NA (Egger bias not
significant)
General exercisers 2 1485 46 8.1% 1.5-34.2% 95.856 NA (too few studies) NA (Egger bias not
(non-athletes) significant)
Average across 6 (7) 2560 111 6.2% 3.0--12.6% 92.545 1.016 p=0.800 NA (Egger bias not
groups significant)
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Study name Subgroup within study

Statistics for each study

Event
rate

Di Lodovico et al. (2018) Amatuer competitive athletes ~ 0.085
Menczel et al. (2017) Amatuer competitive athletes ~ 0.022

0.050
Gapin et al. (2009) General exercisers (non-athletes) 0.321
Menczel et al. (2017) General exercisers (non-athletes) 0.022

Miiller et al. (2015) General exercisers (non-athletes) 0.063

0.081
Hausenblas et al. (2002) University students 0.105
Meulemans et al. (2014) University students 0.027
0.055

Lower
limit

0.048
0.005
0.013
0.176
0.016
0.030
0.015
0.077
0.016
0.014

Upper
limit

0.147
0.082
0.173
0.511
0.032
0.126
0.342
0.140
0.046
0.191

0.00

'UD'Uu y
!

0.50

1.00

Figure 2: Forest plot showing exercise addiction (as measured by the exercise addiction inventory and the exercise dependence scale) without indicated eating disorders prevalence

rates by sub-population group
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3.1.2 Sensitivity analysis

The overall prevalence rates were not changed by the sensitivity analysis, with prevalence rates

ranging from 4.6-7.5%, with no studies having a large effect on the magnitude of results.

3.1.3 Prevalence proportions of EA without indicated eating disorders across differing measuring tools

As shown in Table 4, the highest prevalence of EA was among samples using the OEQ (29.9%, 95%
Cl=20.2-41.9%), followed by the EDQ (29.7%, 95% Cl=20.9-40.3%), the EAIl (17.1%, 95%
ClI=4.50.3%), with the EDS showing the lowest prevalence rate (4.1%, 95% Cl= 1.8-8.9). Forest plots

for all sub-groups are shown in Figure 3.

14



Table 4: Prevalence of exercise addiction in non-eating disordered subjects by measurement tool

Meta-analysis

Heterogeneity

Publication Bias

Sub-group Number of Number of Total Event Rate 95% ClI 12 Egger bias and P-value Trim-and-fill (95%Cl)
Studies subjects events [number of trimmed studies]

Obligatory Exercise 3 482 133 29.9% 20.2-41.9% 83.004 4.012 p=0.65 NA (Egger bias not significant)

Questionnaire

Exercise Dependence | 4 593 156 29.7% 20.9-40.3 82.944 8.907 p=0.08 NA (Egger bias not significant)

Questionnaire

Exercise Addiction 2 157 20 17.1% 4.0-50.3% 90.042 NA (not enough studies) NA (Egger bias not significant)

Inventory

Exercise Dependence | 5 2403 91 4.1% 1.8-8.9% 91.912 -1.903 p=0.69 NA (Egger bias not significant)

Scale
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Group by

Exercise Addiction Measure

Exercise Addiction Inventory
Exercise Addiction Inventory
Exercise Addiction Inventory
Exercise Dependence Questionnaire
Exercise Dependence Questionnaire
Exercise Dependence Questionnaire
Exercise Dependence Questionnaire
Exercise Dependence Questionnaire
Exercise Dependence Scale
Exercise Dependence Scale
Exercise Dependence Scale
Exercise Dependence Scale
Exercise Dependence Scale
Exercise Dependence Scale
Obligitory Exercise Questionnaire
Obligitory Exercise Questionnaire
Obligitory Exercise Questionnaire
Obligitory Exercise Questionnaire

Study name Statistics for each study
Event Lower Upper
rate limit limit
Di Lodovico et al. (2018) 0.085 0.048 0.147 8-
Gapin et al. (2009) 0.321 0.176 0.511 B
0.171 0.040 0.503 S ——
Blaydon et al. (2002) 0.354 0.248 0.477 ——
Blaydon et al. (2004) 0.196 0.155 0.245 L
Bamber et al. (2000) 0.281 0.216 0.357 i
Grandi et al. (2011) 0.405 0.303 0.516 e
0.297 0.209 0.403 <=
Menczel et al. (2017) 0.022 0.005 0.082 :—
Menczel et al. (2017) 0.022 0.016 0.032
Miiller et al. (2015) 0.063 0.030 0.126 L ]
Hausenblas et al. (2002) 0.105 0.077 0.140 -
Meulemans et al. (2014) 0.027 0.016 0.046 ]
0.041 0.018 0.089 &
Lease and Bond (2013) 0.207 0.159 0.265 4=
De Young and Anderson (2010) 0319 0.259 0.385 -
Serier et al. (2018) 0.417 0.287 0.559 et
0.299 0.202 0.419 e
0.00 0.50

Figure 3: Forest plot showing non-eating disordered exercise addiction prevalence rates by measurement tool

1.00
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3.2 Measured correlates of EA (measured using the EAl and EDS) without indicated eating
disorders

All data including p-values, 95% Cls and demographic data have been reported where available. All

studies were cross-sectional in study design.

3.2.1 Negative psychological behavioural correlates

Wellbeing

Menczel et al.*® explored, in their study of both people who use health clubs and amateur competitive
exercisers, correlations between EA without associated eating disorders and wellbeing using the
WHO Well-Being Questionnaire®. They found a statistically significant negative correlation between
EA amateur competitive exercisers and wellbeing (r= -0.204, p=0.049; no reported adjustments), with
no such correlation being found in recreational exercisers, with no other statistically significant

correlations.

Self-esteem

Menczel et al.*® explored self-esteem and EA without indicated eating disorders using the Rosenberg
self-esteem scale®® and found that having EA was a significant correlate of higher self-esteem scores
(F=13.211, p<0.001; no reported adjustments).

3.2.3 Physiological correlates

Gapin et al.*” explored, in their study comprising of regularly active women, differences in frontal brain
asymmetry in EA vs a non-EA control group. Their regression analysis found that exercise
dependence was a suggestive predictor of frontal brain asymmetry (F (1,27) = 6.4, p=0.05; no

reported adjustments), with greater left frontal brain activity correlated with higher EA scores.
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4. Discussion

The current meta-analysis of the six studies that used either the EAI or EDS to measure EA
demonstrated that prevalence rates of EA varied depending on the population, with the lowest
prevalence among amateur competitive athletes (5.0%), followed by university students (5.5%), with
general exercisers yielding the highest prevalence rates (8.1%). One should note however that all
subgroups had low numbers of individual studies and further estimates are needed to produce reliable
results for specific populations. The meta-analysis also demonstrated that overall EA prevalence rates
differed depending on the measurement tool, with the OEQ yielding the highest prevalence rates
(29.9%), followed by the EDQ (29.7%), the EAI (17.1%), with the EDS showing the lowest prevalence
rate (4.1%). A number of potential correlates have been assessed, showing significant differences
between EA and non-EA control groups. EA subjects were more likely to have lower levels of overall
wellbeing (only in amateur competitive athletes), higher anxiety levels, and have greater frontal brain
activity.

Our stratified prevalence estimates were lower than a recent meta-analysis by Di Lodovico and
colleagues?? (e.g. amateur competitive athletes 5.0% vs 10.4-15.3%). This concurs with the current
literature suggesting that subjects without ED symptomology score lower on measures of EA than
their ED symptomology counterparts?324, which could be skewing overall EA prevalence rates if no
eating disorder stratification is being used. Interestingly, several studies in this review were excluded
due to failure to screening for EDs (n=90). It is recommended that all future studies should attempt to
make this stratification so that true prevalence rates can be determined. It is possible that primary and
secondary EA are separate conditions with differing aetiologies, and as such need to be stratified
routinely. Currently no single measurement tool exists that is able to distinguish between EA with and
without indicated eating disorders; currently two questionnaires need to be administered. Future
research that focuses on creating a measurement tool that encompasses a valid EA measure and
eating disorder screening tool would be highly beneficial.

This meta-analysis also showed that reported EA prevalence rates were different depending on the
measurement tool used. The two tools that used underlying addiction theory (EDS and EAI) yielded
considerably lower prevalence rates than the EDQ and OEQ. Although this could have been because
of the differing populations being studied, the authors agree with Szabo et al.” in that it is more likely
because the measurement tools are measuring different aspects of EA, with only the EAI and EDS
broadly measuring the same thing. It is therefore recommended that any future research in EA

prevalence utilise either the EDS or EAl as an EA measurement tool, as well as screening for EDs.

If EA can lead to decreases in the quality of life, as suggested by various case studies*®', then further
research is warranted: specifically, qualitative investigation to explore to what extent scoring above a
quantitative threshold on an EA measurement tool decreases quality of life in subjects without
indicated eating disorders. This would add a great deal of insight into this phenomenon, as it is not

currently known to what extent EA decreases a subject’s quality of life. Qualitative investigations have
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been conducted on EA subjects, however very few have explicitly tested for, and/or interviewed for,
eating disorder symptomology. One such qualitative assessment®? quantitively explored EA four
groups, EA without indicated eating disorders, EA with indicated eating disorders, non-EA without
indicated eating disorders and non-EA with indicated eating disorders, and concluded that all subjects
with apparent EA without indicated eating disorders either had false-negative results in the eating
disorder screen, or showed healthy exercise behaviours (indicating a false-positive on the EA screen),
and were thus deemed non-EA, leading to the authors’ overall conclusion that EA may not exist
independently of eating disorders. More research exploring interviews of suspected EA subjects is

critical to confirming or refuting this hypothesis.

The correlates measured indicate that there are some negative psychological symptoms associated
with EA without indicated eating disorders, including higher levels of anxiety compared to control
groups. Exercise has been consistently shown to lower anxiety levels®¢, because of the release of
b-endorphins®, therefore subjects could be exercising to alleviate symptoms of anxiety. Furthermore,
these higher levels of anxiety are have also been shown in subjects with eating disorders compared
to controls?®2°. One clear finding from this study is that there is currently a lack of empirical studies
that measure correlates of EA while also stratifying subjects without eating disorders. It has been
suggested in a recent review that EA in populations with and without indicated eating disorders may
have largely different prevalence rates and also may have differing underlying aetiologies®®. It is
recommended that further research in the EA domain focus on stratifying these two populations to
provide evidence of different aetiologies.

4.1 Limitations

While this meta-analysis is the first to measure EA prevalence rates in adults without indicated eating
disorders, the findings should be considered within the limitations of this study. The heterogeneity of
population groups and measurement tools, and the exclusion of subjects with indicated eating
disorders, mean that this should only be considered a broad overview. In the meta-analysis, there
were high levels of heterogeneity that could not be explained. Moreover, the sub-groups had a limited
number of subjects, and very low numbers of studies, which limits the statistical power of prevalence
rates and limits the power of conclusions. We also did not have a complete set of demographical
data, which was relevant as a complete set of data would have added statistical power to the meta-
regressions, meaning that we are unsure whether demographics are true moderators of EA. A further
limitation is potential eating disorder under-reporting in the exercising population. Several studies
have shown that questionnaire-based eating disorder screening tools can increase the occurrence of
false-negative results, particularly in athletic populations®”. Given that studies including EA subjects
with indicated eating disorders have shown higher prevalence rates than reported in this meta-

analysis?>°2, this could have increased our prevalence rates.

4.2 Directions for future research
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Qualitative investigation is warranted to explore to what extent EA decreases quality of life, or whether
or not EA truly exists in the absence of eating disorders. Moreover, currently no EA measurement tool
exists that incorporates an effective screen for eating disorders. The creation and validation of such
tool could make the stratification of EA easier. In the absence of such a consolidatory tool, the authors
recommend either the EAIl or EDS as a means of EA measurement, as well as an ED screening tool
to stratify primary and secondary EA. Furthermore, primary studies are needed in several population
groups with numerous subjects to determine more accurate prevalence rates and correlates in sub-

populations.
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5. Conclusion

EA appears to be prevalent in exercisers without indication of eating disorders. Furthermore, it is
possible that EA measurement tools are measuring different aspects of the same phenomenon,
making comparison of results difficult. Moreover, some negative psychological symptoms are
associated with EA independent of eating disorders. Because of the very small number of studies
included, and the heterogeneity of the measurement tools and studies, more primary studies using
homogenous measurement tools and exploring correlates would be beneficial. It is recommended that
all future EA prevalence research include an eating disorder screen to add clarity to sub-populations
and identify possible secondary EA. Further research comparing the underlying experiential aspects
of exercise engagement in subjects with and without EA in indicated and no-indicated eating

disordered samples would greatly add to the understanding of this phenomenon.
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