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Abstract

Compulsive exercise (CE) is proposed to be a unique disorder within the feeding and eating spectrum, with the potential to cause a
range of physical and mental health outcomes. However, it often remains undetected, highlighting the need to enhance screening for
CE, especially outside of eating disorder (ED) treatment settings. Although CE is commonly assessed using the Compulsive Exercise
Test (CET), there are currently no established cutoff scores for identifying CE in community settings or outside of ED populations. This
study utilized two samples—a general exercise population and a community sample recruited to capture individuals with elevated
mental health symptoms—to identify a suitable cutoff for the CET. Receiver operating characteristic analyses were used, and CE cases
were classified in three ways. The area under the curve was moderate to high for detecting CE, and optimal cutoff scores were consistent
across CE markers and samples. The present study suggests that a cutoff score of 13.5, which increases sensitivity and balances
specificity, can be used to detect possible cases of CE in the community. These results have practical implications for screening across

diverse settings and can contribute to further research and understanding of CE.
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1. Introduction

Compulsive exercise (CE) is understood as an urge to engage in
excessive exercise (i.e., in terms of frequency, intensity, and
duration) to avoid feared outcomes, such as aversive emotions
[1, 2]. CE has largely been observed and researched in individuals
diagnosed with eating disorders (EDs), where it may function as
a form of purging behavior or be driven by concerns related to
weight reduction and/or body shape. There are also some
suggestions that CE might be a precursor to the development of
EDs [3, 4]. However, CE is widely observed outside of EDs [e.g.,
5—71, where the focus of exercise is not necessarily on weight loss
or calorie restriction, and it has been observed within exercise
populations [6]. Recent evidence suggests that CE may be its own
unique disorder within the feeding and eating disorder spectrum
[8], highlighting the need for improved identification and
detection of CE cases.

CE is associated with a range of adverse physical health sequelae [9,
10], as well as increased depression, substance use, psychological
distress, and lower life satisfaction [11—14], and may reflect a
maladaptive coping style [15, 16]. Prevalence estimates are limited
by measurement issues [17] but suggest that 11% of male and 17% of
female college students may engage in CE behaviors [18]. Despite
this suggested prevalence, to date, identification of CE outside of ED
treatment settings and populations remains limited, with many
cases of CE often going undetected [19]. As a result, individuals with
CE may be less likely to access treatment or support and may be

vulnerable to the physical and mental health sequelae of CE,
underscoring the critical need to enhance screening and detection

[11].

To date, screening for CE has been largely limited by the lack of
verified cutoff scores for identifying cases, with inconsistent
methods for classifying CE cases used across the research literature
[17, 20]. A widely used and well-validated measure of CE behaviors
is the Compulsive Exercise Test (CET; 4). The CET has been
translated into multiple languages and validated in a variety of
countries [e.g., 21—23]. Validation in ED [e.g., 21, 24], and sport and
exercise populations [e.g., 25, 26] consistently show favorable
psychometric properties. To date, the CET has been used as a
continuous measure indicating greater or lesser symptomatology.
Only one study has reported a possible cutoff score (of 15) [24];
although this study is not without limitations, including the use of a
female-only sample and limitations to classification of CE cases.
Further, this cutoff score was developed to identify CE among those
with an existing ED diagnosis, where exercise behavior may be a
feature of the ED, and differences in CE symptoms relative to the
general population are observed (e.g., greater weight control-driven
exercise, avoidance, and rule-driven behavior in those with EDs and
greater exercise for mood improvement in controls) [27]. CE can also
represent a distinct set of concerns and behaviors [8] occurring
outside of other ED diagnoses [5, 6]. These individuals are often
missed in CE detection, partly due to a lack of screening methods
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[19] and insufficient awareness of CE among healthcare providers
[28]. Therefore, to facilitate screening, there remains a need for
cutoff scores that can adequality detect CE in the community.
Improving the ability to classify CE will also enhance future research,
contributing to a better understanding of CE nosology and guiding
treatment [8]. Therefore, the current study investigated a CET cutoff
score. The aims were to (a) identify a suitable cutoff score for
detecting CE among the general exercise population and (b) verify
this cutoff score in a second community sample with elevated mental
health symptomatology.

2. Materials and methods

2.1. Participants

2.1.1. Sample 1

Participants in the first sample were an Australian exercise group
recruited via online forums and social media sites, including
sporting clubs, exercise and health groups, and flyers posted at
sporting grounds and gyms. Inclusion criteria required individu-
als to be aged 18 and above, with any level of exercise behavior.
Of the 1,401 participants who agreed to participate in the study,
247 failed to complete at least 30% of the survey and were
removed. There were no differences found between those who
completed the study measures and those who did not in terms of
demographics, such as age, gender, education, or living situation.
The final sample (N = 1157) was 77.4% female with a mean age of
36.4 years (SD = 12.9; range 18—89).

2.1.2. Sample 2

The second community sample was recruited from social media
sites of mental health foundations and ED- and mental health-
related support groups to include individuals with elevated
mental health symptoms. A total of 363 participants aged 18 and
over completed the study. Initially, 442 participants started the
survey, but 79 were removed due to non-completion, with no
differences detected between completers and non-completers on
any demographic variables. Participant ages ranged from 18 to
65 (M = 32.9, SD = 10.6), and the majority (71.9%) were female.
There was a broad range of exercise activity levels. This second
sample was recruited to verify cutoff scores in a clinical/ sub-
clinical sample.

2.2, Procedures

Approval was received from the university’s Human Research
Ethics Committee (HE18-072 and HE19-085). For both studies,
participants were directed to an anonymous online questionnaire
hosted by Qualtrics (Provo, UT) via a link in the recruitment
materials. After providing informed consent, participants pro-
ceeded to the survey, which took approximately 20—30 minutes
to complete. In each study, measures were presented in random
order to reduce order effects.

2.3. Measures

Demographic data, including age, gender, and self-reported
height (cm) and weight (kg), were collected. Body mass index
(BMI) was calculated by dividing self-reported weight by height
in meters squared. The same demographic data and measures
were collected across both studies.

2.3.1. Compulsive exercise

The CET [4] is a 24-item measure that assesses a range of aspects
of CE, including continuance, weight- or shape-driven exercise,
exercise rigidity, and affect regulation. Responses are provided
on a six-point Likert scale (ranging from “never true” to “always
true”). A total scale score (range 0—30) is also calculated by
summing the means of the subscale scores, with higher scores
representing greater levels of CE. While some studies have
suggested a shortened 18-item version [25], evidence for
retention of all items remains [8, 11], and the 24 item version was
used in the analysis. The CET demonstrates good internal
consistency and construct validity in both nonclinical and ED
samples [4, 29]. Internal consistency in the present studies was
good, a = 0.86 and a = 0.87, respectively.

2.3.2. Exercise

The Godin Leisure-Time Exercise Questionnaire (GLTEQ) pro-
vides an indication of usual exercise frequency and intensity [30].
A score of 24 or above indicates that the individual is an active
exerciser [31].

2.3.3. Disordered eating symptomology

The Eating Attitudes Test-26 (EAT-26) is a 26-item measure of
disordered eating symptoms, with higher scores indicating a
greater degree of symptom severity. The EAT-26 has good
reliability and predictive validity, with internal consistency found
to be good at a = 0.87 and a = 0.93, respectively.

In Study 2 only, eating-related questions from the Primary Care
Evaluation of Mental Disorders Patient Health Questionnaire
(PRIME-MD PHQ) [32] were also used. Participants were asked
to report “Yes” or “No” on whether they have used exercise in
purging/weight regulation behavior. The Patient Health
Questionnaire (PHQ) is an efficient and diagnostically valid self-
report measure for the screening and diagnosis of common
mental disorders, showing good agreement between PHQ results
and independent mental health professional assessments (k =
0.65) [32].

2.3.4. Psychological distress

The Depression, Anxiety, and Stress Scale-21 (DASS-21) is a well-
validated 21-item measure of psychological distress, assessing
depression, anxiety, and stress [33]. Subscales for each of
depression, anxiety, and stress can be calculated, with clinical
cutoffs established for each, which demonstrate good sensitivity
and specificity for predicting diagnoses [33]. The DASS-21 has
good psychometric properties [33], and internal consistency was
high, with a = 0.94 and a = 0.96, respectively.

2.4. Data analysis

To ascertain cutoff scores, receiver operating characteristic
(ROC) analyses were conducted using Statistical Package for the
Social Sciences (SPSS) v28. ROC curves assessed the ability of the
CET to distinguish between cases with and without CE. While
diagnostic criteria for CE have been proposed [1], these lack
consensus and have received critique [34]. Given the lack of a
definitive and agreed-upon diagnosis or standardized diagnostic
interview for CE, cases of probable CE were determined using
self-report measures, and several possible ways of classifying CE
were utilized. Exploring multiple classifications of CE was
undertaken in order to identify the most appropriate CET cutoff
score and develop a more robust cutoff score that is valid across
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classifications, thus reducing reliance on any one method of
categorizing CE.

For all analyses, the area under the curve (AUC) was used to
ascertain the predictive ability of the CET for each classification
of CE. An AUC of 1.0 indicates perfect prediction, while 0.5 indi-
cates that predication is no better than chance [35]. AUC values
were characterized as follows: AUC <0.50-0.7 (poor), 0.7—0.8
(moderate), 0.8—0.9 (excellent), and above 0.9 (outstanding)
[36]. Appropriate cutoff scores were determined through
examination of sensitivity (percentage of true positives) and
specificity (percentage of true negatives). A sensitivity and
specificity of >75% has been argued to be desirable for clinical
and screening purposes [35]. The Youden Index (sensitivity +
specificity—100), which maximizes sensitivity and specificity

Table 1 « Sample characteristics

Sample 1 (N = 1,157)

M (SD)/N (%)

Age 36.4 (12.9)
Females 895(77.4)
Body mass index 26.0 (5.49)
Psychological distress

Total Depression, Anxiety, and Stress Scale-21 26.3 (21.1)

Depression? 369 (31.9)

Anxiety? 377 (32.6)
Eating disorder symptoms

Eating Attitudes Test-26 (EAT-26) total score 9.57 (9.48)

Above cutoff on EAT-262 155 (13.4)

Probable AN 2(0.2)

EAT-26 exercise item: always? 77 (6.9)

Patient Health Questionnaire exercise item: yes? -
Exercise behavior

Compulsive Exercise Test 11.9 (3.03)

Godin Leisure-Time Exercise Questionnaire 38.6 (26.4)

aN (%).
AN: Anorexia Nervosa

2.4.1. Classification of compulsive exercise

In order to provide a robust determination of optimal cutoff
scores, CE was classified in three ways based on the literature.
Firstly, CE is understood as high levels of exercise accompanied
by impairment and psychological burden [1]; thus, high exercise
levels and the presence of psychological distress were used as
indicators of CE. Those who scored above the cutoff for being an
active exerciser on the GLTEQ (>24; 32) and had scores above
the clinical cutoff for depression and/or anxiety (as assessed by
the DASS-21) were defined as CE cases. Secondly, in line with and
building on prior CET cutoff score research [24], exercise-based
items from ED measures were also used to classify cases. Thus,
CE cases were also classified based on item 12 of the EAT-26,
where participants rate the frequency of how often they “Think
about burning up calories when I exercise”. Those who reported
“Always” were classified as cases of CE, while all other responses
were classified as non-cases. Additionally, CE was assessed using
an exercise-for-weight-control item on the PHQ. All participants

[37], is reported, as are the positive predictive value (PPV) and
negative predictive value (NPV). The optimal cutoff scores for the
CET were ascertained through assessment of sensitivity and
specificity as close to or above 75%, as well as consideration of
the Youden Index.

Power for conducting ROC analyses has been proposed as at least
10 participants with a diagnosis, 10 without a diagnosis, 10 false
positives, and 10 false negatives [38]. Due to a lack of formal
diagnosis for CE, a final determination of false positives and
negatives for CE was not possible. However, given that there were
over 10 cases for presence and absence of each potential diagno-
sis (see Table 1) and the large sample sizes, it was considered
appropriate to conduct the ROC analyses.

Sample 2 (N = 363)

Range M (SD)/N (%) Range
18-89 32.9 (10.6) 18-65
287(79.1)
16.7-53.3 25.6 (5.94) 15.2-46.3
0-118 31.3 (27.0) 0-120
151 (41.6)
138 (38.0)
0-57 13.5 (13.5) 0-75
97 (26.7)
11(3)
58 (16.0)
- 39 (10.5)
2-22.5 12.4 (3.20) 3—22
0-146 41.4 (27.4) 0-182

who responded “Yes” to this item were defined as cases (Study 2
only). This range of modes for classifying CE were used to assess
possible cutoffs in three ways, with the aim of observing where
cutoff scores may coalesce.

3. Results

Both samples reflected varied exercise levels and mental health
symptomatology. As anticipated, the sample from Study 2
reported higher rates of psychological distress (see Table 1). CET
scores ranged from 2 to 22.5 and 3 to 22, respectively. There were
no significant differences between males and females on the CET.

3.1. Sample 1: Compulsive Exercise Test cutoff scores

3.1.1. Compulsive exercise defined as high exercise and
presence of distress

The CET showed a modest to acceptable AUC of 0.642
(Figure 1), suggesting a moderate ability to detect CE. A cutoff
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score of 12 maximized both sensitivity and specificity and had the
highest Youden Index, although both specificity and sensitivity

ROC Curve
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remained below the desired 75% threshold for use in screening
(Table 2). NPV was high, and the PPV remained moderate.
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Figure 1 « Area Under the Curves from Study 1: high exercise and distress, Eating Attitudes Test-26 exercise item.

Table 2 « Cutoff scores identified from Sample 1

Score Sensitivity  Specificity Youden Index Negative Predictive Positive
Value Predictive Value

High exercise with distress

11.5 66.3% 53.5% 19.8 79.5 51.2

12 60.1% 61.2% 21.3 76.2 42.6

12.5 54.6% 66.5% 21.1 75.3 43.8

13 47.3% 73% 20.3 74.4 45.6

13.5 41.8% 79.1% 20.9 73.9 48.3

14 34.8% 83.3% 18.1 72.8 50.3

14.5 25.6% 88.1% 13.7 68.1 63.1

15 20.9% 90.9% 11.8 66.7 62.0

Eating Attitudes Test-26 exercise item

11.5 84% 47.5% 31.5 97.5 10.9

12 77.8% 55% 32.8 97 11.6

12.5 75.3% 60.7% 36.0 97 12.7

13 70.4% 68.1% 38.5 96.9 14.2

13.5 63% 72.9% 35.9 96.3 15.1

14 56.8% 78.3% 35.1 96.0 16.7

14.5 50.6% 83.7% 34.3 95.7 19.2

15 44.4% 88.4% 32.8 95.5 23.0

Suggested optimal cutoff scores are highlighted in bold font.

3.1.2. Compulsive exercise defined by exercise
engagement on Eating Attitudes Test-26

The CET showed an acceptable AUC of 0.750, suggesting moder-
ate diagnostic prediction (Figure 1). A cutoff of 13 maximized
both sensitivity and specificity, with both tending toward 75%,
and yielded the highest Youden Index (Table 2). Across all
possible cutoff scores, NPV was high; however, PPV remained
poor, suggesting a higher rate of false positives and less dis-
crimination between CE and disordered eating.

3.2. Sample 2: Compulsive Exercise Test cutoff scores

3.2.1. Compulsive exercise defined as high exercise
and presence of distress

The CET had an acceptable to high AUC of 0.708 (see Figure 2).
Cutoffs of 12.5 and 13 had the highest Youden Index scores
(Table 3). A cutoff of 13 improved sensitivity and was thus
deemed preferable.
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3.2.2. Compulsive exercise defined as exercise
engagement on Eating Attitudes Test-26

The CET showed a very high AUC of 0.848, indicating excellent
diagnostic prediction (Figure 2). A cutoff of 13.5 maximized
both sensitivity and specificity, yielding the highest Youden
Index and meeting the 75% threshold for both sensitivity and
specificity (see Table 3). Across all scores, NPV remained high.

ROC Curve
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3.2.3. Compulsive exercise defined as exercise
behavior on the Patient Health Questionnaire

The CET showed a very high AUC of 0.801 (Figure 2), again
indicting very good diagnostic prediction. A cutoff of 13.5
maximized both sensitivity and specificity, resulting in a high
Youden Index (Table 3). The Youden Index for a cutoff of 12.5
was slightly higher; however, this score resulted in reduced
specificity of 60.4% and a poorer PPV. A cutoff of 13.5 yielded
closer to 75% threshold for specificity and sensitivity, with only a
slightly lower NPV and Youden Index, and was thus deemed
preferable.
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Figure 2 ¢ Area Under the Curves from Study 2: high exercise and distress, Eating Attitudes Test-26 exercise item, Patient Health

Questionnaire exercise item.

Table 3  Cutoff scores identified from Sample 2

Score Sensitivity  Specificity Youden Index Negative Positive
Predictive Value Predictive Value

High exercise with distress

11.5 77.2% 53.1% 30.3 79.5 51.2

12 69.3% 59.8% 20.1 75.5 52.3

12.5 66.7% 64.2% 30.9 75.3 53.8

13 61.4% 70.9% 32.3 75.2 57.0

13.5 53.5% 78.2% 317 72.4 60.4

14 41.2% 83.2% 24.4 68.8 60.3

14.5 35.1% 86.6% 21.7 68.1 63.1

15 27.2% 89.4% 16.6 66.7 62.0

Eating Attitudes Test-26 exercise item

11.5 94.9% 49.5% 44.4 98.0 25.7

12 89.8% 56.8% 46.6 96.7 28.0
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12.5 88.1% 61% 49.1 96.4

13 86.4% 67% 53.4 96.3

13.5 79.7% 75.2% 54.9 95.5
14 72.9% 81% 53.9 94.1

14.5 66.4% 84.8% 51.2 93.3

15 54.2% 87.9% 42.1 91.4

Patient Health Questionnaire exercise item

11.5 92.7% 46.8% 39.5 98.0
12 87.8% 55% 42.8 97.3

12.5 87.8% 60.4% 48.2 97.5

13 82.9% 64.3% 47.2 96.7

13.5 75.6% 71.8% 47.4 95.9
14 63.4% 76.9% 40.3 94.4

14.5 56.1% 81.1% 37.2 94.0
15 48.8% 85% 33.8 93.4

Suggested optimal cutoff scores are highlighted in bold font.

4. Discussion

A number of possible markers of CE were used to identify a cutoff
score, and across all markers, optimal cutoff scores consistently
coalesced. Based on considerations of predictive ability, Youden
Indices and sensitivity and specificity, we propose that a cutoff
score of 13.5 is feasible across general exercise and mental health
populations. A cutoff of 15, as previously proposed for an ED
population [24], limited sensitivity and might be too conservative
for detecting CE in non-ED and exercise populations. Lower
cutoff scores increased sensitivity at the expense of specificity,
with greater specificity tending to be preferable when screening
for follow-up or intervention [see 39]. Thus, we suggest that the
CET can be feasibly used with a cutoff score of 13.5, which best
balances sensitivity and specificity, for detecting individuals with
CE behaviors who may warrant support and/or intervention.

Overall, the CET was found to have a low false negative rate but
a higher false positive rate, suggesting somewhat poor ability to
discriminate between CE and assessed outcomes, which may
reflect the use of proxies for CE rather than a definitive
assessment of CE. However, the AUC indicated that the CET had
moderate to excellent predictive ability for identifying CE, and
results suggest that the CET is able to distinguish between
exercise behavior and CE. While the CET has often been used to
assess CE behaviors within ED populations [40], the present
results suggest that the CET can also be used to discriminate CE
in nonclinical and exercise population samples. Results thus
provide some support for the feasibility of the CET as a screening
tool for CE across more diverse populations, including in
exercise, sport, and mental health settings, where CE often goes
undetected [19]. Given that CE can represent a distinct disorder
[8] outside of other ED diagnoses, which is associated with
psychological burden [11] and may be part of the development of
further EDs [4], the ability to screen for CE and facilitate early
intervention may be crucial for supporting individuals across a
range of settings.

CE research has remained limited by assessment issues [17]. As
the field moves toward a singular understanding of CE [41], there

29.4
32.1
37:5
41.0
44.8

45.7

17.4
19.0
20.3
21.4
24.2
24.8
27.6
28.6

is also a need for consistent measurement to allow for compari-
son of research findings; however, heterogeneity in assessment
of CE remains [20]. Having a viable cutoff score on the CET may
aid in overcoming limitations in the existing research. In
particular, it may support prevalence studies where findings vary
widely, partly due to the varied assessments [17], as well as assist
in under-researched aspects of CE, such as sociocultural factors
[42]. CE in males is also less understood, with mixed findings and
limited validation of measurement tools for this group [20].
Thus, the assessment of cutoff scores for CE within the mixed-
gender samples performed here may also inform research into
males and CE. Improved classification of cases of CE will also
support research on nosology and treatment [8]. Furthermore,
better classification of CE will aid in intervention research. While
mixed results are reported for treatments for CE behaviors within
ED samples [43—46], further research is needed to guide CE
treatment [17, 47], especially outside of ED populations.

4.1. Limitations

The study is presented with several weaknesses. The definition
and assessment of CE still lack consensus, due to limited research
and methodological variation [17]. Proposed diagnostic criteria
are recent [1] and not universally agreed upon, as there are
suggestions that they do not cover the full diversity of CE or that
CE might better align with obsessive—compulsive disorder (OCD)
symptoms [34]—albeit with evidence consistently showing less
alignment with OCD [e.g., 8]. Consequently, a formal stand-
ardized diagnostic assessment of CE remains to be verified. This
limits the ability to examine the predictive ability of the CET and
optimal cutoff score against a definitive CE diagnosis (and to
adequately assess power). However, while assessment against a
diagnostic interview is preferable, the use of self-reported
measures for classifying disorders in order to ascertain cutoff
scores has been widely used throughout the literature [48—50],
even when diagnostic interviews are available. While there is no
easy way to classify individuals as having CE, the ability to further
understand CE and progress diagnostic criteria will remain
limited. Thus, developing cutoff scores against self-report
measures in this instance helps to progress the field by providing
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an approach to consistently classify those with and without CE,
which is crucially needed [17, 20]. Such consistent classification
of individuals with CE can support research necessary for
progressing CE toward recognition as a disorder in diagnostic
taxonomies, with validated diagnostic criteria. In the future,
should CE be included in international diagnostic taxonomies
and a “gold standard” standardized clinical interview for CE be
developed, further validation of the cutoff scores would be
valuable.

Each possible marker of CE is also not without limitations. For
example, the self-report measures, such as the GLTEQ, can be
subject to bias, and we lack verification of actual exercise behaviors.
However, the present study builds on prior research, which used one
item to identify cutoff scores in a sample of females with EDs, by
providing multiple assessments of CET cutoffs across various CE
markers in two samples. The consistency of results across these
markers and samples can increase confidence in the conclusions,
given that results consistently coalesced around similar cutoff
points, and that each marker of CE overcame some of the limitations
of the other markers. The samples were both overrepresented by
females; however, the findings did expand on prior cutoff research
that focused solely on females [24]. Evidence suggests that there are
only small gender differences in problematic exercise behavior [51],
and sensitivity analyses showed no gender differences; thus, the full
samples were retained for analysis. Additionally, the CET, as a
unidimensional construct, has faced some critique [25]. Thus, scores
above the threshold might not capture individuals whose exercise
behavior remains pathological in only one or certain domains of CE.
Future consideration of cutoff scores for the CET subscales may be
beneficial in reflecting the multidimensional nature of CE [52].

5. Conclusions

Based on the analysis of the CET for predicting a range of possible
markers of CE, we suggest that the previously proposed cutoff
score of 15 limits sensitivity for general exercise and non-ED
populations. We propose that a cutoff of 13.5 is more feasible for
maximizing both sensitivity and specificity. The presence of a
tested cutoff score, validated across two studies, will support the
ability to screen for and detect CE in the community, providing a
viable cut point for classifying CE. Adopting screening with the
identified cutoff score across various settings may improve the
detection of those at risk and improve access to support.
Furthermore, utilizing this cutoff in future research may also
contribute to a deeper understanding of CE.
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