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Abstract

Objective: The Compulsive Exercise Test (CET) was developed to assess compulsive
exercise in patients with eating disorders (EDs), but originally validated in a non-
clinical sample, and psychometric properties were only investigated in small clinical
samples. Therefore, the aim of this study was to examine its psychometric properties
in a large clinical sample of adolescent and adult inpatients with anorexia nervosa
and bulimia nervosa.

Method: A sample of 2,535 German female inpatients with EDs completed the CET
and other instruments at admission and discharge. Factor structure (confirmatory
[CFA] and exploratory factor analyses [EFA]), internal consistency and construct
validity, measurement invariance across age and diagnostic groups, group compari-
sons of means, as well as sensitivity to change during treatment were assessed.
Results: The CET showed high internal consistency, very good construct validity, and
sensitivity to change. CFA indicated a better fit of four-factor and three-factor solu-
tions compared to the original five-factor model. However, subsequent EFA identi-
fied an optimum for a five-factor model. Only three subscales were satisfactorily
invariant to measurement, but not the CET total score. Only small differences in
scores between patient groups were observed.

Discussion: Results support internal consistency, construct validity, and sensitivity to
change, whereas factor structure remains inconclusive, questioning the theoretical
basis of the CET. There is limited support for using the lack of enjoyment subscale,
and only moderate support for using the rigidity subscale in patients with EDs. It is
recommended to further explore and/or revise the original CET, including investiga-

tion in other samples, for example, male samples.
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1 | INTRODUCTION

Compulsive exercise is a common symptom in patients with eating disor-
ders (EDs). Depending on the sample and assessment methods, its preva-
lence ranges from 23.1% to 81% in individuals with anorexia nervosa
(AN; Davis, 1997; Dittmer et al., 2020; Stiles-Shields, Bamford, Lock, & Le
Grange, 2015) and from 20% to 66.7% in patients with bulimia nervosa
(BN; Binford & Le Grange, 2005; Davis, 1997; Shroff et al., 2006). Com-
pulsive exercise associates with a higher severity of ED symptomatology
(Monell, Levallius, Forsen Mantilla, & Birgegard, 2018), worse therapy out-
comes (Stiles-Shields et al., 2015), longer inpatient stays (Bratland-Sanda
et al, 2010; Solenberger, 2001), higher rates of inpatient dropout
(El Ghoch et al.,, 2013), and a higher risk of relapse/chronification (Carter,
Blackmore, Sutandar-Pinnock, & Woodside, 2004).

According to the cognitive-behavioral maintenance model of
compulsive exercise by Meyer, Taranis, Goodwin, and Haycraft (2011),
patients with EDs engage in compulsive exercise to control weight
and shape, to improve their mood, and to prevent or regulate negative
affect. Furthermore, perfectionism and rigidity were suggested as
maintaining factors. Based on this model, Taranis, Touyz, and
Meyer (2011) developed a questionnaire for assessing compulsive
exercise, the Compulsive Exercise Test (CET) that includes 24 items
answered on a 6-point Likert scale. A principal component analysis
(PCA) in a nonclinical sample of 367 young female exercisers (from
the United Kingdom and Australia) revealed five components: avoid-
ance and rule-driven behavior, weight control exercise, mood
improvement, lack of exercise enjoyment, and exercise rigidity. The
CET demonstrated good psychometric properties with high internal
consistency (a = .85), a mean item-total correlation of .48 and good-
to-excellent concurrent and convergent validity. However, this dimen-
sional structure of compulsive exercise does not map directly onto
clinical samples, as a recent review on the psychometric properties of
exercise assessments suggests. Evaluating nine studies that analyzed
the validity of the CET, it concluded that “the factor structure [...] was
not confirmed in the majority of the studies” and that “further
research is needed to confirm a factor structure and validate the [...]
in more diverse clinical samples” (Harris, Hay, & Touyz, 2020). For
example, Swenne (2016), Limburg et al. (2021), and Plateau et al. (2014)
discussed whether four factors, three factors, or a single factor better
explained the factorial structure of the questionnaire. The identifica-
tion of different latent factor structures for the CET might indicate
that it does not fully capture all latent constructs proposed by Meyer
et al. (2011), that additional latent constructs impact compulsive exer-
cise in EDs more than in the general population, or that the instru-
ment is not invariant between, for example, clinical and nonclinical
populations.

Besides true differences in latent constructs underlying compulsive
exercise between nonclinical samples and patients with EDs, several limi-
tations of the existing research on the CET might have contributed to
divergent findings in previous studies. For example, psychometric proper-
ties of the CET were mostly examined in samples with less than optimal
size (Formby, Watson, Hilyard, Martin, & Egan, 2014; Sauchelli
et al,, 2016; Vrabel & Bratland-Sanda, 2019). In addition, in psychometric
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studies of the CET with clinical samples, patients with Eating Disorders
Not Otherwise Specified (EDNOS) often dominated (Formby et al., 2014;
Sauchelli et al., 2016; Swenne, 2016).

The few studies comparing compulsive exercise between patients
with AN and BN found mixed results: Sauchelli et al. (2016) found sig-
nificantly higher CET total scores and most subscale scores (except
exercise rigidity) in patients with BN (n = 56) compared to individuals
with AN (n = 40 Spanish participants, 80% female, adults). Cunning-
ham, Pearman, and Brewerton (2016) also found that patients with BN
(n = 18) showed higher CET total scores than those with AN (n = 6)
(U.S. participants, 58% female, adults). In contrast, we did not find dif-
ferences between individuals with AN (n = 151) and patients with BN
(n = 75; participants: from Germany, 100% female, 69% adults), neither
for the CET total score nor for the subscales (Schlegl, Dittmer, Hoff-
mann, & Voderholzer, 2018). We are not aware of any study that has
compared adolescents and adults. However, it is important to establish
whether the CET is measurement invariant between age and diagnostic
groups before further investigating group differences.

Finally, no study has investigated the sensitivity to change of the
CET, that is, its ability to show change after an intervention or across
time, and whether its sensitivity is similar in different age or diagnostic
groups. Since compulsive exercise is a concerning ED symptom,
whose trajectory should be tracked during treatment, it is essential to
assess to what extent change can be captured using the CET.

Thus, the aims of our study were (a) to examine the factor struc-
ture of a German translation of the CET in a large clinical sample
(N = 2,535), (b) to assess the internal consistency and construct valid-
ity of the measure, (c) to explore measurement invariance of the CET
across age and diagnostic groups, (d) to compare the CET scores of
different diagnostic and age groups, and (e) to investigate sensitivity
to change during treatment.

2 | METHODS

2.1 | Participants and procedure

We investigated a sample of female inpatients hospitalized at Schoen
Clinic Roseneck in Prien am Chiemsee, Germany, between 2014 and
2018. Inclusion criteria were a diagnosis of AN or BN according to
ICD-10 (F50.0-F50.3). Patients were diagnosed by experienced clini-
cians from the specialized ED unit during a standard intake interview
using the International Diagnostic Checklists (Hiller, Zaudig, &
Mombour, 1997). Furthermore, a minimum age of 12 years was man-
datory both for treatment and for study inclusion. Only data of first
admissions to Schoen Clinic Roseneck were used. Patients' body mass
index (BMI) needed to be <18.5 for AN and <30 for BN (to exclude
outliers and potential confounds related to obesity). Exclusion criteria
were current drug/alcohol/medication abuse, acute suicidal tenden-
cies, psychotic symptoms, or a severe life-threatening somatic disor-
der, reflecting treatment admission criteria. In total, we included
2,535 female inpatients (n = 821 adolescents with AN, n = 991 adults
with AN, n = 250 adolescents with BN, and n = 473 adults with BN).
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Measures were completed at admission and discharge.
Sociodemographic and clinical characteristics (e.g., duration of inpa-
tient treatment and duration of ED) were available from medical
charts. All patients received a multimodal inpatient treatment program
based on cognitive-behavioral therapy (CBT) with group and individual
psychotherapy. For a more detailed description of our treatment pro-
gram, see Schlegl, Quadflieg, Lowe, Cuntz, and Voderholzer (2014).

22 | Measures

221 | Compulsive Exercise Test

The Compulsive Exercise Test (CET; Taranis et al., 2011) is a self-report
inventory assessing aspects of compulsive exercise on five subscales:
avoidance and rule-driven behavior, weight control exercise, mood
improvement, lack of exercise enjoyment, and exercise rigidity. It consists
of 24 items answered on a 6-point Likert scale from O (never true) to
5 (always true). Subscales are summed to obtain a CET total score. The
CET was translated into German by our research group, applying a
translation-backtranslation approach combined with a pretest procedure
(Brislin, 1970). First, it was translated into German by two researchers
(M.Sc. and PhD level, more than 10 years of experience in ED research)
separately. The derived versions were discussed by the translators and
piloted in N = 10 patients with EDs who gave feedback on the measure-
ment. Second, an English native speaker performed a back translation and
compared the result to the original version. The final version was then

established through consensus building.

222 | Commitment to Exercise Scale

The Commitment to Exercise Scale (CES; Davis, Brewer, & Ratusny, 1993;
German version: Zeeck et al., 2017) is an 8-item self-rating scale for the
assessment of compulsive exercise in patients with EDs. It addresses two
core aspects: (a) obligatory exercise implies the strict adherence to a regu-
lar and clearly structured exercise routine and (b) pathological exercise
refers to the physical or psychological burden of exercising. According to
Thome and Espelage (2007), we used a 4-point Likert scale from 1 (never)
to 4 (always) instead of the original answering format (visual analog scale).
McDonald's Omega for the CES total score was 0.93.

2.2.3 | Eating Disorder Examination-Questionnaire

The Eating Disorder Examination-Questionnaire (EDE-Q; Fairburn &
Beglin, 1994; German version: Hilbert & Tuschen-Caffier, 2016) is a
self-rating instrument to assess ED cognitions and behaviors experi-
enced during the previous 28 days with 28 items on a 7-point Likert
scale from O to 6. In this study, the EDE-Q global score was used. Fur-
thermore, the EDE-Q item 18 was used to investigate convergent
validity (“Over the past 28 days, how many times have you exercised

in a driven or compulsive way as a means of controlling your weight,

shape or amount of fat, or to burn off calories?”). McDonald's Omega
for the EDE-Q global score was 0.94.

224 | Eating Disorder Inventory-2

The Eating Disorder Inventory-2 (EDI-2; Garner, 1991; German version:
Paul & Thiel, 2005) is a multidimensional self-report questionnaire to
assess the specific psychopathology of patients with EDs. It consists of
11 scales with 91 items answered on a 6-point scale from 1 (never) to
6 (always). McDonald's Omega for the EDI-2 total score for this sample
was 0.96.

2.2.5 | Beck Depression Inventory-I|

The Beck Depression Inventory-ll (BDI-Il; Beck, Steer, &
Brown, 1996; German version: Hautzinger, Keller, & Kiihner, 2009) is
a self-rating instrument to assess the severity of depressive symp-
toms. The 21 items can be rated on a 4-point scale from O to 3 regard-
ing their occurrence and intensity during the last 2 weeks.
McDonald's Omega for the BDI-II total score was 0.91.

2.2.6 | Brief Symptom Inventory

The Brief Symptom Inventory (BSI; Derogatis, 1993; German version:
Franke, 2000) is a short version of the symptom checklist
(Derogatis, 1979) that assesses the current general psychological dis-
tress of patients throughout the last week on the basis of 53 items
belonging to nine subscales. Answers are given on a 5-point scale,
ranging from O (not at all) to 4 (extremely). McDonald's Omega for the
BSI global severity index (BSI GSI) for this sample was .96.

2.3 | Dataanalyses

IBM SPSS 25 (IBM Corporation, 2017) was used for most analyses.

2.3.1 | Confirmatory factor analysis (CFA)

CFA was performed using IBM AMOS 26 (Arbuckle, 2019), using maxi-
mum likelihood estimation. CFA was conducted to assess the factorial
validity of the original five-factor model (Taranis et al., 2011), alternative
four- and three-factor models, and one-factor models of the CET
(Limburg et al., 2021; Plateau et al, 2014; Swenne, 2016). ltem-
participant ratio was >1:100. Multiple goodness-of-fit indices were uti-
lized, including a) the root mean square error of approximation (RMSEA),
with values <0.06 indicating a good fit and values between 0.08 and 1 a
mediocre fit; (b) Tucker-Lewis index (TLI); (c) the comparative fit index
(CFI), all with values >0.90 (ideally >0.95) indicating an acceptable fit of
the data; and (d) the standardized root mean square residual (SRMR) with
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values <0.08 as acceptable fit and <0.05 as good fit (Hooper, Coughlan, &
Mullen, 2008; Hu, & Bentler, 1999). In addition, the Akaike information
criterion (AIC; Burnham & Anderson, 2004) was used to compare the fit
of the nonnested five-, four-, and three-factor models. Furthermore,
factor loadings over 0.40 are considered appropriate (Ford, MacCallum,
& Tait, 1986).

2.3.2 | Exploratory factor analysis

As CFA did not yield a sufficient model fit, we conducted parallel analysis
(Horn, 1965) to determine the number of factors to retain in exploratory
factor analysis (EFA). We used a common factor analysis approach with
maximum likelihood as the extraction method and oblimin rotation to fit
latent factors to the same data set. Explained variance (ratio between the
variance of the factor and the total variance) and corrected item-total cor-
relations () (correlations between each item and the total score that
excludes that item) were calculated. Kline (1993) recommends deleting
questionnaire items with 't < .3. There is debate on whether CFA and
EFA should be conducted on the same sample. However, this is of greater
concern when CFA is conducted after EFA, as any CFA with prespecified
factor correlations and/or loadings is a possible solution of EFA. In our
case, we decided to conduct EFA only after published factor models failed
to fully explain our data in CFA (Schmitt, 2011). Furthermore, McDonald's
Omega was calculated as a measure of internal consistency.

233 |
and age

Measurement invariance across diagnosis

To test for measurement invariance of the CET across diagnosis and
age group, we fitted multigroup CFAs with increasing equality con-
straints and reported model fit indices (Byrne, 2004). Configural
invariance (assuming that number of factors and pattern of loadings
are identical for both groups), metric invariance (assuming equal factor
loadings), and scalar invariance (assuming equal factor loadings and
equal item intercepts) were investigated. CFl, TLI, and RSMEA were

reported as goodness-of-fit indices.

2.34 | Construct validity

To determine convergent validity, Pearson correlations of the CET
with the CES and the EDE-Q item 18 were calculated and for the
exploration of the discriminant validity, Pearson correlations with the
EDE-Q, the EDI-2, the BDI-Il, and the BSI.

2.3.5 | Group comparisons
We calculated multivariate analyses of variance (MANOVAs) to com-
pare CET total score and CET subscales between diagnostic and age

groups and report Cohen's d to quantify differences.
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2.3.6 | Sensitivity to change

To assess sensitivity to change in the CET total score as well as the
CET subscales during inpatient treatment, we followed the methods
used by Machado, Grilo, Rodrigues, Vaz, and Crosby (2020) and com-
puted standardized change scores (SCS) (difference between an indi-
vidual's admission and discharge CET total score and subscales,
divided by the SD value of the entire sample at admission). We
followed with MANOVAs where SCS were entered as the dependent
variable and age-by-diagnosis group as within-subject factor.

3 | RESULTS

3.1 | Sample description

Participants were 2,535 female inpatients with EDs (nh = 821 adoles-
cents with AN, n = 991 adults with AN, n = 250 adolescents with BN,
and n = 473 adults with BN). For a more detailed sample description,
see Table 1.

3.2 | Confirmatory factor analysis

We used confirmatory factor analysis (CFA) to examine the fit of the
previously suggested five-factor, four-factor, and three-factors models
in the total sample (Table 2). According to our multiple criteria for
goodness of fit, all models were found to differ significantly from the
observed data (for all p <.001), suggesting a poor fit and failed to
reach the RMSEA threshold (all values > .08). Regarding CFl, the four-
factor and the three-factor models had reasonable fits. Multifactorial
models showed consistently smaller AIC values compared to one-
factor models. For all models, factor loadings were appropriate for all
items. In the five-factor model, the CET subscales were correlated
with each other, except for the CET subscale lack of enjoyment which
showed no significant correlation with weight control exercise
(r =.021, p = .350) and negative correlations with the other subscales
(—.545 < r < —.169).

3.3 | Exploratory factor analysis

Since no model showed acceptable fit in the CFAs, we conducted EFA
to further explore the factor structure. This approach has also been
used in previous articles, where CFA fit criteria were not met (Darcy,
Hardy, Crosby, Lock, & Peebles, 2013; Plateau et al., 2014). Parallel
analysis suggested a five-factor solution. The obtained five-factor
structure of the CET determined by applying EFA with subsequent
oblimin rotation is presented in Table 3. Then, 76.1% of the total vari-
ance were explained and the same items as in the original CET study
loaded on the same factors. Main factor loadings ranged from 0.39 to
0.89. One item (item 15) cross-loaded onto two factors with a differ-

ence of loadings of less than 0.10. Sufficient corrected item-total
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TABLE 1  Sample description for the total sample and the four subgroups
Total sample Adolescents with Adults with Adolescents with Adults with
(N = 2,535) AN (n = 821) AN (n = 991) BN (n = 250) BN (n = 473)
Age (years) 22.32 (9.44) 15.53(1.22) 26.82(9.86) 16.01 (1.01) 28.00 (9.76)
M (SD) range 12-73 12-17 18-73 13-17 18-61
BMI (kg/m?) 16.83(3.73) 15.06 (1.54) 14.80 (2.06) 21.27 (2.93) 21.80(2.79)
M (SD) range 8.60-29.90 10.70-18.50 8.60-18.50 18.00-29.90 18.03-29.88
BMI percentile
M (SD) 14.42 (25.96) 2.42 (4.66) 53.83(28.11)
For adolescents 0-98.90 0-38.20 11.50-98.90
only range
Treatment duration 85.14 (44.60) 92.77 (43.53) 89.66 (48.89) 80.97 (43.83) 64.63 (28.03)
(days)
M (SD) range 1-316 2-250 1-295 4-316 1-183

Abbreviations: AN, anorexia nervosa; BMI, body mass index; BN, bulimia nervosa.

TABLE 2

Model

Five factors (24 items; Taranis et al., 2011)
One factor (24 items; Taranis et al., 2011)
Four factors (21 items; Limburg et al., 2021)
One factor (21 items; Limburg et al., 2021)
Four factors (21 items; Swenne, 2016)

One factor (21 items; Swenne, 2016)

Three factors (15 items; Plateau et al., 2014)
One factor (15 items; Plateau et al., 2014)

Fit statistics for previously suggested factor models of the Compulsive Exercise Test (CET) for the total sample (N = 2,535)

CFI TLI RMSEA [95% Cl] AIC SRMR?
0.888 0.861 0.096 [0.094-0.098] 6,094.688 0.1012
0.709 0.653 0.152 [0.150-0.154] 15,145.905 0.1214
0.903 0.877 0.099 [0.96-.101] 4,829,569 0.0772
0.768 0.716 0.150 [0.148-0.153] 1,118.181 0.0938
0.876 0.845 0.107 [0.104-0.109] 5,640.167 0.1045
0.876 0.845 0.107 [0.104-0.109] 1,210 0.1210
0.912 0.879 0.116 [0.113-0.120] 3,162.535 0.0756
0.751 0.668 0.193 [0.189-0.196] 8,643.683 0.1075

Note: Reference values for goodness-of-fit indices: SRMR < 0.08 acceptable fit, SRMR < 0.05 good fit, RMSEA < 0.06 good fit, 0.10 < RMSEA 2 0.08
mediocre fit, TLI/CFI < 0.90 bad fit, 0.90 = TLI/CFI < 0.95 good fit, and TLI/CFI = 0.95 very good fit.
Abbreviations: AIC, Akaike information criterion; CFl, comparative fit index; RMSEA, root mean square error of approximation; SRMR, standardized root

mean squared residual; TLI, Tucker-Lewis index.
2Calculated with imputed data.

correlations (') existed for 21 of the 24 items. The three items that
did not correlate sufficiently all belong to the CET subscale lack of
exercise enjoyment. See also Figure S1 for the path diagram of our
EFA model.

3.4 | Measurement invariance

To investigate measurement invariance of the CET total score across age,
we fitted a multigroup CFA with age group (adolescents vs. adults) as
grouping variable. Model fit indices (CFI = 0.738, TLI = 0.708,
RMSEA = 0.104) and Chi-squared test of the unconstrained model
(no equality constraints; X2[494] = 11,227.00, p < .001) indicated that
configural measurement invariance across age cannot be assumed. Similar
results were obtained for AN and BN groups, where model fit indices and
Chi-squared test results also did not support configural measurement
invariance (CFI = 0740, TLI = 0.710, RMSEA = 0.103;
x°[494] = 11,110.76, p < .001). However, when measurement invariance

analyses were performed separately for CET subscales with more than
three items (at least three items were needed due to degrees of freedom),
weight control exercise and mood improvement showed good and avoid-
ance and rule-driven behavior acceptable measurement invariance.

Details are shown in Table S1.

3.5 | Internal consistency

Internal consistency of the CET total score and all subscales was good
to excellent, ranging from McDonald's ® = 0.80 to o = 0.95 (see also
Table 3).

3.6 | Construct validity

Table 4 presents Pearson correlations of the CET total score, sub-

scales, and related measurements. We found high correlations
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TABLE 3 Exploratory factor analysis of the Compulsive Exercise Test (CET) including factor loadings and corrected item-total correlations (r'%
for the total sample (N = 2,535)

Rotated factor loading

Factor Factor Factor Factor Factor

Factor Item 1 2 3 4 5 rt
Factor 1: Avoidance and rule- 9: If | cannot exercise | feel low or depressed. 0812 -0.059 -0.077 0.126 -0.003 .735
driven behavior
10: | feel extremely guilty if | miss an exercise 0.567 0.050 0.188 -0.017 0.251 .859
session.

11: 1 usually continue to exercise despite injury 0523 -0.041 0.087 -0.113 0.299 .708
or illness, unless | am very ill or too injured.

15: If I miss an exercise session, | will try and 0.393 0.009 0.286 —0.049 0.318 .807
make up for it when | next exercise.
16: If | cannot exercise | feel agitated and/or 0.841 -0.016 —-0.066 0.109 0.010 778
irritable.
20: If | cannot exercise | feel angry and/or 0.868 —-0.012 -0.031 0.079 0.001 .803
frustrated.
22: | feel like I've let myself down if | miss an 0.534 0.122 0.265 0.017 0.131 816
exercise session.
23: If | cannot exercise | feel anxious. 0.740 0.059 0.201 0.007 0.009 .836
Factor 2: Weight control exercise  2: | exercise to improve my appearance. -0.041 -0.029 0.685 0.226 0.135 729
6: If | feel | have eaten too much, | will do 0.208 -0.016 0.550 0.046 0.192 .788
more exercise.
8 (R): I do not exercise to be slim. 0.003 0.033 0.653 -0.103 -0.056 .370
13: | exercise to burn calories and lose weight. —0.009 0.064 0.827 0.128 0.050 732
18: If | cannot exercise, | worry that | will gain 0.293 0.025 0.604 0.095 0.038 .808
weight.
Factor 3: Mood improvement 1: | feel happier and/or more positive after | -0.030 -0.077 0.149 0.735 0.069 .595
exercise.
4: | feel less anxious after | exercise. 0.170 0.043 0.256 0.510 0.081 751
14: | feel less stressed and/or tense after | 0.025 —0.003 0.014 0.749 0.018 .556
exercise.
17: Exercise improves my mood. 0.054 -0.066 -0.072 0.818 0.020 .506
24: | feel less depressed or low after | exercise. 0.127 0.059 —-0.041 0.770 —0.008 564
Factor 4: Lack of exercise 5: 1 find exercise a chore. -0.012 0.690 0.064 0.086 0.077 217
enjoyment
12 (R): | enjoy exercising. 0.006 0.633 0046 -0351 -0.103 -.231
21: 1 do not enjoy exercising. 0.001 0.886 —0.072 0.018 -0.012 .020
Factor 5: Exercise rigidity 3: | like my days to be organized and 0.207 -0.161 0.060 0.243 0.326 .640
structured of which exercise is just one part.
7: My weekly pattern of exercise is repetitive. 0.017 0.019 -0.076 0.022 0.890 714
19: | follow a set routine for my exercise 0.034 0.033 0.084 0.032 0.746 739
sessions, for example, walk or run the same
route, particular exercises, same amount of
time, and so on.
Factor values Eigenvalues 11.96 3.30 1.19 1.13 0.68
Variance explained (%) 49.84 13.73 495 4.72 2.82
McDonald's omega 0.95 0.90 0.90 0.80 0.84

Note: (R) Items 8 and 12 were reversed. Salient factor loadings are in bold.

between the CET total score and its subscales except for lack of exer- 18 correlated highly with the CET total score and avoidance and rule-
cise enjoyment. They also correlated highly with the CES, again except driven behavior, and moderately with weight control exercise, mood
for lack of exercise enjoyment. Furthermore, the EDE-Q item improvement, and exercise rigidity.
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TABLE 4 Pearson correlations between the Compulsive Exercise Test (CET) and other instruments for the total sample (N = 2,535)
CET CET avoidance and rule- CET weight CET mood CET lack of exercise ~ CET exercise
total driven behavior control exercise improvement enjoyment rigidity

CET total 1
CET avoidance and rule- 0.913° 1

driven behavior
CET weight control 0.862° 0.7372 1

exercise
CET mood improvement 0.708°? 0.655° 0.492°7 1
CET lack of exercise 0.165*  -0.025 0.158? -0.307° 1

enjoyment
CET exercise rigidity 0.860? 0.805% 0.635? 0.638? -0.109° 1
CES 0.893? 0.918% 0.742° 0.614? 0.005 0.827°
EDE-Q item 18 0.5282 0.543% 0.467° 0.319° 0.027 0.482°
EDE-Q global 0.521° 0.4422 0.623? 0.2522 0.205? 0.324?
EDI-2 total 0.434? 0.3672 0.482° 0.186? 0.2792 0.237°
BDI-Il total 0.326° 0.298% 0.336° 0.118? 0.236° 0.326?
BSI GSI 0.339? 0.321 0.333° 0.136? 0.2282 0.196°

Note: EDE-Q Item 18: Over the past 28 days, how many times have you exercised in a driven or compulsive way as a means of controlling your weight,
shape, or amount of fat, or to burn off calories?
Abbreviations: BDI-Il, Beck Depression Inventory-Il; BSI, Brief Symptom Inventory; GSI, Global Severity Index, CES, Commitment to Exercise Scale; CET,

Compulsive Exercise Test; EDE-Q, Eating Disorder Examination-Questionnaire; EDI-2, Eating Disorder Inventory-2.

®The correlation is significant at the level of 0.01 (two sided).

Regarding the EDE-Q global score, the EDI-2 total score, the BDI-
Il total score, and the BSI GSI, medium-to-high correlations were
found with the CET total score, avoidance and rule-driven behavior as
well as weight control exercise, and low correlations with mood

improvement and lack of exercise enjoyment.

3.7 | Group comparisons

Table S2 presents group means. Taken together, there were no or
only small differences between groups. Individuals with AN scored
somewhat higher on compulsivity (avoidance and rule-driven behavior
as well as exercise rigidity) compared to patients with BN. Group com-
parisons should be considered with caution, as measurement invari-

ance was not established for all subscales (see above).

3.8 | Sensitivity to change

N = 1,939 of the 2,535 patients (76.5%) provided data at admission
and discharge. Table 5 shows mean SCS and SDs of the CET total
score and the CET subscales. MANOVA revealed a significant effect
of the four groups on the CET (F[15579¢] = 2.16, p = .003), suggesting
differences in the four groups regarding sensitivity to change. How-
ever, post hoc tests only corroborated differences regarding exercise
rigidity in adults with AN versus adults with BN, suggesting that the
CET is sensitive to change to a similar degree in all groups for all other

subscales.

4 | DISCUSSION

Previous psychometric research on the CET was primarily conducted
in nonclinical or small mixed ED samples, generating mixed findings
on the factor structure of the CET. In this study, we investigated its
psychometric properties in a large clinical sample of female adolescent
and adult inpatients with AN and BN. In summary, we found that the
German CET showed good internal consistency, construct validity,
and sensitivity to change. However, questions regarding the factorial
structure of the CET remain.

Our CFA did not confirm the originally suggested five-factor
structure (Taranis et al., 2011) nor fully support the previously
suggested alternative four-factor or three-factor solutions. However,
EFA vyielded a five-factor solution that identified an almost identical
model with sufficient model fit. Differences were mostly in size of fac-
tor loadings, and size and direction of factor correlations. When we
probed measurement invariance across age and diagnostic groups, full
model measurement invariance could not be assumed, but all sub-
scales with more than three items were invariant (i.e., avoidance and
rule-driven behavior, weight control exercise, and mood improve-
ment). This indicates that the CET total score does not measure the
same overall construct across age and diagnostic groups, and compari-
sons between, for example, patients with AN and BN should be inter-
preted with caution. Our results further question the original
theoretical five-factor model of compulsive exercise, especially
regarding its universal applicability to clinical and nonclinical
populations, as well as females of all ages. Several explanations for the

divergent findings from our study and previous literature are
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TABLE 5 Results regarding sensitivity to change: Standardized change scores in the Compulsive Exercise Test (CET) from baseline to

EATING DISORDER

discharge of inpatient treatment in the total sample (N = 2,535) as well as the four subgroups

CET total score

CET avoidance and rule-driven behavior

CET weight control

CET mood improvement

CET lack of exercise enjoyment

CET exercise rigidity

SCS SD N
Adolescents with AN 0.53 0.90 648
Adults with AN 0.56 0.84 736
Adolescents with BN 0.47 0.77 199
Adults with BN 0.43 0.81 356
Total group 0.52 0.85 1,939
Adolescents with AN 0.50 0.90 648
Adults with AN 0.53 0.83 736
Adolescents with BN 0.38 0.71 199
Adults with BN 0.43 0.80 356
Total group 0.49 0.84 1,939
Adolescents with AN 0.48 0.92 648
Adults with AN 0.49 0.89 736
Adolescents with BN 0.57 0.96 199
Adults with BN 0.39 0.85 356
Total group 0.48 0.90 1,939
Adolescents with AN 0.30 0.91 648
Adults with AN 0.30 0.85 736
Adolescents with BN 0.19 0.89 199
Adults with BN 0.23 0.90 356
Total group 0.28 0.88 1,939
Adolescents with AN 0.13 0.88 648
Adults with AN 0.19 0.80 736
Adolescents with BN 0.19 0.85 199
Adults with BN 0.15 0.79 356
Total group 0.16 0.83 1,939
Adolescents with AN 0.48 0.95 648
Adults with AN 0.55 0.90 736
Adolescents with BN 0.40 0.79 199
Adults with BN 0.33 0.89 356
Total group 0.47 0.91 1,939

Abbreviations: CET, Compulsive Exercise Test; AN, anorexia nervosa; BN, bulimia nervosa; SCS, standardized change score.

conceivable: First, methods differed considerably. For example, Tar-
anis et al. (2011) used PCA to identify a factor structure for the CET,
whereas we used EFA to account for item-level measurement error.
Second, the theoretical model of compulsive exercise proposed by
Meyer et al. (2011), which is the basis of the CET, might not be ade-
quate for clinical populations. For example, we found insufficient
corrected item-total correlations of the CET subscale lack of exercise
enjoyment and low correlations between this subscale and other CET
subscales, as well as another measure (CES) for compulsive exercise.
This suggests that lack of exercise enjoyment might not be relevant in
compulsive exercise for AN and BN. Furthermore, recent theoretical
proposals also suggest improving models for a better understanding
of compulsive exercise in EDs (e.g., Coniglio, Cooper, & Selby, 2022;
Kolar & Gorrell, 2020).

Internal consistency of the CET was good across all subscales and
the total score. Except for lack of exercise enjoyment, both the total
score and all other subscales correlated satisfactorily with another
measure assessing compulsive exercise (i.e., CES) and engagement
episodes in compulsive exercise. They furthermore correlated well,
albeit slightly lower, with ED-specific and broad psychopathology
measures, except for mood improvement and lack of exercise enjoy-
ment. Thus, the CET generally measures compulsive exercise, while
certain factors, especially lack of exercise enjoyment, may be less
related to compulsive exercise or constitute a less clinically important
factor at least in patients with AN and BN, compared to nonclinical
populations.

As measurement invariance was only established for three sub-

scales, group comparisons must be interpreted cautiously. Our
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analyses were the first to compare adolescents and adults, but even
on measurement invariant subscales we only found small or no differ-
ences between age and diagnostic groups. This is, however, in line
with previous findings regarding AN and BN (Schlegl et al., 2018).

Our findings did not reveal significant differences between
groups on SCS, suggesting comparable sensitivity to change in adoles-
cents and adults as well as patients with AN and BN. The subscales
avoidance and rule-driven behavior, weight control exercise, as well
as exercise rigidity were the most sensitive to change. Thus, it is rea-
sonable to use these subscales to capture change over time in treat-
ment and research. However, we did not compare the sensitivity to
change in the CET with other measures of the same construct, which
should be considered in future studies.

Our study is based on an excellent clinical sample size. Both adult
and adolescent patients with AN and BN were assessed, and sample
size in each of the four subgroups was sufficient for assessing mea-
surement invariance. Furthermore, longitudinal data (admission and
discharge) were available for 76.5% of patients. Still, some limitations
should be noted: (a) All participants were inpatients with severe and
often long-standing illness; therefore, results may not be applicable to
other populations such as outpatients. (b) Due to low rates of males
with AN or BN in inpatient settings, we investigated only girls and
women and findings may vary for boys and men. We also did not dif-
ferentiate between AN subtypes as these were not reliably recorded
at admission. (c) Investigating only AN and BN, our findings may not
be applicable to other specified EDs. Therefore, the psychometric
properties and factor structure of the CET should be further explored
in individuals with other EDs, male patients, individuals in outpatient
care, and participants reflecting demographic diversity. (d) Due to
admission criteria, patients with comorbid current drug/alcohol/medi-
cation abuse, acute suicidal tendencies, psychotic symptoms, or a
severe life-threatening somatic disorder were not represented. (e) A
substantial part of patients may have received a group therapy
designed to specifically address compulsive exercise, called “Healthy
Exercise Behavior” (see Dittmer et al., 2020), that our clinic offers in
routine care since 2015. Therefore, sensitivity to change might have
been overestimated. (f) Our study did not investigate whether the
CET is useful for measuring the predictive impact of compulsive exer-
cise on treatment effects or other important outcomes such as BMI or
general ED symptomatology. Currently, only one study addressed this
research question (Young et al., 2017), finding that the CET better
predicted ED psychopathology compared to the CES in a small adult
AN sample. Thus, future research should replicate this study in a
larger and more diverse ED sample. (g) Finally, the constructs
suggested to investigate discriminant validity seem to be part of the
ED symptomatology and therefore are probably somehow correlated
with compulsive exercise. We did not assess something completely
unrelated to EDs/compulsive exercise (e.g., music preference). Con-
struct validity should also be further examined by objectively
assessing exercise using accelerometers to determine how the CET
relates to exercise intensity. In conclusion, our data suggest that three
CET subscales (avoidance and rule-driven behavior, weight control

exercise, and mood improvement) can be reliably used in patients with

EDs, are suited to compare age and diagnostic groups (measurement
invariance was shown), and to assess treatment effects (sensitivity to
change was shown). While the total score and the exercise rigidity
subscale should be interpreted cautiously, they may still be used for
tracking individual severity and change in compulsive exercise. Over-
all, our data suggest that the CET primarily does a sufficient job in
assessing weight control and affect-regulating functions of compulsive
exercise, but contrary to its intention performs less well on compul-
siveness, raising questions about its theoretical basis. Thus, we argue
for proposing new and empirically testable models of compulsive
exercise that add other potential facets (e.g., trait compulsivity or
interpersonal difficulties, see Kolar et al., 2021) to the established
valid and important factors of the CET.

5 | CONCLUSION

The CET showed good internal consistency, construct validity, and
sensitivity to change, whereas psychometric properties such as factor
structure remain inconclusive. Especially, the support of the lack of
enjoyment subscale for use in female individuals with AN and BN is
limited, and only moderate for the rigidity subscale. Further replicating
and/or revising the original CET may be indicated. Also, evaluating the
maintenance model of compulsive exercise before refining the CET is
recommended.
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