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Driven exercise (i.e., feeling compelled or urged to 
engage in physical activity or exercise) is a common 
transdiagnostic behavior, especially in eating disorders 
(EDs), but also frequently observed in the general pop-
ulation. For instance, driven-exercise behaviors are 
often reported in samples of adolescents and young 
adults (Ganson et al., 2022; Goodwin et al., 2012, 2014), 
gym attendees (Lejoyeux et al., 2008), people that regu-
larly participate in high-intensity functional-movement 
training (Lichtenstein & Jensen, 2016), fitness instruc-
tors (Gjestvang et  al., 2021), and college students 
(Edlund et al., 2022). Prevalence rates of driven exercise 

have ranged from 5% to 42% in these studies; increased 
rates have occurred in samples diagnosed with EDs, 
including 66% of inviduals with bulimia nervosa (Stiles-
Shields et al., 2015) and 80% of inviduals with anorexia 
nervosa (Dalle Grave et  al., 2008). Typically, driven 
exercise is aerobic activity that is excessive in intensity, 
duration, or frequency (Solenberger, 2001) and 
continued even when adverse consequences, such as 
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Abstract
Driven exercise is a transdiagnostic maladaptive behavior, especially common in eating disorders (EDs); however, its 
maintenance mechanisms remain poorly understood. To address this gap, we examined the applicability of previously 
empirically derived and validated reinforcement-function models in explaining driven-exercise maintenance in studies 
varying across developmental stages and clinical presentations (Study 1: N = 279 adolescents/adults oversampled for 
EDs; Study 2: N = 118 adolescent/adult inpatients with severe EDs; Study 3: N = 52 adults oversampled for athletes 
and/or EDs). Results supported the utility of a four-function model (automatic positive reinforcement [APR]/automatic 
negative reinforcement [ANR; increase positive/decrease negative affect], social positive reinforcement [SPR]/social 
negative reinforcement [SNR; engage in/avoid interpersonal situations]) in explaining driven exercise. APR was most 
frequently endorsed, followed by ANR, SNR, and SPR in all studies. APR correlated with last-month driven-exercise 
episodes across studies; associations between other functions and ED psychopathology varied between studies. 
Furthermore, results suggested a separate control function could be considered in samples with more severe EDs.
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pain or injuries, occur (Lichtenstein & Jensen, 2016; 
Noetel et al., 2017). Besides being associated with ED 
behaviors, driven exercise is also associated with sig-
nificant emotion-regulation difficulties (Goodwin et al., 
2012, 2014), general mental-health problems (Ganson 
et  al., 2022; Gjestvang et  al., 2021), and depression 
(Edlund et al., 2022; Gjestvang et al., 2021).

Driven exercise has been historically conceptualized 
as either “exercise dependence” (Hausenblas & Downs, 
2002) or “compulsive exercise” (Meyer et al., 2011). In 
brief, exercise dependence highlights that engagement 
in driven exercise often leads to a need to increase the 
amount of exercise (tolerance) and is associated with 
withdrawal symptoms (e.g., negative affect) and loss of 
control over when and for how much time a person 
exercises (Hausenblas & Downs, 2002). The compulsive-
exercise model, however, emphasizes affect regulation 
together with compulsive (e.g., perceived negative con-
sequences such as feeling guilty when stopping exer-
cise routines), perfectionistic, and rigid (e.g., rule-driven 
exercising) personality traits as main components of 
the behavior (Meyer et al., 2011). There is some agree-
ment that the compulsive-exercise model is a better fit 
to describe driven exercise, especially in EDs (Scharmer 
et al., 2020); however, some model components did not 
fit well across different samples (A. Harris et al., 2020; 
Schlegl et al., 2022). Although these models are derived 
from distinct lines of research, both emphasize short-
term affective consequences of driven exercise as key 
components in the maintenance of the behavior (for a 
comparison, see Kolar & Gorrell, 2020a, p. 281). There 
is empirical support for affective change after physical 
activity and exercise in individuals with EDs from eco-
logical-momentary-assessment (EMA) studies that have 
shown short-term increases in positive affect and 
decreases in negative affect following driven exercise 
(Engel et al., 2013; Kolar et al., 2020; Lekkas et al., 2022; 
Reichert et  al., 2020). Recent research also indicated 
that affective trajectories after exercising may differ 
depending on whether the exercise itself was subjec-
tively classified as adaptive or maladaptive (the latter 
category including driven exercise), at least for positive 
affect and in individuals with binge-spectrum EDs 
(Lampe et al., 2023). Other maintaining factors of driven 
exercise have been proposed beyond affective rein-
forcement. For instance, recent research indicates that 
interpersonal processes might also be related to driven 
exercise, at least in individuals with anorexia nervosa, 
such as sensitivity toward (perceived) social threats 
(Kolar, Kaurin, et al., 2022).

Although theoretical models have been proposed to 
explain the maintenance of driven exercise, little 
research has investigated the subjectively deemed 
intended outcomes of driven exercise reported by 

individuals engaging in this behavior. Using such a 
functional perspective might elucidate the purpose of 
driven-exercise behaviors and which processes ulti-
mately maintain them. A useful framework to identify 
potential functional-maintenance mechanisms of driven 
exercise is the four-function model by Nock and 
Prinstein (2004). This model posits that maladaptive 
behaviors are reinforced by automatic or intrapersonal 
and social or interpersonal functions. Automatic nega-
tive reinforcement suggests that the behavior is intended 
to alleviate negative affective states, whereas behaviors 
enacted for automatic positive reinforcement function 
to increase positive affective states. Social negative rein-
forcement occurs when a behavior serves to avoid 
unpleasant social experiences, whereas social positive 
reinforcement occurs when the behavior seeks to 
increase desired interactions with others, such as being 
comforted. There is evidence supporting the four- 
function model in nonsuicidal self-injury (NSSI; Hepp 
et al., 2020; Nock & Prinstein, 2004), binge eating and 
purging (Wedig & Nock, 2010), and restrictive eating 
(Wang et al., 2021). In these studies, NSSI, binge eating, 
and purging were found to predominantly serve auto-
matic-negative-reinforcement functions, whereas  
Wang et al. (2021) found that automatic-positive- 
reinforcement functions were most highly endorsed for 
restrictive eating across three studies, with only little 
variability across type and severity of EDs and devel-
opmental stage. Control has been discussed as an addi-
tional independent maintenance mechanism for ED 
behaviors (Wang et  al., 2021; Wedig & Nock, 2010); 
however, in prior studies, the original four-function 
model has provided a better fit to the data than a model 
incorporating control as a fifth factor. However, the 
importance of control functions has been emphasized 
in previous, more broad assessments of maintenance 
functions in EDs (Mikschl et  al., 2016; Slade, 1982); 
therefore, engaging in exercise to feel in control may 
serve as a reinforcer for driven exercise for individuals 
with elevated ED symptoms, extending the four-function 
model to a five-function model.

Despite the demonstrated relevance of functional 
models to other ED behaviors, a functional analysis that 
applies the four-function framework to driven exercise 
is missing, especially across different populations with 
varying ED severity and levels of physical activity. 
Because driven exercise occurs frequently in individu-
als with anorexia nervosa, high levels of automatic posi-
tive and negative reinforcement may be expected. 
However, given prior emphasis on control as an impor-
tant maintenance function of EDs in general (Mikschl 
et al., 2016; Slade, 1982), we also exploratorily exam-
ined if the addition of a fifth factor, control, improved 
functional models of driven exercise. To investigate 
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potential maintenance functions in driven exercise, we 
conducted three studies across different cultural con-
texts (Germany and United States), age groups (older 
adolescents and adults), ED presentations and severity 
(including an ED inpatient sample), and physical-activity 
levels (i.e., oversampling for athletes).

Study 1 assessed functions of driven exercise in a 
German community sample that oversampled for indi-
viduals with EDs. We hypothesized that (a) a four-factor 
structure (automatic positive/negative-reinforcement 
and social positive/negative-reinforcement functions) 
or five-factor structure (with an additional control func-
tion) similar to restrictive eating (Wang et  al., 2021) 
would emerge; (b) functions would be endorsed to 
varying degrees; (c) automatic functions of driven  
exercise would demonstrate positive correlations with 
emotion-regulation difficulties, depression, anxiety and 
stress, body dissatisfaction, compulsive exercise sever-
ity, and ED severity; and (d) social functions of driven 
exercise would demonstrate negative correlations with 
perceived social support and positive correlations with 
ED severity. In Study 2, we investigated whether the 
same hypotheses as in Study 1 would replicate in a 
sample of German adolescent and adult inpatients with 
severe EDs. In Study 3, we aimed to replicate the func-
tions of driven exercise in a U.S. adult sample that 
consisted of a substantial portion of athletes; recruit-
ment for this sample also oversampled for individuals 
with self-reported ED pathology. We further investi-
gated correlations of the functions with compulsive 
exercise and ED severity. Study 3 was not preregistered 
but followed similar procedures to preregistered  
Studies 1 and 2.

Transparency and Openness

Preregistration

The data-collection and analytic procedures of Studies 
1 and 2 were preregistered at https://osf.io/gjfc2.1

Data, materials, code, and online 
resources

Data and code to reproduce main findings of Study 1 
and Study 2 are available on OSF at https://osf.io/bfwej. 
Ethics approval was not obtained to share data of Study 
3. Analytical code for Study 3 is identical to Study 1 
and Study 2. In the Supplemental Material available 
online, Table S1 reports how we handled missing data 
for all studies and results of the bias assessment, Table 
S2 provides a list of corresponding items for each fac-
tor, and Figures S1 through S3 report the correlation 

patterns of the five-function models of Study 1, Study 
2, and Study 3, respectively.

Reporting

Studies 1 and 2.  We report all data exclusions, all 
manipulations, and all measures used in the study. Sam-
ple size was determined as reported in the preregistra-
tion. Additional measures were collected for the master 
thesis of T. Lask but not analyzed for this article.

Study 3.  We report all data exclusions, all manipula-
tions, and all measures used in this study. The sample is 
a partial sample of an ongoing project that was con-
ducted until data collection in Study 2 was completed.

Ethical approval

For Study 1, the study design was approved by the eth-
ics committee of the Institute of Psychology of the 
Johannes Gutenberg-University, Mainz, Germany. For 
Study 2, the study design was approved by the ethics 
committee of the medical faculty of the Ludwig-
Maximilians-University Munich, Germany (No. 21-0043). 
For Study 3, the study was approved by the Internal 
Review Board of the University of Southern California 
(No. 20-00467).

Study 1

Method

Participants and procedures.  Participants were recrui
ted online using REDCap (P. A. Harris et al., 2009) hosted 
at University Medicine Mainz, Germany, between Novem-
ber 2020 and January 2021. Recruitment occurred via 
mailing lists of university students in Germany and via 
SurveyCircle (https://www.surveycircle.com; Mannheim, 
Germany). Psychology students were compensated with 
course credits. To increase the proportion of participants 
with self-reported EDs, we also recruited via online com-
munities and social media profiles focusing on EDs and 
mental health. Data collection was anonymous, except 
for participants who requested course credits, in which 
case, identifiable information was stored separately from 
study data.

Interested users (N = 1,176) were able to give 
informed consent online, and 863 participants who ful-
filled inclusion criteria (ages 16–50 and provided 
informed consent) completed the questionnaire battery. 
We then excluded participants who (a) failed both 
attention checks and (b) did not report at least 1 day 
on which they exercised in a driven manner (see 
driven-exercise screener [DES] below).

https://osf.io/gjfc2
https://osf.io/bfwej
https://www.surveycircle.com
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This resulted in a final sample of 279 participants 
(age: M = 25.29 years, SD = 6.90). Most participants were 
assigned female sex at birth (n = 237; 85%) and identi-
fied as female gender (n = 233; 84%). Eight participants 
(3%) identified as either transgender, intersexual, or 
nonbinary. Most participants (n = 147; 53%) were cur-
rently single, followed by participants who were married 
or in permanent relationships (n = 127; 46%). Ethnicity 
and sexual orientation were not recorded in this study 
because of German legislation limiting the collection of 
these data. All participants that had any amount of par-
tial missing data in the Functional Assessment of 
Maladaptive Behaviors (FAMB; N = 15; 5%) were 
excluded from confirmatory factor analysis (CFA).2

Measures.
Body mass index.  Body mass index (BMI; kg/m²) was cal-

culated using self-reported height and weight. Research 
indicates that self-reported height and weight are suffi-
ciently accurate for our study purposes (Lin et al., 2012).

DES.  The DES (Kolar & Gorrell, 2020b) is a two-item 
measure created by members of the study team to assess 
driven exercise within the last month. It provides partici-
pants with a definition of “driven” and three examples 
of potential driven-exercise behaviors (exercising exces-
sively more than others in similar situations, exercising 
even when injured, and exercising when neglecting 
other important life domains). Participants then report 
whether they exercised in a driven manner within the last 
month and if yes, how often (range = 1–31 days). Partici-
pants were excluded (and did not fill in the functional- 
assessment questionnaire) if they reported no driven-
exercise days within the last month.

FAMB.  We translated the FAMB (Wedig & Nock, 2010) 
version as adapted by Wang et al. (2021) to German to 
assess functions of driven exercise. Translation was con-
ducted by D. R. Kolar and T. Lask, tested in a focus group 
of patients with EDs, adjusted, and then back-translated 
to English by a native speaker. The back-translation was 
discussed with A. F. Haynos, S. B. Wang, and S. Gorrell 
to ensure semantic overlap. The FAMB was used to mea-
sure how often participants engage in driven exercise for 
intended automatic-positive-, automatic-negative-, social-
positive-, and social-negative-reinforcement functions; 
options ranged from 0 (never) to 3 (often). The functions 
of driven exercise were not mutually exclusive, and indi-
viduals could endorse multiple different functions of this 
behavior. An adapted version was previously created to 
better capture potential functions of restrictive eating; we 
employed this adapted version in this investigation of 
driven exercise. In brief, two items regarding automatic 
positive reinforcement, one item regarding negative  

reinforcement, and four items assessing an additional con-
trol function were added (for details, see Wang et al., 2021).

Eating Disorder Examination–Questionnaire.  We used 
the German version (Hilbert et  al., 2007) of the Eating 
Disorder Examination–Questionnaire (EDE-Q; Fairburn 
& Beglin, 1994) to assess disordered-eating symptoms 
within the last 4 weeks. Items were rated from 0 (no day) 
to 6 (every day). The EDE-Q is a reliable instrument with 
strong validity and test–retest reliability (Berg et al., 2012). 
We used the EDE-Q global score in this study as a mea-
sure of ED severity.

Compulsive Exercise Test.  The Compulsive Exercise 
Test (CET; Taranis & Meyer, 2011) is a self-report mea-
sure assessing psychological components of driven exer-
cise. It consists of 24 items rated from 0 (never true) to 5 
(always true). It is widely used in ED research; however, 
the originally proposed factor structure with five sub-
scale factors does not replicate well (for an overview, see  
A. Harris et al., 2020). We therefore used only the CET 
total score obtained with the German version by Schlegl 
et al. (2022) as a measure of driven-exercise severity.

Difficulties in Emotion Regulation Scale–18.  The Dif-
ficulties in Emotion Regulation Scale–18 (DERS-18; Victor 
& Klonsky, 2016) is the short-form of the Difficulties 
in Emotion Regulation Scale (DERS; Gratz & Roemer, 
2004). It comprises 18 items addressing different types of  
emotion-regulation problems, for example, nonaccep-
tance of emotional reactions, impulsivity, or deficits in 
emotional clarity. Participants reported the items from 1 
(almost never) to 5 (almost every time). Because of the 
lack of an independent German DERS-18 version, we 
used the corresponding 18 items of the German DERS 
(Gutzweiler & In-Albon, 2018) to compute the total DERS-
18 score as a measure of emotion-regulation problems.

Depression, Anxiety Stress Scales.  The Depression Anx-
iety Stress Scales (DASS-21; Antony et al., 1998) assesses 
depression, anxiety, and stress symptoms as a measure of 
general psychopathology. The German version (Nilges & 
Essau, 2015) showed good psychometric properties in a 
sample of chronic-pain patients.

Multidimensional Scale of Perceived Social Support.  
The Multidimensional Scale of Perceived Social Support 
(MSPSS; Zimet et al., 1988) assesses perceived social sup-
port from family, friends, and significant others, rated 
on a 7-point scale from 1 (disagree strongly) to 7 (agree 
strongly). The German-version MSPSS showed good psy-
chometric properties in a sample of Austrian students 
(Greimel et al., 2016). We used the total MSPSS score as a 
measure of general perceived social support in our study.
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Data analysis.  Data were analyzed in R (R Core Team, 
2022) and RStudio (Rstudio Team, 2022) using the tidy-
verse (Grolemund et  al., 2019), psych (Revelle, 2022), 
ggplot2 (Wickham, 2016), and lavaan (Rosseel, 2012) 
packages. We used CFA to test two models, including the 
four-function model as found in Wang et al. (2021) for 
restrictive eating and a five-function model with control-
function items restricted to loading on a discrete control 
function instead of automatic positive reinforcement (for 
a list of specific items for each factor, see Table S2 in the 
Supplemental Material). We evaluated goodness of fit 
using standard fit indices following Hu and Bentler 
(1999), including comparative fit index (CFI; cutoff ≥ .95), 
Tucker-Lewis Index (TLI; cutoff ≥ .95), root mean square 
error of approximation (RMSEA; cutoff ≤ .06), and stan-
dardized root mean square residual (SRMR cutoff ≤ .08). 
Model fit of four-function and five-function models was 
compared using a scaled χ² difference test (Satorra, 2000). 
Differences in endorsement of functions were tested 
using linear mixed models because functions were nested 
within participants. The endorsement of reinforcement 
functions was defined by inspecting the estimated mar-
ginal means of these models. A reinforcement function 
was considered endorsed when it showed a mean score 
greater than zero. Tukey’s honestly significant difference 
test was used to assess pairwise significant differences. 
Pearson correlations were calculated to evaluate asso-
ciations with ED and general psychopathology, emo-
tion-regulation difficulties, and perceived social support. 
Differences in correlations of control and automatic 
positive reinforcement with clinical features were 
explored with cocor (Diedenhofen & Musch, 2015) 
using Hotelling’s t test (Hotelling, 1940).

Results

Many participants reported a current (n = 86; 31%) or 
past ED (n = 31; 11%), mostly anorexia nervosa spec-
trum (including full-threshold and atypical anorexia 
nervosa; n = 78; 67%), followed by bulimia nervosa 
spectrum (including full-threshold and atypical bulimia 
nervosa; n = 32; 27%), binge-eating disorder (n = 3; 
3%), and avoidant-restrictive food intake disorder (n = 
2; 2%). Average BMI was 21.86 kg/m2 (SD = 4.22 kg/m2; 
range = 13.53 kg/m2–50.50 kg/m2). Participants endorsed 
driven exercise on average on 12.0 days (SD = 9.2 days) 
within the last month.

CFA.  The CFA of the four-function model (i.e., automatic 
positive reinforcement and automatic negative reinforce-
ment, social positive reinforcement and social negative 
reinforcement) yielded an acceptable model fit slightly 
outside of the cutoff recommendations by Hu and Bentler 
(1999) for the following fit indices: CFI = .90, TLI = .89, 

RMSEA = .09 (90% confidence interval [CI] = [.09, .10]), 
SRMR = .12. Although a five-function model with control 
functions loading on a separate factor showed a statisti-
cally significantly better fit compared with the four-function 
model, Δχ2(4) = 46.44, p < .001, model fit improved only 
marginally for relevant fit indices: CFI = .91, TLI = .90, 
RMSEA = .09 (90% CI = [.08, .09]), SRMR = .12. Therefore, 
we present further results for both models.

Differences in endorsement of functions.  Table 1 
depicts endorsement levels of each function. Significance 
pairwise differences in endorsement were found between 
all functions, F(3, 799) = 437.19, p < .001 (all comparisons 
p < .001); highest endorsements were for automatic posi-
tive reinforcement, followed by automatic negative rein-
forcement, social negative reinforcement, and social 
positive reinforcement. A similar pattern emerged for the 
five-function model, F(4, 1062) = 338.77, p < .001, in 
which endorsement of all functions differed (p < .001) 
except for endorsement of automatic positive reinforce-
ment with control (p = .180).

Associations with clinical features.  All functions of 
the four-function model were intercorrelated (all rs > .27, 
ps < .001) and significantly correlated with the number of 
driven-exercise episodes reported in the past month, 
compulsive-exercise severity, ED severity, and general 
psychopathology (depression and stress; all rs > .13, p < 
.001; see Fig. 1). Automatic positive reinforcement, automatic 
negative reinforcement, and social negative reinforce-
ment were also correlated with more emotion-regulation 
difficulties (all rs > .29, ps ≤ .008). Perceived social sup-
port was negatively correlated with automatic negative 
reinforcement and social negative reinforcement (all rs < 
–.16, ps ≤ .019). Similar results emerged for the five- 
function model (all rs > |.19|, p ≤ .005; see Fig. S1 in the 
Supplemental Material), with significantly greater associa-
tions of clinical features with control than automatic posi-
tive reinforcement (t ≥ 4.70, p < .001).

Discussion

We found evidence supporting a four-function model 
of driven exercise in a German online sample of ado-
lescents and adults. Similar to restrictive eating (Wang 
et al., 2021) but in contrast to purging and NSSI (Nock 
& Prinstein, 2004; Wedig & Nock, 2010), automatic-
positive-reinforcement functions were the most strongly 
endorsed functions in this sample. A five-function 
model that included an additional control function 
instead of having control functions load onto automatic 
positive reinforcement also showed an acceptable 
model fit. However, endorsement of automatic positive 
reinforcement and control functions did not differ 
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significantly in this model and were both endorsed to 
a greater degree than other functions. All four or five 
functions correlated with higher levels of psychopathol-
ogy, and social negative reinforcement correlated with 
lower perceived social support. Control functions were 
significantly more strongly associated with clinical fea-
tures than automatic positive reinforcement. Although 
our sample was composed of participants who reported 
at least one driven-exercise episode and a large propor-
tion of the sample reported a current ED episode, the 
findings may not extend to a clinical sample.

Study 2

To test whether a similar functional model of driven exer-
cise could be obtained in participants with severe EDs, 
we collected data in a sample of adolescents and adults 
currently receiving intensive inpatient treatment for EDs.

Method

Participants and procedures.  We recruited patients 
with EDs who were currently receiving specialized ED 
inpatient treatment at the Schoen Clinic Roseneck, Prien 
am Chiemsee, Germany, between April 2021 and October 
2022. Patients received a multimodal treatment program 
based on cognitive-behavior-therapy principles, including 
individual and group psychotherapy and high-calorie oral 
refeeding. All patients were admitted by self-admission or 
referral by a clinician. Patients were not admitted in case 
of acute suicidality or whenever involuntary treatment 
was required (for further treatment details, see e.g., Kolar, 

Meule, et al., 2022). Patients were discouraged from exer-
cising during treatment except for supervised exercise 
therapy sessions. However, they were generally able to 
engage in unmonitored exercise during breaks between 
sessions that required changing buildings, during unsu-
pervised time on weekends (e.g., going for a walk in the 
city, to the nearby lake), and especially whenever patients 
were alone in their private rooms (e.g., during nighttime, 
when roommates were attending therapy sessions). 
Recruitment occurred via direct contact through research 
assistants. Participation was administered via paper-pencil 
or online using REDCap.

Of 174 interested patients, 118 patients fulfilled 
inclusion criteria (ages 16–50 and provided informed 
consent) and did not fail both attention checks or report 
fewer than one driven-exercise episode within the last 
month (exclusion criteria). Patients’ mean age was 22.68 
years old (SD = 7.26); all were assigned female sex at 
birth, and most identified as female gender (n = 113; 
96%). Two patients (2%) each identified as male or 
nonbinary, and one (1%) identified as intersex. Ethnicity 
and sexual orientation were not recorded in this study 
because of German legislation limiting collection of 
these data. All participants that had any amount of 
partial missing data in the FAMB (n = 11; 9%) were 
excluded from CFA.

Measures.  The same measures as in Study 1 were used.

Data analysis.  We followed the same data-analytic 
procedure as in Study 1. In addition, we tested measure-
ment invariance using the R semTools ( Jorgensen et al., 

Table 1.  Endorsement of Different Functions of Driven Exercise Across the Three Studies

Study 1: German online sample
Study 2: German clinical 

sample Study 3: U.S. online sample

Four-function model Four-function model Four-function model

  M SE 95% CI M SE 95% CI M SE 95% CI

ANR 1.54a 0.04 [1.47, 1.62] 1.88a 0.06 [1.75, 2.00] 1.85a 0.09 [1.68, 2.03]
APR 1.83a 0.04 [1.75, 1.90] 2.11a 0.06 [1.98, 2.23] 2.25a 0.09 [2.08, 2.43]
SNR 0.90a 0.04 [0.82, 0.97] 1.36a 0.06 [1.23, 1.48] 1.09a 0.09 [0.91, 1.26]
SPR 0.42a 0.04 [0.34, 0.50] 0.67a 0.06 [0.54, 0.79] 0.47a 0.09 [0.29, 0.64]

Five-function model Five-function model Five-function model

  M SE 95% CI M SE 95% CI M SE 95% CI

ANR 1.54a,b 0.04 [1.46, 1.63] 1.88a 0.07 [1.74, 2.01] 1.85a,b 0.09 [1.66, 2.04]
APR 1.89b 0.04 [1.80, 1.97] 1.94b 0.07 [1.81, 2.08] 2.32a 0.09 [2.13, 2.51]
CTR 1.78a 0.04 [1.69, 1.86] 2.23a,b 0.07 [2.10, 2.36] 2.20b 0.09 [2.01, 2.39]
SNR 0.89a,b 0.04 [0.81, 0.98] 1.36a,b 0.07 [1.22, 1.49] 1.09a,b 0.09 [0.90, 1.28]
SPR 0.42a,b 0.04 [0.33, 0.50] 0.67a,b 0.07 [0.53, 0.80] 0.47a,b 0.09 [0.28, 0.66]

Note: Estimated marginal means of different reinforcement functions. Superscripts indicate model-wise Tukey-
corrected significant pairwise differences between functions with p < .05. CI = confidence interval; ANR = automatic 
negative reinforcement; APR = automatic positive reinforcement; CTR = control functions; SNR = social negative 
reinforcement; SPR = social positive reinforcement.
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2022) package to compare models between samples of 
Studies 1 and 2 to check whether obtained functional 
models differed between the online and the ED inpatient 
samples.

Results

Most patients self-reported a current diagnosis of 
anorexia nervosa (n = 85; 72%), subthreshold anorexia 
nervosa (n = 21; 18%), bulimia nervosa (n = 8; 7%), 
and subthreshold bulimia nervosa (n = 1; 1%), and 
three patients reported otherwise specified or unspeci-
fied EDs (n = 3; 3%). Most patients reported currently 
being underweight (BMI: M = 18.37 kg/m2, SD = 3.41 
kg/m2; range = 11.15 kg/m2–34.95 kg/m2; 58% BMI < 
18.5 kg/m2). On average, participants reported exercis-
ing in a driven manner on 20.5 days (SD = 10.0) within 

the last month, a time period that partially overlapped 
with inpatient treatment.

CFA.  Again, we fitted a four- and a five-function model 
to the data. The four-function model fit was acceptable: 
CFI = .92, TLI = .91, RMSEA = .08 (90% CI = [.07, .09]), 
SRMR = .14. Similar to Study 1, the five-function model 
fitted statistically significantly better to the data, Δχ2(4) = 
14.10, p = .007, but model-fit indices were only margin-
ally better: CFI = .93, TLI = .92, RMSEA = .08 (90% CI = 
[.07, .09]), SRMR = .14. We again provide further results 
for both models.

Measurement invariance between online partici-
pants (Study 1) and ED inpatients (Study 2).  Con-
figural invariance (i.e., whether the same factorial 
structure held consistent across online participants and 
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Fig. 1.  Correlations among driven-exercise functions and clinical features in Study 
1 (N = 279 adolescents and adults, oversampled for eating disorders). All presented 
correlations are statistically significant at p < .05. ANR = automatic negative reinforce-
ment; APR = automatic positive reinforcement; SNR = social negative reinforcement; 
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inpatients with severe EDs) was obtained for the four- 
and five-function models (model fit for four-function 
model: CFI = .91, TLI = .91, RMSEA = .09, 90% CI [.08, 
.09], SRMR = .13; five-function model: CFI = .92, TLI = .91, 
RMSEA = .08, 90% CI [.08, .09], SRMR = .12). For the four-
function model, metric invariance (i.e., similar factor 
loadings for both samples) was not achieved (Δχ2 = 
46.47, p = .009), indicating that associations between 
functions may differ between online participants and 
inpatients with EDs, although differences in other model 
fit indices were very small (Δ ≤ |.01|). Metric invariance 
for the five-function model could also not be achieved 
because the model was not identified, most likely because 
of small sample size.

Differences in endorsement of functions.  Table 1 
shows endorsement levels of each function. Again, sig-
nificant pairwise differences in endorsement were found 
between all functions for the four-function model, F(3, 
339) = 159.97, p < .001; all comparisons p ≤ .008. Highest 
endorsements were reported for automatic-positive- 
reinforcement functions of driven exercise, closely fol-
lowed by automatic negative reinforcement and then 
social negative reinforcement and social positive rein-
forcement. Differences in function endorsements were 
also found for the five-function model, F(4, 452) = 133.81, 
p < .001. In contrast to Study 1, differences were detected 
in frequency of endorsement of control (highest endorse-
ment) and automatic-positive-reinforcement (second-
highest endorsement) functions of driven exercise, t(452) = 
3.77, p = .002, whereas automatic positive reinforcement 
and automatic negative reinforcement (third-highest 
endorsements) did not differ significantly, t(452) = 0.90,  
p = .899. All other endorsement comparisons were statis-
tically significant (p < .001).

Associations with clinical features.  All functions of 
the four-function model were intercorrelated (all rs > .27, 
ps ≤ .002; see Fig. 2) except for social-positive-reinforce-
ment and social-negative-reinforcement functions, which 
were not significantly correlated (r = .09, p = .136). All 
functions were correlated with ED severity (all rs > .18, 
ps ≤ .027). Automatic positive reinforcement, automatic 
negative reinforcement, and social negative reinforce-
ment were correlated with the reported number of 
driven-exercise episodes in the last month (all rs > .25, 
ps ≤ .004), but only automatic positive reinforcement and 
automatic negative reinforcement were correlated with 
compulsive exercise severity, that is, CET total scores (all 
rs > .58, ps ≤ .018). Automatic-negative-reinforcement 
and social-negative-reinforcement functions were associ-
ated with emotion-regulation difficulties, anxiety, and 
depression (all rs > .27, ps ≤ .045). Social positive rein-
forcement was correlated only with emotion-regulation 

difficulties and stress (all rs > .20, ps ≤ .047). Surprisingly, 
automatic positive reinforcement was not statistically cor-
related with any of these measures (all rs < .31, ps ≥ 
.062). Perceived social support was not statistically cor-
related with any function (all rs < |.08|, ps ≥ .448). For 
the five-function model, control function correlated with 
all other functions (all rs > .37, p < .001; see Fig. S2 in the 
Supplemental Material) and all other clinical features (all 
rs > .31, p ≤ .011) except for emotion-regulation difficul-
ties and perceived social support. Correlations with non-
ED-specific clinical features were significantly different 
between control and automatic positive reinforcement  
(t ≥ 3.19; p ≤ .002; higher for control with all features 
except social support).

Discussion

In general, findings from Study 1 were replicated in a 
sample of inpatients with severe EDs. The factor struc-
ture of maintenance functions was similar between 
Study 1 and Study 2 samples; however, metric and 
scalar invariance were not established. This suggests 
that comparisons of endorsement levels of functions 
should not be made between inpatient and nonclinical 
samples. Note that despite us finding a better fit of the 
five-function model compared with the four-function 
model, control functions showed higher associations 
with general clinical features (e.g., depression, emotion 
regulation) but similar associations with ED-specific 
features (e.g., ED symptoms, driven-exercise severity) 
and an inverse association with social support compared 
with automatic positive reinforcement. Associations 
between automatic positive reinforcement and clinical 
features were not maintained when modeling control 
as a separate factor.

Study 3

In this study, we tested whether a similar model of 
reinforcement functions could be obtained in a sample 
of U.S. adults oversampled for athletes/EDs. Given the 
high prevalence of driven exercise in athletes (e.g., 
Lejoyeux et al., 2008; Lichtenstein & Jensen, 2016), it is 
important to investigate whether similar functions can 
be found in this population.

Method

Participants and procedures.  Participants were recruited 
online between July 2021 and May 2022. Recruitment 
occurred via a one-time online survey as part of a larger 
project on characterizing exercise and eating behavior 
across varied adult samples. Prescreening items (listed 
below) were used to oversample for active athletes and 
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individuals with current or prior history of an ED. A total 
of 134 participants fulfilled inclusion criteria (18–64 years 
old and met criteria for at least one of the following cat-
egories: self-report of a current or prior diagnosis of an 
ED, currently identify as an athlete, are receiving treat-
ment for an ED, or are a full-time college student—or 
fulfill any combination of these identifiers) and provided 
informed consent. Of those individuals, 47 participants 
were excluded because of missing data on the FAMB 
questionnaire. Another 35 participants were excluded 
because of not reporting at least one episode of driven 
exercise within the last 28 days via the EDE-Q.

The final sample comprised 52 participants (age: M = 
30.59 years, SD = 8.65). Most participants identified as 
female gender (n = 36; 69%), one identified as male 
(2%), and three (6%) identified as nonbinary/other gen-
der (n = 11; 21% did not report or preferred not to 
disclose their gender). Of the individuals reporting, 

most participants identified race/ethnicity as White  
(n = 39; 75%), followed by Asian (n = 3; 6%) and Black 
(n = 1; 2%); 17% did not report race/ethnicity.  
Three participants (6%) reported more than one race/
ethnicity. Two (4%) participant had any amount of par-
tial missing data in the FAMB and was thus excluded 
from CFA.

Measures.  We used the English versions of the follow-
ing three measures that were already used in Study 1 and 
Study 2: FAMB (Wedig & Nock, 2010), EDE-Q (Fairburn 
& Beglin, 1994), and CET (Taranis & Meyer, 2011).

Data analysis.  Again, we conducted CFAs for the four-
function and five-function models and compared model 
fit. We also tested differences in endorsement of func-
tions and calculated correlations of the different func-
tions with ED and driven-exercise severity. Measurement 
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Fig. 2.  Correlations among driven-exercise functions and clinical features in Study 
2 (N = 118 adolescents and adults with eating disorders currently receiving inpatient 
treatment). All presented correlations are statistically significant at p < .05. ANR = 
automatic negative reinforcement; APR = automatic positive reinforcement; SNR = 
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10	 Kolar et al.

invariance between German and U.S. samples was not 
tested because measurement variance could not be attrib-
uted to sample or translation characteristics.

Results

Twenty-two participants (42%) self-reported currently 
having an ED diagnosed by a medical professional; 
anorexia nervosa (n = 16; 73%) was the most prominent 
ED, followed by bulimia nervosa (n = 3; 14%) and 
otherwise specified/unspecified EDs (n = 3; 14%). Half 
of participants, n = 26 (50%), considered themselves 
currently an athlete; 30% reported regular running 
activity, and 17% reported that their current athletic 
participation was competitive. On average, participants 
reported exercising in a driven manner on 12.6 days 
(SD = 9.5) within the last 28 days. Of the total analytic 
sample, 14 (16%) identified both as an athlete and as 
having a current ED diagnosis.

CFA.  We fitted the same four- and five-function models. 
Both model fits were similar as in Studies 1 and 2; there 
was a slightly better fit for the five-function model, Δχ2(4) = 
19.72, p < .001; four-function model: CFI = .95, TLI = .94, 
RMSEA = .09 (90% CI = [.07, .11]), SRMR = .18; five- 
function model: CFI = .95, TLI = .95, RMSEA = .09 (90% 
CI = [.07, .11]), SRMR = .17). Again, we provide further 
results for both models.

Differences in endorsement of functions.  Endorse-
ment levels for each function are reported in Table 1. 
Endorsements of all functions of the four-function model 
differed significantly, F(3, 153) = 152.67, p < .001; all com-
parisons’ ps < .001. Highest endorsements were reported 
for automatic positive reinforcement, followed by auto-
matic negative reinforcement, social negative reinforce-
ment, and social positive reinforcement. Differences 
between endorsements of functions were also found for 
the five-function model, F(4, 204) = 113.40, p < .001. All 
differences were statistically significant with p ≤ .011 
except for the difference in endorsements of automatic-
positive-reinforcement and control functions (p = .763). 
This contrasts with Study 1 (German online sample: auto-
matic positive reinforcement significantly higher endorse-
ment) and Study 2 (German inpatient sample: control 
functions significantly higher endorsement).

Associations with clinical features.  Again, all func-
tions of the four-function model were intercorrelated (all 
rs ≥ .36, ps ≤ .009; see Fig. 3). Only social negative rein-
forcement correlated with ED severity (r = .28, p = .044), 
and automatic positive reinforcement correlated with fre-
quency of driven-exercise episodes in the past month (r = 
.29, p = .039). None of the functions were associated with 

compulsive exercise severity (all rs ≤ |.12|, ps ≥ .416). A 
similar correlation pattern emerged for the five-function 
model, with statistically significant intercorrelations (rs ≥ 
.30, ps ≤ .009; see Fig. S3 in the Supplemental Material), 
except for automatic positive reinforcement with auto-
matic negative reinforcement (r = .18, p = .198). Associa-
tions with clinical features emerged only for control with 
frequency of driven-exercise episodes (r = .33, p = .017) 
and social negative reinforcement with ED severity (r = 
.28, p ≤ .044; all other correlations rs ≤ .27, p ≥ .058). Asso-
ciations with clinical features were not significantly dis-
tinct between control functions and automatic positive 
reinforcement (t ≤ 1.33; p ≥ .190).

Discussion

Both four-function and five-function structures could 
be replicated in a U.S. adult sample with a large pro-
portion of athletes and individuals with self-reported 
EDs; however, the models performed worse on some 
model-fit statistics because of the smaller sample size. 
When looking at endorsements of different functions, 
automatic-positive-reinforcement functions again 
emerged as the most highly endorsed motivations for 
driven exercise. In contrast to Study 1 and Study 2,  
no difference between endorsements of automatic-
positive-reinforcement and control functions was 
observed. However, control functions were associated 
with frequency of driven-exercise episodes in the previ-
ous month, indicating a potential clinical significance 
of these functions.

General Discussion

We investigated driven-exercise functions in three stud-
ies with samples including adolescents and adults and 
individuals with different ED presentations, ED-severity 
levels, and athletic engagement. In general, the four-
function structure previously found for NSSI, binge eat-
ing, purging, and restrictive eating was also obtained 
for driven exercise in all samples. Similar to restrictive 
eating (Wang et al., 2021), automatic positive reinforce-
ment was the function most highly endorsed across all 
samples, followed by automatic-negative-, social- 
negative-, and social-positive-reinforcement functions. 
In contrast to previous studies, a five-function model 
including control as a separate maintenance function 
for driven exercise yielded a slightly better but only 
marginally different model fit compared with the four-
function model. Because model comparison tests based 
on χ2 differences are rather sensitive and the more 
parsimonious four-function model was also found in 
other maladaptive behaviors, we suggest the four-function 
model as the preferred model for automatic and social 
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Fig. 3.  Correlations among driven exercise functions and clinical features in 
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functions of driven exercise. This is further underlined 
by a recent simulation study indicating that relying on 
model-fit indices for model selection results in overfac-
tored solutions (Montoya & Edwards, 2021), which is 
why we do not recommend using model-fit indices to 
decide on the number of factors. We therefore generally 
recommend using a four-function model when investi-
gating and comparing reinforcement functions of mal-
adaptive behaviors except when control functions are 
of specific research interest. Note that none of the mod-
els were below the specified threshold for SRMR model-
fit statistics (which may, however, perform especially 
poorly with categorical data; see Montoya & Edwards, 
2021), although other model-fit statistics indicated suf-
ficient fit. Based on these data, there was some evi-
dence that control functions were important, especially 
in the inpatient ED sample, because they were the most 
endorsed when modeled as an additional factor. Higher 
endorsement of all functions of driven exercise, espe-
cially the automatic-reinforcement functions, was asso-
ciated with indicators of driven-exercise severity (i.e., 
global score of a dimensional driven-exercise mea-
sure, frequency of driven-exercise episodes in the pre-
vious month) across samples. Associations of functions, 

especially negative-reinforcement functions, with gen-
eral clinical features (e.g., emotion regulation, depres-
sion, or perceived social support) were found consistently 
across online participants and inpatients with EDs. 
Control functions were more strongly associated with 
emotion regulation, depression, anxiety, and stress than 
automatic positive reinforcement, further corroborating 
the clinical importance of control functions in driven 
exercise.

Identifying maintenance functions may inform both 
conceptualization and treatment of driven exercise. 
Previously described conceptualizations of driven exer-
cise as exercise addiction or compulsive exercise were 
highly specific and did not replicate well across differ-
ent contexts and stages of illness severity (Scharmer 
et al., 2020; Schlegl et al., 2022). However, in this study, 
very similar maintenance functions for driven exercise 
emerged as those that have been identified for binge 
eating, purging, restrictive eating, and other maladap-
tive behaviors, such as NSSI. This might indicate that 
automatic and social reinforcement are relevant trans-
diagnostic maintenance functions across problematic 
behaviors. In ED treatment, driven exercise has pre-
dominantly been considered to serve simply for 
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compensation of caloric intake. Our findings provide 
an empirical basis for potential additional treatment 
targets, including replacing driven exercise by finding 
alternative, healthy behaviors that increase positive 
affect or teaching people to engage in exercise related 
to long-term values (e.g., team sports), as opposed to 
short-term affect regulation. Furthermore, the consider-
able overlap in highly endorsed functions across dif-
ferent maladaptive behaviors may inform developing 
transdiagnostic interventions. Reiterating Wang et al. 
(2021), intervening on shared functions instead of spe-
cific behaviors may help in reducing the frequency of 
several maladaptive behaviors simultaneously.

The identified endorsement distribution of mainte-
nance functions of driven exercise more closely resem-
bled the pattern observed for restrictive eating than for 
other maladaptive behaviors, with automatic positive 
reinforcement being highest endorsed. Given that most 
of the participants with EDs in our studies were diag-
nosed with anorexia nervosa, this is in line with recent 
research highlighting the role of dysregulated positive 
affect and its treatment for this ED (Coniglio et al., 2019; 
Haynos et al., 2021). In addition, previous EMA studies 
have also highlighted the importance of increased posi-
tive affect after physical activity or exercise as a main-
tenance factor for driven exercise (Kolar et al., 2020; 
Reichert et al., 2020). Furthermore, preliminary experi-
mental research shows that women who report driven 
exercise experience exercise as more rewarding than 
women who do not engage in driven exercise (Holland, 
2016), indicating potential alterations in reward sys-
tems. In contrast to other forms of maladaptive behav-
iors, engaging in balanced and nonexcessive exercise 
is inherently adaptive, and several of the functions that 
maintain driven exercise, specifically, automatic- 
reinforcement functions, are even promoted in exer-
cise-based treatments for other mental disorders, includ-
ing depression or anxiety (Strohle, 2009). Thus, in 
contrast to treatment for restrictive eating, a function-
oriented treatment of driven exercise may focus on 
promoting and implementing adaptive forms of exercise 
that serve these functions without the long-term nega-
tive consequences. For example, engaging in team 
sports could simultaneously serve automatic and social-
positive functions, whereas social norms within and 
around team sports (sporting rules, clear time settings, 
socializing after training/games) might prevent indi-
viduals from “going too far” and turning to engagement 
in driven exercise. There is already preliminary evi-
dence from a randomized controlled trial showing that 
implementing healthy exercise behaviors in treatment 
of EDs reduces the severity of driven exercise after 
treatment (Dittmer et al., 2020).

Regarding control functions, our data suggest that 
considering control as a separate function of driven 
exercise may be most useful in clinical populations 
given that the more parsimonious four-function model 
showed only marginally worse model fit and emerged 
for other maladaptive behaviors. In the four-function 
model, control functions consistently loaded onto auto-
matic positive reinforcement, in accordance with the 
Wang et al. (2021) study on functions of restrictive eat-
ing. Similar to other studies (Nock & Prinstein, 2004; 
Wang et al., 2021; Wedig & Nock, 2010), social functions 
were less endorsed than automatic functions, especially 
social positive reinforcement. This suggests that despite 
the fact that some people engage in driven exercise for 
social reasons, the widespread belief that people 
engage in various problematic behaviors “to get atten-
tion” is probably a misconception.

Several strengths of our research can be noted. We 
investigated maintenance functions of driven exercise 
in three separate studies including adolescents and 
adults, individuals with severe EDs, individuals residing 
in the United States and Germany, and a high proportion 
of athletes. However, because of strict data-protection 
laws in Germany and the design of Study 3, which was 
conducted in the United States, several demographic 
data have not been recorded in all studies, including 
ethnicity, sexual orientation, and socioeconomic status. 
Thus, generalization to minority groups might not be 
applicable. In addition, only participants in Studies 1 
and 2 were selected on reporting driven exercise using 
an extensive definition of driven exercise, whereas in 
Study 3, an item of the EDE-Q was used. Identifying 
driven exercise in athletes may be generally more dif-
ficult because of their unique relationship with exercis-
ing. In combination, inclusion could have been too 
broad in Study 3. However, participants were given a 
short definition of driven exercise directly before filling 
in the FAMB to support athletes’ understanding of how 
driven exercise differs from other forms of exercising. 
Our analyses for the first two studies were preregistered, 
and analyses of the third study closely followed the 
analytic plan of the former studies. Nonetheless, our 
investigations relied on cross-sectional data of self-
report of the functions of driven exercise, and the 
assessment period of driven-exercise episodes might 
have had an overlap with inpatient treatment for par-
ticipants in Study 2. Future research may benefit from 
investigating maintenance functions using intensive lon-
gitudinal designs to capture developmental and dynamic 
changes in these functions. In addition, we asked for 
intended functions, or the purpose of the maladaptive 
behavior, but not whether individuals effectively 
achieved a desired outcome via the intended function 
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(e.g., exercising in a driven manner to feel proud about 
something might not result in feeling prouder at the end 
of a workout). Thus, further research is needed to inves-
tigate contingencies of maintenance functions of driven 
exercise in experimental or EMA studies. For example, 
understanding whether driven exercise is maintained 
through intermittent or consistent schedules of contin-
gencies and whether these schedules vary across illness 
stages may provide insight to prevent driven exercise 
among individuals who are most at risk.

Functional assessment of driven exercise can help 
in increasing understanding of how this maladaptive 
behavior is maintained over time. Given the serious 
long-term consequences of this behavior, developing 
more precise models of driven exercise across illness 
stages and diagnoses can ultimately inform personalized 
treatments that target individual functions of driven exer-
cise. Such adaptive treatments can aid in integrating 
exercise behaviors that are healthy and adaptive, as 
opposed to problematic and harmful, to improve physical- 
and mental-health outcomes of individuals with EDs.
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Notes

1. Small changes have been made to preregistered hypotheses. 
We analyzed correlations with general emotion-regulation prob-
lems instead of emotional suppression. Originally, we planned 
to use the Emotion Regulation Questionnaire (which has an 
emotion suppression subscale) following Wang et al. (2021) but 
mistakenly used the Difficulties in Emotion Regulation Scale 
(which does not assess emotion suppression). Differences in 
endorsement of functions were not compared exploratorily 
between participants that self-report an eating disorder and/
or report a global Eating Disorder Examination Questionnaire 
score above the cutoff of 2.3. At the time of preregistration, 
we registered to compare groups within Study 1 as a redun-
dancy in case of not being able to recruit a clinical sample for 
Study 2 because of, again, strict COVID regulations in late 2020 
through early 2021. Given the extensive comparison between 
Study 1 and Study 2 in this article, we considered comparing 
groups based on self-reported diagnoses and questionnaire cut-
off redundant. Interested readers can conduct this analysis with 
the data provided at https://osf.io/bfwej. The preregistration 
also registers analyzing (a) functions of restrictive eating and 
(b) how functions and disordered-eating behaviors relate to 
gender roles, which has not been conducted for this study. We 
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considered analyzing functions of restrictive eating too exten-
sive for this article (because it focuses on driven exercise), and 
how functions and disordered-eating behaviors relate to gender 
roles was registered and (partially) analyzed for T. Lask’s mas-
ter’s thesis in Study 1 only.
2. Missing data were handled slightly differently in all studies. 
We considered implementing multiple imputation but ultimately 
decided not to do so for all studies because there is currently 
no method for pooling model-fit estimates for ordinal data esti-
mated with diagonally weighted least squares. However, we 
assessed potential bias in estimates that were due to pairwise 
deletion, which was considered low. Supplementary Table S1 
reports how we handled missing data for all studies and results 
of the bias assessment.
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