Eating and Weight Disorders - Studies on Anorexia, Bulimia and Obesity (2022) 27:717-728
https://doi.org/10.1007/540519-021-01210-8

ORIGINAL ARTICLE q

Check for
updates

Compulsive exercise among college students: 5-year time trends
in prevalence and demographic, substance use, and mental health
correlates

Kyle T. Ganson'® - Deborah Mitchison®? - Rachel F. Rodgers** - Mitchell L. Cunningham® - Stuart B. Murray’ -
Jason M. Nagata®

Received: 26 January 2021 / Accepted: 8 May 2021 / Published online: 22 May 2021
© The Author(s), under exclusive licence to Springer Nature Switzerland AG 2021

Abstract

Purpose To provide 5-year time trends in prevalence and demographic, substance use, and mental health correlates of
compulsive exercise among a national sample of college men and women.

Methods We analyzed 4 academic survey years (2016-2020; N=8251) of the national (USA) Healthy Minds Study. Com-
pulsive exercise was measured by self-report of any occurrence of “compulsive” exercise in the past 4 weeks. Unadjusted
prevalence of compulsive exercise in the past 4 weeks was estimated across the 4 survey years by sex. Multiple logistic
regression analyses were conducted among the pooled sample and stratified by sex to estimate the associations between
compulsive exercise in the past 4 weeks and demographic, substance use, and mental health correlates.

Results Among the pooled sample, 11% (95% confidence interval [CI] 9.60-12.42%) of men and 17% (95% CI 15.86—
18.24%) of women reported compulsive exercise in the past 4 weeks. Prevalence across the 4 survey years remained stable
among men and women. Higher body mass index was associated with greater odds of any compulsive exercise in the past
4 weeks among men, while any sports participation was associated with greater odds of any compulsive exercise in the
past 4 weeks among women. Compulsive exercise in the past 4 weeks was associated with greater odds of all mental health
symptoms and illicit drug use among men and women, and higher odds of alcohol use among women.

Conclusion Compulsive exercise is relatively common among college men and women and is associated with substance use
behaviors and poor mental health symptoms.

Level of Evidence V, cross-sectional descriptive study
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Introduction

Exercise is associated with positive physical health indi-
ces [1, 2] and has been shown to be positively associated
with improved mental health [3-7]. However, for some,
regular exercise can take on compulsive qualities, which
portend significant adverse effects. Despite inconsistencies
in formal terminology (e.g., “excessive” vs. “compulsive”)
and the lack of a formal definition [8, 9], it has been pro-
posed that compulsive exercise encompasses several key
patterns, including that the individual feels compelled to
perform excessive exercise, the exercise is completed to
avoid distress associated with “missing a workout”, the
exercise is time consuming, the exercise continues despite
injuries, the exercise impairs with social functioning, the
exercise routines are intense and vigourous [10], and
there is a marked obsessive quality to the exercise [11].
Furthermore, compulsive exercise is commonly used as
a compensatory behavior, that is, to burn calories and/or
alter the body as part of disordered eating patterns [8]. It
is within this context that we frame compulsive exercise
in this study.

Overall, research assessing the prevalence of compulsive
exercise among non-clinical samples is lacking. This is par-
ticularly true among college students. However, research
using the Eating Disorder Examination Questionnaire (EDE-
Q) [12], a widely used and validated measure of eating dis-
order psychopathology, has shown that between 31 and 48%
of both undergraduate men and women [13—15] reported any
occurrence of “driven” or “compulsive” exercise for weight
loss or body shape change in the past 4 weeks at the time of
the study. While it is clear that compulsive exercise occurs
at relatively high prevalence among undergraduate students,
according to the EDE-Q conceptualization, existing research
is limited by the overall small sample sizes (for commu-
nity-based studies), ranging from 404 to 1158 participants
[13—15]. This limits the generalizability of such research
findings, as well as precludes us from gleaning a compre-
hensive understanding of how compulsive exercise behavior
has changed over time. The compulsive exercise item in the
EDE-Q has been shown to display high concurrent valid-
ity with the Compulsive Exercise Test, the Commitment
to Exercise Scale, and the Exercise Beliefs Questionnaire
[16], indicating that it is able to capture the emotional and
psychological constructs of compulsive exercise using a sin-
gle item. This presents a unique strength of the compulsive
exercise item in the EDE-Q as it can be easily incorporated
into large-scale surveys to capture this problematic behav-
ior among a large, non-clinical sample, as well as assess
changes over time.

Among college students, engaging in compulsive exer-
cise is associated with greater risk of a concurrent eating
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disorder [15], and compulsive exercise is broadly concep-
tualized as a central component in the development and
maintenance of eating disorder psychopathology [8, 9].
Thus, it is not surprising that this behavior is common
among individuals who experience eating disorders. For
example, depending on the sample population, measure,
and chosen cut-offs, prevalence of compulsive exercise
ranges from 20 to 81% among individuals with eating dis-
orders [10, 17—19]. This underscores the potentially patho-
logical nature of compulsive exercise as it relates to eating
disorder psychopathology.

In addition to its relationship with eating disorders,
among the general population and individuals with eat-
ing disorders, compulsive exercise, as opposed to exercise
frequency per se, is associated with several adverse health
and social outcomes. For example, compulsive exercise is
associated with interference with social and occupational
functioning, increased anxiety and depression symptoms,
substance use, medical complications (e.g., bradycardia),
injury (e.g., stress fractures), and increased suicidality [10,
20-22]. These social and health correlates of compulsive
exercise may be compounded among adolescent and young
adult college students who are already encountering signifi-
cant challenges and engaging in several life transitions [23].
For example, it is well established that this age group com-
monly experiences body dissatisfaction [24], eating disor-
ders [25], dieting, and disordered eating [26], is particularly
susceptible to poor mental health (e.g., depression, anxiety,
suicidal ideation, non-suicidal self-injury) [27], and may
engage in regular substance use [28, 29]. Thus, additional
research is warranted to better characterize and understand
the overlapping nature of compulsive exercise and substance
use and mental health symptoms among young people.

Several gaps exist in the knowledge base on compulsive
exercise among college students. These include identifying
the trends in prevalence over time, identifying the demo-
graphic distribution for engaging in compulsive exercise,
and identifying the substance use behaviors and mental
health symptoms associated with compulsive exercise.
Given these gaps, this study has three aims. First, we aim to
estimate the prevalence of compulsive exercise among col-
lege men and women across four sequential cross-sectional
annual cohorts of a large nationwide survey among college
students in the United States. Second, we aim to estimate the
demographic correlates of compulsive exercise among the
pooled sample of college men and women. Lastly, we aim to
estimate the associations between compulsive exercise and
substance use behaviors and mental health symptoms among
the pooled sample of college men and women.
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Methods

Cross-sectional data from 4 academic survey years
(2016-2017, 2017-2018, 2018-2019, 2019-2020; N=8251)
of the national (USA) Healthy Minds Study (HMS) were
analyzed. HMS is an annual survey of several health and
social domains among college student participants. Colleges
and universities voluntarily elect to participate in HMS. At
institutions with >4000 students, 4000 students were ran-
domly invited to participate in the survey; at institutions
with <4000 students, all students were invited. To be eligi-
ble to participate, students must have been at least 18 years
old. Students were invited to participate via email and the
survey was administered online via Qualtrics. Students were
incentivized to participate by using a prize drawing of Ama-
zon gift cards. Students provided informed consent prior
to participating. HMS is conducted out of the University
of Michigan and Boston University and was approved by
the Health Sciences and Behavioral Sciences Institutional
Review Board at the University of Michigan and all partici-
pating institutions [30].

Measures
Compulsive exercise

Compulsive exercise was measured using the question:
“Over the past 4 weeks (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?” This question is part of the widely used
Eating Disorder Examination Questionnaire (EDE-Q) [12].
Responses ranged from 0 to 28 with a mean of 1.08, standard
deviation of 3.63, median of 0, and skewness of 4.52. Given
the significant positive skewness of this variable, responses
were dichotomized to zero (0) times and one (1) or more
times. This item has frequently been dichotomized in prior
research to determine the prevalence of any occurrence of
compulsive exercise [13—15, 31-33].

Substance use behaviors

Cigarette use was measured using the question: “Over the
past 30 days, about how many cigarettes did you smoke per
day?” Response options included: “0 cigarettes;” “Less than
1 cigarette;” “1 to 5 cigarettes;” “About one-half pack;” and
“1 or more packs.” Responses were dichotomized to zero
(0) cigarette use and any cigarette use, as has regularly been
done in prior research [34, 35].

licit drug use was measured using the question, “Over
the past 30 days, have you used any of the following drugs?”

Potential response options included: “Marijuana;” “Cocaine
(any form, including crack, powder, and freebase);” “Her-
oin;” “Methamphetamines (also known as speed, crystal
meth, or ice);” “Other stimulants (such as Ritalin, Adder-
all) without a prescription or more than prescribed;” “Opi-
oid pain relievers (such as Vicodin, OxyContin, Percocet,
Demerol, Dilaudid, codeine, hydrocodone, methadone,
morphine) without a prescription or more than prescribed;”
“Ecstasy;” and “Benzodiazepines.” Given the multitude of
response options, responses were dichotomized to no illicit
drug use and any illicit drug use, as has been done in prior
research [36, 37].

Alcohol use was measured using the question: “Over the
past 2 weeks, did you drink alcohol?” A dichotomous “yes”
or “no” response was available.

Mental health symptoms

Depression was measured using the Patient Health Ques-
tionnaire-9 (PHQ-9). This screening tool is based on the
nine Diagnostic and Statistical Manual for Mental Disorders
(DSM)-1V criteria for a major depressive episode [38, 39].
Responses for each question included: “Not at all;” “Sev-
eral days;” “More than half the days;” and “Nearly every
day”. Scores ranged from 0-27 with higher scores indicat-
ing greater depression symptoms. Internal reliability of the
PHQ-9 among the sample was good with @ =0.88. This
variable was converted into a dichotomous variable with
participants who screened negative (scores 0-9) and those
who screened positive (10-27) for depression using a previ-
ously established clinical cut-point [38, 39]. A cut-off score
of > 10 has been shown to maximize sensitivity and specific-
ity among diverse samples [40].

Anxiety was measured using the Generalized Anxiety
Disorder 7-Item (GAD-7). This screening tool was devel-
oped to reflect all components of the DSM-IV criteria for
generalized anxiety disorder [41]. Responses for each ques-
tion included: “Not at all;” “Several days;” “More than half
the days;” and “Nearly every day”. Scores ranged from 0-21
with higher scores indicating greater anxiety symptoms.
Internal reliability of the GAD-7 among the sample was
excellent with =0.91. This variable was converted into a
dichotomous variable with participants who screened nega-
tive (scores 0-9) and those who screened positive (10-21)
for anxiety using a previously established clinical cut-point
[41]. A cut-off score of > 10 has been shown to have strong
psychometric properties among college men and women
[42].

Eating disorder risk was measured using the 5-item
SCOFF questionnaire [43]. Responses for each question
included: “yes” or “no”. Scores ranged from 0-5 with a posi-
tive eating disorder screen indicated by a score of two (2) or
more “yes” responses [43, 44]. This cut-off score has been
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shown to have a sensitivity of 70-100% and specificity of
73-94% for anorexia nervosa, bulimia nervosa, and binge-
eating disorder [43—45].

Suicidal ideation was measured using the question: “In
the past year, did you ever seriously think about attempt-
ing suicide?” A dichotomous “yes” or “no” response was
available.

Non-suicidal self-injury (NSSI) was measured using the
question: “In the past year, have you ever done any of the
following intentionally?” Potential responses include: “Cut
myself;” “Burned myself;” “Punched or banged myself;”
“Scratched myself;” “Pulled my hair;” “Bit myself;” “Inter-
fered with a wound healing;” “Carved words of symbols into
my skin;” “Rubbed sharp objects into my skin;” “Punched
or banged an object to hurt myself;” and “Other.” Given the
multitude of response options, responses were dichotomized
to no NSSI and any NSSI, as has been done in prior research
[27, 46].

Demographic variables

Demographic variables included self-reported age
(18-20 years; 21-23 years; 24-26 years; 27 years and older),
race/ethnicity (White or Caucasian, non-Hispanic, non-
Arab; Black or African American, non-Hispanic; Hispanic/
Latino/a; Asian or Asian American; Arab/Middle Eastern or
Arab American; American Indian, Alaskan Native, Native
Hawaiian or Pacific Islander; Other race/ethnicity; More
than one race/ethnicity), sexual orientation (Heterosexual;
Gay or lesbian; Bisexual; Queer, questioning, or other),
highest parental education (Some college or less; Associ-
ate’s or Bachelor’s degree; Graduate degree), and any sports
participation (intercollegiate varsity; club; intermural). Body
mass index (BMI; kg/m?) was calculated from self-reported
height and weight.

Statistical Analysis

Descriptive analyses were conducted to characterize the
pooled sample of all 4 survey years. The unadjusted preva-
lence of any compulsive exercise in the past 4 weeks was
estimated across and within the 4 survey years (Pearson chi-
square test). Logistic regressions analyses were conducted
among the pooled sample of all 4 survey years to estimate
the associations between the demographic variables (inde-
pendent variables: age, BMI, race/ethnicity, sexual orien-
tation, parental education, any sports participation), sur-
vey year, and any compulsive exercise in the past 4 weeks
(dependent variable). Eight (8) logistic regression analyses
were conducted among the pooled sample of all 4 survey
years to estimate the associations between any compulsive
exercise in the past 4 weeks (independent variable) and sub-
stance use behaviors (cigarette use, illicit drug use, alcohol
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use) and mental health symptoms (depression screen, anxi-
ety screen, eating disorder screen, suicidal ideation, NSSI)
as the dependent variables while adjusting for age, BMI,
race/ethnicity, sexual orientation, highest parental educa-
tion, any sports participation, and survey year. Sensitivity
analyses were conducted using compulsive exercise as a con-
tinuous variable for aims two and three using both logistic
regression and Poisson regression analyses. All analyses
were stratified by sex given previously documented differ-
ences in purpose and presentation of compulsive exercise
among men and women [21, 47-50]. Statistical analyses
included preconstructed sample weighting to adjust for
nonresponse bias. Sample weights were constructed based
on gender, race/ethnicity, academic level, and grade point
average. Participants with underrepresented demographic
characteristics were assigned greater sample weights [30].
The Benjamini—Hochberg procedure was used to adjust for
false discovery given the number of statistical tests [51]. All
analyses were conducted in 2021 using Stata 16.1.

Results

Table 1 displays all of the sample demographic characteris-
tics and descriptive statistics. Among the pooled sample of
all 4 survey years (N=28251), 67.61% of participants were
women. Among both men and women, the majority of par-
ticipants were between the ages of 18 and 20 years. Among
both men and women, nearly two-thirds of the participants
identified as White or Caucasian, non-Hispanic, non-Arab,
the majority of men (86.22%) and women (80.92%) iden-
tified as heterosexual, and most participants reported the
highest level of parental education of Associate’s or Bach-
elor’s degree or more. More than a quarter (28.23%) of
men and 17.86% of women reported some level of sports
participation.

Among the pooled sample of participants, any occurrence
of compulsive exercise in the past 4 weeks was more com-
mon among women (17.05%, 95% confidence interval [CI]
15.86-18.24%) than men (11.01%, 95% CI 9.60-12.42%);
p<0.001; Table 1). In unadjusted analyses, there were no
significant changes in the prevalence of any compulsive
exercise in the past 4 weeks over the 4 survey years (men:
p=0.25; women: p=0.08; Fig. 1).

Results from logistic regression analyses (Table 2)
revealed several significant associations between the demo-
graphic correlates and any compulsive exercise in the past 4
weeks. Among men, higher BMI was associated with greater
odds of reporting any compulsive exercise in the past 4
weeks. Among women, ages 21-23 years, 24-26 years, and
27 years and older was associated with lower odds of report-
ing any compulsive exercise in the past 4 weeks. Among
women, any sports participation was associated with higher
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Table 1 Demographic
characteristics and descriptive
statistics of college student
participants from the 2016 to

Men Women
(n=2672) (n=5,579)

Mean (SD)/ %  Mean (SD)/ %

2020 Healthy Minds Study Demographic characteristics

(N=8251)
Age
18-20 years 44.32 47.97
21-23 years 29.97 31.46
24-26 years 8.57 8.11
>27 years 17.14 12.45
Body mass index (kg/mz) 24.66 (4.81) 24.27 (5.34)
Race/ethnicity
White or Caucasian, non-Hispanic, non-Arab 65.26 66.81
Black or African American, non-Hispanic 3.35 5.83
Hispanic/Latino/a 5.15 5.22
Asian or Asian American 13.16 10.74
Arab/Middle Eastern or Arab American 1.58 0.66
American Indian, Alaskan Native, Native Hawaiian or Pacific Islander  0.11 0.31
Other race/ethnicity 1.73 0.55
More than 1 race/ethnicity 9.66 9.89
Sexual orientation
Heterosexual 86.22 80.92
Gay or lesbian 6.34 3.50
Bisexual 391 10.79
Queer, questioning, or other 3.54 4.79
Highest parental education
Some college or less 16.73 16.67
Associate’s or Bachelor’s degree 33.36 34.34
Graduate degree 49.91 48.99
Any sports participation 28.23 17.86
Substance use behaviors
Any cigarette use, past 30 days 10.77 6.50
Any illicit drug use, past 30 days 25.92 21.70
Alcohol use, past 2 weeks 65.25 66.98
Mental health symptoms
Positive depression screen, PHQ-9 21.82 26.78
Positive anxiety screen, GAD-7 15.64 25.32
Positive eating disorder screen, SCOFF 13.43 26.10
Suicidal ideation, past 12 months 8.91 9.32
Any non-suicidal self-injury, past 12 months 15.46 20.31
Compulsive exercise, any occurrence (> 1 time), past 4 weeks 11.01 17.05
Compulsive exercise, continuous, past 4 weeks 1.02 (3.93) 1.09 (3.49)

Preconstructed nonresponse sample weighting was applied to all analyses

SD standard deviation, kg kilograms, m meters, PHQ-9 patient health questionnaire 9-item, GAD-7 gener-

alized anxiety disorder 7-item

odds of reporting any compulsive exercise in the past 4
weeks. In sensitivity analyses (Supplement Table 1), higher
BMI was no longer significantly associated with reporting
any compulsive exercise in the past 4 weeks among men.
Among women, the effects for age and sports participation
remained significant, and in addition, an effect was observed

for women identifying as Asian or Asian American to have
lower odds of reporting any compulsive exercise in the past
4 weeks.

Results from multiple logistic regression analyses (Table 3)
revealed significant associations between any compulsive
exercise in the past 4 weeks and substance use behaviors and
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Note: Preconstructed nonresponse sample weighting was applied to all analyses.
Pearson chi-square test: Men: p=0.25; Women: p=0.08

Fig. 1 Prevalence (%) of Any Compulsive Exercise (>1 time) in the
Past 4 Weeks by Sex and Healthy Minds Study Survey Year. Note:
Preconstructed nonresponse sample weighting was applied to all anal-
yses. Pearson chi-square test: Men: p=0.25; Women: p=0.08

mental health symptoms. Among men, reporting any compul-
sive exercise in the past 4 weeks was associated with higher
odds of any illicit drug use in the past 30 days, a positive
depression screen, a positive anxiety screen, a positive eat-
ing disorder screen, self-reported suicidal ideation in the past
12 months, and any self-reported NSSI in the past 12 months,
while adjusting for the demographic variables. Reporting any
compulsive exercise in the past 4 weeks was not associated
with any cigarette use in the past 30 days and alcohol use in
the past 2 weeks. In sensitivity analyses (Supplement Table 2
and 3), all variables remained significantly associated with any
compulsive exercise in the past 4 weeks with the exception of
suicidal ideation in the past 12 months.

Among women, reporting any compulsive exercise in the
past 4 weeks was associated with higher odds of any illicit
drug use in the past 30 days, alcohol use in the past 2 weeks,
a positive depression screen, a positive anxiety screen, a
positive eating disorder screen, self-reported suicidal idea-
tion in the past 12 months, and any self-reported NSSI in
the past 12 months, while adjusting for the demographic
variables. Reporting any compulsive exercise in the past 4
weeks was not associated with any cigarette use in the past
30 days. In sensitivity analyses (Supplement Table 2 and
3), all variables remained significantly associated with any
compulsive exercise in the past 4 weeks with the inclusion
of any cigarette smoking in the past 30 days.
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Discussion

The overarching aim of this study was to provide a con-
temporary overview of the 5-year trends in prevalence and
demographic, substance use, and mental health correlates
of compulsive exercise among college men and women.
Specifically, our first aim was to estimate the prevalence of
compulsive exercise across 4 survey years; our second aim
was to estimate the demographic correlates of compulsive
exercise; and our third aim was to estimate the associations
between compulsive exercise and substance use behaviors
and mental health symptoms. Related to our first aim, results
showed that prevalence of any occurrence of compulsive
exercise in the past 4 weeks remained relatively stable across
the survey years for both men and women, and one in ten
men and nearly one in five women reported any compulsive
exercise in the past 4 weeks from the 2016 to 2020 survey
years. These results are slightly lower than prior research
using the EDE-Q among college men and women [13-15],
which may be the result of this study including a larger sam-
ple size and both undergraduate and graduate students.

Results related to our second aim showed that, among
women, older participants, compared to 18-20-year-olds,
had lower odds of reporting any compulsive exercise in the
past 4 weeks. It is possible that attempts to alter one’s body
via compulsive exercise slightly decrease during the transi-
tion through young adulthood (e.g., 18-30 years old) [23].
This is somewhat divergent from research that has shown
that body dissatisfaction, a major driver of compulsive exer-
cise [19], continues to be common throughout adolescence
into young adulthood among women [24].

Among men, higher BMI was associated with any com-
pulsive exercise in the past 4 weeks. Compulsive exercise
is likely used within the context of weight loss attempts [1,
2] or body shape alteration. Exercise regimens may become
compulsive, should weight loss efforts be unsuccessful or
difficult to maintain, among those with higher BMIs as
these individuals seek to achieve an ideal body, or a shape
and weight that are unsustainable through healthy means
for their bodies. Among men, compulsive exercise may be
used to pursue the muscular ideal, which is also associated
with higher BMI, and thus may also contribute to explaining
the relationship found here with higher weight [48, 52, 53].
Furthermore, higher BMI may reflect the effects of dieting,
disordered eating behaviors, and weight loss attempts over
time, where repetitive patterns can lead to an increase in
BMI [54]. In this way, the relationship may also be explained
by body-change efforts having led to increases in BMI over
time. However, these competing explanations are difficult to
tease out given the cross-sectional nature of the data, indicat-
ing the need for future longitudinal research. This may be
exemplified by the lack of significant relationship between
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Table 2 As.sociations between Men p Women p
demographic correlates and any
compulsive exercise (> 1 time) AOR (95% CI) AOR (95% CI)
in the past 4 weeks among men
and women participants from Age
the 2016 to 2020 Healthy Minds 1820 years Ref. Ref.  Ref. Ref.
Study 21-23 years 1.02 (0.72-1.44)  0.907 0.67 (0.55-0.82) <0.001
24-26 years 0.79 (0.46-1.33)  0.368 0.53 (0.36-0.77)  0.001
>27 years 0.55(0.33-0.92)  0.022 0.35 (0.24-0.51) <0.001
Body mass index (kg/m?) 1.04 (1.01-1.07)  0.004 1.00 (0.98-1.02)  0.719
Race/ethnicity
White or Caucasian, non-Hispanic, non-Arab  Ref. Ref. Ref. Ref.
Black or African American, non-Hispanic 1.08 (0.53-2.18) 0.830 0.80 (0.51-1.25) 0.332
Hispanic/Latino/a 1.53(0.82-2.87)  0.185 0.93(0.62-1.40)  0.733
Asian or Asian American 0.85 (0.55-1.30) 0.457 0.81 (0.61-1.06) 0.132
Arab/Middle Eastern or Arab American 1.01 (0.30-3.37) 0.983 0.88 (0.36-2.15) 0.777
American Indian, Alaskan Native, Native 3.10(0.24-39.14) 0.382 3.15(0.49-20.23) 0.225
Hawaiian or Pacific Islander
Other race/ethnicity 1.68 (0.72-3.92)  0.228 1.04 (0.27-3.93)  0.958
More than 1 race/ethnicity 1.35(0.83-2.21) 0.227 1.02 (0.77-1.35) 0.896
Sexual orientation
Heterosexual Ref. Ref. Ref. Ref.
Gay or lesbian 1.47 (0.83-2.61)  0.186 0.85(0.51-1.43)  0.557
Bisexual 2.03(1.14-3.59)  0.015 1.36(1.03-1.79)  0.031
Queer, questioning, or other 0.69 (0.31-1.54) 0.368 0.97 (0.65-1.43) 0.876
Parental education
Some college or less Ref. Ref. Ref. Ref.
Associate’s or Bachelor’s degree 0.88 (0.55-1.40) 0.590 1.04 (0.79-1.39) 0.758
Graduate degree 0.88 (0.56-1.37)  0.561 0.96 (0.72-1.26)  0.750
Any sports participation 0.92 (0.65-1.30)  0.642 1.37 (1.11-1.68)  0.003
Survey year 0.87 (0.72-1.06) 0.175 0.88 (0.79-0.99) 0.030
Preconstructed nonresponse sample weighting was applied to all analyses
Boldface indicates statistical significance after Benjamini—Hochberg procedure
AOR adjusted odds ratio, CI confidence interval, kg kilograms, m meters
Table 3 Assth)ciations.between Men Women
any compulsive exercise (> 1
time) in the past 4 weeks Dependent variables AOR*(95% CI)  p AOR*(95% CI)  p
E‘J‘b‘iﬁ’z‘c‘giﬁ;‘ﬁéﬁﬁzj“ﬁ q Any cigarette use, past 30 days 1.38 (0.91-2.08) 0.120  1.33(0.94-1.88) 0.104
mental health symptoms Any illicit drug use, past 30 days 1.73 (1.25-2.37)  0.001 1.76 (1.45-2.15) <0.001
(dependent variables) among Alcohol use, past 2 weeks 1.14 (0.82-1.58) 0.438 1.50 (1.23-1.84) <0.001
men and women participants Positive depression screen, PHQ-9 1.88 (1.37-2.58) <0.001 1.79 (1.48-2.17) <0.001
;r/ﬁnmd;h;ig;6 (02020 Healthy b iiive anxiety screen, GAD-7 208 (148-2.92) <0.001 1.87 (1.54-227)  <0.001
Positive eating disorder screen, SCOFF 4.58 (3.28-6.38) <0.001 5.60 (4.62-6.80) <0.001
Suicidal ideation, past 12 months 1.71 (1.12-2.62) 0.013 2.20 (1.68-2.88) <0.001
Any non-suicidal self-injury, past 12 months  2.78 (1.96-3.95) <0.001 1.72 (1.40-2.12) <0.001

Preconstructed nonresponse sample weighting was applied to all analyses

Boldface indicates statistical significance after Benjamini—Hochberg procedure

AOR adjusted odds ratio; CI confidence interval; PHQ-9 patient health questionnaire 9-item; GAD-7 gener-

alized anxiety disorder 7-item

3Adjusted for age, body mass index (kilograms/meters®), race/ethnicity, sexual orientation, highest parent
education, any sports participation, and survey year
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BMI and compulsive exercise when using compulsive exer-
cise as a continuous variable.

Among women, those who reported any sports participa-
tion, that is involvement in intercollegiate varsity, club, or
intermural sports, revealed higher odds of any compulsive
exercise in the past 4 weeks. This is not surprising as the
prevalence of eating disorders is high among athletes [55,
56], with compulsive exercise being a common behavior
[21, 57, 58]. This result emphasizes the continued need for
prevention, intervention, and research on eating disorder
behaviors among athletes.

Regarding our final aim, several significant associations
emerged between compulsive exercise and substance use
behaviors and mental health symptoms. Among both men
and women, reporting any compulsive exercise in the past
4 weeks was associated with higher odds of illicit drug use.
The use of illicit drugs (e.g., stimulants) may be a means to
increase endurance and performance for compulsive exer-
cise [59], and, in general, illicit drug use is common among
individuals who experience eating disorders [37, 60], and
engage in disordered eating behaviors [61]. Additionally,
both compulsive exercise [10] and illicit drug use [62] may
be a means to regulate emotions. Among women, reporting
any compulsive exercise in the past 4 weeks was associated
with higher odds of any alcohol use in the past two weeks.
This may align with Food and Alcohol Disturbance, col-
loquially known as “drunkorexia”, which describes the use
of compensatory behaviors (e.g., compulsive exercise) in
preparation for or in response to alcohol use (e.g., to coun-
ter the planned ingestion of calories) [63—65]. The lack of
association between any compulsive exercise in the past 4
weeks and any cigarette use in the past 30 days is not sur-
prising given that cigarette use may reduce the capacity to
exercise in a “driven” and “compulsive” manner. However,
in sensitivity analyses, any cigarette use in the past 30 days
was significantly associated with a greater number of occur-
rences of compulsive exercise among women. This is a cause
of concern as both cigarette use and compulsive exercise
may adversely impact the cardiovascular and pulmonary
systems of the body [21, 66].

Among both men and women, reporting any compulsive
exercise in the past 4 weeks was associated with higher
odds of all five mental health symptoms assessed, includ-
ing a positive depression screen, a positive anxiety screen,
a positive eating disorder screen, self-reported suicidal
ideation in the past 12 months, and self-reported NSSI in
the past 12 months. Both men and women who reported
any compulsive exercise in the past 4 weeks had greater
odds of exhibiting depression and anxiety symptoms, both
of which commonly co-occur with eating disorders [60].
Depression symptoms may also be present if compulsive
exercise interferes with social functioning (e.g., reduced
socialization, hindered academic achievement, poor job
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performance) [10]. However, and somewhat contradictory,
depression is widely known to be associated with lethargy
[67], which would likely impede compulsive exercise.
Among men and women, reporting any compulsive exer-
cise in the past 4 weeks was associated with higher odds of
self-reported suicidal ideation in the past 12 months. Prior
research has shown that over-exercising is associated with
suicidal ideation among individuals with eating disorders,
and that over-exercising is a contributor to an acquired
capability for suicide given an increase in pain insensitiv-
ity [22]. Unexpectedly, compulsive exercise was no longer
significantly associated with self-reported suicidal ideation
in the past 12 months among men in sensitivity analyses
that considered compulsive exercise as continuous. This is a
curious finding as it may be expected that a greater number
of occurrences of compulsive exercise would increase the
likelihood of suicidal ideation due to the level of impairment
associated with compulsive exercise. However, it may be
that the heightened risk for suicidal ideation occurs when
any compulsive exercise is present. These divergent find-
ings highlight the need for future research to further explore
the relationship between compulsive exercise and suicidal
ideation. Among men and women, reporting any compulsive
exercise in the past 4 weeks was associated with higher odds
of any self-reported NSSI in the past 12 months. It may be
that compulsive exercise is a form of NSSI, and both com-
pulsive exercise and NSSI may be mechanisms for emotion
regulation [10, 68] or self-punishment [69]. Lastly, it is not
surprising that, among both men and women, any compul-
sive exercise in the past 4 weeks was associated with higher
odds of a positive eating disorder screen. Research has
consistently shown that individuals with diagnosed eating
disorders and disordered eating behaviors use compulsive
exercise as a compensatory behavior [10, 17, 19-21, 70-72].
In addition to constituting a behavior designed to modify
appearance, compulsive exercise and other disordered eating
behaviors likely serve similar emotion regulation functions
[8, 73]. Importantly, individuals with eating disorders who
also engage in compulsive exercise may experience medical
complications [10, 21], and compulsive exercise is one of the
last symptoms to attenuate when treating eating disorders,
highlighting the centrality of compulsive exercise with eat-
ing disorders [73].

Limitations

Despite the important findings in this study, several limita-
tions are important to note. First, HMS is a cross-sectional
survey, which does not allow for causal inference; thus,
we do not know whether compulsive exercise temporally
predicts any of the substance use and mental health out-
comes shown here. However, it is highly plausible that these
associations are bidirectional in nature. Future research is
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needed to further disentangle these temporal relationships.
Furthermore, we dichotomized the substance use and mental
health measures in this study in accordance with the clinical
indicators of these behaviors and mental health disorders,
as well as prior research; however, there may be nuances
in the severity of substance use behaviors and poor men-
tal health symptoms associated with compulsive exercise.
Future research is needed to identify these nuances. Sec-
ond, HMS is not a cohort study. Thus, we are unable to
assess how compulsive exercise changes over time among
a single group of college students. However, the strength
in this design is the ability to examine time trends in one
population. Third, although the current analyses included a
number of control variables, other unmeasured confounders
may exist. Fourth, given the response rates for each survey
year (2016-2017: 23%; 2017-2018: 23%; 2018-2019: 16%;
Fall 2019: 16%; Spring 2020: 13%), there is a threat of non-
response bias. However, to mitigate this, we utilized pre-
constructed sample weighting. Additionally, a high response
rate does not equate to less nonresponse bias [74], and sur-
veys with large sampling frames, including HMS, are likely
to obtain dependable results, despite lower response rates
[75]. Fifth, the measures are based on self-report, which
may increase social desirability bias, and we were limited
to a single item measure of compulsive exercise measure.
However, the EDE-Q compulsive exercise item has been
shown to be highly correlated with the measurement of com-
pulsive exercise via the Compulsive Exercise Test [16]. Fur-
ther research should consider including multiple measures of
compulsive exercise to more broadly assess this problematic
behavior among a large sample of participants. Participants
were also assumed to understand and discern what “driven”
or “compulsive” exercise is, as well as exercise to control
“weight, shape or amount of fat, or to burn off calories.”
This leaves some room for varying interpretations of this
construct, particularly among college men who may not be
engaging in compulsive exercise for these specific reasons
and are instead exercising to increase muscularity [49, 76].
Strengths of this study include the use of a large and diverse
sample of college students in the general population, the
use of multiple survey years, and eight substance use and
mental health measures. Additionally, we conducted sensi-
tivity analyses that provided additional context and support
for results.

Implications

Exercise has been shown to have favorable health effects [1,
2], including the reduction of depression and anxiety symp-
toms [3-5], the prevention of substance use disorder [6],
and the overall improvement of mental health [7]. However,
the results from this study highlight the potential adverse
substance use behaviors and mental health symptoms that

may arise should exercise become compulsive. Therefore,
while exercise remains a positive and appropriate recom-
mendation for clinical professionals, specifically those on
college campuses, to provide to clients, continued monitor-
ing of exercise is warranted. This is particularly relevant as
our finding show that even one occurrence of compulsive
exercise is associated with substance use behaviors and poor
mental health symptoms. Furthermore, clinical profession-
als should assess quality, frequency, intensity, duration, and
motivation of exercise behaviors among college students to
appropriately identify compulsive exercise and associated
substance use behaviors and mental health symptoms, par-
ticularly eating disorders, among college students.

Conclusion

This study showed that prevalence of any compulsive exer-
cise among college students has remained relatively stable
across 4 survey years from 2016 to 2020, and 11% of col-
lege men and 17% of college women reported engaging in
compulsive exercise over the course of the past 4 weeks.
Reporting any compulsive exercise over the past 4 weeks
was associated with sports participation among women and
higher BMI among men, indicating unique demographic
characteristics associated with this behavior. Lastly, among
both men and women, any compulsive exercise over the
past 4 weeks was strongly associated with substance use
behaviors and poor mental health symptoms. These results
provide contemporary prevalence trends of compulsive exer-
cise among college students and highlight how compulsive
exercise may form part of a constellation of unhealthy and
risky behaviors including significant substance use behav-
iors and be associated with poor mental health.

What is already known on this subject?

Compulsive exercise has been shown to be common among
small samples of undergraduate college students and is asso-
ciated with eating disorder psychopathology.

What this study adds?

This study shows the 5-year trends of compulsive exercise
among a large, national sample of college students. Over
11% of men and 17% of women report any compulsive exer-
cise in the past 4 weeks. Compulsive exercise is associated
with both substance use behaviors and poor mental health
symptoms, indicating a need for prevention and intervention
programming of this common behavior.
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