1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Psychiatry Res. Author manuscript; available in PMC 2017 August 16.

-, HHS Public Access
«

Published in final edited form as:
Psychiatry Res. 2013 April 30; 206(2-3): 246-255. doi:10.1016/j.psychres.2012.11.004.

Exercise caution: Over-exercise is associated with suicidality
among individuals with disordered eating

April R. Smith®", Erin L. FinkP, Michael D. Anestis®, Jessica D. Ribeiro?, Kathryn H.
Gordond, Heather DavisP, Pamela K. Keel?, Anna M. Bardone-Cone®, Carol B. Peterson',
Marjorie H. Klein9, Scott Crow!, James E. Mitchell", Ross D. Crosby", Stephen A.
Wonderlich", Daniel le Grange', and Thomas E. Joiner Jr?

aDepartment of Psychology, Miami University, 90 N. Patterson Dr., Oxford, OH 45056, United
States

bDepartment of Psychology, Florida State University, 1101 W. Call, Tallahassee, FL 32306, United
States

¢Department of Psychology, University of Southern Mississippi, 118 College Drive #5025,
Hattiesburg, MS 39406, United States

dDepartment of Psychology, North Dakota State University, Dept. 2765, P.O. Box 6050, Fargo, ND
58108-6050, United Sates

eDepartment of Psychology, University of North Carolina at Chapel Hill, CB #3270 Davie Hall,
Chapel Hill, NC 27599, United States

fDepartment of Psychiatry, University of Minnesota, 2450 Riverside Avenue South, Minneapolis,
MN 55454, United States

9Department of Psychiatry, University of Wisconsin Madison, 6001 Research Park Blvd.,
Madison, W1 53719, United States

PNeuropsychiatric Research Institute and the University of North Dakota School of Medicine and
Health Sciences, 700 First Avenue South, Fargo, ND 58103, United States

iDepartment of Psychiatry, University of Chicago, 5841 S. Maryland Ave., Chicago, IL 60637,
United States

Abstract

We conducted four studies to examine the relationship between over-exercise and suicidality.
Study 1 investigated whether over-exercise predicted suicidal behavior after controlling for other
eating disorder behaviors in a patient sample of 204 women (144 with Diagnostic and Statistical
Manual of Mental Disorders, 4th Edition (DSM-IV) Bulimia Nervosa [BN]). Study 2 tested the
prospective association between over-exercise and acquired capability for suicide (ACS) in a
sample of 171 college students followed for 3—4 weeks. Study 3 investigated whether pain
insensitivity accounted for the relationship between over-exercise and ACS in a new sample of 467
college students. Study 4 tested whether ACS accounted for the relationship between over-exercise
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and suicidal behavior in a sample of 512 college students. In Study 1, after controlling for key
covariates, over-exercise was the only disordered eating variable that maintained a significant
relationship with suicidal behavior. In Study 2, Time 1 over-exercise was the only disordered
eating behavior that was associated with Time 2 ACS. In Study 3, pain insensitivity accounted for
the relationship between over-exercise and ACS. In Study 4, ACS accounted for the relationship
between over-exercise and suicidal behavior. Over-exercise appears to be associated with suicidal
behavior, an association accounted for by pain insensitivity and the acquired capability for suicide;
notably, this association was found across a series of four studies with different populations.
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1. Introduction

Eating disorders convey a substantial mortality risk. Although the mortality rate for bulimia
nervosa (BN) is lower than for anorexia nervosa (3.9% as compared to 10%, respectively;
American Psychiatric Association, 2000; Crow et al., 2009), it is still elevated as compared
to the general population. Further, suicide rates among individuals with BN are higher than
in the general population (Preti et al., 2011). Specifically, in their recent meta-analysis, Preti
et al. (2011) found that the standardized mortality rate (i.e., the ratio of the number of deaths
observed in a sample compared with the number of deaths expected in the population) for
individuals with BN was 7.5. Additionally, approximately one-third of women with BN
attempt suicide at least once during their lifetime (e.g., Bulik et al., 1999; Corcos et al.,
2002; Franko and Keel, 2006). This elevated rate of suicidal behavior within BN populations
is no table given that the single best predictor of completed suicide is a previous attempt
(e.g., Jenkins et al., 2002).

The interpersonal-psychological theory of suicide (IPTS) identifies three essential variables
that must be in place before one can enact a lethal suicide attempt: thwarted belongingness,
perceived burdensomeness, and the acquired capability for suicide (Joiner, 2005). Thwarted
belongingness refers to feelings of loneliness and the perception that one does not have
meaningful relationships. Perceived burdensomeness occurs when someone makes the
miscalculation that his or her death is worth more to others than his or her life, and results
from external factors—job loss, physical illness, and family conflict (Van Orden et al.,
2010). The acquired capability for suicide refers to the ability to inflict potentially lethal
self-harm and is attained by repeatedly subjecting the body to painful and provocative
experiences. According to the theory, when individuals repeatedly experience pain and/or
provocation, they habituate to physical pain and become less fearful of pain and death. They
are then more readily able to inflict physical harm upon themselves, should they desire to do
so (Joiner, 2005). As such, repeated engagement in self-injurious behavior may eventually
lead to greater acquired capability for suicide. In combination with thwarted belongingness
and perceived burdensomeness (the determinants of suicidal desire, according to the theory),
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having the acquired capability for suicide increases one's risk for death by suicide (Joiner,
2005; Joiner et al., 2009).

Thus far the IPTS has been investigated in past attempters (Van Orden et al., 2008),
undergraduates (e.g., Davidson et al., 2011), military populations (e.g., Bryan and Anestis,
2011), and suicidal young adults (Joiner et al., 2009). Recently, one study tested a
component of the IPTS, the acquired capability for suicide, in a population of women with
anorexia nervosa (AN) (Selby et al., 2010). Across two studies, the authors found that
dietary restraint was associated with suicidal behavior (i.e., number of previous attempts)
among individuals with AN-restricting subtype. Provocative behaviors (e.g., binging,
purging, self-injury, substance use), however, linked AN-binge/purge subtype to suicidal
behavior.

To our knowledge, no study has tested constructs of the IPTS in a sample of people with
symptoms of BN, despite the fact that individuals with BN display increased rates of
suicidal behavior compared to the general population (Bulik et al., 1999; Corcos et al., 2002;
Franko and Keel, 2006; Preti et al., 2011). Various symptoms of BN may be both
provocative and painful. Specifically, the use of self-induced vomiting, laxatives, and over-
exercise may cause physical pain through esophagitis, abdominal cramping and exercise-
induced injury (Mehler and Weiner, 1994). Given the recurrent nature of these behaviors in
eating disorders, repeated exposure to pain during purging and non-purging episodes may
contribute to the acquired capability for suicide. Using the IPTS framework, the present
project examines whether acquired capability mediates the relationship between painful
eating disorder behaviors and suicidal behavior. We were specifically interested at looking at
the disordered eating behavior of over-exercise due to its noted association with pain
tolerance (e.g., Ryan and Kovacic, 1966) and suicidality (e.g., Brown and Blanton, 2002),
and because over-exercise often results in pain and injury (e.g., Veale, 1987; McKenzie,
1999). Behaviors such as vomiting and laxative abuse involve pain and bodily damage (e.g.,
erosion of dental enamel and cavities, abrasions to the back of the hand [Russell's sign],
esophagitis and risk of esophageal tear, intense abdominal cramping, light headedness and
headache, marked edema and fluid retention). Further, prolonged periods of restriction
require one to overcome hunger pains and intense discomfort. However, we hypothesized
that over-exercise would be a stronger predictor of acquired capability for suicide than other
compensatory behaviors. We further predicted that the acquired capability for suicide would
mediate the relationship between over-exercise and suicidality. For the current studies,
“over-exercise” was defined as vigorous exercise engaged in as a means of controlling shape
and weight.

Several lines of research implicate over-exercise as a potentially potent predictor of suicidal
behavior, over and above other compensatory behaviors. First, over-exercise can result in
serious physical damage (e.g., Veale, 1987; McKenzie, 1999), and one's history of
experiences with pain is believed to be associated with increased levels of acquired
capability for suicide (Joiner, 2005). Healthy exercise is extolled as beneficial for physical
health and emotional wellbeing, and in fact has been found to decrease depression (e.g.,
Mota-Pereira et al., 2011). However, over-exercise is frequently associated with painful
outcomes, including a pattern of symptoms called “overtraining syndrome.” Overtraining
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syndrome is the result of intense workouts, which eventually lack any health benefit and lead
to a host of problems including fatigue and increased rates of physical illness (Smith, 2003).
Additionally, overuse injuries, such as stress fractures (Sidiropoulos, 2007), tendonitis, and
apophysitis (or an inflammation of the growth plate in the heel) represent painful, and
sometimes chronic injuries that occur during and after over-exercise (Committee on Sports
Medicine and Fitness, 2000). Furthermore, some overuse injuries, like compartment
syndrome, are characterized by pain that rarely subsides without surgical intervention
(Reneman, 1975).

Second, over-exercise appears to lead to a degree of habituation to pain, or an increase in
pain tolerance. In fact, athletes have been found to have greater pain tolerance than non-
athletes. For example, Ryan and Kovacic (1966) found that athletes engaging in contact
sports (e.g., football, wrestling) had greater pain tolerance than athletes who did not engage
in contact sports (e.g., golf, tennis), and these non-contact athletes in turn had greater pain
tolerance than non-athletes. Length of training among athletes has also been found to be
related to pain tolerance; athletes with greater amounts of training have higher pain tolerance
than athletes with less training (Paparizos et al., 2005). Such findings align well with the
IPTS, in that the repeated exposure to pain as a result of over-exercise may increase one's
acquired capability for suicide and thus increase risk of suicidal behavior.

Third, two lines of research suggest that over-exercise is related to suicidal behavior via its
relationship with anxiety sensitivity (Broman-Fulks et al., 2004; Capron et al., 20123,
2012b). Specifically, Capron et al. (2012a) found that low physical concerns (a component
of anxiety sensitivity) were related to suicidal ideation and attempts. In another study, it was
found that low physical concerns trended toward predicting suicidality in a sample of adults
with HIV (Capron et al., 2012b). Importantly, Broman-Fulks et al. (2004) found that only
high-intensity exercise (vs. low-intensity) reduced fear of anxiety-related physical concerns.
Thus, by reducing anxiety-related body sensations, over-exercise may increase the risk for
suicidal behavior.

Finally, research has found support for the association between over-exercise and suicidal
behavior. Wade et al. (2006) used latent profile analysis in a community sample of 1002
twins to determine the number of distinct weight and eating profiles that emerged from their
analysis. The authors found a clear five-class solution, with the fourth class displaying
greater symptom severity compared to the other classes. The fourth class also displayed a
greater likelihood of having lifetime major depression and suicidality. Notably, this fourth
class, which had elevated suicidality, also had a higher likelihood of endorsing over-exercise
than the other profile groups. Further, college women who engaged in frequent, vigorous
exercise were two times more likely to engage in suicidal behavior as compared to women
who did not exercise regularly (Brown and Blanton, 2002). Unger (1997) found that
adolescent girls who exercised frequently (i.e., six to seven days per week) had higher rates
of suicidal behavior as compared to girls who did not engage in physical activity.
Additionally, even moderately active women were more likely to report suicidal behavior
than women who were not active exercisers (Brown and Blanton, 2002).
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To our knowledge, this is the first theory-driven investigation of the relationship between
bulimic behaviors and suicidal behavior. In a series of four studies, we tested four primary
hypotheses: (1) that over-exercise is uniquely associated with suicidal behavior in BN
participants, over and above other types of compensatory mechanisms, (2) that over-exercise
is uniquely associated with acquired capability for suicide, over and above other types of
compensatory mechanisms, (3) that pain insensitivity accounts for the relationship between
over-exercise and acquired capability for suicide, and (4) that acquired capability for suicide
accounts for the relationship between over-exercise and suicidal behavior (see Fig. 1).

2.1. Methods

Participants were recruited through eating disorder clinics and the community.
Advertisements specified that only women over age 18 “with symptoms of BN (i.e., binge
eating and purging)” were eligible to participate. Potential participants contacted research
personnel by phone. Study procedures were explained to the potential participants, at which
point verbal consent was obtained and a trained interviewer administered diagnostic
interviews, including the Structured Clinical Interview for DSM-1V, Patient Edition (SCID-
P; First et al., 2002). The SCID-P was used to determine whether participants met DSM-I1V
criteria for BN. Eligible participants who expressed an interest in participating in the
remainder of the study were then scheduled to attend an in-person assessment during which
they provided written informed consent and completed a battery of self-report
questionnaires. All participants were paid $50 for their involvement in the study, which was
approved by the institutional review boards at each of the participating three sites.

2.1.1. Participants—There were 204 female participants; age ranged from 18 to 57
(M=25.67, S.D.=8.85). The sample was predominantly Caucasian (90.7%, /7=185); the
remainder of the sample divided as follows: 3.4% Asian (1=7), 2.5% African American
(17=5), 2.0% other (/7=4), and 1.5% Hispanic (/7=3). Additionally, 70.6% (/7=144) of the
participants met full criteria for a current DSM-IV diagnosis of BN. The remainder of
participants met criteria for partial syndrome BN (i.e., they exhibited bulimic symptoms at a
lower frequency than the twice per week threshold).

2.1.2. Measures: predictor variables

2.1.2.1. The Eating Disorder Examination Questionnaire-4 (EDEQ-4): The EDEQ-4
(Fairburn and Beglin, 1994) is a 36-item self-report questionnaire based upon the Eating
Disorder Examination interview (EDE; Fairburn and Cooper, 1993) which assesses eating
disorder symptomatology. The interview yields four subscales (Restraint, Eating Concern,
Shape Concern, and Weight Concern) as well as a global score. Items in this questionnaire
focus on symptom levels during the previous 28 days. Item 28, which measures the number
of times participants have engaged in “Aard exercise as a means of controlling shape or
weight,” was used as a predictor variable. The majority of participants (60%) reported
engaging in hard exercise over the past 28 days, with a range from one episode to 84
episodes. Although only one item assessed over-exercise, other studies that have used
different questions have found that using one or two items to assess eating disorder related
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variables is a reliable approach (e.g., Mechanic and Hansell, 1987; Joiner and Tickle, 1998;
Tanasescu et al., 2002; Keel and Heatherton, 2010). The restraint subscale (a=0.70) consists
of five items measuring the degree to which participants attempted to avoid consuming food.
In addition to the restraint subscale, Items 22 and 24 were used as covariates. These two
items assess the frequency of engaging in self-induced vomiting and laxative use. These
items were chosen because they represent potentially painful and provocative experiences
and, as such, could contribute to a participant's acquired capability for suicide (Joiner, 2005).

2.1.3. Measures: dependent variables

2.1.3.1. Suicidal gestures and attempts: Suicidal gestures and attempts were assessed with
the Impulsive Behavior Scale (IBS; Rosotto et al., 1998), a 25-item self-report questionnaire
examining the frequency with which individuals have engaged in maladaptive behaviors
throughout their lives. Responses are coded on a one (Never) to five (Regularly) scale.
Because this measure is comprised of a list of behaviors it has been found to have utility as a
measure of independent dysregulated behaviors (Anestis et al., 2011). In this study, Item 7
(“Have you had any suicide gestures [non-lethal]?”) and Item 12 (“Have you made any
suicide attempts?”) were used as measures of suicidal gestures and attempts, respectively.
With respect to suicide gestures, 15.8% of the sample reported engaging in this behavior
once and 24.6% reported making suicide gestures more than once. With respect to suicide
attempts, 14.3% of the sample reported engaging in this behavior once and 13.3% reported
attempting engaging in this behavior more than once.

Means, standard deviations, and intercorrelations are presented in Table 1. Hierarchical
linear regression models were used to determine whether frequency of over-exercise
significantly predicted suicidal gestures and suicide attempts. Frequency of vomiting
episodes, frequency of laxative abuse, restraint (all as measured by the EDEQ-4), and age
were entered in step 1. In step 2, frequency of over-exercise (as measured by the EDEQ-4)
was added as the independent variable. Over-exercise significantly predicted suicidal
gestures, even when controlling for frequency of vomiting episodes, frequency of laxative
abuse, restraint, and age (8=0.16, £=2.17, p=0.03, #=0.05). However, prior to adding over-
exercise in step 2, restraint significantly predicted suicide attempts (£=0.02) and trended
toward significance in the prediction of suicide gestures (p=0.07). The same analysis was
run using suicide attempts as the dependent variable. Again, over-exercise significantly
predicted suicide attempts, even when controlling for frequency of vomiting episodes,
frequency of laxative abuse, restraint, and age (8=0.17, £=2.17, p=0.02, #=0.07). Table 2
summarizes these analyses.

2.3. Study 1 discussion

The aim of Study 1 was to determine if certain compensatory behaviors were associated with
greater risk for suicidal behavior in BN. As predicted, engagement in over-exercise was
significantly associated with suicidal behaviors, including suicidal gestures and suicide
attempts, over and above other commonly employed compensatory behaviors (i.e., vomiting,
dietary restraint, and laxative abuse) and other demographic factors (i.e. age).
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These results may help explain the increased rate of suicidal behavior displayed by people
with BN. According to the IPTS, repeated engagement in painful and provocative behaviors
habituates individuals to pain and makes them less fearful about death. Given that over-
exercise is pain-inducing and can cause extensive physical damage, according to the theory
it follows that this type of behavior should increase suicide risk by elevating the acquired
capability for suicide. Although exercise can have beneficial health effects, the type of
exercise in which some individuals with symptoms of BN engage may be of a different
degree and/or severity. We want to emphasize that having the acquired capability for suicide
does not necessarily mean that an individual wants to die by suicide, but rather that the
individual is physically capable of dying by suicide should the desire develop. However,
because individuals with BN display elevated levels of suicidal ideation (e.g., Favaro and
Santonastaso, 1997; Milos et al., 2004) it is particularly important to consider factors, such
as over-exercise, that may increase one's acquired capability for suicide.

There were some important limitations of note with Study 1. First, the cross-sectional nature
of the study precludes conclusions of causality and temporal precedence. Related to this
limitation, the over-exercise measure assessed the past 28 days, whereas the measures of
suicidality were in reference to an individual's lifetime. Second, over-exercise was measured
by a single item and suicidality was measured by two items. Utilizing a one-item
measurement of over-exercise limits the ability to draw conclusions about this construct, as
we were unable to assess duration or the compulsive nature of the exercise. However, it
should be noted that other studies have found using one or two items to assess similar
constructs to be a reliable approach (e.g., Mechanic and Hansell, 1987; Joiner and Tickle,
1998). Third, we did not test whether over-exercise predicted suicidal behavior over and
above other well-established predictors of suicidal behavior (e.g., substance abuse,
depression). We believe this is a fruitful area for future research but outside the scope of the
current paper, which attempted to specifically examine disordered eating behaviors and their
relation to suicidal activity. Fourth, we did not directly measure acquired capability in this
particular sample and, as such, interpretations of the results involving this construct should
be considered with caution. Fifth, our sample was somewhat heterogeneous as not all
women met DSM-1V criteria for BN. Finally, this sample consisted entirely of women, most
of whom were Caucasian; thus, it is not clear whether these results will generalize to other
populations.

The results of Study 1 suggest that among women with symptoms of BN, over-exercise is
associated with suicidal behavior. However, the conclusions of Study 1 were constrained by
the limitations noted above. We sought to address some of these limitations in Study 2.
Specifically, we used a psychometrically sound measure of over-exercise and examined the
correlation between this measure and our single item measure of over-exercise from Study 1.
We also hoped to replicate the effect in a nonclinical sample. We hypothesized that Time 1
over-exercise would predict Time 2 acquired capability while controlling for other types of
bulimic behaviors, such as vomiting, dietary restraint, and laxative abuse.
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Participants were asked to participate in a two-part study requiring them to fill out
questionnaires on two separate occasions, 3—4 weeks apart. Participants completed Time 1
questionnaires online via a secure website that time stamped their completion. Participants
completed Time 2 questionnaires on the computer in the laboratory using MediaLab
software.

3.1.1. Participants—Our sample consisted of 171 undergraduates from a large
southeastern university. Only participants who completed both the Time 1 and Time 2
portions of the study were included in the analysis. All subjects who failed to participate at
both time points (/7=25) were eliminated from the analyses. A one-way ANOVA was
performed to test for differences between those who were included in the analyses and those
who were excluded. This test revealed no significant differences between these two groups
on any of the variables used in the analyses. The sample was primarily female (80.1%). The
ethnic composition was 83.4% Non-Hispanic and 16.6% Hispanic. The racial composition
was 87.3% Caucasian, 9.1% African American, 3% Asian American, and 0.6% American
Indian/Alaskan Native. The ethnic/racial composition of this sample was generally
representative of the university student body, which has been reported to be 77% Caucasian,
10% Hispanic/Latino, 6% African, 3% Asian, and 3% other ethnicity (see Fink et al., 2010).
The participants' ages ranged from 18 to 56 (M=19.25, S.D.=3.21).

3.1.2. Time 1 measures

3.1.2.1. The Eating Disorder Examination Questionnaire-4 (EDEQ-4): Item 28, which
measures the number of times participants have engaged in “hard exercise as a means of
controlling shape or weight,” was used as a predictor variable. In addition to the Restraint
(a=0.90) subscale, items 22 and 24, which measure the frequency with which participants
self-induce vomiting and abuse laxatives, were used as covariates. As with Study 1, these
items were chosen because they represent potentially painful and provocative experiences
and, as such, could contribute to a participant's acquired capability for suicide (Joiner, 2005).

Using the recommended clinical cut-off (=4.0; Carter et al., 2001; Mond et al., 2004), 6.6%
of our participants scored in the clinical range for the Restraint subscale, 2.4% scored in the
clinical range for the Eating Concern subscale, 10.2% scored in the clinical range for the
Shape Concern subscale, and 6.6% scored in the clinical range for the Weight Concern
subscale.

3.1.2.2. Obligatory Exercise Questionnaire (OEQ): The Obligatory Exercise
Questionnaire (Thompson and Pasman, 1991; a=0.91) is a 20-item self-report instrument
that assesses compulsory attitudes towards exercise, effort expended while exercising, and
behaviors engaged in while exercising. Examples of items include, “Sometimes, | feel a
need to exercise twice in one day, even though | may feel a little tired” and “I frequently
push myself to the limits.” Item 28 from the EDEQ-4 was significantly correlated with the
Obligatory Exercise Questionnaire at Time 1 (+=0.57, £<0.001). The robust correlation
demonstrates criterion validity for our single item measure of over-exercise in Study 1.
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3.1.3. Time 2 measures
3.1.3.1. Acquired Capability for Suicide Scale (ACSS): The Acquired Capability for

Suicide Scale (Van Orden et al., 2008; Bender et al., 2011; a=0.85) is a 20-item measure
designed to assess one's fearlessness about lethal self-injury and ability to tolerate pain.
Individuals are asked to rate each item on a one (not at all like me) to five (very much like
me) scale. Examples of items include, “Things that scare most people don't scare me” and “I
can tolerate more pain than most people.” This scale was only administered at Time 2 due to
the nature of this construct. Specifically, we would not expect much change in acquired
capability over the 3—4 week interval of the study, as acquired capability is believed to
increase gradually over the course of one's lifetime (Van Orden et al., 2010).

Means and standard deviations for Time 1 and Time 2 variables as well as their
intercorrelations can be found in Table 3. Regression analyses were used to predict Time 2
ACSS scores, controlling for Time 1 vomiting frequency, dietary restraint, and laxative use
(as measured by the EDEQ-4). Over-exercise (measured by Item 28 of the EDEQ-4 and the
OEQ total score) served as the independent variables in separate analyses. For each analysis,
in the first step Time 1 vomiting frequency, dietary restraint, and laxative use were entered
as covariates. For the first analysis, Item 28 of the EDEQ-4 was entered in step 2 as the
independent variable. Time 1 over-exercise (as measured by the EDEQ-4) significantly
predicted Time 2 ACSS (8=0.19, £2.00, p=0.05, £2=0.03; see Table 4). For the second
analysis, OEQ total score was entered as the independent variable in step 2. Time 1 OEQ
also predicted Time 2 ACSS (5=0.19, £=1.96, p=0.05, #=0.03; see Table 5).

3.3. Study 2 discussion

In Study 2 we found that over-exercise predicted acquired capability for suicide even when
including other eating disorder covariates (i.e., vomiting frequency, dietary restraint, and
laxative use). The results of Study 2 further suggest that of the various types of disordered
eating behaviors, over-exercise is a unique contributor to the acquired capability for suicide.
Although most, if not all, types of disordered eating behaviors are likely to result in some
level of discomfort and pain, it appears that over-exercise may be a particularly potent way
to increase pain and reduce fearlessness about death. A design consideration for Study 2 was
that acquired capability for suicide was only measured at Time 2. This was necessary given
the time frame of the study, as it takes repeated exposure to physically painful and/or fear-
inducing experiences for the habituation to pain and the attendant fearlessness of death to
develop (Van Orden et al., 2010).

To summarize, Study 1 supported a relationship between over-exercise and suicide attempts
and gestures in a clinical sample of women with symptoms of BN, and Study 2 supported a
relationship between over-exercise and acquired capability in a non-clinical sample.
However, we were unable to examine how the variables of over-exercise, pain insensitivity,
acquired capability, and suicide attempts may inter-relate, because suicide attempts were not
present in the Study 2 sample and acquired capability for suicide was not assessed in Study
1. The goal of the next two studies was to examine the relationships among these variables
more closely.
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4. Study 3

The IPTS posits that the capability for suicide is comprised of increased physical pain
tolerance and reduced fear of death. The goal of Study 3 was to determine whether over-
exercise was associated with pain insensitivity. It was hypothesized that over-exercise would
retain a significant association with pain insensitivity, even after controlling for other
disordered eating behaviors. Further, we believed that pain insensitivity would account for
the relationship between over-exercise and acquired capability for suicide.

4.1. Method

Participants arrived at the laboratory and half of the participants completed the self-report
questionnaires prior to the pain threshold assessment. The other half completed the tasks in
the reverse order. No order effects were found.

4.1.1. Participants—The Study 3 sample consisted of 437 undergraduates (57% female)
from a large northern university. The ethnic composition was 95.7% Non-Hispanic, 2.7%
Hispanic, and 1.6% unreported. The racial composition was 84% Caucasian, 4.3% African
American, 10.3% Asian American, 1.6% American Indian/Alaskan Native, and 0.5% Native
Hawaiian/Pacific Islander. The participants’ ages ranged from 18 to 39 (A#=19.60,
S.D.=2.43). This sample was generally representative of the student body, which is primarily
Caucasian (86%; North Dakota State University Student Demographic Information, 2008).

4.1.2. Measures: predictor variables

4.1.2.1. Over-exercise: In this study, two summed Z-scored items were used to measure
over-exercise: the first was Item 28 from the EDEQ-4, which measures the number of times
participants have engaged in “hard exercise as a means of controlling shape or weight” over
the past 28 days. The second was an item created by the authors, “Have you kept on
exercising even though you were very sick (e.g., had the flu) or in a lot of physical pain (e.g.,
had an injury)?” Responses for the latter item were coded on a one (Never) to five
(Regularly) scale.

4.1.2.2. Bulimic disordered eating behaviors: A measure assessing for lifetime history of
compensatory behaviors was used, due to low base rates on the EDEQ-4, as the EDEQ-4
only assesses for symptom occurrence over the past 28 days. These items were created by
two of the study authors and comprise a scale that currently is in the development process
(Gordon and Smith, in preparation). Specifically, we used the following items as individual
covariates of compensatory behaviors, “Have you taken diet pills, laxatives, or diuretics (i.e.
“water pills”) for the purpose of losing weight?,” “Have you made yourself vomit?,” “Have
you gone 24 h without eating?.” Responses for these items were coded on a one (Never) to
five (Regularly) scale. With respect to the frequency of engagement in these behaviors, 27%
reported vomiting at least once, 15.6% reported taking diet pills, laxatives, or diuretics at
least once, and 48% reported going 24 h without eating.
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4.1.3. Measures: dependent variables

4.1.3.1. Pain threshold: The NeuroSensory Analyzer (NSA; TSA-11, Medoc, Durham,
North Carolina) is a computerized pain perception assessment device that uses a thermode to
administer heat- and cold-induced pain. In the current study, we only used heat-induced pain
as we encountered a ceiling effect on the cold-induced pain. The thermode was placed
beneath the first knuckle of the index finger on the right hand and held in place with an
elastic strap. The baseline temperature of the thermode was 25 °C, at which point the
participant felt neither warmth nor cold. For each trial, participants were instructed to
depress a computer mouse button when they first felt pain. Once each trial started, the
temperature level of the thermode increased at a rate of 1 °C per second until it reached a
temperature of 50.5 °C or the participant pressed the mouse button. After pressing the
button, the temperature decreased at a rate of 10 °C per second until it returned to the
baseline temperature. Participants completed five trials with thirty seconds between each
trial. Cronbach's alpha (with trials viewed as items measuring an underlying construct) for
this sample was 0.95, and pain threshold data were available for all participants. We
averaged the five trials to create a pain insensitivity variable.

4.1.3.2. Acquired Capability for Suicide Scale (ACSS): See Study 2; the alpha coefficient
for the Study 3 sample was 0.82.

4.2.1. Over-exercise as a predictor of pain insensitivity—A hierarchical linear
regression model was used to determine whether frequency of over-exercise significantly
predicted pain insensitivity, controlling for restraint, vomiting, and use of laxatives, diet
pills, and diuretics. In step 1, the covariates of age, restraint, vomiting, and use of laxatives,
diet pills, and diuretics were added to the equation. In step 2, over-exercise was added as the
independent variable. Over-exercise was the only significant predictor of pain insensitivity
(5=0.12, £=2.26, p=0.02, £=0.01), see Table 6.

4.2.2. Pain insensitivity as a predictor of acquired capability for suicide—A
linear regression model was used to determine whether pain insensitivity significantly
predicted acquired capability for suicide. Pain insensitivity significantly predicted acquired
capability for suicide (8=0.18, £=3.73, p<0.001, £=0.03).

4.2.3. Pain insensitivity as a mediator between over-exercise and acquired
capability for suicide—In order to test the mediational impact of pain insensitivity on the
relationship between over-exercise and acquired capability the PRODCLIN program was
used. Developed by MacKinnon et al. (2007), this program tests mediational effects while
circumventing problems inherent in other methods of testing for mediation (e.g. inflated
rates of Type | error, see MacKinnon et al., 2002). PRODCLIN examines the product of the
unstandardized path coefficients divided by the pooled standard error of the path coefficients
(afiloap) and a confidence interval is generated. A statistically significant mediation effect
is indicated by the absence of zero from the confidence interval. The unstandardized path
coefficients and standard errors of the path coefficients for the indirect effects of over-
exercise on acquired capability were entered into PRODCLIN to yield the following 95%
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confidence interval: 0.023-0.351. Because zero was not included in the confidence interval,
we concluded that the relationship between over-exercise and suicide attempts was
statistically accounted for by acquired capability for suicide. Due to the cross-sectional
nature of our data, we were unable to use true tests of mediation; however, variables in
cross-sectional analyses can provide useful preliminary data capable of serving as a
foundation for future longitudinal examinations.

4.3. Study 3 discussion

In line with prediction, our analyses revealed that over-exercise was related to pain
insensitivity over and above other types of compensatory behaviors (i.e., restraint, vomiting,
and use of laxative, diet pills, and diuretics) and demographic variables (i.e., age) in a
sample of undergraduate students. Additionally, we found evidence for a relationship
between over-exercise and acquired capability for suicide that was statistically accounted for
by pain insensitivity. However, a limitation of this study was that we measured pain
insensitivity, rather than pain tolerance. Specifically, although the two constructs are related
(Van Orden et al., 2010), pain insensitivity refers to a lack of pain perception, whereas pain
tolerance refers to the maximum level of pain that a person can tolerate. Future studies
should examine how various aspects of pain insensitivity might operate differently as indices
of acquired capability for suicide, though our results are in accordance with other studies
that have used a pain tolerance task (e.g., Anestis et al., 2011). Additionally, although we
tested models of statistical mediation, Study 3 was cross-sectional. Thus, we cannot
conclude that over-exercise causes pain insensitivity, or that pain insensitivity causes
acquired capability. Longitudinal studies are needed to clarify this relationship.

5. Study 4
Given the results of the first three studies, a logical next step was to clarify the relationship
among over-exercise, acquired capability, and suicide attempts. The goal of Study 4 was to
test a model in which acquired capability was hypothesized to account for the relationship
between over-exercise and suicide attempts, which was initially observed in Study 1.

5.1. Method

Participants completed all questionnaires online via a secure website.

5.1.1. Participants—Our sample consisted of a new sample of 512 undergraduates from a
large southeastern university (80% female), which was representative of the university
student body. The ethnic composition was 86.6% Non-Hispanic, 12.6% Hispanic, and 0.08%
unreported. The racial composition was 79.3% Caucasian, 14.4% African American, 4.7%
Asian American, and 1% American Indian/Alaskan Native. The participants' ages ranged
from 17 to 35 (M=18.89, S.D.=2.70).

5.1.2. Measures

5.1.2.1. Acquired Capability for Suicide Scale-Short Version (ACSS): In this study, an
abbreviated eight-item version of the ACSS was used. The alpha coefficient for the Study 4
sample was 0.73.
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5.1.2.2. Over-exercise: In this study we used two brief indices of exercise created by the
authors: over-exercise and exercise duration. Over-exercise was assessed by the two items:
“Has exercising ever interfered with school, work, or social functioning?” and “Have you
ever exercised when you were sick or injured?” Additionally, exercise duration was assessed
by three items: “How many years have you been exercising?,” “How many times a week do
you exercise?,” and “How many minutes do you exercise per session?”

5.1.2.3. Lifetime suicide attempts: As assessed in previous studies (e.g., Pettit et al., 2004,
2006), lifetime suicide attempts were measured by asking participants the number of times
they had attempted suicide.

5.2.1. Over-exercise as a predictor of acquired capability for suicide—A least
squares linear regression model was used to determine whether over-exercise significantly
predicted acquired capability for suicide. Over-exercise significantly predicted acquired
capability for suicide (8=0.15, £3.36, p=0.001, £=0.02). Exercise duration also
significantly predicted acquired capability for suicide (8=0.14, £3.12, p=0.002, #=0.02)

5.2.2. Acquired capability for suicide as a predictor of suicide attempts—A
least squares linear regression model was used to determine whether acquired capability
significantly predicted suicide attempts, which was supported (8=0.15, £3.34, p=0.001,
£=0.02).

5.2.3. Acquired capability for suicide as a mediator between over-exercise and
suicide attempts—The unstandardized path coefficients and standard errors of the path
coefficients for the indirect effects of over-exercise on suicide attempts were entered into
PRODCLIN to yield the following 95% confidence interval: 0.002 to 0.012. Because zero
was not included in the confidence interval, we concluded that the relationship between
over-exercise and suicide attempts was significantly accounted for by acquired capability for
suicide. Next, the unstandardized path coefficients and standard errors of the path
coefficients for the indirect effects of exercise duration on suicide attempts were entered into
PRODCLIN to yield the following 95% confidence interval: 0.0001-0.001. Again, we were
able to conclude that the acquired capability significantly statistically accounted for the
relationship between exercise duration and suicide attempts, as zero was not included in the
confidence interval.

5.3. Study 4 discussion

Building off the findings from the previous three studies, Study 4 constituted an important
test of the overall model proposed. In our final study we found that acquired capability
statistically accounted for the relationship between over-exercise and suicide attempts.
Overall, the results of four studies converge to suggest that over-exercise is related to suicide
attempts through its association with pain insensitivity and the acquired capability for
suicide.
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Similar to Study 3, given the cross-sectional design we are unable to draw conclusions about
the directionality of the effects. Further, although the sample size was large, it was drawn
from a college population; thus, the results may not generalize to other populations.

6. General discussion

Over the course of these studies four main hypotheses were investigated. In Study 1 we
tested our first hypothesis that over-exercise is uniquely associated with suicidal behavior in
participants with symptoms of BN over and above other types of compensatory mechanisms.
In Study 2 a test of the second hypothesis that over-exercise is uniquely associated with
acquired capability for suicide over and above other types of compensatory mechanisms was
conducted. The third hypothesis that pain insensitivity accounts for the relationship between
over-exercise and acquired capability for suicide was investigated in Study 3. Finally, in
Study 4, our final aim was to determine whether the acquired capability for suicide accounts
for the relationship between over-exercise and suicidal behavior. In Study 1 over-exercise
emerged as the only significant predictor of suicidal gestures and suicide attempts in a
clinical sample of individuals with symptoms of BN. In Study 2, over-exercise was again the
only significant predictor of acquired capability for suicide in a non-clinical sample. Study 3
attempted to further clarify the relationship among over-exercise, pain insensitivity, and the
acquired capability for suicide. Specifically, pain insensitivity was found to account for the
relationship between over-exercise and acquired capability in a non-clinical sample. Study 4
tested and found evidence for a pivotal piece of our model—that the relationship between
over-exercise and suicidal behavior was accounted for by the acquired capability for suicide.

These results suggest that over-exercise can be hazardous to individuals not only directly—
via overuse injuries—but also indirectly, via the acquired capability for suicide. Conclusions
based on the current studies concerning the prospective association between over-exercise
and elevated acquired capability are tentative, however and require replication with
longitudinal designs. Even so, these results suggest that the pain and discomfort involved in
over-exercise may increase pain insensitivity. This in turn could increase one's acquired
capability for suicide, perhaps through a corresponding increase in pain tolerance.

Given these findings, an important treatment target for individuals with BN who are
engaging in over-exercise may be to teach healthy exercise, as continued over-exercise could
further increase their acquired capability for suicide. This is especially important given that
over-exercise often precedes eating disorder onset and is one of the last disordered eating
symptoms to abate (e.g., Davis et al., 1994, 1997). Further, there is accruing evidence that
over-exercise is associated with negative outcomes in people with eating disorders, such as
greater length of hospitalization (Solenberger, 2001) and earlier relapse (Carter et al., 2004).
One study employing a healthy exercise program (Calogero and Pedrotty, 2004) found that
the program was successful in reducing the emotional commitment, involvement, and
rigidity of exercise among women with eating disorders (Calogero and Pedrotty, 2004).
Additionally, Dialectical Behavior Therapy (DBT), which has received support as a
treatment for BN (Safer et al., 2001; Chen et al., 2008), emphasizes the concept of balance.
Balance could be highlighted when discussing the concept of healthy exercise with patients
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with BN. Of course, it would be of critical importance to make sure patients are medically
cleared before recommending their engagement in any type of healthy exercise regimen.

There were several limitations to these studies. Importantly, all of these data are essentially
cross-sectional. Currently, this is a necessary constraint given the constructs and the nature
of the model we are testing. According to the IPTS, by the time individuals engage in
serious suicidal behavior, they have accumulated their acquired capability over an extended
period of time. Given the recency of this theoretical model, longitudinal data sets with long
durations of follow-up have not yet included these measures over sufficient time to evaluate
the fully proposed model.

A second important limitation has to do with the construct of over-exercise, as there were
variations in its definition from study to study. Studies 1 and 3 used one and two items,
respectively, to operationalize over-exercise; thus, various components of the construct (e.g.,
the compulsive nature of the exercise, exercising to the exclusion of other activities or when
one is sick or injured) were not included. Also, without an exercise duration component in
three of the four studies, it is even more difficult to determine whether the behavior that
participants were reporting truly represented over-exercise. It is important to consider this
measurement issue when interpreting the results. Although this is problematic from an
assessment standpoint, it also reflects a problem within the field, as the definition of over-
exercise tends to vary from study to study (e.g., Long et al., 1995). The lack of measurement
consistency and specificity across studies is a limitation; however, it is also no table that our
results were consistent across different measures. This consistency suggests that the findings
generalize across measures. It will be important for future work in this area to use a
consistent and comprehensive operationalization of over-exercise.

Third, only one of the four studies used a clinical sample, though some participants in the
other studies displayed clinical levels of eating pathology. Given the use of collegiate
samples in Studies 2—4, it is unclear whether these results would generalize to a clinical
population. Further, although research on undergraduates has significant value, this type of
research may lack external validity. An additional limitation is that the effect sizes reported
in all four studies were typically small and, as such, a substantial amount of variance
remains unexplained.

Despite these limitations, these studies also have several no table strengths. Strengths of this
study include the large sample sizes across the four trials, inclusion of individuals from
multiple sites, use of a clinical sample in Study 1, and use of an objective measure of pain
insensitivity. Study 2 demonstrated a unique relationship between over-exercise and acquired
capability. The results of Studies 3 and 4 corroborate those reported in Studies 1 and 2, and
also suggest that increased pain insensitivity and the resultant increased acquired capability
may be important mechanisms by which over-exercise eventually leads to suicide attempts.
Perhaps most importantly, the results of all four studies converge to suggest that over-
exercise represents a dangerous disordered eating behavior that consistently is related to
both acquired capability and suicide attempts, even when controlling for a host of other
painful behaviors relevant to eating disorders.
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Although many people with eating disorders engage in over-exercise (up to one-quarter of
people with BN; Shroff et al., 2006), there is a relative dearth of research on over-exercise in
this population. The results of these studies suggest that engagement in over-exercise is
associated with elevated suicidality in BN. We suggest that some individuals with BN may
engage in a form of exercise that is particularly strenuous, and that this type of exercise is a
potent way to increase acquired capability for suicide. Future research should continue to
explore the proposed mechanism in longitudinal designs, as well as examine whether the
study findings hold for other eating disorder populations, such as individuals with AN.
Moreover, it would be worthwhile to examine if and how the type and intensity of exercise
has effects on the acquired capability for suicide. Additionally, it will be important to
examine whether over-exercise might affect burdensomeness and belongingness. According
to the IPTS, when experienced separately perceived burdensomeness and thwarted
belongingness produce passive suicidal ideation; however, when they are experienced
conjointly they produce active suicidal desire. It is possible that over-exercise may have
adverse effects on belongingness if it is done in a solitary manner or to such an extent that
social relationships are neglected. Further, monopolizing resources in order to support an
intense exercise regimen could impact feelings of burdensomeness as well. In future
research it would also be interesting to examine the role of emotion regulation in over-
exercise. Although exercise is often associated with beneficial effects, it appears over-
exercise may have significant deleterious effects among individuals, particularly those with
symptoms of BN.
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Fig. 1.
Proposed model for the relationship between over-exercise, pain insensitivity, acquired

capability for suicide, and suicide attempts. Note: it is possible that over-exercise is also
related to suicidality via thwarted belongingness and perceived burdensomeness; however,
these pathways are not depicted as the focus of the current paper is on the acquired
capability component of the IPTS.
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Table 4
Time 1 over-exercise (as measured by the EDEQ) predicting Time 2 acquired capability
for suicide controlling for Time 1 restraint, vomiting episodes, and laxative use

Predictors in the set B AR? t p
Step 1 <0.01
(constant) 37.43 <0.001
T1 EDEQ restraint  —0.01 -0.16 0.88
T1 EDEQ vomiting  —0.06 -0.69 049
T1 EDEQ laxative  -0.02 -0.24 0.82
Step 2 0.027%
(constant) 37.78 <0.001
T1 EDEQ restraint  —0.12 -1.25 0.22
T1 EDEQ vomiting -0.04 045  0.65
T1EDEQ laxative  -0.01 -0.18 0.85
T1 EDEQ exercise 0.19 1.99 0.05
"<0.05 for AR,
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Table 5
Time 1 over-exercise (as measured by the OEQ) predicting Time 2 acquired capability for
suicide controlling for Time 1 restraint, vomiting episodes, and laxative use

Predictors in the set B AR? t p
Step 1 0.01
(constant) 38.22 <0.001
T1 EDEQ restraint  -0.03 -0.41 0.69
T1 EDEQ vomiting  -0.06 -0.74  0.46
T1 EDEQ laxative -0.02 -0.23 0.82
Step 2 0.02%
(constant) 8.82 <0.001
T1 EDEQ restraint  -0.14 -1.44 0.15
T1 EDEQ vomiting  —0.06 -0.78 0.44
T1 EDEQ laxative ~ -0.004 -0.05 0.96
T1 OEQ exercise 0.19 1.96 0.05
"<0.05 for AR,
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Over-exercise (as measured by the EPPES and EDEQ-4) predicting pain insensi-tivity

Smith et al.
Table 6
controlling for age, restraint, vomiting episodes, and laxative use
Predictor B AR? t p
Step 1 0.02
(constant) 31.15 <0.001
Age 0.02 0.38 0.70
Diet pills/laxatives/diuretics  -0.04 -0.74 046
Vomiting -0.07 1.22 0.22
Restraint 0.10 1.83 0.07
Step 2 0.01
(constant) 31.12 <0.001
Age 0.04 0.68 0.50
Diet pills/laxatives/diuretics  —0.05 -0.96 0.34
Vomiting 0.05 0.81 0.42
Restraint 0.09 173 0.08
Over-exercise 0.12 2.27 0.02
"<0.05 for AR2.

Psychiatry Res. Author manuscript; available in PMC 2017 August 16.



	Abstract
	1. Introduction
	2. Study 1
	2.1. Methods
	2.1.1. Participants
	2.1.2. Measures: predictor variables
	2.1.2.1. The Eating Disorder Examination Questionnaire-4 (EDEQ-4)

	2.1.3. Measures: dependent variables
	2.1.3.1. Suicidal gestures and attempts


	2.2. Results
	2.3. Study 1 discussion

	3. Study 2
	3.1. Method
	3.1.1. Participants
	3.1.2. Time 1 measures
	3.1.2.1. The Eating Disorder Examination Questionnaire-4 (EDEQ-4)
	3.1.2.2. Obligatory Exercise Questionnaire (OEQ)

	3.1.3. Time 2 measures
	3.1.3.1. Acquired Capability for Suicide Scale (ACSS)


	3.2. Results
	3.3. Study 2 discussion

	4. Study 3
	4.1. Method
	4.1.1. Participants
	4.1.2. Measures: predictor variables
	4.1.2.1. Over-exercise
	4.1.2.2. Bulimic disordered eating behaviors

	4.1.3. Measures: dependent variables
	4.1.3.1. Pain threshold
	4.1.3.2. Acquired Capability for Suicide Scale (ACSS)


	4.2. Results
	4.2.1. Over-exercise as a predictor of pain insensitivity
	4.2.2. Pain insensitivity as a predictor of acquired capability for suicide
	4.2.3. Pain insensitivity as a mediator between over-exercise and acquired capability for suicide

	4.3. Study 3 discussion

	5. Study 4
	5.1. Method
	5.1.1. Participants
	5.1.2. Measures
	5.1.2.1. Acquired Capability for Suicide Scale-Short Version (ACSS)
	5.1.2.2. Over-exercise
	5.1.2.3. Lifetime suicide attempts


	5.2. Results
	5.2.1. Over-exercise as a predictor of acquired capability for suicide
	5.2.2. Acquired capability for suicide as a predictor of suicide attempts
	5.2.3. Acquired capability for suicide as a mediator between over-exercise and suicide attempts

	5.3. Study 4 discussion

	6. General discussion
	References
	Fig. 1
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6

