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Abstract

Background: The acute effects of aerobic exercise on improved mood and anxiety reduction
have been demonstrated across clinical and nonclinical populations. Limited work has evaluated
the acute effects of aerobic exercise on negative affect, obsessions, and compulsions in patients
with Obsessive Compulsive Disorder (OCD).
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Method: Fifty-five patients (64% female) with treatment-resistant OCD were randomized to
either 12 weeks of aerobic exercise (AE) or health education contact (HEC) control. Participants
rated negative affect (i.e., mood and anxiety), obsessions and compulsions before and after each
weekly AE or HEC session. Multilevel models were constructed to evaluate the effect of
intervention condition, treatment week (time), and their interaction term in terms of acute change
in affect, obsession, and compulsions.

Results: Results reflected a main effect of condition, such that AE resulted in significantly larger
increases in positive mood, and reductions in anxiety and compulsions, as compared to HEC.
There was also a main effect of time in predicting acute anxiety reduction, such that linear
reductions in anxiety over the course of treatment were observed. No significant effects were
observed for acute changes in obsessions.

Limitations: The sample was small and was limited in demographic heterogeneity. Bouts of
aerobic exercise were not standardized in terms of duration and mode, which could impact
affective response to exercise, and acute affective OCD effects were exclusively self-reported.

Discussion: The current findings may help elucidate potential mechanisms of action of exercise
on OCD outcomes. In addition, these results point toward the potential of designing exercise
interventions that can teach patients to utilize individual bouts of physical activity, “in-the-
moment” to improve mood and reduce anxiety and compulsions.

Keywords
OCD; physical inactivity; acute effects; BMI; exercise; anxiety

Introduction

Obsessive-compulsive disorder (OCD) is a chronic psychiatric illness characterized by
intrusive thoughts, images or impulses that produce anxiety and distress (obsessions) and
persistent mental or behavioral attempts to reduce distress (compulsions) (APA, 2013). OCD
is associated with significant psychosocial and functional impairment (Macy et al., 2013;
Vikas et al., 2011), leading to substantial societal burden (Eaton et al., 2008). Despite
existing behavioral and pharmacological interventions for OCD, many patients continue to
experience clinically significant levels of symptomatology (Atmaca, 2015; Fineberg et al.,
2013; Olatunji et al., 2013). Therefore, novel augmentation treatments are of increased
interest including brain stimulation (Narayanaswamy et al., 2015) and pharmacotherapy
(Simpson et al., 2013). One promising approach in reducing OCD symptomatology is
aerobic exercise (Abrantes et al., 2017b; Brown et al., 2007; Lancer et al., 2007; Rector et
al., 2015). In a randomized clinical trial, we tested the efficacy of a 12-week aerobic exercise
intervention versus a health education contact control for augmenting cognitive-behavioral
therapy for OCD (Abrantes et al., 2017b). While both conditions were associated with lower
OCD severity, patients in the exercise condition demonstrated a trend toward higher rates of
treatment response, defined by 35% reduction in OCD symptoms.

A number of mechanisms have been proposed for why aerobic exercise may lead to reduced
OCD symptoms (Abrantes et al., 2012), including affective processes and their impact on
OCD severity. There is a large body of literature on the acute effects of exercise for
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improving positive affect and decreasing negative affect (Basso and Suzuki, 2017; Cheval et
al., 2018; Ensari et al., 2015; Reed and Buck, 2009). Indeed, acute decreases in negative
affect and increases in positive affect may help attenuate OCD symptom severity via
increased approach behavior and decreased avoidance behavior (i.e., exposure) (McKay et
al., 2015). Alternatively, bouts of exercise may also, more directly, decrease obsessive
thoughts and/or the urge to engage in compulsive behaviors. Only one prior study examined
the acute effects of exercise on OCD symptom severity in patients with OCD (Abrantes et
al., 2009). In that open trial of 15 patients with OCD who despite adequate treatment were
still experiencing high levels of OCD symptomatology, significant acute improvements in
negative affect (i.e., mood and anxiety), obsessions, and compulsions were observed
following each bout of moderate-intensity aerobic exercise over the course of an exercise
intervention (Abrantes et al., 2009). Further, the magnitude of the effect of exercise on acute
changes in negative affect remained stable over the course of a 12-week intervention. While
these findings are promising in elucidating mechanistic factors related to exercise’s impact
on OCD, this prior study was limited by the small sample size and lack of control group.

Indeed, it is possible that the acute effects of exercise may result in a cumulative effect over
time on OCD outcomes. Though much of the acute effects of exercise literature have
focused on single-session, experimental studies, several exercise intervention studies have
examined acute effects at weekly sessions and show support (Brown et al., 2016) and lack of
support (Williams et al., 2011) for the potential cumulative effect of acute changes on long-
term benefits. However, to date, no study has examined the potential relationship between
acute effects aggregating over time to result in improved outcomes in patients with OCD
engaged in an exercise intervention.

The purpose of the current study was to extend this line of research by evaluating the acute
effects of aerobic exercise compared to a control condition on negative affect, obsessions
and compulsions. We conducted a secondary data analysis of our randomized controlled trial
in which patients with OCD were assigned to aerobic exercise or health education. It was
hypothesized that aerobic exercise, relative to a control condition, would result in acute
improvements in negative affect (better mood, lower anxiety), and lower obsessions and
compulsions before and after each session over the course of a 12-week intervention. These
effects were expected after adjusting for relevant covarying factors, including baseline
anxiety and depressive symptoms and body mass index. Further, we also examined whether
there were cumulative effects of the intervention on pre-session scores of negative affect,
obsessions, and compulsions.

Method

Participants

Participants (V= 56) were recruited for a randomized controlled trial testing the efficacy of
a 12-week aerobic exercise (AE, n = 28) intervention relative to a health-education control
(HEC, n = 28) group for the treatment of OCD. One participant randomized to HEC did not
start treatment, thus a total of 55 cases were utilized in analyses. Design details, intervention
descriptions, and participants characteristics have been published elsewhere (Abrantes et al.,
2017b). In brief, participants currently receiving OCD treatment but with a Yale-Brown
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Obsessive Compulsive Scale (Goodman et al., 1989b) scores = 16 who were physically
inactive (less than 60 minutes of aerobic exercise per week in the last 3 months) were
eligible to participate.

All protocol procedures were approved by the Institutional Review Board where the study
took place. Participants randomized to AE attended 12 weekly exercise sessions, supervised
by an exercise physiologist. Exercise consisted of moderate-intensity aerobic exercise using
standard exercise modalities (e.g., treadmills, ellipticals). Sessions started at 20 minutes in
duration (including a 5 minute warm-up) in the early weeks of the program leading up to
35-40 minute sessions by 12 weeks. Participants were also instructed to exercise on their
own between two and four days during the week (increasing from two days/week early in
the intervention to four days/week later in the intervention period). By the last several weeks
of the intervention, participants were given the goal of attaining a minimum of 150 minutes
of moderate-intensity aerobic exercise per week. Prior to each exercise session, participants
engaged in a 20-minute discussion session with a research staff member on topics related to
increasing physical activity (e.g., time-management, motivation, goal-setting). Participants
in the HEC condition received 12 weekly 45-60 minute long psychoeducation sessions.
Sample topics included nutrition, sleep hygiene, caffeine, alcohol, cigarette smoking, and
coordinating your medical treatment. Participants in the HEC and AE conditions were
equated for time and incentives.

Baseline Assessment.—The Yale-Brown Obsessive Compulsive Scale (Y-BOCS), a
clinician-administered 10-item scale, was used to assess severity of OCD symptoms
(Goodman et al., 1989a, 1989b). Depression symptoms were assessed with the Beck
Depression Inventory-11 (BDI-11), a well-validated 21-item self-report assessment (Beck et
al., 1996; Dozois et al., 1998; Steer et al., 1997). Anxiety symptoms were assessed with the
Beck Anxiety Inventory (BAI), which is a well-validated 21-item self-report assessment of
cognitive and somatic aspects of anxiety. Body mass index (BMI) was calculated based on
measured weight and height during the baseline assessment ([weight(lbs)/[height (in)]? x
703]) (World Health Organization, 2002)

Acute Symptoms Self-Rating Scale.—The National Institute of Mental Health Self-
Rating Scale (NIMH-SR) has been used to capture acute changes in negative affect (mood
and anxiety), obsessions, and compulsions as a function of aerobic exercise in previous
studies (Abrantes et al., 2009; Brown et al., 2016). At every AE and HEC intervention visit,
participants were asked to rate, on a 10-point Likert scale their current level for each of the
following: mood (0 = Feel worst everto 10 = Feel best ever), anxiety (0 = No anxietyto 10
= Extreme anxiety), and obsessions and compulsions (0 = AMoneto 10 = Constani) just prior
to and again immediately following either the AE or HEC session. Lower ratings on the
mood item and higher ratings on the anxiety item reflect negative affect.
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Statistical Analyses

Analytic Models.—Analyses were conducted using Stata Software (version 14). Two sets
of multi-level models were constructed. Primary analyses including four multilevel models
were constructed predicting post-session mood, anxiety, obsessions, and compulsions. In
order to examine changes in negative affect, obsessions and compulsions before and after
each weekly intervention session, pre-session ratings were entered in the corresponding
model. Thus, the model coefficients can be interpreted as the degree of change from pre-post
session. The second set tested the cumulative effects of treamtment over time on pre-session
mood, anxiety, obsessions, and compulsions. Four multilevel models were constructed
predicting pre-session mood, anxiety, obsessions, and compulsions. In all models, treatment
condition (0=HEC, 1=AE), time, and the interaction term was entered. Time was mean-
centered. We provide effect size estimates, based on Feingold (2013).

Model Assumptions.—Analyses utilize maximum likelihood approaches to produce
estimates of the regression parameters, which uses all available data without requiring
imputation of missing values. Missingness included 19.7% of pre-session ratings and 20.3%
of post-session ratings were missing. The intraclass correlation (ICC) values for all
outcomes in the first set of models (i.e., post-session ratings) were above the conservative
recommended value of .10, and were as follows: Post-Mood (ICC = .53, 95%CI = .42-.63);
Post-Anxiety (ICC = .64, 95%CI = .54-.73); Post-Obsessions (ICC = .67, 95%ClI

= .58-.76); Post-Compulsions (ICC = .70, 95%CI = .61-.78). The intraclass correlation
(ICC) values for outcomes in the second set of models (i.e., pre-session ratings) were
acceptable: Pre-Mood (ICC = .33, 95%CI = .23-.44); Pre-Anxiety (ICC = .59, 95%ClI

= .49-.69); Pre-Obsessions (ICC = .60, 95%CI = .50-.70); Pre-Compulsions (ICC = .66,
95%Cl = .56-.75). Linear, quadratic, cubic and hyperbolic effects of time were modeled,
and model fit was examined using Akaike information criterion (AIC) and the Bayesian
information criterion (BIC); linear models were fit to the data. Random intercepts and slopes
were included in all models. Huber/White/Sandwich robust standard errors were estimated
in order to adjust for heteroskedasticity in the error terms, and an unstructured covariance
matrix was specified to allow for each covariance to be uniquely estimated.

Model Covariates.—Based on documented baseline differences between groups on the Y-
BOCS, BDI, and BAI (Abrantes et al., 2017b) these baseline scores were entered as
covariates. As reported in parent trial, concurrent behavioral and pharmacological treatment
for OCD did not differ between conditions and was not included as covariate in this study.
Given the theoretical relevance of weight status on acute affective response to exercise, BMI
was also entered as a covariate in all models (Ekkekakis and Lind, 2006). The variance
inflation factor (VIF) was computed between model covariate (YBOCS, BDI, BAI, BMI)
with average scores on each of the primary predictors (pre-session mood, anxiety,
obsessions, and compulsions) as a test of multicollinearity. All VIFs were all below
recommended values of 2.5, and were as follows: Mood (VIFs = 1.13-1.19); Anxiety (VIFs
=1.12-1.19); Obsessions (VIFs = 1.12-1.18); Compulsions (VIFs = 1.11-1.18).
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Descriptive Overview

Participants (n = 55, 64.6% female, Mg, = 38.9, SD = 13.1) were primarily Caucasian
(83.9%), employed (63.6%), and 60.7% had completed college. At baseline, participants had
moderately severe symptoms based on average Y-BOCS scores (M= 24.9, SD =5.26).
Average BMI was in the obese range (M= 30.3, SD = 7.4). Of the 12-weekly AE or HEC
group sessions, participants completed an average of 10.0 sessions (SD = 2.3).

Acute Changes in Negative Affect, Obsessions, and Compulsions

See Table 1 for summarized results of multilevel models, and Figures 1-4 for visualization
of mean mood, anxiety, obsession and compulsions, by treatment condition, over the course
of treatment. The covariate effects were non-significant in all models.

Mood.—There was a significant main effect of treatment condition (p < .001), such that
improvement in mood was significantly larger following AE relative to HEC sessions. The
main effect of time and interaction of condition x time were non-significant.

Anxiety.—There was a significant main effect of treatment condition (o =.001), indicating
significantly larger reductions in anxiety after AE relative to HEC sessions. There was a
main effect of time (p = .050), reflecting linear reductions in post-session anxiety over the
course of treatment. The condition x time interaction was non-significant.

Obsessions.—No differences in acute changes in obsessions across treatment, time, or
their interaction were observed.

Compulsions.—There was a significant main effect of treatment (p=.014), such that AE
sessions, relative to HEC, resulted in significantly larger reductions in compulsions. The
main effect of time and the interaction of condition x time were non-significant.

Longitudinal Changes in Pre-Session Negative Affect, Obsessions, and Compulsions

Results are presented in Table 2 and patterning of effects is illustrated in Figures 1-4.

Mood.—There were no significant changes in pre-session mood during the course of
treatment. There was a significant main effect of treatment condition (p = .002), reflecting
significantly greater positive pre-session mood in the AE condition relative to HEC. The
interaction of condition x time was non-significant.

Anxiety.—There were no significant changes in pre-session anxiety during the course of
treatment. There was also a non-significant main effect of treatment condition. However,
there was a significant interaction of condition x time (p = .014), such that reductions in pre-
session anxiety emerged throughout the course of treatment in the AE but not HEC
condition.

J Affect Disord. Author manuscript; available in PMC 2020 February 24.
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Obsessions.—There was a significant reduction in pre-session obsessions during the
course of treatment (p = .044). The main effect of treatment condition and the interaction
term were non-significant.

Compulsions.—There were no significant changes in pre-session compulsions during the
course of treatment. The main effect of treatment condition and the interaction term were
non-significant.

Discussion

Findings provide novel evidence for the acute effects of aerobic exercise on reductions in
negative affect (i.e., better mood, lower anxiety) and compulsions relative to an active
control condition in patients with treatment resistant OCD. Findings indicate that aerobic
exercise (but not control) uniquely produced cumulative anxiolytic effects over the course of
the 12-week intervention. These results are the first to stem from a well-designed study that
included a control condition and larger sample of patients with OCD than in prior work.

On average, patients in both treatment conditions reported lower levels of obsessions over
the course of the 12-week intervention immediately before intervention sessions, suggesting
a potential cumulative effect of any active intervention on decreased obsessions. Due to the
active control condition, it is possible that the participants in this study found the health
information in this condition and/or the social support received by attending weekly sessions
with a research interventionist helpful such that obsessions decreased. Interestingly, pre-
session compulsions did not decrease over time though an acute effect was observed with
exercise. It is possible that the acute effects of exercise may have lasted longer for
obsessions, relative to compulsions, such that a cumulative effect over time was observed.
Future research that examines how long acute effects last post exercise sessions will aid in
the understanding of these findings.

The findings of this study have several notable clinical implications. For example,
vulnerabilities underlying OCD include the tendency to experience heightened negative
affect (Bienvenu et al., 2004), and lower levels of positive affect (Spinella, 2005) and poor
regulation of these affective states. These, in turn, influence the motivational processes of
behavioral activation and behavioral inhibition (Carver and White, 1994), leading to more
severe symptomatology (McGuire et al., 2012). Therefore, it may be possible to teach
patients with OCD to use bouts of aerobic exercise to manage affective states “in-the-
moment”. Interestingly, given that the urge to engage in compulsions also decreases acutely
after a bout of exercise, patients with OCD may benefit from the strategic use of exercise to
manage or override urges for compulsions. Such an approach has been utilized successfully
with individuals with compulsive substance use behaviors who have been instructed to use
bouts of aerobic exercise to manage negative affect as well as cravings (Abrantes et al.,
2017a; Linke et al., 2012). As such, aerobic exercise may be a tangible, easily
implementable strategy that patients can use to regulate affect and OCD symptoms. Future
studies are needed to empirically test whether aerobic exercise, if efficacious and effectively
implemented, can enhance patients’ ability to resist compulsions.
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While the current findings are promising, a number of additional factors related to
developing more effective exercise prescription for patients with OCD are worth
considering. First, the bouts of exercise in this study were at least 20 minutes in duration.
Yet, it is possible that shorter duration bouts may produce comparable effects based on
evidence in other related literatures. For example, even a 5-minute bout of activity resulted
in reduced depressive affect and improved mood on the Profile of Mood States (POMS)
among a sample of young adults (Jaffery et al., 2017). Second, the aerobic intervention in
this study was moderate-intensity exercise, thus the efficacy of light and vigorous intensity
exercise on acute changes in affect and OCD symptoms is important to evaluate. For
example, while moderate-intensity aerobic exercise produces larger acute effects on negative
affect relative to light or vigorous intensity (Ensari et al., 2016), the acute affective benefits
from exercise among patients with psychiatric symptoms (e.g., depression) appear to be
consistent regardless of intensity level (Meyer et al., 2016). Third, the exercise intervention
in this study was supervised by an exercise physiologist, who provided encouragement
during sessions. In patients with OCD, who may be more reactive to environmental safety
and reassurance cues, this type of supervision may have influenced the affective experience
of exercise. Future studies should examine whether supervised versus unsupervised exercise
influences acute effects in this population. Fourth, a patients’ baseline levels of physical
activity can influence the acute affective response to aerobic exercise wherein those with
lowest levels of physical activity (i.e., sedentary) experience the largest acute effects of
aerobic exercise on anxiety reduction compared to those who with higher levels of physical
activity (Ensari et al., 2015). Future studies should evaluate long-term changes in the acute
effects among patients with OCD are able to sustain increase in exercise and whether these
mediate changes in OCD symptomatology.

Limitations

Several limitations are worth noting. The sample, albeit comparable to many OCD trials,
was small. The patients were primarily women who identified race as white. Greater
heterogeneity in sex, age, and ethnicity will be necessary to generalize findings to the larger
population of OCD patients. Bouts of aerobic exercise were not standardized in terms of
duration and mode (e.g., some may have used treadmill, others the elliptical), which could
have impacted affective responses. Additionally, because the sessions were supervised, this
limits external validity and introduces testing bias due to being observed. Lastly, negative
affect and OCD symptoms were all self-reported. Experimental studies that employ a
standardized, sedentary control and behavioral challenges after exercise to evaluate whether
patients do resist the urge to engage in compulsions, for example, would provide a more
rigorous test of the hypotheses proposed in this study. Such studies would also provide an
opportunity to examine plausible physiological mechanisms through which exercise might
improve anxiety-related illnesses (Anderson and Shivakumar, 2013).

Conclusions

This is the first randomized controlled trial of the acute effects of exercise on negative affect,
obsessions and compulsions in patients with OCD. The findings may help to inform future
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intervention efforts that can augment existing OCD treatments to improve outcomes in this
population.
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Highlights

. Aerobic Exercise (AE) produced greater acute mood improvements than
Health Education Contact (HEC) control in patients with Obsessive
Compulsive Disorder (OCD)

. AE produced greater reductions in anxiety than HEC in patients with OCD

. AE produced greater reductions in compulsions than HEC in patients with
OCD

. Neither AE nor HEC produced acute changes in obsessions

. Linear reductions in anxiety occurred longitudinally over the course of
treatment
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Acute Changes in Pre- and Post-Session Mood
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Acute Changes in Pre- and Post-Session Anxiety
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Acute Changes in Pre- and Post-Session Obsessions
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Acute Changes in Pre- and Post-Session Compulsions
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Effect of intervention on acute changes in affect, obsessions, and compulsions before to after treatment

Table 1.

sessions
b se z Cl p
Mood (after session)
Mood before session 0.543 0.030 18.18 0.484, 0.601 <.0001
Time -0.015 0.018 -0.81  -0.050, 0.021 415
Treatment Condition 0.907 0.223 4.07 0.470, 1.344 <.0001
Time x Treatment -0.007 0.025 -0.29 -0.066, 0.042 775
Anxiety (after session)
Anxiety before session 0.420 0.031 13.29 0.358, 0.482 <.0001
Time 0.040 0.020 1.96 -0.001, 0.080 .050
Treatment Condition -0.969 0.294 -3.29 -1.546,-0.392 .001
Time x Treatment -0.046 0.029 -1.60 -0.102,0.010 110
Obsessions (after session)
Obsessions before session -0.490 0.035 14.08 0.421, 0.557 <.0001
Time 0.025 0.024 1.05 -0.022, 0.072 .293
Treatment Condition -0.549 0.342 -1.61 -1.220,0.121 .108
Time x Treatment -0.029 0.033 -0.86 -0.094,0.036 .389
Compulsions (after session)
Compulsions before session  0.487  0.032 15.17 0.424, 0.550 <.0001
Time 0.019 0.022 0.86 -0.025, 0.063 .392
Treatment Condition -0.763 0.309 -2.47 -1.348,-0.158 .014
Time x Treatment -0.008 0.031 -0.27 -0.069, 0.053 .789

Page 17

Note: Level-1 variables (mood, anxiety, and obsessions, compulsions, time [treatment week]); level-2 variables (condition [0=Control, 1=Exercise],

pre-session rating, covariates, not displayed).
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Table 2.
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Effect of intervention on changes in pre-session affect, obsessions, and compulsions over the course of the

treatment
b se z Cl p
Mood (before session)
Time 0.017 0.033 0.052 -0.047,0.081 .605
Treatment Condition 0.852 0269 3.17 0.326, 1.379 .002
Time x Treatment 0.024 0.046 0.53 -0.065,0.114  .594
Anxiety (before session)
Time -0.011 0.034 -0.33 -0.077,0.055 .740
Treatment Condition 0.141 0475 0.30 -0.789, 1.072 .766
Time x Treatment -0.116 0.047 -2.47 -0.207,-0.024 .014
Obsessions (before session)
Time -0.068 0.034 -2.01 -0.134,-0.002 .044
Treatment Condition 0.306 0.481 0.64 -0.637, 1.249 525
Time x Treatment -0.015 0.047 -0.31 -0.107,0.078 .756
Compulsions (before session)
Time -0.053 0.033 -1.60 -0.119,0.012 .110
Treatment Condition -0.380 0.518 -0.73 -1.395,0.635 .463
Time x Treatment -0.005 0.047 -0.11 -0.096,0.086 .913

Note: Level-1 variables (mood, anxiety, and obsessions, compulsions, time [treatment week]); level-2 variables (condition [0=Control, 1=Exercise],

covariates, not displayed).
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