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David Wellsteda , Lynne M. Drummonda,d , Jemma Reida,e, David S. Baldwinf,g , Ruihua Houf ,
Samuel Chamberlainf , Nick Sireauh, Dominique Grohmanna and Keith R. Lawsa

aSchool of Life and Medical Sciences, University of Hertfordshire, Hatfield, UK; bHertfordshire Partnership University NHS Foundation Trust,
Hatfield, UK; cQueen Square Institute of Neurology, University College London, London, UK; dSouth West London and St George’s NHS Trust
and School of Life and Medical Science, London, UK; eCornwall Partnership NHS Foundation Trust, Cornwall, UK; fClinical and Experimental
Sciences, Faculty of Medicine, University of Southampton, Southampton, UK; gDepartment of Psychiatry and Mental Health, University of Cape
Town, Cape Town, South Africa; hORCHARD, Cambridge, UK

ABSTRACT
Objective: This systematic review and meta-analysis assessed the efficacy of exercise in reducing
OCD symptoms.
Methods: We searched PubMed, Cochrane Central Register of Controlled Trials, MEDLINE, Scopus and
grey literature until March 2022. The study was preregistered at Prospero (CRD42021283931). We included
randomised controlled and pre-post trials assessing physical activity as an intervention for OCD. Risk of
bias was assessed using the Cochrane ROBINS-I tool and the RoB2 tool.
Results: The analysis included 6 trials (N¼ 92); 2 were RCTS and 4 were pre-post design studies. A ran-
dom-effects meta-analysis of pre-post data identified a large reduction of OCD symptoms following exer-
cise (g¼ 1.33 [95%CI 1.06–1.61]; k¼ 6). Exercise was also associated with significant pre-post reductions in
anxiety (g¼ 0.71 [95%CI 0.37–1.05; k¼ 4) and depression (g¼ 0.57 [95%CI 0.26–0.89]; k¼ 2). Risk of bias
was moderate-high in uncontrolled trials on the ROBINS-I and RCTs showed ‘some concerns’ on the RoB2.
Conclusion: Exercise was associated with a large pre-post reduction of OCD symptoms; however, few tri-
als were of robust quality and all were at risk of bias. Further well-powered and better quality RCTs are
required to assess the role of exercise as an intervention for OCD.

KEY POINTS

� Studies exploring exercise as an adjunct therapy for OCD have small participant numbers, therefore a
systematic review and meta-analysis is needed to estimate potential efficacy.

� Pre-post analysis shows that exercise was associated with a large reduction of OCD symptoms
� The current systematic review and meta-analysis points to the potential for exercise to be beneficial

for the treatment for OCD symptoms. However, more well-powered and better controlled RCTs are
required to fully assess the benefit of exercise for the treatment of OCD symptoms.
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Introduction

Obsessive-compulsive disorder (OCD) is a common and disabling
neuropsychiatric condition which has a substantial effect on the
quality of life, well-being and global functioning of affected indi-
viduals and their family members (Albert et al., 2017). Obsessive-
compulsive disorder is ranked among the top 10 leading causes
of global disability (WHO, 1999). It is common with lifetime preva-
lence being 1.3–2.3% and affects all cultures and ethnicities, fol-
lows a chronic course, causes distress and disability, disrupts
functioning and places considerable burden on families (Albert
et al., 2017; Pallanti et al., 2002; Veale & Roberts, 2014). With a
mean age of onset of 20 years, OCD affects the most productive
period in an individual’s life. The costs and burden accrue with
time (NICE, 2005). Disability from OCD is comparable to that of
schizophrenia (Bobes et al., 2001) accounting for 2.2% of all years
lost to disability, 6 and 18% of the cost of all mental and anxiety

disorders, respectively (WHO, 1999; Hollander et al., 2016) and an
estimated 7.9 disability adjusted life years lost per 10,000 people
(Wittchen et al., 2011). Lost productivity is profound (Hollander
et al., 2016) with high rates of long-term sickness absence and
unemployment (Veale & Roberts, 2014).

Until recent decades, OCD was deemed untreatable. However,
there is now a large evidence base for the use of cognitive behav-
ioural therapy (CBT) and selective serotonin reuptake inhibitors
(SSRIs) as first-line treatment (Fineberg et al., 2020). Whilst most
patients with OCD treated with one or both these therapies will
experience an improvement in their symptoms, up to 60%
(Pallanti et al., 2002) will continue to have residual symptoms
with ongoing disability (Eisen et al., 2013). To address this, there
is growing interest in the use of augmentation strategies.
Adjunctive use of dopamine-antagonists or other strategies help
some initial treatment of non-responders but the effect is typically
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small and most fail to respond (Fineberg et al., 2020). This has so
far included the addition of alternative medications such as anti-
psychotics and other anti-depressants, repetitive transcranial mag-
netic stimulation, neurosurgical techniques including stereotactic
ablation surgery and deep-brain stimulation and other types of
functional interventions (Varinelli et al., 2022). There is urgent
need for an alternative or adjuvant treatment that is effective,
low-cost, safe and universally accessible. Exercise is a candidate
intervention.

Physical exercise elevates mood, promotes wellbeing, reduces
anxiety, improves cognition and is efficacious in certain mental
disorders (di Liegro et al., 2019; Kandola et al., 2019; Larun et al.,
2006). As response to current treatments for OCD is limited, exer-
cise could be used as a cost effective and widely available low
risk alternative or adjunctive treatment. The beneficial effect of
exercise in disorders such as depression (NICE, 2009) and anxiety
(Ramos-Sanchez et al., 2021) cannot simply be extrapolated to
OCD, as this disorder typically responds to only a very limited
range of treatments. Moreover, exercise may even have a coun-
ter-therapeutic effect by exacerbating particular obsessive-com-
pulsive symptoms such as contamination related fears e.g.,
through the generation of sweat and bodily contact. There are,
however, compelling reasons to support its investigation in OCD.

Exercise is likely beneficial to physical and psychiatric health
through multiple mechanisms. The relationship is complex and
incompletely understood, but aside from reducing body fat and
improving cardiorespiratory fitness, moderate physical activity has
systemic anti-inflammatory effects (Gleeson et al., 2011) with the
potential to impact neuroinflammation (Małkiewicz et al., 2019).
This anti-inflammatory effect appears to be dependent on the
exercise intensity with a greater effect occurring at higher exercise
intensities (Antunes et al., 2019). Of interest is the emerging evi-
dence of the ability of exercise to attenuate inflammation in the
central nervous system (CNS). Although the blood-brain-barrier
acts to protect the CNS from the peripheral environment, there is
in fact bi-directional communication of the immune system
through cytokines, the vagus nerve, the sympathetic and para-
sympathetic nervous system, and the hypothalamic-pituitary-
adrenal axis. Hence, pro-inflammatory cytokines circulating in the
periphery can activate microglia (Block et al., 2007; the primary
immune cell of the CNS) in the brain, affect behaviour and pre-
cipitate symptoms of depression (McCusker & Kelley, 2013). In the
same way, it is thought exercise can have an inhibitory effect on
microglial activation by increasing anti-inflammatory and downre-
gulating pro-inflammatory factors (Mee-Inta et al., 2019). Different
lines of evidence implicate low-grade inflammation (innate or
adaptive) in the pathophysiology of OCD (Gerentes et al., 2019). A
strong link exists between some infections and subsequent onset
of OCD e.g., paediatric autoimmune neuropsychiatric disorders
associated with streptococcal infections (PANDAS) (Swedo et al.,
2014) or paediatric acute-onset neuropsychiatric syndromes
(PANS) (Fineberg et al., 2020). Autoantibodies directed at neuronal
components of cortico-striatal-thalamo-cortical (CSTC) brain cir-
cuits are identified in some children & adults with OCD (Fineberg
et al., 2020).

There has been growing interest in research examining the
effect of exercise for OCD. A recent review by Freedman and
Richter (2021) outlines research in OCD and exercise suggesting a
potential benefit of exercise, however they conclude there is a
need for further research. A meta-analysis enables us to collect-
ively explore in more depth the efficacy of exercise on OCD symp-
toms using the gold standard methods of the Yale- Brown
Obsessive-Compulsive Scale (Y-BOCS) (Goodman et al., 1989), of

value for determining the magnitude of the effect size to enable
future interventional research, as the number of published clinical
trials remains small (Freedman & Richter, 2021). It also enables us
to start to understand the potential mechanisms by including
other outcome variables such as inflammation in the analysis.

There is a need to review current evidence and offer guidance
for future research. Our aim was therefore to conduct a system-
atic review and meta-analysis examining the effectiveness of exer-
cise on improving OCD symptom severity as well as associated
mental health (including changes in depression and anxiety) and
physical health symptoms. In addition, we sought to examine the
acceptability and tolerability of exercise in this patient population.

Methods

The systematic review and meta-analysis were conducted follow-
ing the Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) reporting guideline (Moher et al., 2009).
The protocol was registered at PROSPERO https://www.crd.york.ac.
uk/PROSPERO/display_record.php?RecordID=283931 (PROSPERO,
2021) CRD42021283931.

Search strategy

Relevant English-language publications were identified by system-
atically searching PubMed, Cochrane Central Register of
Controlled Trials, Ovid MEDLINE and Scopus. In addition, reference
lists of included studies and previous reviews were searched for
further research. We sought publications from the earliest date
point until March 2022.

The following search terms were used:
Exercise OR physical activity OR sport AND obsessive-compul-

sive disorder OR OCD OR symptoms of OCD
Two independent reviewers (L.B. and M.P.) completed the ini-

tial screening process using predefined inclusion criteria (below)
and Rayyan QCRI Software (Ouzzani et al., 2016). Articles were
included for further review if they were original studies with pri-
mary data, human participants, and related to the topic of inter-
est. Search results were independently reviewed and compared
for discrepancies. A third reviewer (K.L.) was involved when any
discrepancy between the two reviewers occurred.

Inclusion criteria

Studies were included in this meta-analysis if they met the follow-
ing criteria: randomised clinical trials or pre-post studies without a
control group, where the intervention was physical activity (stud-
ies were not limited by the type of physical activity, e.g., studies
with yoga were included as yoga is included in the compendium
of physical activity (Ainsworth et al., 2011) and improves strength
and flexibility); the participants had a formal structured diagnosis
of OCD in a clinical setting; the outcome of interest was OCD
symptom severity evaluated using the Y-BOCS; included means
and standard deviations or sufficient other data used for analyses.

Data extraction and quality assessment

For each eligible study, detailed information was extracted by two
of the authors (L.B. and M.P.). Such data included: first author;
publication year; total number of participants, number of controls;
study design. In addition, the following data were extracted: type
of physical activity intervention, total duration, session duration
and intensity and frequency; adherence to exercise and adverse
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events; OCD symptom severity using total Y-BOCS; and any
depression or anxiety measure. Other measures including global
symptomatology and functional disability; health related quality
of life; body mass index; change in inflammatory markers; change
in cholesterol levels were planned to be recorded however there
was no data reported. We also intended to include cardiorespira-
tory fitness as a moderator, but insufficient studies provided rele-
vant data.

Risk of bias assessment

The quality of the included articles was assessed independently
by two investigators (DG and KL). The Cochrane Risk of Bias 2
tool (Sterne et al., 2019) was used to assess risk of bias in RCTs
on the following domains: selection bias, performance bias, detec-
tion bias, attrition bias. The ROBINS-I tool (Sterne et al., 2019) for
non-RCTs was used to assess risk of bias due to: confounding fac-
tors, selection of participants, classification of interventions, devia-
tions from intended intervention, missing data, measurement of
outcomes, and selection of the reported results.

Statistical analysis

Random effects meta-analyses were conducted using
Comprehensive Meta-Analysis Version 3.0 for Windows
(Borenstein et al. 2013). We calculated Hedge’s g effect sizes (and
95% confidence intervals) for pre-post as most studies failed to
include a control sample. In the latter case, we assumed a correl-
ation of .5 between pre and post conditions (we conducted a sen-
sitivity analysis comparing the use of 0.7 and 0.5 correlations and
this made little difference to the analyses). When data were
unavailable in papers, we contacted corresponding authors. One
study failed to provide a post-intervention and since we could
not derive a response from the authors (Ranjbar et al., 2013), we
carried forward the baseline SD (see Weir et al., 2018).

Effect sizes were classified as small (0.2), medium (0.5) or large
(�0.8) according to Cohen’s rule of thumb (Cohen, 1998).
Heterogeneity was assessed using the I2 statistic, and for inter-
pretation we followed Cochrane guidance (Higgins et al., 2019)
where I2 values were identified: 0–40% as might not be import-
ant; 30–60% as may represent moderate heterogeneity; 50–90%
may represent substantial heterogeneity; 75–100% representing
considerable heterogeneity.

Results

Summary of literature search

Figure 1 provides a PRISMA flowchart of the literature search and
studies included for further analysis. The initial search identified
370 publications. Among these, 87 were excluded because they
were duplicates and 1 because it was not in English. Then, 282
abstracts were reviewed. Among these, 271 were excluded as
they did not meet the predefined inclusion criteria. Five studies
were excluded after reviewing the full texts. One did not have a
relevant physical activity intervention (Torous, 2021), one did not
have clinically diagnosed OCD (Lancer et al., 2007), two did not
use the Y-BOCS as a measure of OCD symptom severity (Abrantes
et al., 2009, 2019) and one did not have the relevant population
(LeBouthillier & Asmundson, 2017). Six studies were therefore
included in our analyses and are detailed in Table 1 (Abrantes
et al., 2017; Bhat et al., 2016; Brown et al., 2007; Packer-Hopke
and Motta, 2014; Ranjbar et al., 2013; Rector et al., 2015).

Primary outcome

Using a random effects model, we calculated the pre-post effect
size change for OCD patients who had received an exercise inter-
vention. We assumed a correlation of .5 between pre and post
conditions. This analysis revealed a large pre-post effect size
reduction in Y-BOCS symptoms with a Hedges g¼ 1.33 (95%CI
1.06–1.60; Figure 2). Heterogeneity was low (I2¼9.79%) suggesting
little variability in outcomes.

We also assessed the impact of small studies and possible pub-
lication bias by inspecting funnel plots and Trim and Fill analysis
(Figure 3). Visual inspection of the funnel plot suggested some
asymmetry and Trim and Fill analysis pointed to three possibly
missing trials, that reduced the effect size g¼ 1.15 (0.84–1.47).

Secondary outcomes

As secondary-outcome analyses, we planned to assess the impact
of exercise on depression (Figure 4) and anxiety (Figure 5). An
analysis of pre-post depression scores showed that exercise was
associated with significantly reduced depression (g¼ 0.58 [95%CI
0.27–0.89]; k¼ 2) with low heterogeneity (I2 ¼ 0%). An analysis of
the pre-post change in anxiety also revealed a significant reduc-
tion of anxiety (g¼ 0.69 [95%CI 0.36–1.03; k¼ 4), with heterogen-
eity being moderate (I2 ¼43.54%). No other secondary outcomes
were suitable for analysis because of too few reports for global
symptomatology and functional disability, health related quality
of life, body mass index, change in inflammatory markers and
change in cholesterol levels.

Risk of bias for included studies

RCTS were rated using the Cochrane Risk of Bias 2 tool (Sterne
et al., 2019; Figure 6), while non-RCTs were assessed using the

370 publica�ons iden�fied on ini�al search: 
62 Pubmed 
71 OVID Medline 
176 Scopus 
59 Cochrane  
2 reference lists 

Publica�ons removed before screening: 
 87 duplicates 

1 not English 

11 publica�ons were assessed 
based on full-text 

282 publica�ons screened based on 
�tle and abstract 

271 publica�ons excluded for not 
mee�ng the inclusion criteria.  

5 publica�ons excluded 
 1 x not a relevant interven�on 
 1 x not clinically diagnosed 
 1 x not relevant popula�on 

2 x did not use YBOCS 

6 publica�ons were included in final 

Figure 1. Flow chart of study selection.
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ROBINS-I tool (Sterne et al., 2019; Figure 7). On the Cochrane
RoB2 tool, two studies (Abrantes et al., 2017; Ranjbar et al., 2013)
showed overall ‘some concerns’. On the ROBINS-I, three studies
showed moderate risk of bias (Brown et al., 2007; Packer-Hopke
and Motta, 2014; Rector et al., 2015) while one was at serious risk
of bias (Bhat et al., 2016). This suggests that three of the four
non-RCTs provide sound evidence for a non-randomised study
but cannot be considered comparable to a well performed rando-
mised trial; while the fourth displays ‘important problems’ (Sterne
et al., 2019).

A key area of weakness in non-RCTS was bias in measurement
of outcomes – this largely reflects the fact that exercise interven-
tion outcome assessments were conducted non-blind.

Discussion

As far as we are aware, the current preregistered systematic
review and meta-analysis is the first to examine the efficacy of
exercise in reducing OCD symptom severity. Our systematic
review identified 370 publications; however, only six trials (N¼ 92)
met inclusion criteria: four employing a pre-post design and two
RCTs. A random-effects meta-analysis of pre-post changes scores
revealed a large reduction in OCD symptoms (g¼ 1.33 (95%CI
1.06–1.61); as well as significant medium-to-large reductions in
the secondary outcomes of depression (g¼ 0.58 [95%CI
0.27–0.89]; k¼ 2) and anxiety (g¼ 0.69 [95%CI 0.36–1.03; k¼ 4)
following exercise. Three of four non RCTs were rated as at overall
moderate risk of bias on the ROBINS-I; and both RCTs were rated
as having ‘some concerns’ on the RoB2 tool.

The current analyses shows that various forms of exercise (e.g.,
aerobic exercise, yoga) may act as an effective intervention to
improve the symptoms of OCD as well as the secondary out-
comes of both anxiety and depression. While the effect size for
OCD symptom reduction was large, analysis of the funnel plot
and Trim and Fill analysis indicated some evidence of small-sam-
ple bias, with three potentially missing studies that reduced the
effect size (g¼ 1.15 [95%CI [0.85–1.47]). Exercise was also associ-
ated with significant reductions of depression and anxiety symp-
toms though to a lesser degree than the reduction of OCD
symptoms. With so few studies, we were unable to examine
whether depression and/or anxiety reductions mediated the
reduction in OCD symptomatology.

Finally, in addition, we assessed the tolerability and acceptabil-
ity of exercise by looking at figures relating to the ascertainment
ratio (ratio of eligible patients to those consenting to participate)
and drop out and adverse events. Only 2 of the 6 studies stated
how many participants were screened and then entered the
study. None said how many potentially suitable people they
approached. As ascertainment ratios were rarely reported and
only two RCTs were identified, analysis of relative acceptability of
exercise as an intervention was not feasible. Indeed, only one of
the RCTs (Abrantes et al., 2017) provided data on drop-out with 5
dropping out in the exercise arm (18%) and 2 in the control arm
(7%). Nonetheless, the drop-out rate when reported in the exer-
cise condition across the 6 trials was low, with the vast majority
of those starting the intervention (83 of 92: 90%) completing
exercise. Accurate assessment of ascertainment and drop-out rates
is still needed, however, to help to gauge feasibility of recruit-
ment and power future full scale trials.

OCD is a disorder with a low placebo response (Sugarman
et al., 2017) and given that exercise may have non-specific effects,
it is important to compare the exercise arm with a control arm.
As noted, 4 of the 6 studies did not have a control arm (BhatTa
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et al., 2016; Brown et al., 2007; Packer-Hopke and Motta, 2014;
Rector et al., 2015); and so, we cannot exclude the possibility that
the attention given by the person delivering the exercise could
cause an improvement in symptoms. Future trials therefore need
to include control groups to unpick the specific effect of exercise
beyond general effects resulting from attention or social contact
and other potential benefits. Further research is needed to under-
stand whether it is the exercise itself having an improvement on
symptoms or the process of the research. In addition, we need to
understand better the type of exercise, the duration and the

intensity to be able to prescribe exercise as an adjunct therapy
for OCD.

Limitations

The main limitations of the current study largely reflect limitations
of the original studies. These limitations mainly centre on the fact
that we identified only two RCTs (and 4 non-RCTs) assessing exer-
cise as an intervention for OCD; and that the quality of research
to date has been at moderate or high risk of bias. The reliance

Study name Statistics for each study Hedges's g and 95% CI

Hedges's Standard Lower Upper 
g error limit limit

Brown 2007 1.49 0.35 0.81 2.17
Ranjbar 2013 1.10 0.27 0.58 1.62
Packer-Hopke 2014 1.74 0.54 0.68 2.80
Rector 2015 2.07 0.44 1.21 2.93
Bhat 2016 1.35 0.39 0.59 2.11
Abrantes 2017 1.11 0.23 0.66 1.56

1.33 0.14 1.06 1.60

-2.00 -1.00 0.00 1.00 2.00

Favours Controls Favours Exercise

Figure 2. Effect of exercise on OCD symptoms (YBOCS).
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Figure 3. Funnel plot of standard error by Hedge’s g.

Study name Statistics for each study Hedges's g and 95% CI

Hedges's Standard Lower Upper 
g error limit limit

Rector 2015 0.71 0.27 0.18 1.24

Abrantes 2017 0.51 0.19 0.14 0.88

0.58 0.16 0.27 0.88

-2.00 -1.00 0.00 1.00 2.00

Favours Controls Favours Exercise

Figure 4. Effect of exercise on depression.
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upon pre-post effect is likely to inflate effect size estimations
because of their lack of a control comparison (Cuijpers et al.,
2017). Pre-post analyses do not allow us to differentiate between
the effects, we cannot be sure changes are attributable to the
treatment itself and natural processes that may occur e.g., spon-
taneous remission. As already noted, baseline and post-test scores
are not independent of each other and the value of the correl-
ation is required to calculate the effect size; however, the actual

correlation is unknown and had to be estimated. While we
conducted a sensitivity analysis and this showed no difference,
pre-post effect sizes can be less reliable in terms of estimating
intervention effects (Cuijpers et al., 2017) as opposed to non-spe-
cific effects.

When performing the literature search, we excluded 5 studies
that failed to meet our inclusion criteria. Two studies were
excluded as they used a self-rating scale for obsessions and

Study name Statistics for each study Hedges's g and 95% CI

Hedges's Standard Lower Upper 
g error limit limit

Ranjbar 2013 0.90 0.25 0.41 1.39
Packer-Hopke 2014 1.10 0.27 0.57 1.63
Rector 2015 0.27 0.24 -0.20 0.74
Abrantes 2017 0.58 0.19 0.20 0.96

0.69 0.17 0.36 1.03

-2.00 -1.00 0.00 1.00 2.00

Favours Controls Favours Exercise

Figure 5. Effect of exercise on anxiety.

Figure 6. RoB2 risk of bias ratings for individual RCTs and overall.
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compulsions rather than the Y-BOCS (Abrantes et al., 2009, 2019).
One study was excluded as the participants were not clinically
diagnosed with OCD (Lancer et al., 2007). It is important to ensure
that data are only reported from a clinical population as often
people self-report to have OCD symptoms when in fact they
would not meet criteria for clinical diagnosis.

Aside from there being few studies, the investigations them-
selves also included very small numbers of participants (median
number ¼12.5). This undoubtedly means that existing trials have
been underpowered and again, is likely to inflate the effect size
and the levels of heterogeneity (see Inthout et al., 2015). The
main way to assess heterogeneity is through moderator analyses;
however, the small number of trials meeting our inclusion criteria
meant that our pre-registered intention to assess various moder-
ator variables was not feasible. Although no definitive minimum
number of studies is required for meta-regression, we followed
the general recommendations of at least 10 studies for a continu-
ous variable, and for a categorical subgroup variable, a minimum
of 4 studies per group is needed (Fu et al., 2011; Higgins
et al., 2019).

In conclusion, this is the first systematic review and meta-ana-
lysis exploring the effect of exercise on OCD symptoms. Our pre-
post effect sizes were associated with a large reduction of OCD
symptoms following exercise. Nonetheless, only six small, largely
uncontrolled trials were assessed and these were at moderate to
high risk of bias. Therefore, it is difficult to draw conclusions on
the acceptability, tolerability and effect size of exercise as a thera-
peutic intervention in this patient group. There is still a need for
a well-designed randomised controlled pilot study to assess the
promise of exercise as an intervention for OCD.
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