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The effects of exercise on depression have been a source of contentious debate. Meta-analyses have
demonstrated a range of effect sizes. Both inclusion criteria and heterogeneity may inﬂuence the effect
sizes reported. The extent and inﬂuence of publication bias is also unknown. Randomized controlled
trials (RCTs) were identiﬁed from a recent Cochrane review and searches of major electronic databases
from 01/2013 to 08/2015. We included RCTs of exercise interventions in people with depression
(including those with a diagnosis of major depressive disorder (MDD) or ratings on depressive symptoms), comparing exercise versus control conditions. A random effects meta-analysis calculating the
standardized mean difference (SMD, 95% conﬁdence interval; CI), meta-regressions, trim and ﬁll and failsafe n analyses were conducted. Twenty-ﬁve RCTs were included comparing exercise versus control
comparison groups, including 9 examining participants with MDD. Overall, exercise had a large and
signiﬁcant effect on depression (SMD adjusted for publication bias ¼ 1.11 (95% CI 0.79e1.43)) with a failsafe number of 1057. Most adjusted analyses suggested publication bias led to an underestimated SMD.
Larger effects were found for interventions in MDD, utilising aerobic exercise, at moderate and vigorous
intensities, in a supervised and unsupervised format. In MDD, larger effects were found for moderate
intensity, aerobic exercise, and interventions supervised by exercise professionals. Exercise has a large
and signiﬁcant antidepressant effect in people with depression (including MDD). Previous meta-analyses
may have underestimated the beneﬁts of exercise due to publication bias. Our data strongly support the
claim that exercise is an evidence-based treatment for depression.
© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction
Depression is a prevalent condition, with a long-life prevalence
ranging from 10% to about 20% in different countries (Andrade
et al., 2003). Depression is a major cause of disability, responsible
for 40.5% of total disability-adjusted life years (DALYs) caused by
mental and substance-use disorders (Whiteford et al., 2013).
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E-mail address: felipe.schuch@ufrgs.br (F.B. Schuch).
http://dx.doi.org/10.1016/j.jpsychires.2016.02.023
0022-3956/© 2016 Elsevier Ltd. All rights reserved.

Physical activity and exercise are suggested as potential treatments for depression, and incorporated in guidelines as a complementary form for illness of mild to moderate severity (Cleare
et al., 2015). Several meta-analyses have demonstrated that exercise is an effective treatment for depression, with a pooled standardized mean deviation (SMD) ranging from small (0.4) (Krogh
et al., 2011) to very large (1.4) (Cooney et al., 2013; Craft and
Landers, 1998; Daley, 2008; Danielsson et al., 2013; Josefsson
et al., 2014; Krogh et al., 2011; Rethorst et al., 2009; Silveira et al.,
2013; Stathopoulou et al., 2006). However, a number of different
approaches have been undertaken in prior meta-analyses and
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uncertainty remains over the magnitude of the effects of exercise
on depression.
The 2013 update of the Cochrane review on exercise for
depression, provided new data for discussion, showing that when
analysis was restricted to the six trials considered of low risk of bias
only, the SMD was small and non-signiﬁcant (Cooney et al., 2013).
This review has been criticized, with a particular emphasis on the
potential inappropriate selection criteria applied (Ekkekakis, 2015).
For example, the review proposed excluding studies that had a
control arm with any “active control comparison”. However, some
studies that compared different exercise arms were included
(Krogh et al., 2009), thus clearly precluding a fair comparison. In
addition, the review included studies that compared exercise plus
well-established treatments versus other well-established forms of
treatment, such as pharmacological antidepressants (Blumenthal
et al., 1999). As a result, these limitations directly affected the effect size (ES), producing a “shrinkage” effect on the efﬁcacy of exercise for depressive symptoms when compared to previous metaanalyses (Ekkekakis, 2015). In addition, separate subgroup analyses
of studies that assessed the effects of exercise on Beck depression
inventory (BDI) (Beck et al., 1961) scores were also criticized
regarding the inclusion criteria (e.g. including a trial which used the
Hamilton HAM-D (Hamilton, 1967) scale for depression and not the
BDI (Blumenthal and Doraiswamy, 2014; Cooney et al., 2014)).
No recent (within the last decade) comprehensive metaregression analyses have been conducted investigating exercise
and depression. Previous meta-analyses (Craft and Landers, 1998;
Rethorst et al., 2009) evaluated the moderating role of sample
characteristics, such as a diagnosis of major depressive disorder
(MDD), which were found to be signiﬁcant moderators of the antidepressant effects of exercise. However, a number of additional
eligible studies have since been published.
Another limitation within the available literature investigating
the effects of exercise on depression is that no previous metaanalyses have adjusted for publication bias, which is a considerable threat to the validity of any such synthesis (Ioannidis et al.,
2014). Previous studies of psychotherapy for depression have
demonstrated that publication bias is evident in RCTs, and effect
sizes have consequently been overstated (Cuijpers et al., 2010). It
remains unclear, however, if publication bias threatens the validity
and interpretation of the exercise as a treatment for depression
literature.
The present review sets out to address these limitations. Speciﬁc
aims were: (1) to establish the updated effects of exercise on
depression comparing exercise versus non-active control groups,
(2) to identify moderators through meta-regression analyses,
including sample characteristics (sex, use of medication and
severity of baseline symptoms) and exercise intervention variables
(length of the trial, frequency) that could impact the effects of exercise on depression, (3) to investigate, through subgroup and
sensitivity analyses, the magnitude of the effects of exercise
considering study quality, group format, setting, intensity, type,
supervision, presence of clinical co-morbidities, type of publication
and diagnosis of MDD, (4) to assess the inﬂuence of publication bias
on the reported effects of exercise on depression, and (5) to
quantify the strength of the existing evidence by calculating the
number of negative studies required to nullify the pooled ES of the
analyses performed.

2. Methods
This systematic review is in line with the PRISMA statement
(Moher et al., 2009) and the MOOSE guidelines (Stroup et al., 2000).
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2.1. Inclusion criteria
Included in this meta-analysis were studies that: (1) Investigated adult participants with a primary diagnosis of MDD according to established criteria (e.g. Research Diagnostic Criteria
(RDC) (Spitzer et al., 1978), DSM-IV (American Psychiatric
Association, 1994) or ICD-10 (World Health Organization, 1993))
or those with above-threshold depressive symptoms determined
by a validated screening measure (e.g. Hamilton Rating Scale for
Depression (HAM-D) (Hamilton, 1967), Beck Depression Inventory
(BDI) (Beck et al., 1961) or (BDI-II) (Beck et al., 1996)). Studies
included using this criterion were those that included participants
with at least mild (or equivalent) scores on validated scales, or
had the scale revised by a psychiatrist, conﬁrming the presence of
depression or, in cases where the scale did not have a validated
cut-off, the cut-off used by the author was accepted. Only studies
where all participants met criteria for depression were included in
the analyses (e.g. studies that presented a subsample of depressed
participants were not included). Studies including people with
depressive disorders other than MDD, such as dysthymia, were
also included. (2) Measured depressive symptoms pre- and postintervention, or reported a mean change and standard deviation
using a validated measure (e.g. HAM-D, BDI). (3) Were RCTs
investigating exercise, as deﬁned by Caspersen et al. (1985) as
planned, structured, repetitive and purposive physical activity, in
the sense that improvement or maintenance of one or more
components of physical ﬁtness was an objective, in the active arm
of the trial. Trials that used yoga, tai chi or qi going, were not
included since such mind-body activities also comprise a core set
of behavioral techniques such as, but not limited to, deep
breathing, meditation/mind-fullness and self-awareness (Larkey
et al., 2009). These techniques are known to have an inﬂuence
on depressive symptoms (Goyal et al., 2014). Moreover, previous
studies found signiﬁcant heterogeneity in trials incorporating
these mind-body approaches when compared with conventional
aerobic or strength exercises (Bridle et al., 2012). (4) Included a
non-active control group such as: usual-care, wait-list control
conditions, placebo pills or other social activities. Trials that
included any other exercise intervention (such as stretching or
low-dose exercise) for comparison were excluded. (5) Were
published in peer-reviewed journal articles or as part of a
dissertation.

2.2. Information sources and searches
Articles were identiﬁed in a two-step strategy. First, three authors (BS, FS, SR) reviewed all articles identiﬁed (both included and
excluded with reasons) by the recent Cochrane review on exercise
for depression (Cooney et al., 2013). Second, three independent
reviewers (BS, FS, SR) searched Academic Search Premier, MEDLINE,
Psychology and Behavioral Sciences Collection, PsycINFO, SPORTDiscus, CINAHL Plus and Pubmed without language restrictions
from January 2013 until August 1st, 2015, using the key words:
((exercis* OR aerobic* OR running OR jogging OR walk* OR hiking
OR swim* OR aquatic* OR cycling OR bicycl* OR strength* and
activit* OR ﬁtness OR train* OR 00 physical medicine” OR resistance
OR lift*) AND (depression OR dysthymia)). In addition, reference
lists of all eligible articles of recent reviews investigating the
effectiveness of exercise versus control were screened to identify
potentially eligible articles (Cooney et al., 2013; Josefsson et al.,
2014; Silveira et al., 2013). Dissertations and studies from the
same center were identiﬁed to avoid sample overlap. In case of
overlap the most recent and/or most extensively reported version
of study was included.
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2.3. Study selection

2.7. Meta-analysis

Three authors (BS, FS, SR) determined potentially eligible articles meeting the inclusion criteria. After removal of duplicates, two
independent reviewers screened all potentially eligible articles
using the titles and abstracts. These authors then applied the
eligibility criteria, after obtaining the full texts, and generated a
ﬁnal list of included articles through consensus.

We used a random effects meta-analysis due to expected heterogeneity. The SMD and 95% conﬁdence intervals (CIs) were used
as the ES measure. The meta-analysis was conducted using the
following procedure. First, we calculated the SMD statistic, together
with 95% CIs, to establish the effects of exercise on depression
across all studies using Comprehensive Meta-Analysis software
(CMA; Version 3, Biostat, Englewood, New Jersey). We subsequently conducted a sensitivity analysis computing the effects of
exercise on depression in high quality studies only. Further, we
conducted meta-regression analyses to investigate the potential
moderators of the antidepressant effects of exercise. Potential
moderators were chosen a-priori, according to the previous literature, and included: sex, age, use of medication, length of the trial
weekly frequency and the rate of dropout. Next, we conducted
subgroup analyses to compare exercise response according to
depression diagnosis (MDD [studies that included only patients
with MDD and used a diagnostic instrument based on Research
Domain Criteria (RDC), DSM or ICD criteria] versus depressive
symptoms), study setting (inpatient, outpatient, mixed), type of
publication (peer review article or dissertation), high quality (low
risk of bias) versus low quality, presence of other clinical comorbidities (yes or no), supervision (yes or no), the qualiﬁcation of the
professional supervising the exercise sessions, exercise type (aerobic, resistance, mixed) and exercise intensity. Heterogeneity was
assessed with the Cochran Q and I2 statistics for each analysis
(Higgins et al., 2003). Publication bias was assessed with a visual
inspection of funnel plots and with the Begg-Mazumdar Kendall's
tau (Begg and Mazumdar, 1994) and Egger bias test (Egger et al.,
1997). In addition, we conducted a trim and ﬁll adjusted analysis
(Duval and Tweedie, 2000) to remove the most extreme small
studies from the positive side of the funnel plot, and recalculated
the ES at each iteration, until the funnel plot was symmetric about
the (new) ES. Finally, the fail safe number of negative studies that
would be required to nullify (i.e. make p > 0.05) the ES was
calculated (Rosenthal, 1979).

2.4. Outcomes
Our primary outcome of interest was the mean change in
depressive symptoms in the exercise group, assessed by any validated scale, from baseline to post-intervention, in comparison with
the mean change of the control group, calculated as the SMD
together with 95% conﬁdence intervals (CIs). If an author reported
the results of two outcome measures meeting our criteria (i.e. mean
change/pre and posttest change in depressive symptoms according
to two different measures), we used the primary outcome chosen
by the author. If this was not clear, we used the HAMD or the BDI in
order to increase homogeneity in our results. These outcome
measures were also prioritized since they are commonly used in
the exercise and depression literature (Cooney et al., 2013). For
studies reporting the effects of two or more different exercise
groups (home-based and supervised, aerobic and anaerobic, high
and low dose), the arm reporting the greater ES was included in the
analysis.
2.5. Data extraction
Two authors (FS, SR) independently extracted data using a data
extraction form, including: sample (number of participants, % of
women, % of participants taking antidepressants, presence of clinical co-morbidities and severity of baseline symptoms), exercise
(length of the trial, intensity of intervention [according to the
American College of Sports Medicine (ACSM) (Garber et al., 2011)
classiﬁcation of intensity], weekly frequency, type and supervision
[if exercise was supervised and if supervision was provided by exercise professionals, such as physiotherapists, physical educators,
exercise physiologists etc.]) and methodological factors (study
quality, instruments used for diagnosis and symptom assessment,
clinical setting, and type of document). Finally, we extracted the
pre- and post-test means and standard deviations (SD) of the
depressive symptom rating scales for the exercise and the control
group (primary outcome). If this was not available, we used the
mean change and SD from pre- and post-test, if reported within the
study.
2.6. Risk of bias and quality assessment
Three authors (FS, JR, BS) assessed studies on the presence of
high, low or unclear risk of bias according to the Cochrane Handbook deﬁnition (Higgins and Green, 2011). The risk of bias was
assessed by considering the following factors: random sequence
generation, allocation concealment, blinding of participants,
blinding of those delivering the intervention, blinding of outcome
assessors, incomplete data outcome, selective reporting or others.
To be considered a low risk of bias, studies had to involve adequate
allocation concealment AND had to involve the analysis of outcome
data according to intention-to-treat principles AND had to have
blinding of outcome assessors. The criteria used for risk of bias
assessment was modeled on that employed in a previous metaanalysis (Cooney et al., 2013).

3. Results
3.1. Search results
In the ﬁrst stage of the search strategy, 35 RCTs were identiﬁed
from a previous review (Cooney et al., 2013). In the second stage,
following the removal of duplicates, 819 potentially relevant articles were identiﬁed. At the full text review stage, we reviewed 76
articles (N ¼ 35 from stage 1 and 41 from our stage 2 searches) and
45 were excluded with reasons (details summarized in Fig. 1). There
were 30 full texts that met the eligibility criteria (Blumenthal et al.,
2007; Brenes et al., 2007; Danielsson et al., 2014; Doyne et al., 1987;
Epstein, 1986; Gary et al., 2010; Hallgren et al., 2015; Hemat-Far
et al., 2012; Hess-Homeier, 1981, Hoffman et al., 2009; Huang
et al., 2015; Kerling et al., 2015; Martinsen, 1987; Mather et al.,
2002; McNeil et al., 1991; Mota-Pereira et al., 2011; Mutrie, 1989;
€chel et al., 2014; Orth, 1979; Pfaff
Nabkasorn et al., 2006; Oertel-Kno
et al., 2014; Pilu et al., 2007; Schuch et al., 2011; Setaro, 1985;
Shahidi et al., 2011; Sims et al., 2009; Singh et al., 1997, 2005; Veale
et al., 1992; Williams and Tappen, 2008). Of these, 25 (Blumenthal
et al., 2007; Brenes et al., 2007; Danielsson et al., 2014; Doyne et al.,
1987; Epstein, 1986; Gary et al., 2010; Hallgren et al., 2015; HematFar et al., 2012; Huang et al., 2015; Kerling et al., 2015; McNeil et al.,
1991; Mota-Pereira et al., 2011; Mutrie, 1989; Nabkasorn et al.,
€chel et al., 2014; Orth, 1979; Pilu et al., 2007;
2006; Oertel-Kno
Schuch et al., 2011; Setaro, 1985; Shahidi et al., 2011; Sims et al.,
2009; Singh et al., 1997, 2005; Veale et al., 1992; Williams and

F.B. Schuch et al. / Journal of Psychiatric Research 77 (2016) 42e51

Tappen, 2008) provided complete data to enable inclusion within
our meta-analysis. One of the studies included in the Cooney et al.
(2013) review, reported preliminary data from a trial (Schuch et al.,
2011) and this data was replaced with the ﬁnal updated results
from that trial (Schuch et al., 2015).
3.1.1. Characteristics of included trials and participants
Across the 25 studies, 1487 adults with depression were
included, of whom 757 and 730 were randomised to exercise and
control conditions respectively. The mean age ranged from 18.4 to
76.4 years and the percentage of females ranged from 17% to 100%.
Overall, 9 studies contained patients with a conﬁrmed diagnosis of
MDD, and a further three included participants with depression
and participants with additional co-morbid diagnoses, such as,
cardiovascular or neurological diseases (Gary et al., 2010; Sims
et al., 2009; Williams and Tappen, 2008). There were two studies
(Singh et al., 1997, 2005) that included participants with MDD and
other mood disorders (MDD and dysthymia). The majority of
included studies involved outpatients with depression (N ¼ 22),
were published in peer-reviewed journals (N ¼ 21), and included
people without reported clinical co-morbidities (N ¼ 21). The most
commonly used measures of depressive symptoms were the HAMD (N ¼ 7), BDI (N ¼ 7), or MADRS (N ¼ 3). Participant details and
symptom measures are presented in Table 1. Full details of other
characteristics can be found in supplementary table 1.

IdenƟficaƟon

3.1.2. Risk of bias
Four studies were judged to be of good methodological quality
and at low risk of bias (Blumenthal et al., 2007; Danielsson et al.,
2014; Hallgren et al., 2015; Schuch et al., 2015) and the remaining
21 were low quality (high risk of bias). Full details of the risk of bias
are presented in supplementary table 2.

3.2. Main analysis
Data pooled from 25 studies showed a large signiﬁcant
improvement favoring exercise (SMD ¼ 0.98, 95% CI 0.68 to 1.28,
p < 0.001, Q ¼ 135, p < 0.01) (Fig. 2). The BeggeMazumdar Kendall's
Tau” (¼-0.41, p ¼ 0.001) and the Egger tests indicated publication
bias (intercept ¼ 2.21, p ¼ 0.004). Therefore, the ES was recalculated
using Duval and Tweedie's trim and ﬁll method with nine studies
being adjusted and a new ES of 1.11 (95% CI 0.79 to 1.43, p < 0.001).
The fail-safe number of additional negative studies required to
nullify the signiﬁcance of the main analysis was of 1057 studies
with negative results. Means, standard deviations and sample sizes
of each study are summarized in the supplementary table 3.
All of the subgroup analyses are presented in Table 2. Brieﬂy,
studies including people with MDD presented a larger decrease in
symptoms when compared to studies in samples without a clinical
diagnosis of MDD (SMD ¼ 1.135, 95% CI 0.46 to 1.81, p < 0.001).
Studies using aerobic exercise (SMD ¼ 1.04, 95% CI 0.65 to 1.43,
p < 0.001), with moderate (SMD ¼ 1.33, 95% CI 0.46 to 2.19,
p ¼ 0.003) or vigorous intensities (SMD ¼ 1.34, 95% CI 0.43 to 2.24,
p ¼ 0.004), with a mixed supervised/unsupervised format
(SMD ¼ 3.01, 95% CI -0.61 to 1.97, p<0.0001) and supervised by
qualiﬁed physical exercise professionals (SMD ¼ 1.26, 95% CI 0.54 to
1.97, p < 0.001) were associated with larger antidepressant effects.
3.2.1. Adjustment of publication bias and fail safe number of studies
Several of the meta-analyses were adjusted for publication bias,
with most original analyses being underestimates due to publication bias. For instance, studies in MDD, study quality (both low and
high) and group exercise all had an increased ES after adjustment
(see Table 2). The fail safe number of studies provided further evidence of magnitude of exercise ES, with a higher number of

Studies evaluated in the Cooney
(2013) meta-analysis
(n = 35)

Records idenƟfied through
database searching
(n = 935)

Eligibility

Screening

Records aŌer duplicates removed
(n = 819)

Included

45

Records excluded
(n = 744)

Records screened
(n = 75)

Studies included in
quanƟtaƟve synthesis
(meta-analysis)
(n = 25)

Fig. 1. Flowchart of studies selection.

Full-text arƟcles excluded,
Not depressed (n = 27)
No exercise (n = 1)
Sample composed by depressed
and not depressed parƟcipants
(n = 6)
Other language (n = 2)
Exercise x exercise (n = 6)
Exercise + other acƟve
treatments x other acƟve
treatments (n = 7)
Missing data (n = 5)
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Table 1
Summary of included studies.
Study

Sample size

Age

Exercise Control Exercise
(n ¼ )
(n ¼ ) (mean or
range)

Gender

Antidepressant use

Control
(mean or
range)

Exercise (% Control (% Exercise (%
females)
females) taking)

Control (%
taking)

Outcome Length of Diagnosis
the trial

Thesis or peerreviewed article

Blumenthal,
2007
Brenes, 2007

51

49

52

52

75

77

0

0

HAM-D

16

MDD

Peer-reviewed

14

12

73.5

73.9

64

50

0

0

HAM-D

16

Peer-reviewed

Danielsson,
2014
Doyne 1987

22

20

44.7

46.3

73

80

100

100

MADRS

10

Depressive
symptoms
MDD

14

11

28.58

29.46

100

100

0

0

BDI

8

7

10

24e60

24e60

?

?

?

?

BDI

8

20

15

?

?

?

?

?

?

HAM-D

12

Hallgreen
317
2015
Hemat-far
10
2012
Huang 2015 19

312

18e71

18e71

?

?

31

24

MADRS

12

10

18e25

18e25

100

100

?

?

BDI

8

20

76.42

75.85

57.9

55

0

0

GDS-15

12

Epstein
1986
Gary 2010

Kerling 2015
Mcneil 1991

22
10

20
10

44.2
?

40.9
?

45
?

30
?

77
0

75
0

MADRS
BDI

6
6

Motapereira
2011
Mutrie 1988

19

11

48.68

45.33

57.9

80

100

100

HAM-D

12

9

7

?

?

?

?

0

0

BDI

4

Nabkasorn
2005
OertelKnoechel
2014
Orth 1979

21

28

18.7

18.8

100

100

0

0

CES-D

8

4

4

36.6

42.2

50

37.5

100

100

BDI-II

4

3

2

17e56

17e56

?

?

?

?

DACL

4

Pilu 2007
Schuch 2015

10
25

20
25

40e60
38.8

40e60
41.76

100
72

100
76

32
3

25

25

18e35

18e35

?

?

100
Change
during the
trial
0

HAM-D
HAM-D

Setaro 1985

100
Change
during the
trial
0

MMPI

10

Shahidi
2011
Sims 2009

20

20

65.7

68.4

100

100

?

?

GDS

?

23

21

67.95

66.27

39

41

?

?

PHQ-9

10

17
18
36
17

15
19
29
12

70
69
?
71e101

72
69
?
71e101

70.5
55
?
?

53.3
50
?
?

0
0
45
?

0
42
34
?

BDI
HAM-D
BDI
CSDD

10
8
12
16

Singh 1997
Singh 2005
Veale 1992
Williams
2008

Peer-reviewed

Depressive
symptoms
MDD

Peer-reviewed

Depressive
symptoms
Depressive
symptoms
Depressive
symptoms
Depressive
symptoms
MDD
Depressive
symptoms
MDD

Peer-reviewed

Depressive
symptoms
Depressive
symptoms
MDD

Depressive
symptoms
MDD
MDD

Depressive
symptoms
Depressive
symptoms
Depressive
symptoms
MDD þ dysthimia
MDD þ dysthimia
MDD
Depressive
symptoms

Thesis

Peer-reviewed
Peer-reviewed
Peer-reviewed
Peer-reviewed
Peer-reviewed
Peer-reviewed

Thesis
Peer-reviewed
Peer-reviewed

Thesis
Peer-reviewed
Peer-reviewed

Thesis
Peer-reviewed
Peer-reviewed
Peer-reviewed
Peer-reviewed
Peer-reviewed
Peer-reviewed

BDI ¼ Beck Depression Inventory, CSDD ¼ Cornel Scale for Depression in Dementia, GDS ¼ Geriatric Depression Scale, HAM-D ¼ Hamilton Depressive Disorder,
MADRS ¼ Montgomery-Asberg Depression Rating Scale, MDD ¼ Major Depressive Disorder, MMPI ¼ Minnesota Multhipasic Personality Inventory, PHQ-9 ¼ Patient Health
Questionnaire, SCL ¼ Symptom Checklist.

negative studies required to nullify the ES in outpatients (N ¼ 911),
low quality studies (N ¼ 589), aerobic exercise (N ¼ 543) and supervised exercise (N ¼ 450). Full details are summarised in Table 2.

3.3. Meta-regression of antidepressant effects in main analysis
Mean age, gender, dropout, use of antidepressant medications,
baseline depressive symptoms, frequency of exercise sessions and
length of the trial did not moderate the antidepressant effect of
exercise. A summary of all meta-regression analyses is presented in
Table 3.

3.4. Sensitivity analyses
3.4.1. Exercise effects on people with MDD only
All analyses investigating exercise in MDD are presented in
Table 4. Brieﬂy, a larger pooled SMD was evident in low quality
studies (SMD ¼ 1.32, 95% CI 0.22 to 2.42, p ¼ 0.001), for RCTS
without a group format (SMD ¼ 2.58, 95% CI 0.54 to 4.62, p ¼ 0.013),
in outpatients (SMD ¼ 1.51, 95% CI 0.45 to 1.57, p ¼ 0.005), and
when the intervention was supervised by qualiﬁed exercise professionals (SMD ¼ 1.53, 95% CI 0.51 to 2.59, p ¼ 0.003). There were
no studies using strength or mixed interventions. No studies were
conducted in a sample with major clinical comorbidities.
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Fig. 2. Meta-analysis of overall studies.

3.4.2. Adjustment of publication bias and fail safe number of studies
Adjusting for publication bias, studies of high methodological
quality, in inpatients, and that used aerobic exercise interventions
had larger effects sizes. The fail-safe number of studies in RCTs
composed exclusively of people with diagnosed MDD was 84 for
RCTs in outpatient settings and 132 in RCTs using aerobic exercise
RCTs. Full details are summarised in Table 4.
3.4.3. Meta regression of moderators of control group response in
MDD
Mean age, gender, dropout, use of antidepressant, baseline
depressive symptoms, frequency of exercise and length of the trial
did not moderate the antidepressant effect of exercise. The full
meta-regression data can be found in Table 3.
3.5. Mean change in depressive symptoms
Data from 25 studies found an improvement of 4.52 points
(95% CI 2.03 to 7.01, p < 0.001) and of 6.46 (95% CI 4.18 to 8.41,
p < 0.001) points on the HAM-D and the BDI scales, respectively. A
sensitivity analysis including only studies in MDD established a
mean improvement in depressive symptoms of 5.07 points (95%
CI 1.37 to 8.78, p ¼ 0.007) in the HAM-D.
4. Discussion
This meta-analysis found large antidepressant effects of exercise
on depression when compared to non-active control conditions
(e.g. studies that did not compare exercise versus alternative
treatments). The anti-depressant effect of exercise was higher for
studies that included participants diagnosed with MDD. Moreover,
our adjusted analyses demonstrate that publication bias generally

resulted in an underestimation of the positive effects of exercise.
Larger effect sizes were found for outpatients, in samples without
other clinical co-morbidities, and when supervised by qualiﬁed
exercise professionals, both in the main analysis and when
restricted to MDD participants alone.
Overall, our results provide robust evidence that exercise can be
considered an evidence-based treatment for the management of
depression. The fail safe assessment suggests that more than a
thousand studies with negative results would be needed to nullify
the effects of exercise on depression. The large effect of exercise on
depression found in our meta-analysis differs in magnitude, being
larger than the effects found in a recent Cochrane review (Cooney
et al., 2013). The differences in the magnitudes of the effects are
mainly due to three factors: (1) the inclusion criteria, (2) the statistical test used to evaluate the ES, and (3) the inclusion of more
recent trials. In the present review, we removed the studies without
true control groups that were included in Cooney review
(Blumenthal et al., 1999; Fremont and Craighead, 1987). These
studies compared exercise plus an established treatment versus an
established treatment and were included by Cooney et al. (2013)
using the prerogative that one can add and subtract therapeutic
efﬁcacies in an algebraic fashion (e.g. exercise þ selective serotonin
reuptake inhibitor (SSRI)/cognitive behavioural therapy (CBT)e
SSRI/CBT ¼ exercise) (Ekkekakis, 2015). However, this argument is
ﬂawed since exercise may potentially overlap, at least in part, with
some of the potential mechanisms of SSRI (e.g. increase on neurotrophic markers) and CBT (e.g. improved perceived coping ability
and self-appraisal) (Ekkekakis, 2015). Second, we calculated the ES
based on the mean change (baseline to endpoint) of symptoms of
control and exercise groups, not only the endpoint measure
(Cooney et al., 2013). This approach is particularly important when
pooling studies that have different baseline values for the main
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Table 2
Subgroup meta-analysis in all studies.
Analysis

Number of
RCTs

SMD
Main analysis
Exercise x control
Depression classiﬁcation
MDD
Depressive symptoms
Study quality
High quality
Low quality
Study setting
Outpatient/community
Inpatient
Nursing homes
Intensity of exercise
Light to moderate
Moderate
Vigorous
Exercise type
Aerobic only
Resistance only
Mixed
Group exercise
Yes
No
Supervised
Supervised
Unsupervised
Supervised and unsupervised
Professional who supervised
Physical exercise professional/physiotherapists/
exercise physiologists
Other
Comorbidities
No major comorbidities
Included participants with comorbidities
Type of publication
Thesis
Peer review journal

Heterogeneity Trim and ﬁll effect size (95% CI)
[adjusted studies]

Meta-analysis
95% CI

Classic fail
safe N

P value

25

0.987

0.686 1.281 < 0.0001 82.10

1.11 (0.79e1.43) [2]

1057

9
14

1.139
0.801

0.464 1.814 ¼ 0.0001 88.54
0.489 1.112 < 0.0001 68.47

1.23 (0.569e2.08) [1]
Unchanged

132
145

4
21

0.882
1.033

0.221 1.544 ¼ 0.009 90.15
0.657 1.408 < 0.0001 79.25

1.21 (0.35e2.08) [1]
1.40 (0.95e1.84) [5]

56
614

1.123 0.770 1.473 < 0.0001 84.65
0.553 0.167 0.938
0.005
0
0.022 0.761 0.717
0.953
0

Unchanged
0.72 (0.41e1.03) [2]
N/A

911
3
N/A

Unchanged
1.86 (0.86e2.68)[2]
Unchanged

2
63
102

1.11 (0.71e1.52) [1]
Unchanged
Unchanged

543
11
27

Unchanged
Unchanged

227
23

21
3
1
3
6
7

0.586 0.019 1.190
1.330 0.463 2.197
1.342 0.437 2.246

0.058
0.003
0.004

32.96
83.37
91.09

19
3
3

1.045 0.653 1.437 < 0.0001 80.97
1.152 0.50 2.801 ¼0.174 93.40
0.659 0.248 1.069 ¼ 0.002 48.39

13
8

0.924
1.531

18
3
2

0.906 0.054 1.271 < 0.0001 80.34
1.074 0.400 2.549 ¼0.153 77.20
3.000 0.061 6.093 ¼0.05
92.34

0.98 (0.60e1.36) [1]
Unchanged
N/A

450
4
N/A

11

1.261

0.549 1.972 < 0.0001 87.21

1.50 (0.80e2.21) [2]

262

6

1.094

0.452 1.734 < 0.0001 16.13

Unchanged

73

1.37 (.96e1.77) [3]
Unchanged

1067
0

Unchanged
1.12 (0.76e1.47) [3]

30
712

22
3
4
21

0.513 1.336 < 0.0001 76.10
0.775 2.288 < 0.0001 90.38

1.142 0.815 1.469 < 0.0001 82.65
0.034 0.415 0.347 ¼0.861
0.00
1.514
0.909

0.690 2.339 < 0.0001 2.92
0.593 1.225 < 0.0001 82.88

Key: MDD ¼ Major depressive Disorder, Randomized Clinical Trials, SMD ¼ Standardised mean difference.

Table 3
Meta regression of moderators/correlates of effects of exercise on depression.
Moderator

Number RCTs

b

95% CI

Mean age control
Mean age exercisers
% females exercise
% females control
% taking antidepressants exercise
% taking antidepressants control
Baseline depressive symptoms exercise
Baseline depressive symptoms control
% drop out exercise group
% drop out control group
Duration of trial
Weekly frequency

14
14
16
16
18
18
25
25
20
20
24
23

0.0092
0.0119
0.0142
0.0002
0.0076
0.0067
0.0178
0.0041
0.0023
0.0010
0.177
0.1164

0.0398
0.0426
0.0376
0.0199
0.0010
0.0021
0.0133
0.0226
0.0234
0.0423
0.0857
0.3252

Mean age control
Mean age exercisers
% females exercise
% females control
% taking antidepressants exercise
% taking antidepressants control
Baseline depressive symptoms exercise
Baseline depressive symptoms control
% drop out exercise group
% drop out control group
Duration of trial
Weekly frequency

6
6
7
7
7
7
9
9
8
8
9
9

0.0251
0.0756
0.0007
0.0233
0.0223
0.0225
0.0360
0.1377
0.0063
0.0256
0.1241
0.1535

0.2903
0.1485
0.0530
0.0152
0.0024
0.005
0.2599
0.3487
0.3764
0.0892
0.8476
0.2039

P value

R2

0.0214
0.0188
0.0092
0.0203
0.0163
0.0155
0.0438
0.0308
0.0346
0.0354
0.0503
0.5579

0.5560
0.4460
0.2336
0.9849
0.0838
0.1382
0.1791
0.7635
0.5834
0.8453
0.6098
0.6056

0.03
0.03
0.08
0.10
0.02
0.02
0.05
0.02
0.01
0.00
0.02
0.00

0.3405
0.2998
0.0545
0.0618
0.0234
0.0444
0.1880
0.0013
0.0434
0.5304
0.4511
1.9812

0.8761
0.5084
0.9783
0.2363
0.0709
0.0671
0.7531
0.0517
0.4183
0.6420
0.3425
0.5352

0.00
0.01
0.01
0.00
0.34
0.14
0.04
0.31
0.02
0.00
0.01
0.04

Main exercise response

MDD only
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Table 4
Subgroup meta-analysis in MDD studies.
Analysis

SMD
Study quality
High quality
Low quality
Study setting
Outpatient/community
Inpatient
Intensity
Ligth to moderate
Moderate
Vigorous
Exercise type
Aerobic only
Group exercise
No
Yes
Supervised
Supervised
Supervised and unsupervised
Professional who supervised
Qualiﬁed exercise professional
Other
Comorbidities
No major comorbidities
Type of publication
Peer review journal
Thesis

Heterogeneity Trim and ﬁll effect size (95% CI) [adjusted studies] Classic fail safe N

Number of RCTs Meta-analysis
95% CI

P value

I2

3
6

1.133 0.140 2.406
1.176
0.244 2.109

¼0.08 93.19
¼ 0.013 87.64

Unchanged
1.81 (0.59e3.02) [2]

21
44

6
3

1.517
0.553

0.458 2.576
0.167 0.938

¼ 0.005 92.73
¼0.005 0.00

1.89 (0.53e3.25) [1]
0.72 (0.41e1.03) [2]

84
3

1
3
2

0.525 0.472 1.521
1.965 0.211 4.142
1.380 1.110 3.870

¼0.302 0.00
¼0.077 93.16
¼0.277 96.7

N/A
Unchanged
N/A

N/A
22
N/A

9

1.139

0.464 1.814

1.32 (0.56e2.08) [1]

132

3
4

2.585
0.677

0.549 4.62207 ¼ 0.013 93.86
0.061 1.294
¼ 0.031 60.91

Unchanged
Unchanged

158
9

8
1

0.798
4.599

0.257 1.339
3.189 6.009

¼ 0.004 81.89
< 0.001 0.00

0.93 (0.36e1.51) [1]
N/A

66
N/A

6
2

1.537
0.514 2.599
0.655 0.011 1.420

¼ 0.003 91.619
¼0.094 6.11

Unchanged
N/A

97
N/A

9

1.139

0.464 1.814

¼ 0.001 88.54

1.32 (0.56e2.08) [1]

132

8
1

1.14
1.176

0.411 1.871
0.132 2.220

¼ 0.002 89.81
¼ 0.027 0.00

1.35 (0.52e2.18)[1]
N/A

107
N/A

¼ 0.001 88.54

Key: MDD ¼ Major depressive Disorder, SMD ¼ Standardised mean difference.

outcome (Mota-Pereira et al., 2011; Sims et al., 2009; Veale et al.,
1992). Third, one trial that was included in the Cooney et al.
(2013) review contained preliminary results from one RCT, which
were replaced by the published ﬁnal results in our updated metaanalysis (Schuch et al., 2015) and a further ﬁve new trials were
included. The inclusion of these recent trials may have inﬂuenced
our ﬁndings, particularly our analyses of high quality studies, since
three of the new studies were classiﬁed as being of high quality
(Danielsson et al., 2014; Hallgren et al., 2015; Schuch et al., 2015).
The inclusion of these recent trials led to the change from “small
and non-signiﬁcant” effects of high quality trials in Cooney review
(Cooney et al., 2013) to large and signiﬁcant effects in the present
review. The magnitude of those effects was larger in studies in MDD
than in samples where clinical diagnoses were not stated. It should
be noted that samples with clinical diagnoses have greater baseline
depression scores and consequently more potential to achieve
greater reductions in symptoms. Unlike the larger effects in samples diagnosed with MDD, the effect of exercise in samples without
a clinical diagnosis of MDD was moderate.
Both aerobic and mixed exercises were associated with large
effects across all studies. In clinical samples, only aerobic exercises
had large and signiﬁcant effects on depression, while mixed interventions had non-signiﬁcant effects. This ﬁnding deserves
further investigation since no RCT investigating the effects of
resistance exercise in samples comprised entirely of participants
with MDD was identiﬁed. Moderate and vigorous intensity exercises where shown to be more effective than light to moderate
intensity exercises. However, this ﬁnding needs to be interpreted
with caution, since it is based on a small number of studies.
Supervised interventions had the largest effects, in our main
analysis. This is in line with previous reviews on exercise and lifestyle interventions (Ward et al., 2015). Exercise supervised by
professionals with relevant training, including physical educators,
physiotherapists and exercise physiologists, was associated with
the greatest improvements. Additionally, exercise supervised by

other health professionals appears to have a large effect although
this did not reach statistical signiﬁcance. This result, added to
previous ﬁndings of lower drop-out rate in interventions delivered
by exercise professionals in people with depression (Stubbs et al.,
2016) highlighting the importance of adequately trained professionals providing exercise interventions. Therefore, this ﬁnding
has a practical implication in the design of further trials, as well as
providing evidence for policy makers to consider including
competent exercise professionals in mental health care treatment
teams (NICE, 2009).
Unlike psychotherapy RCTs for depression (Cuijpers et al., 2010),
the effects of exercise studies in depression appear to have been
underestimated due to publication bias. Previous meta-analyses
have largely ignored the potential impact of publication bias, and
none to our knowledge have re-calculated the effect sizes accounting for publication bias. These analyses conﬁrm and
strengthen the evidence-base regarding the beneﬁts of exercise in
people with depression.
Lastly, we found a reduction of about 5 points in HAM-D scale,
and greater than 6 points in the BDI scale, in the overall sample and
in MDD patients considered separately. This reduction is above the
clinically signiﬁcant reduction of three points in the HAM-D as
formulated in the NICE guidelines (NICE, 2009).
In summary, compared to non-active interventions, exercise has
a large and signiﬁcant antidepressant effect, and it would require
over 1000 negative studies to nullify this result. Publication bias is
evident in exercise RCTs, but this has largely resulted in an underestimation of the ES of exercise. Our novel ES, calculated adjusting
for publication bias, conﬁrms and strengthen the case that exercise
is an evidence-based treatment for depression.
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