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Previous meta-analyses investigating the effect of exercise
on depression have included trials where the control con-
dition has been categorized as placebo despite the fact
that this particular placebo intervention (e.g., meditation,
relaxation) has been recognized as having an antidepres-
sant effect. Because meditation and mindfulness-based
interventions are associated with depression reduction, it
is impossible to separate the effect of the physical exercise
from the meditation-related parts. The present study
determined the efficacy of exercise in reducing symptoms
of depression compared with no treatment, placebo con-
ditions or usual care among clinically defined depressed

adults. Of 89 retrieved studies, 15 passed the inclusion
criteria of which 13 studies presented sufficient informa-
tion for calculating effect sizes. The main result showed a
significant large overall effect favoring exercise interven-
tion. The effect size was even larger when only trials that
had used no treatment or placebo conditions were ana-
lyzed. Nevertheless, effect size was reduced to a moderate
level when only studies with high methodological quality
were included in the analysis. Exercise may be recom-
mended for people with mild and moderate depression
who are willing, motivated, and physically healthy
enough to engage in such a program.

Unipolar major depression, as measured by the inte-
grated Disability-Adjusted-Life-Years (DALYSs) instru-
ment, defined as “the sum years lost due to premature
mortality and years lived with disability adjusted for
severity” (Murray & Lopez, 1997; p. 1436), has become
a serious threat to public health worldwide, and it is rated
as the third leading cause of burden of disease in high-
income countries (Lopez et al., 2006). The disorder, a
common condition compared with other medical diag-
noses (Ebmeier et al., 2006), is estimated to increase,
affecting nearly 340 million people worldwide, and 18
million people in the United States at any one time; it is
expected to be the second highest cause of burden of
disease (DALYs) by 2020 (Murray and Lopez, 1997)
with chronic lifelong risk for recurrent relapse (Segal,
Williams & Teasdale, 2002). It is associated also with
high morbidity, co-morbidity and mortality (Cassano &
Fava, 2002) and people with chronic diseases such as
diabetes or arthritis show an increasing risk of develop-
ing major depression compared with the general popu-
lation (Moussavi et al., 2007).

The Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition (DSM-1V) categorizes major
depressive disorder as a clinical syndrome characterized
by depressive mood or loss of interest in activities for

two weeks or more as key elements, accompanied by at
least four additional features of emotional, physiologi-
cal, or cognitive symptoms (e.g., sleeping disturbances,
changes in eating habits, fatigue, suicidal thoughts,
reduced ability to concentrate) (DSM-IV, American Psy-
chiatric Association, 1994).

Depression is usually treated with medication or psy-
chotherapy or a combination of both. However, many
depressed people do not seek any help, and depression is
therefore generally considered to be vastly undertreated
(Cassano & Fava, 2002; Segal et al., 2002) with approxi-
mately only 12% seeking professional help, partly
because of the stigma associated with depression (Segal
et al., 2002). Of those who do seek help at mental health
services, it is frequently reported that many do not get
any treatment at all or that they receive inadequate treat-
ment (Cassano & Fava, 2002). Only 18-25% of the
treated depressed patients in the United States actually
received adequate treatment (Ebmeier et al., 2006). Psy-
chological treatments such as cognitive behavioral
therapy (CBT) are superior to placebo and equivalent to
medication. Other psychotherapies (e.g., interpersonal
therapy) have shown similar results and no single
therapy seems to be more efficacious than others in
treating depression (see Ebmeier etal., 2006 for an
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overview). A recently conducted meta-analysis (Kirsch
et al., 2008) on the effect of antidepressants found that it
has no clinically significant effect on mild, moderate, or
severe depression compared with placebo. A small sig-
nificant effect was detected only for those patients who
scored very high on the Hamilton Rating Scale of Depres-
sion, and the authors finally concluded that “there seems
little evidence to support the prescription of antidepres-
sant medication to any but the most severely depressed
patients, unless alternative treatments have failed to
provide benefit” (p. 266). In addition, antidepressants are
associated with side effects such as withdrawal symptoms
(Ebmeier et al., 2006), weight gain (Berken et al., 1984),
dry mouth, nausea, insomnia, constipation, anxiety
(Trindade et al., 1998), sexual dysfunction (Hsu & Shen,
1995), and not having a long-term effect (Segal et al.,
2002). Another disadvantage with antidepressants is low
adherence; 50% stop taking the prescribed antidepressant
within the first month (Cassano & Fava, 2002).

Several studies indicate that many depressed people (as
well as people with anxiety disorders) in Western societ-
ies tend to use complementary and alternative medicine
(CAM) instead of traditional treatment (Unutzer et al.,
2000; van der Watt et al., 2008). In fact, CAM is more
frequently used than conventional therapies among
severely depressed people in the United States, and 53.6%
of the respondents in a depressed sample reported to have
used CAM during the last 12 months (Kessler et al.,
2001). There is a wide range of different complementary
and alternative therapies/interventions available in the
treatment of depression (e.g., herbal interventions, aro-
matherapy, acupuncture, light therapy; van der Wattet al.,
2008). The specific types of therapies most commonly
used by the respondents in the aforementioned study
(Kessler et al., 2001) were relaxation training and spiri-
tual healing, and to a lesser extent, self-help group and
imagery. The efficacy of these various complementary
and alternative interventions is not sufficiently investi-
gated, and the evidence so far is — for the vast majority of
these interventions — poor (van der Watt et al., 2008).
Nevertheless, this frequent use of CAM does reflect the
attraction these nonconventional interventions seem to
have on depressed people. In contrast to what one may
first easily assume, it does not seem to be dissatisfaction
with conventional treatment primarily that generates this
great interest in seeking alternative remedies for depres-
sive symptoms. The main reason why people prefer alter-
native therapies is rather “because they find these health
care alternatives to be more congruent with their own
values, beliefs, and philosophical orientations toward
health and life” (Astin, 1998; p. 1548).

The widespread aspect of depression demands effica-
cious treatment interventions as well as better preventive
methods (O’Neal et al., 2000; Segal et al., 2002; Landers
& Arent, 2007). The present account examines the influ-
ence of physical exercise as a suitable intervention for
the disorder.
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Exercise and depression

Physical activity is strongly related to several physical
health benefits and regular exercise has been success-
fully included in primary prevention, treatment, and
rehabilitation for many chronic diseases (e.g., cardiovas-
cular disease, diabetes, cancer) as well as for premature
mortality (Warburton et al., 2006; Haskell et al., 2007).
Physical activity has also become increasingly and
firmly associated with improvements in mental health
and psychological well-being (Mutrie, 2000; Landers &
Arent, 2007). In particular, exercise is believed to be
effective in preventing depression and also to signifi-
cantly reduce depressive symptoms in clinical as well as
in nonclinical populations (O’Neal et al., 2000; Landers
& Arent, 2007). Several correlational studies show that
exercise is negatively related to depressive symptoms
(e.g., Galper et al., 2006; Hassmén et al., 2000). More-
over, a considerably large number of intervention studies
have by now investigated the effect of various exercise
programs on depression and the vast majority of them
indicate that exercise significantly reduces depression
(e.g., Blumenthal et al., 2007; Martinsen et al., 1985;
Singh et al., 1997).

An early attempt to systematically evaluate the effect
of exercise on depression was done by North et al.
(1990) who analyzed a collection of 80 studies and
found a moderate overall effect size (d =—0.53), indicat-
ing that exercise reduces depression scores by one-half a
standard deviation compared with the control groups.
However, this meta-analysis included also studies with
non-depressed populations, which limit the conclusions
that may be drawn from these results. Craft and Landers
(1998) therefore decided to include trials only where the
population was defined as depressed in their meta-
analysis. Thirty studies were analyzed, resulting in an
overall effect size of d =—0.72, again indicating a larger
reduction in depression scores for the exercise group in
comparison with the control group. Further, Craft and
Landers (1998) found no significant differences when
exercise was compared with other treatments such as
individual psychotherapy. However, these two meta-
analyses (North et al., 1990; Craft & Landers, 1998) also
included studies with methodological weaknesses such
as uncontrolled nonrandomized trials with small
samples. In an attempt to produce an analysis with better
quality, Lawlor and Hopker (2001) further narrowed the
inclusion criteria in their meta-analysis to only contain
randomized controlled trials, resulting in a collection of
14 studies. Compared with no treatment, an overall
effect size, d =—1.1 [95% confidence interval (CI), —1.5,
—0.6], in favor of exercise, was reported. The standard-
ized mean difference in depression scores between the
exercise group and the control group was —7.3 (95% CI,
-10.0, —4.6). Similar to Craft and Landers’s (1998)
results, Lawlor and Hopker (2001) found no differences
between exercise and cognitive therapy in the reduction



of depressive symptoms. Despite this rather large effect
size, the authors concluded that “the effectiveness of
exercise in reducing symptoms of depression cannot be
determined because of a lack of good quality research on
clinical populations with adequate follow up” (Lawlor &
Hopker, 2001; p. 1). The methodological weaknesses
highlighted by Lawlor and Hopker (2001) were mainly
of experimental nature, for instance inadequate alloca-
tion of concealment, the use of self-report scales to diag-
nose depression instead of clinical interviews, no follow-
ups, lack of intention-to-treat analyses, and blinded
outcome assessments.

Lawlor and Hopker (2001) were taken to task for inter-
preting their results far too negatively implying that such a
large effect size could rather be regarded as “extremely
compelling evidence” (Mutrie, 2002; p. 412) for the anti-
depressive effect of exercise. Biddle and Mutrie (2008)
argued that the effect size found in Lawlor and Hopker
(2001) is similar to the effect of CBT on depression (see
Butler et al., 2006 for an overview) and the mean differ-
ence score (—7.3) may well be clinically significant.

Lawlor (2001) replied to some of this criticism by
stating that poor methodological quality (inadequate
allocation concealment, no intention-to-treat analyses,
and lack of blinding) is estimated to exaggerate the treat-
ment effect by 20—40%. Methodological problems such
as inadequately concealed treatment allocation have
been estimated to result in an exaggeration of treatment
effects by 41%, and unclear concealed trials by 30%.
Studies with a non double-blind design have been asso-
ciated with 17% larger effect sizes (Schultz et al., 1995).
Intervention studies with inadequate allocation conceal-
ment and lack of blinding were especially associated
with exaggerated treatment effects when the outcome
was subjectively assessed (Wood et al., 2008). Callaghan
(2004) as well as Landers and Arent (2007) acknowledge
the possibility that the large effect size found in Lawlor
and Hopker (2001) could be overestimated, but also
argue that even with a reduction by 41% of the effect
size, it would still be a moderate to large effect size
(-0.69). Thus, the evidence for the antidepressant effect
on exercise may be weakened because of methodologi-
cal problems, but should definitely not be dismissed
nor invalidated (Callaghan, 2004; Landers & Arent,
2007).

Since the highly influential article by Lawlor and
Hopker (2001), four meta-analyses have been published
investigating the effect of exercise on depression. Sta-
thopoulou et al. (2006) analyzed 11 randomized con-
trolled trials, including four studies that were published
after the Lawlor and Hopker (2001) review. A large
effect size of g=-1.39 for the advantage of exercise
compared with control condition was found (Stathopou-
lou et al.,, 2006). However, methodological problems
such as the ones previously described were present in
this analysis as well, suggesting that this effect size may
also be exaggerated to a certain extent.

Exercise intervention in depressive disorders

In an ambitious effort to address the aforementioned
methodological problems highlighted by Lawlor and
Hopker (2001), Rethorst et al. (2009) performed a rig-
orous search strategy resulting in an inclusion of 58
randomized trials. The main purpose was to provide
Level 1, Grade A evidence for the effect of exercise on
depression, something that previously had not been
done before. Based on the guidelines developed by
Guyatt et al. (2006) for grading the strength of recom-
mendations and quality of evidence in clinical research,
Level 1, Grade A reflects a strong recommendation and
the highest quality of evidence. This can be provided
by randomized controlled trials with large sample sizes
(which is possible to obtain by a meta-analysis). Retho-
rst etal. (2009) found an overall large effect size
(d=-0.80, 95% CI, —0.92, 0.67), indicating a signifi-
cant reduction in depression for exercise treatment
compared with control condition. The results further
showed that the reduction in depression scores was sig-
nificantly larger for the clinical population (d =—-1.03)
than for the nonclinical population (d=-0.59), thus
suggesting that clinically depressed patients benefit
more from exercise than nonclinical persons. Further-
more, Rethorst etal. (2009) surprisingly found that
adequate allocation concealment and intention-to-treat
analysis were associated with larger effect sizes, and
that clinical interviews did not reveal any differences in
effects sizes compared with self-report assessments of
depression. This may suggest that the methodological
problems that have been widely debated over may have
had less impact on the results than expected. The
authors conclude that the inclusion of only randomized
trials with a cumulative large sample size (almost 3000
participants) could be classified as Level 1, Grade A
evidence. The large effect sizes found — especially for
the clinically depressed sample — indicate that exercise
is an effective treatment for major depression (Rethorst
et al., 2009).

Mead et al. (2009), in a study of 28 trials fulfilling
the inclusion criteria, obtained a meta-analytic result
with a large overall effect size (d=-0.82, 95% CI
—1.12, —0.51) that indicated a significant reduction of
depression scores for the exercise condition compared
with the control condition. When analyzing only those
trials (Mather et al., 2002; Dunn et al., 2005; Blumen-
thal etal., 2007), fulfilling all three methodological
quality criteria — adequate allocation concealment,
intention-to-treat analysis, and blinded outcome assess-
ment — the effect size was substantially reduced from
large to moderate (d=-0.42), and not significant.
Mead et al. (2009) concluded that exercise could be
recommended to depressed people, but in line with
Lawlor and Hopker’s (2001) conclusions, they also
stated, somewhat contradictorily, that “outstanding
uncertainties remain about how effective exercise is for
depression, mainly because of methodological consid-
erations” (p. 13).
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The most recently published meta-analysis was con-
ducted by Krogh et al. (2011) who aimed at determining
if exercise should be provided by healthcare services for
clinically depressed adults. Thirteen trials were finally
included in the main analysis resulting in an overall
effect size of g =-0.40 (95% CI -0.66, —0.14). An analy-
sis of those trials (Dunn et al., 2005; Blumenthal et al.,
2007; Krogh et al., 2009) that were considered to be of
methodologically robust quality (adequate allocation
concealment, intention-to-treat analysis and blinded
outcome assessment) showed a considerable reduction in
the effect of exercise (g =-0.19, 95% CI -0.70, 0.31).
The conclusions drawn by Krogh et al. (2011) were that
exercise may have a small short-term effect on depres-
sion, but it cannot yet be recommended as a treatment for
clinical depression.

In sum, the main results from seven meta-analyses so
far show that exercise has an antidepressant effect com-
pared with control conditions that ranges from slightly
moderate (g =-0.40; Krogh et al., 2011) to very large
(g =-1.39; Stathopoulou et al., 2006). However, the
majority of the included studies in all these meta-
analyses suffer more or less from serious methodological
problems (e.g., small samples, inadequate allocation
concealment, lack of intention-to-treat analysis and
blinding, and lack of clinical interviews to diagnose
depression) that may have biased the results in favor of
exercise. Krogh etal. (2011) as well as Mead et al.
(2009) showed that the effect size was substantially
reduced when only robust trials were analyzed (g =-—
0.19 and d =-0.42, respectively). In addition, it should
be noted that the subanalyses of robust trials in Krogh
et al. (2011) and Mead et al. (2009) only contained three
studies each of which limits the interpretations of these
results. The methodological concern has lead some
researchers to be cautious and call for further research
before any prescriptions of exercise for depression can
be made (e.g., Krogh et al., 2011) while others argue that
there are enough evidence to recommend exercise as a
treatment for depression even if they also acknowledge
that additional research in some areas are necessary
(Biddle & Mutrie, 2008; Rethorst et al., 2009). Mead
et al. (2009) believe that there is enough evidence of the
antidepressant effect of exercise to recommend it to a
depressed population, but they also emphasize that it is
not yet possible to determine exactly how effective exer-
cise interventions are.

Hence, despite numerous studies as well as several
meta-analyses and reviews, there still remain uncertain-
ties concerning the effectiveness of exercise as a treat-
ment for depression. Although all four meta-analyses
that have been published since Lawlor and Hopker
(2001) are impressively ambitious and carefully con-
ducted, there are a few minor, but nevertheless essen-
tial, improvements that need to be made in future
meta-analyses in order to establish the effect of exer-
cise on depression. First, it is of major importance that

4

the exercise condition is compared with either control
condition; (a) no treatment; (b) a placebo treatment; or
(c) the usual care in- or outpatients receive, to establish
if there really is an antidepressant effect of exercise to
begin with.

The four latest published meta-analyses (Stathopou-
lou et al., 2006; Mead et al., 2009; Rethorst et al., 2009;
Krogh et al., 2011) have all included studies where the
control group has received some type of meditation prac-
tice and/or relaxation training (e.g., Klein et al., 1985;
Krogh et al., 2009). Although these practices have been
categorized as placebo treatments, both have, in fact, been
widely recognized for their ability to reduce anxiety and
depression symptoms (Reynolds & Coats, 1986; Murphy
etal., 1995; Tloczynski & Tantriella, 1998; Fortney &
Taylor, 2010). Similarly, Rethorst et al. (2009) included a
study where exercise was compared with another alter-
native treatment; bright light therapy (Pinchasov et al.,
2000). Second, Mead et al. (2009) have included studies
where the exercise group received eastern meditative
practices such as Tai Chi or Qigong (Chou et al., 2004;
Tsang et al., 2006). These practices involve several dif-
ferent components: meditation, mind tranquility, balance,
deep breathing, relaxation, and bodily movements (Lan
et al., 2002; Tsang et al., 2006, 2008; Wang et al., 2004).
The physical exercise intensity for Tai Chi has been
classified as “low-speed and low-impact exercise”
(Wang et al., 2004; p. 217) whereas Qigong involves
physical movements that are similarly “executed at very
low energy expenditure levels” (Tsang et al., 2008; p.
305). Both Tai Chi and Qigong are associated with
reductions in depression symptoms (Tsang et al., 2008).
However, it is impossible to separate the effect of the
physical exercise from the effect of the meditation-
related components. Thus, trials where the exercise
group practice Tai Chi or Qigong should not be included
in a meta-analysis examining the effect of exercise on
depression. Third, Rethorst et al. (2009) included several
studies where the participants had a main diagnosis other
than depression (e.g., schizophrenia in Jorgensen, 1986;
multiple sclerosis in Petajan et al., 1996). In order to
establish the effect of exercise on depression it would be
preferable to use a fairly homogenous population of
clinically or nonclinically depressed people without
multiple disorders or other main medical diagnoses.

Since the meta-analysis by Krogh etal. (2011),
several trials investigating the effect of exercise on
depression have been published, of which the ambi-
tious TREAD study by Chalder etal. (2012) is the
absolutely largest (n=288) published trial on the
subject thus far. Such a large study may indeed have a
substantial impact on the overall effect size in a meta-
analysis. Thus, there is already a need to update previ-
ous meta-analytic results.

The objective of the current study was to present the
results of a meta-analysis of exercise intervention in
clinical depression (using only pure control groups).



Method
Data collection

Several search strategies were conducted based on title and
abstract: (a) The following databases and websites were searched:
Medline, PsycINFO, Cochrane Controlled Trials Register, the
Cochrane Database of Systematic Reviews, the Social Science
Citation Index, Google Scholar, ERIC, BioMed Central, TRoPHI,
DoPHER, Centre for Reviews and Dissemination, Thomson
Reuters, SIGLE, Ongoing Reviews Database, DARE, the Camp-
bell Collaboration (C 2 Social, Psychological, Education), http://
www.controlled-trials.com, and http://www.clinicaltrials.com.
The word terms used in the searches were exercise, physical activ-
ity, depression, depressive disorders, aerobic, physical fitness. (b)
The content of lists in the following journals (2008-2010) were
hand-searched: Ment Health Phys Act, British Journal of Sports
Medicine, the American Journal of Sports Medicine, Journal of
Consulting and Clinical Psychology, and Journal of Exercise and
Sport Psychology. (c¢) The reference lists of previous meta-
analyses, systematic, and nonsystematic reviews were also hand-
searched. (d) An expert in the research area was contacted for
information of ongoing studies and unpublished studies. The
majority of searches were performed during November and
December 2010. Additional searches were done in March and
April 2011, and April 2012. Only randomized controlled studies
were included. A trial was defined as being a randomized con-
trolled trial if the allocation of participants to experiment group
and control group was described by the authors as randomized
(randomly, random, and randomization).

Studies that compared aerobic exercise or nonaerobic exercise
with no treatment (e.g., waitlist) or with a placebo group were
included. Studies that had included placebo treatments, which
themselves have been associated with reductions in depressive
symptoms, were excluded (e.g., meditation, relaxation training).
For the same reason, studies where the exercise intervention con-
sisted of eastern meditative practices such as yoga, Tai Chi, or
Qigong were also excluded. Studies comparing exercise with
another type of intervention (e.g., medication, psychotherapy)
were also excluded. Studies where exercise was combined with
another intervention were also excluded (e.g., exercise and psy-
chotherapy vs psychotherapy, or exercise and medication vs medi-
cation). However, studies where the control group received what
was categorized as their standard care (e.g., in- or outpatients
receiving their regular care) were included. Likewise, studies in
which both the exercise group and the control group received their
usual care were included. Studies where the control group received
a placebo intervention consisting of a low dose of exercise (e.g.,
stretching) were also included.

Only studies that included adult participants over 18 years old
and above, defined by the authors as having depression or depres-
sive symptoms (by any severity; mild, moderate or severe depres-
sion), were included. Thus, studies where the participants were
children or adolescents were excluded. Studies including partici-
pants with multiple diagnoses were excluded (e.g., depressive
symptoms and neurotic disorders). Similarly, studies with a het-
erogeneous sample consisting of depressed participants as well as
participants with other diagnoses were excluded (e.g., anxiety
disorders, neurotic disorders). Studies where the participants’
main diagnosis was physical (e.g., fibromyalgia, cancer, multiple
sclerosis) and not depression were also excluded.

Coding system

A coding manual was used to rate participant details, intervention
characteristics, and methodological quality. Type of population
was coded as clinical if the participants were either in- or outpa-
tients recruited from psychiatric health service or general practice.
If the participants were volunteers, for instance recruited by

Exercise intervention in depressive disorders

media, they were classified as nonclinical. Any means of assessing
depression were accepted; clinical interviews, diagnoses accord-
ing to a diagnostic system (e.g., DSM-IV or International Classi-
fication of Diseases, Tenth Revision) or by a cut-off point on a
self-report depression scale (e.g., Beck Depression Inventory,
HRDS). Assessment of depression outcome was coded. Because
several studies used more than one measure of depression, the
measure defined by the authors as their main outcome measure
was used in this meta-analysis. If a study did not specify which the
main outcome measure was, the measure first reported in the
abstract was used.

Several intervention characteristics were coded: type of exer-
cise (aerobic or nonaerobic), exercise frequency (training sessions/
week), length of exercise session (minutes/session), exercise dose/
intensity, if the exercise intervention was supervised or not, control
group characteristics (e.g., intervention), duration of exercise
intervention (weeks), and adherence (%).

Methodological quality was coded by three criteria: allocation
concealment, blinded outcome assessment, and intention-to-treat
analysis. In accordance with recommendations in Pildal et al.
(2005), allocation concealment was considered to be adequate if
any of these methods were used: “central randomisation; num-
bered coded vehicles; opaque, sealed, and sequentially numbered
envelopes; and other methods containing convincing means of
concealment” (p. 2). Other methods or unclear methods were
defined as inadequate. A trial was coded as having used intention-
to-treat analysis if all participants that were randomly assigned to
the exercise group and the control group were included in the
analyses (Hollis & Campbell, 1999). Thus, studies that analyzed
only those participants that completed the intervention were not
defined as using intention-to-treat analysis. A study was coded as
blinded outcome assessment if the assessor was unaware of the
treatment allocation (Forder et al., 2005).

Data analysis

The effect sizes for each trial were calculated using the overall
pooled standardized mean difference between the exercise group
and the control group in depression scores. Because several of the
included studies had small sample sizes, Hedges’s g was used to
calculate the standardized mean differences (Borenstein, 2009).
The obtained overall effect sizes were interpreted according to the
guiding principles in Cohen (1988); 0.2 represents a small effect,
0.5 a moderate effect, and 0.8 a large effect. Because the included
studies differ in several ways (e.g., type of exercise, intervention
duration, intensity/dose, and population) a random effect model
was used to calculate the pooled effect size because this is gener-
ally recommended when heterogeneity between the studies is
assumed (Borenstein et al., 2009). Homogeneity of variance was
tested by the Q-value (a significant P-value indicates heterogene-
ity among studies; Shadish & Haddock, 2009), and the I? index,
which “describes the percentage of total variation across studies
that is due to heterogeneity rather than chance” (Higgins et al.,
2003; p. 558). The I ranges from 0 to 100% where 0 represents no
heterogeneity and 100% maximum heterogeneity (Higgins et al.,
2003).

A sensitivity analysis was conducted investigating the impact of
methodological quality on effect size. Thus, only those studies that
were considered to be of high methodological quality (adequate
allocation concealment, intention-to-treat analysis and blinded
outcome assessment blinding) were analyzed. However, only two
studies (Dunn et al., 2005; Blumenthal et al., 2007) fulfilled these
criteria. In addition, we also made a sensitivity analysis including
only trials that compared exercise with no treatment or placebo
treatment.

For studies that included multiple intervention groups (e.g.,
exercise, psychotherapy, and control), data were extracted from
the exercise group and the control group only. For trials using
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several exercise groups, the exercise intervention with the highest
effect was used in the present meta-analysis.

The Comprehensive Meta Analysis program version 2.0 was
used for all analyses (Borenstein et al., 2005).

Results

A total of 89 potential studies were retrieved. Fifteen
studies passed the inclusion criteria of which 10 reported
sufficient information for calculation of effect sizes (see
Tables 2, 3). The authors of the five studies with missing
information were contacted by e-mail. All the five authors
replied, but only three of them were able to provide the
necessary additional information. Hence, 74 studies were
excluded (see Table 1), 15 trials were included of which
13 were finally used for statistical analyses (exercise
group: n = 366, control group: n = 354) (see Table 2).

Four of the included trials (Chalder et al., 2012, de
Zeeuw et al., 2010; Foley et al., 2008; Legrand & Heuze,
2007) have not been included in any of the previously
published meta-analyses.

Population characteristics

Ten studies recruited nonclinical participants (Hess-
Homeier, 1981; Setaro, 1985; Epstein, 1986; Doyne

etal.,, 1987; McNeil etal., 1991; Dunn etal., 2005;
Table 1. Characteristics of excluded studies

Total number of excluded studies 74
Control condition that was not placebo or “no treatment” 19
Population of multiple or mixed diagnoses 9
Reviews, meta-analyses or commentaries 31
Nonrandomized studies 5
Non depressed population 2
Children or adolescent population 5
Other 3

Singh et al., 2005; Blumenthal et al., 2007; Legrand &
Heuze, 2007; de Zeeuw etal., 2010), two studies
(Mather et al., 2002; Foley et al., 2008) included both
clinical and nonclinical participants, while the remaining
three studies (Mutrie, 1988; Veale et al., 1992; Chalder
et al., 2012) recruited participants solely from clinical
populations (see Table 3).

Assessment of depression diagnosis

A clinical interview for diagnosing depression was used
in seven studies (Hess-Homeier, 1981; Doyne et al.,
1987; Veale et al., 1992; Mather et al., 2002; Singh et al.,
2005; Blumenthal et al., 2007; Foley et al., 2008). In one
study (Mutrie, 1988), depression was diagnosed by a
general practitioner. The remaining five studies used a
diagnostic manual system or a cut-off point on a depres-
sion scale to determine depression (Setaro, 1985;
Epstein, 1986; McNeil et al., 1991; Dunn et al., 2005;
Legrand & Heuze, 2007; de Zeeuw et al., 2010; Chalder
et al., 2012). See Table 3.

Exercise intervention characteristics

All studies except Singh et al. (2005) and Mather et al.
(2002) provided aerobic exercise. The median of exer-
cise frequency was three sessions per week. The mean
length of exercise session was 36.4 min/session. The
mean of exercise duration was 9.4 weeks. All studies
used supervised exercise interventions. The mean of
adherence was 81.3%. The Chalder et al. (2012) study
used an individually tailored Physical Activity Facilita-
tor (PAF) program. Thus, type of exercise, frequency of
exercise sessions and dose/intensity were not reported
(see Table 3).

Table 2. Results on the unstandardized pre mean scores and post mean scores on depression

Study Publication Exercise Control n
type
Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD)

Hess-Homeier (1981) D 24.4 (DNA) 9.8 (6.93) 23.5 (DNA) 16.2 (7.4) 11
Setaro (1985) D 68.92 (5.27) 62.00 (6.51) 68.56 (3.87) 69.88 (3.46) 50
Epstein (1986) J 25.29 (6.52) 9.00 (10.94) 22.00 (7.16) 16.30 (7.44) 17
Mutrie (1988) D 22.4 (6.82) 9.46 (4.28) 23.0 (5.80) 21.4 (5.26) 16
Doyne et al. (1987) J 19.27 (5.61) 8.18 (5.27) 16.06 (5.12) 15.25 (6.30) 19
McNeil et al. (1991) J 16.6 (3.1) 11.1 (3.0) 15.2 (2.4) 14.7 (3.7) 20
Veale et al. (1992) J 2291 (1.1) 13.94 (2.13 26.66 (1.52) 17.79 (1.89) 65
Mather et al. (2002) J 16.7 (7.77) 12.6 (6.94) 17.4 (6.86) 13.7 (6.19) 85
Dunn et al. (2005) J 19.1 (1.8) 9.0 (3.6) 20.5 (2.4) 14.0 (4.9) 30
Singh et al. (2005) J DNA 8.5 (5.5) DNA 14.4 (6.0) 37
Blumenthal et al. (2007) J 16.4 (3.7) 9 2(6.1) 17.2 (4.4) 11.1 (7.0) 76
Legrand and Heuze (2007) J 20.63 (6.50) 0.88 (8.08) 22.29 (4.31) 20.71 (6.26) 15
Foley et al. (2008) J 28.80 (9.86) 7.10 (11.09) 28.69 (8.59) 21.38 (7.74) 13
de Zeeuw et al. (2010) J 6.2 (1.5) 3 1(1.9) 6.8 (1.5) 5.8(2.2) 27
Chalder et al. (2012) J 32.1(9.0) 16.12 (11.3) 32.1(9.5) 16.87 (12.6) 288

The studies used in the present meta-analysis are in bold printing.

A, abstract; D, doctoral dissertation; DNA, data not available; J, peer-reviewed journal; n, total number of participants (exercise group and control group)

used in the meta-analyses.
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Exercise intervention in depressive disorders

Study name Statistics for each study Hedges’s g and 95% CI
Hedges’s Standard Lower Upper Relative
g error Variance limit limit Z-value P-value weight
Setaro, 1985 —1.556 0.319 0.102 -2.181 -0.931 -4.878 0.000 8.59
Epstein, 1986 -1.116 0.505 0.255 -2.107 -0.126 -2.209 0.027 6.23
Mutrie, 1987 —2.269 0.623 0.388 -3.490 -1.048 -3.643 0.000 5.03
McNeil, 1991 —1.422 0.484 0.234 -2.370 -0.474 -2.939 0.003 P.— p— 6.48
Veale, 1992 —0.049 0.247 0.061 -0.532 0.435 -0.198 0.843 9.56
Mather, 2002 —-0.060 0.215 0.046 -0.482 0.361 -0.281 0.779 i 9.96
Dunn, 2005 —0.833 0.374 0.140 -1.566 -0.099 -2.225 0.026 . 7.85
Blumenthal, 2007  —0.167 0.228 0.052 -0.614 0.280 -0.731 0.465 —' p— 9.80
Legrand, 2007 —1.054 0.524 0.274 -2.080 -0.027 -2.012 0.044 e 1 6.02
Foley, 2008 —0.408 0.536 0.288 -1.459 0.643 -0.761 0.447 . 5.89
de Zeuw, 2010 —0.994 0.397 0.158 -1.772 -0.215 -2.501 0.012 7.55
Doyne, 1987 —1.665 0.520 0.270 -2.683 -0.647 -3.205 0.001 6.07
Calder, 2012 —0.062 0.118 0.014 -0.293 0.168 -0.531 0.595 10.98
-0.772 0.186 0.035 -1.138 —-0.407 -4.143 0.000 -1-
—2.00 -1.00 0.00 1.00 2.00
Favors exercise Favors control
Fig. 1. Meta-analysis of all 13 trials investigating the effect of exercise vs control on depression.
Study name Statistics for each study Hedges’s g and 95% CI
Hedges’s Standard Lower Upper Relative
g error Variance limit limit Z-value P-value weight
Dunn, 2005 —-0.833 0.386 0.149 -1.589 —-0.076 -2.157 0.031 39.19
Blumenthal, 2007 —0.167 0.231 0.053 -0.619 0.285 -0.723 0.469 60.81
—-0.428 0.325 0.106 -1.065 0.209 -1.316 0.188
—2.00 -1.00 0.00 1.00 2.00

Favors exercise

Favors control

Fig. 2. Meta-analysis on the effect of exercise on depression, including only trials that met all three methodological quality criteria

(allocation concealment, blinded outcome assessment, intention-to-treat analysis).

Methodological quality

Methodological quality was assessed using three criteria: adequate
allocation concealment, the use of intention-to-treat analysis and
blinded outcome assessment. As can be seen in Table 3, six studies
were coded as having adequate allocation concealment (Veale
et al.,, 1992; Mather et al., 2002; Dunn et al., 2005; Singh et al.,
2005; Blumenthal et al., 2007; Chalder et al., 2012), five studies
used blinded outcome assessment (Mather et al., 2002; Dunn
et al., 2005; Singh et al., 2005; Blumenthal et al., 2007; Foley
etal., 2008), and six studies used intention-to-treat analysis
(McNeil et al., 1991; Dunn et al., 2005; Blumenthal et al., 2007;
Foley et al., 2008; de Zeeuw et al., 2010; Chalder et al., 2012).
Only two studies passed all three criteria (Dunn et al., 2005; Blu-
menthal et al., 2007). See Table 3.

Comparison between exercise and control condition on the
effect of reduction in depression

The result presents the pooled standardized mean difference (cal-
culated by Hedges’s g, using a random effect model) of all 12
included studies. The overall effect size was —0.77 (95% CI, —1.14,
—0.41) indicating a large effect size in favor of exercise compared
with the control condition, and it was also significant (Z=-4.14,
P <0.001). The results indicated heterogeneity among the studies:

[Q =53.35, degrees of freedom (d.f.) = 12, P < 0.001], > =77.5%
(see Fig. 1).

Sensitivity analysis: comparison between exercise and control
condition on the effect of reduction in depression on trials with
high methodological quality

When only those trials that met all three methodological quality
criteria was analyzed (in a random effect model), the result showed
a substantially reduced, nonsignificant overall effect size in favor
of exercise: g =-0.43 (95% CI, —1.06, 0.21). The Q-value indi-
cated no heterogeneity among the studies (Q=2.19, d.f.=1,
P=0.14), I = 54.4% (see Fig. 2).

Sensitivity analysis: comparison between exercise and control
condition on the effect of reduction in depression on trials that
used intention-to-treat analyses

In a model consisting of those trials that used intention-to-treat
analyses, a large effect size was found in favor of exercise:
g=-0.70 (95% CI-1.03, -0.38). The model was significant (Z=—
442, P<0.001), and indicated no heterogeneity among the
studies (Q =9.27, d.f. =5, P=0.10), I* =46.07% (see Fig. 3).
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Study name Statistics for each study Hedges’s g and 95% CI
Hedges’s Standard Lower Upper Relative
g error  Variance limit limit Z-value P-value weight
McNeil, 1991 —1.422 0.484 0.234 -2.370 -0.474 -2.939 0.003 9.18
Dunn, 2005 —0.833 0.374 0.140 -1.566 -0.099 -2.225 0.026 f—— 13.40
Blumenthal, 2007 —0.167 0.228 0.052 -0.614 0.280 -0.731 0.465 - 23.53
Foley. 2008 -1.202 0.580 0.337 -2.340 -0.065 -2.072 0.038 6.82
de Zeuw, 2010 0.994 0.397 0.158 -1.772 -0.215 -2.501 0.012 —r 12.33
Chalder, 2012 -0.625 0.120 0.014 -0.861 -0.389 -5.187  0.000 —— 34.75
-0.703 0.165 0.027 -1.027 -0.379 -4.248 0.000 "
-1.00 —0.50 0.00 0.50 1.00
Favors exercise Favors control
Fig. 3. Meta-analysis on the effect of exercise on depression, including only trials that used intention-to-treat analysis.
Study name Statistics for each study Hedges’s g and 95% CI
Hedges’s Standard Lower Upper
g error Variance limit limit Z-value P-value
Setaro, 1985 —-1.556 0.319 0.102 -2.181 -0.931 -4.878  0.000 m_
Epstein, 1986 -1.116 0.505 0.255 -2.107 -0.126 —2.209 0.027
Mutrie, 1987 —2.269 0.623 0.388 -3.490 -1.048 -3.643  0.000
McNeil, 1991 —1.422 0.484 0.234 -2.370 -0.474 -2.939 0.003 - il
Mather, 2002 —-0.060 0.215 0.046 -0.482 0.361 —0.281 0.779 ——
Dunn, 2005 —-0.833 0.374 0.140 -1.566 -0.099 -2.225 0.026 —_—
Blumenthal, 2007  -0.167 0.228 0.052 -0.614 0.280 -0.731 0.465 —-—
Legrand, 2007 —-1.054 0.524 0.274 -2.080 -0.027 -2.012  0.044 q
Foley, 2008 —-0.408 0.536 0.288 -1.459 0.643 -0.761 0.447 !
de Zeuw, 2010 -0.994 0.397 0.158 -1.772 -0.215 -2.501 0.012
Doyne, 1987 -1.665 0.520 0.270 -2.683 -0.647 -3.205  0.001
—0.966 0.220 0.048 -1.398 -0.535 —4.393 0.000
-2.00 -1.00 0.00 1.00 2.00

Favors exercise Favors control

Fig. 4. Meta-analysis on the effect of exercise on depression, including only trials that have compared exercise with no treatment or

placebo.

Sensitivity analysis: exercise vs no treatment control and
placebo control conditions on the effect of reduction in
depression

In this analysis, only trials that compared exercise with no treat-
ment or placebo condition were analyzed in a random effect
model. The result showed a larger effect size in favor of exercise
than in the main meta analysis where all studies were included in
the model (see Fig.1); g=-0.97 (95% CI -1.40, —0.54). The
model was also significant (Z=-4.39, P <0.001). The Q-value
indicated heterogeneity among the studies (Q =35.64, d.f. =10,
P <0.001), »=71.94% (see Fig. 4).

Discussion

The results of the meta-analysis offered plausible evi-
dence that physical exercise reduces depression, thereby
confirming to greater or lesser extent the results of
several earlier meta-analyses (North et al., 1990; Craft &
Landers, 1998; Lawlor & Hopker, 2001; Stathopoulou
et al., 2006; Landers & Arent, 2007; Mead et al., 2009;
Rethorst et al., 2009; Krogh et al., 2011). Despite the
fact that the large TREAD study (Chalder et al., 2012) —
where exercise had no significant antidepressant effects
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compared with the control group — was included in the
meta-analysis, a large overall effect size was found. A
sensitivity analysis showed that the effect size was even
larger when only trials with no treatment and placebo
control conditions were included in the analysis, sug-
gesting that “usual care” may also have an antidepressant
effect. Unfortunately, the content of usual care is seldom
specified in clinical research studies, probably due to the
fact that clinics tend to administer standard treatment
inconsistently and with great variation (Kazdin, 2010).
However, it is understandable that researchers still tend
to use usual care as a control condition considering the
advantages concerning ethical issues; participants in
usual care do receive treatment as opposed to no treat-
ment control or placebo. Additionally, usual care may
also control for nonspecific therapeutic factors (Kazdin,
2010). Nevertheless, the use of a waiting list control
condition may be preferable in studies that aim to deter-
mine the effect of exercise on depression.

The results from the present meta-analysis as well
as from previous meta-analyses demonstrated that
studies with high methodological quality (allocation



concealment, intention-to-treat analysis, and blinded
outcome assessment) are associated with reduced effect
sizes of moderate strength. Previous meta-analyses (e.g.,
Lawlor & Hopker, 2001, Krogh et al., 2011; Mead et al.,
2009) have emphasized that methodological weaknesses
of the included trials may seriously have biased the
results, leading to a hypothesized exaggerated effect size
in favor of exercise. In line with the aforementioned
meta-analyses, very few trials in this review met all three
criteria for methodological quality (allocation conceal-
ment, intention-to-treat analysis, and blinded outcome
assessment). In fact, only two of the included studies
(Dunn et al., 2005; Blumenthal et al., 2007) passed those
criteria. In a subanalysis of these two studies, the effect
size was somewhat reduced, although still resulting in a
moderate effect size. This is also similar to the results
found in previous meta-analyses (e.g., Mead et al., 2009)
when the methodologically sound trials are more closely
subanalyzed. An exception, however, is Krogh et al.
(2011) who found only a small effect size in their suba-
nalysis of three studies considered to be of high meth-
odological quality. Although it should be noted that one
of the trials (Krogh et al., 2009) included in that analysis
compared exercise with relaxation training, showing that
exercise did not differ from relaxation in depression
reduction. This is not surprising because relaxation, as
previously mentioned, has an antidepressant effect (Rey-
nolds & Coats, 1986). Because the aim in Krogh et al.
(2011) was to compare exercise with a placebo condi-
tion, the inclusion of this particular study in such a small
subanalysis probably biased the result, and subsequently
led to an underestimated overall effect size. Further-
more, aside from Krogh et al. (2011), other earlier meta-
analyses (Stathopoulou et al., 2006; Mead et al., 2009;
Rethorst et al,, 2009) have also included trials using
placebo conditions that are associated with reductions in
depression and anxiety. This may have biased the results
in favor of the control group to a certain degree, thus
generating an underrated overall effect size. Moreover,
Rethorst et al. (2009) showed that adequate allocation
concealment and the use of intention-to-treat analysis are
associated with higher effect sizes in trials examining the
effect of exercise on depression, not the other way
around, which has been widely assumed. In this study,
however, an additional sensitivity analysis including
only trials that had used intention-to-treat analyses
showed a large effect size, similar to the overall effect
size. Hence, if and to what extent poor methodological
quality may have caused exaggerated effect sizes in
favor of exercise is still unclear. It is therefore difficult to
draw any firm conclusions about the possible influence
of methodological weaknesses on the effect size. Meta-
analytic results so far indicate that exercise, at least, has
a moderate antidepressant effect compared with no treat-
ment and placebo. At best, exercise has a large effect on
reductions in depression symptoms and could be catego-
rized as a very useful and powerful intervention. More-

Exercise intervention in depressive disorders

over, earlier meta-analyses also indicate that exercise
does not differ from traditional treatment (antidepressant
medication, psychotherapy) in reducing depression
symptoms (Mead et al., 2009; Rethorst et al., 2009).
The advantages of physical exercise over traditional
approaches as an intervention in depressive disorder are
manifold; exercise is associated with a wide range of addi-
tional physical benefits: stress reduction (Landers & Arent,
2007), decreased blood pressure (Rethorst et al., 2009),
reduced risks for coronary artery diseases, weight reduc-
tion (Biddle & Mutrie, 2008), increased oxygen uptake
(VO2) (Roston et al., 1987), and animal studies also show
improvements in cognitive functioning such as learning
and memory (van Praag, 2009). In addition, no negative
side effects have thus far been reported (as opposed to
antidepressant medication) (Biddle & Mutrie, 2008).

Conclusions and directions for future research

To date, it is not possible to determine exactly how
effective exercise is in reducing depression symptoms in
clinical and nonclinical depressed populations, respec-
tively. However, the results from the present meta-
analysis as well as from seven earlier meta-analyses
(North et al., 1990; Craft & Landers, 1998; Lawlor &
Hopker, 2001; Stathopoulou et al., 2006; Mead et al.,
2009; Rethorst et al., 2009; Krogh et al., 2011) indicate
that exercise has a moderate to large antidepressant
effect. Some meta-analytic results (e.g., Rethorst et al.,
2009) suggest that exercise may be even more effica-
cious for clinically depressed people. Exercise is, of
course, not the one and only universal solution to the
worldwide growing problem of depression, and this kind
of treatment will not be appropriate for all depressed
people. On the other hand, this limitation is just as rel-
evant for traditional treatments; that is to say, neither
medication nor psychotherapy suits everyone.

In short, our final conclusion is that exercise may well
be recommended for people with mild and moderate
depression who are willing, motivated, and physically
healthy enough to engage in such a program.

There are, nevertheless, several areas in need of
further research. First, Callaghan et al. (2011) showed
that a specially designed exercise program, including
motivational support, was significantly more effective in
reducing depression than the regular exercise program.
In addition, the tailored exercise group showed signifi-
cantly greater improvements on a number of other psy-
chological and psychosocial indicators (i.e., quality of
life, self-esteem, and mental well-being) compared with
the “exercise-as-usual” group. This is a compelling
result, suggesting that exercise combined with other fea-
tures may be more beneficial than exercise alone. This
type of promising exercise-based combination treatment
tailored for a depressed population needs to be further
evaluated in future studies. On the other hand, Chalder
etal. (2012) also applied an individually tailored
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exercise program — the PAF — but this specific type of
intervention program did not have a significant effect on
depression compared with usual care. Whereas the exter-
nal validity in Chalder et al. (2012) arguably could be
regarded as very good, the internal validity has several
weaknesses. For instance, it is not known as to what
extent the participants engaged in supervised exercise
sessions. Consequently, the study does not tell us
whether the exercise sessions were group based or if the
participants exercised on their own. More importantly,
exercise dose/intensity was not assessed. Because Dunn
et al. (2005) showed that only moderate and high exer-
cise dose/intensity significantly reduces depression
symptoms (while low exercise dose/intensity does not),
this is a crucial aspect to consider when investigating the
effect of exercise on depression. Thus, the overall result
in Chalder etal. (2012), indicating no antidepressant
effect of exercise, needs to be very cautiously inter-
preted. In fact, the only conclusion that is possible to
draw from this study is that this particular exercise inter-
vention — the PAF program — does not differ from usual
care in reducing depression. Second, exercise as an
adjunct to traditional treatment is also warranted in
future studies. Third, because the methodological quality
has been poor in many studies, future trials should care-
fully follow methodological recommendations: having
adequate allocation concealment, using intention-to-
treat analysis, using blinded outcome assessment, diag-
nosing depression with a clinical interview, and having a
large sample size. Finally, the complex multilevel
mechanisms responsible for antidepressant effects asso-
ciated with exercise need to be explored. Although
various attempts have been made to explain the benefi-
cial effects of exercise on depression and anxiety symp-
toms, the causal link is still unknown, and its
“underlying mechanisms are poorly understood”
(Cotman et al., 2007; p. 466). Several plausible mecha-
nisms have however been proposed over the years, and
the majority of them concern biological, neurological,
and physiological changes that are enhanced by exercise,
and result in a potential antidepressant effect. Addition-
ally, psychological and psychosocial mechanisms asso-
ciated with exercise have also been suggested to affect
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