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Objective: To assess the effectiveness of exercise
in adults with clinical depression.

Data Sources: The databases CINAHL, Embase,
Cochrane Database of Systematic reviews, Cochrane
Controlled Trials Register, MEDLINE, and PsycINFO
were searched (1806-2008) using medical subject
headings (MeSH) and text word terms depression,
depressive disorder and exercise, aerobic, non-aerobic,
physical activity, physical fitness, walk™®, jog*, run®,
bicycling, swim*, strength, and resistance.

Study Selection: Randomized trials including
adults with clinical depression according to any
diagnostic system were included.

Data Extraction: Two investigators evaluated
trials using a prepiloted structured form.

Data Synthesis: Thirteen trials were identified
that fulfilled the inclusion criteria. Eight had adequate
allocation concealment, 6 had a blinded outcome, and
5 used intention-to-treat analyses. The pooled stan-
dardized mean difference (SMD) calculated using
a random-effects model was —0.40 (95% CI, —0.66
to —0.14), with evidence of heterogeneity between
trials (I>=57.2%, P=.005). There was an inverse as-
sociation between duration of intervention and the
magnitude of the association of exercise with depres-
sion (P=.002). No other characteristics were related
to between-study heterogeneity. Pooled analysis of
5 trials with long-term follow-up (ie, that examined
outcomes beyond the end of the intervention) sug-
gested no long-term benefit (SMD, -0.01; 95% CI,
—0.28 to 0.26), with no strong evidence of heterogene-
ity in this pooled analysis (I?=23.4%, P=.27). There
was no strong statistical evidence for small study bias
(P>.27). Only 3 studies were assessed as high quality
(adequately concealed random allocation, blinded
outcome assessment, and intention-to-treat analysis).
When we pooled results from these, the estimated
beneficial effect of exercise was more modest (SMD,
—0.19; 95% CI, —0.70 to 0.31) than the pooled result
for all 13 studies, with no strong evidence of benefit.

Conclusions: Our results suggest a short-term
effect of exercise on depression: on average, depres-
sion scores 0.4 of a standard deviation lower in
clinically depressed patients randomly assigned to
an exercise intervention at the end of that interven-
tion compared to those randomly assigned to a none
exercise group. There is little evidence of a long-term
beneficial effect of exercise in patients with clinical
depression.
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T he yearly incidence of depression in adults is estimated
to be between 3% and 5%, with a lifetime prevalence
of 17% in Western societies.* The Global Burden of Disease
report by the World Health Organization found that uni-
polar depressive disorders were the fourth leading cause of
disease burden in terms of lost years of healthy life, and that
major depression accounted for 12% of all total years lived
with disability in 2000 worldwide.® Compliance with antide-
pressant treatment is poor, and, in clinical trials, the dropout
rate is reported to be between 12%-40% within the initial
6 to 8 weeks of treatment.®” This has resulted in an interest
in the use and evaluation of alternative or complementary
therapies, with exercise in particular being the subject of a
number of randomized controlled trials to test its effective-
ness as a treatment for patients with depression.

There are a number of biologically plausible reasons why
exercise might be an effective antidepressant. Experiments
on animal models suggest an increase in neurogenesis® and
an increased serotonergic drive’ in response to exercise and
that these effects result in an antidepressant action. Nonbio-
logic pathways have also been proposed: depressed patients
taking regular exercise might get positive feedback from
other people (particularly in societies where being physically
active is seen as a virtue) and thus increased self-esteem,! or
exercise might act as a diversion from negative thoughts.!!

Since 2001, five systematic reviews and meta-analyses of
the effect of exercise as an antidepressant have been pub-
lished.'?16 Two of these, 1 of trials in general adult study
populations'? and the other of trials in depressed patients
aged over 60 years,"® concluded that it was impossible to
determine whether exercise was an effective antidepressant
because of methodological weaknesses of the available trials.
The recent Cochrane systematic review!® found a moder-
ate nonsignificant effect of exercise when analyses were
restricted to the methodologically robust trials. The inclu-
sion criteria in all 5 previous reviews may have limited their
clinical usefulness. Lawlor and Hopker,'? Rethorst et al,'® and
the recent Cochrane review!® had broad inclusion criteria,
meaningthatanumber ofincluded trialswere on volunteers (not
recruited through clinical settings) who were defined as being
depressed on the basis of cutoff scores in self-administered
psychometric testing (eg, Beck Depression Inventory, Cen-
ter for Epidemiologic Studies Depression Scale) as opposed
to individuals with a diagnosis of depression obtained after
presenting to clinical services. Since these studies do not nec-
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essarily reflect the clinical situation in which clinicians might
consider “prescribing” exercise, it is important to perform a
meta-analysis of exercise and depression, limited to studies
in which depression was diagnosed by a health professional
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in a clinical setting. This is the only way to address the ques-
tion of whether “prescribing exercise” in clinical practice is
effective. The review by Sjosten and Kivela!* was of older
adults (> 60 years) only, and a recent review by Stathopoulou
etal'*included in one meta-analysis participants with mixed
psychiatric diagnosis,!” a trial with exercise as part of a multi-
intervention program,'® a nonrandomized trial,'” and a trial
comparing different exercise intensities.!® Thus, to date it
remains unclear whether exercise is an effective antidepres-
sant in the general population of adults who are diagnosed
with depression by trained health professionals.

In order to determine whether health services should pro-
vide exercise as a treatment for patients who are diagnosed
with depression, we have undertaken a systematic review
and meta-analysis of the effectiveness of exercise in adults
diagnosed with depression in a clinical setting.

METHOD

Data Sources

We searched MEDLINE (1966-2008), Embase (1980-
2008), PsycINFO (1806-2008), CINAHL (1982-2008),
Cochrane Controlled Trials Register, and the Cochrane
Database of Systematic reviews using medical subject
headings (MeSH) and text word terms depression, depressive
disorder and exercise, aerobic, non-aerobic, physical activity,
physical fitness, walk*, jog*, run®, bicycling, swim*, strength,
and resistance. We looked through reviews and contacted
authors in the field for knowledge of additional trials. We
also searched trial registers at the following Web sites to
identify unpublished trials: www.controlled-trials.com and
www.clinicaltrials.gov. Furthermore, we hand searched con-
tent lists of volumes published between June and September
2008 in the following journals: Journal of the American
Medical Association, BM]J, Lancet, American Journal of
Preventive Medicine, New England Journal of Medicine,
Archives of Internal Medicine, British Journal of Psychiatry,
Comprehensive Psychiatry, Journal of the Royal Society of
Medicine, Acta Psychiatrica Scandinavica, and British Journal
of Sports Medicine. The main search for trials was completed
between April and September 2006 and was updated for the
last time on September 12, 2008.

Study Selection

Only randomized controlled trials containing partici-
pants with clinical depression as the primary disease were
included. A trial was defined as a randomized controlled
trial if the allocation of participants to intervention groups
was described as randomized (including terms such as ran-
domly, random, and randomization) and compared exercise
with “no treatment” or a control group (controls on a waiting
list; placebo intervention; or when exercise was an adjunct,
with both treatment and control groups receiving an identi-
cal established treatment).

Because of our aim to identify trials that had recruited
participants in clinical practice, we initially planned to in-
clude only trials of participants recruited after a diagnosis
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of depression by a trained health worker in a clinical setting.
However, our initial search revealed that only 4 trials fulfilled
these criteria. We therefore relaxed our inclusion criteria to
include trials if the participants were diagnosed as having de-
pression according to a diagnostic system (eg, International
Classification of Diseases, Tenth Revision; Research Diagnostic
Criteria), even if this system had been applied to volunteers
who were not seen in a health care setting or were referred
from doctors who had made a diagnosis of depression. Stud-
ies had to include participants who were aged 18 years or
above and had depression/depressive symptoms (assessed
by any means) as an outcome measure, and we included tri-
als published in any language. We excluded studies without
a nonexercise control group and those that measured out-
comes immediately before and after a single exercise session.
Based on titles and abstracts, one reviewer (J.K.) retrieved
potentially relevant studies. Two reviewers (J.K. and M.N.,
see Figure 1) then determined whether a particular study
fulfilled the inclusion criteria. None of the reviewers were
blinded to the names of authors, institutions, or journals.

Data Extraction

Two authors independently extracted data (quality cri-
teria, participant details, intervention details, outcome
measures, baseline and postintervention results, and main
conclusion) using a prepiloted structured form. Any discrep-
ancies in the data extraction were resolved by referring to
the original articles and discussion with all authors of this
article. All of the trials fulfilling our inclusion criteria mea-
sured depressive symptoms on a continuous scale at the end
of the intervention period, with most referring to this as the
primary outcome. Because the scales used for these continu-
ously measured symptom outcomes varied from one trial to
another and were in line with the 3 previous meta-analyses,
we used the mean standardized difference in depression
symptoms measured on a continuous scale as our primary
outcome, and we were able to include all eligible trials in
the primary meta-analysis. Some studies assessed this using
more than 1 standard tool. For studies that included results
from several tools for assessing depressive symptoms, we
used the one that the authors described as their primary
outcome. If the authors did not clearly state which was the
primary outcome, the outcome reported first in the abstract
was taken to be the primary outcome.

Because of our original aim of wanting to examine the
effects of exercise prescription to participants diagnosed in
a clinical setting, we conducted 2 separate primary meta-
analyses: one including the small number of trials that fitted
these strict criteria (ie, patients recruited from a clinical
setting) and the second including all trials identified with
our more relaxed criteria (ie, trials that recruited volunteers
who were diagnosed with depression using diagnostic cri-
teria and trials from clinical settings). In addition to these
primary analyses we also pooled results from those studies
that provided data on 2 secondary outcomes: (1) remission,
ie, a binary outcome of the proportion of participants in each
arm of the trial who were defined as being free of depressive
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symptoms and (2) long-term results, defined as outcomes
measured at some time after completion of the exercise
intervention.

Study Quality

We assessed the quality of trials by noting whether the
following aspects of the trial had been addressed in the
report: sample size calculation, allocation concealment,
intention-to-treat analysis, blinding, and interrater reliabil-
ity for outcomes that were not self-report. The sample size
calculation was considered adequate if the authors clearly
stated the minimum effect that they considered to be of clini-
cal importance and the required sample size to achieve this
effect at a given power and statistical test (a) level. Conceal-
ment of allocation was considered to be adequate if it had
been achieved by any of the following methods: central ran-
domization at a site remote from the study; computerized
allocation in which records are in a locked, unreadable file
that could be assessed only after entering patient details; and
the drawing of sealed and opaque sequentially numbered
envelopes. Studies that did not use these methods for ran-
dom allocation or that did not describe how randomization
was achieved (including lack of response from contacted
authors to clarify the method of randomization) were defined
as not adequately concealed. We defined trials as having used
intention-to-treat analysis if all the patients were analyzed in
the groups to which they were randomly allocated. If only
those who started treatment or only those who completed
treatment were included in the analysis, we defined the study
as not using intention-to-treat analysis. The outcome assess-
ment was defined as blinded when it was undertaken by an
assessor who was unaware of the treatment allocation; if the
assessment was done by the patients or an assessor who was
aware of which intervention the patient was receiving, the
assessment was defined as unblind. Interrater reliability was
considered adequate if there was only 1 outcome assessor
or, in the situation of more than 1 outcome assessor, if an
interrater-reliability calculation was reported and was consid-
ered inadequate if several investigators assessed outcomes on
different participants but no interrater-reliability calculation
was provided in the article or obtained from the author.

Contact With Authors

We contacted authors by e-mail or post (sending 3
reminders to nonresponders) to establish missing details in
the methods and results sections of the written reports, and
to determine the authors’ knowledge of or involvement in any
current work in the area.

Statistical Analysis

A number of different psychometric instruments were
used to measure depression at the outcome assessment in
different studies. In order to be able to include all of the stud-
ies in our meta-analysis, we estimated a standardized mean
difference (SMD) for each individual study. This is the mean
difference in depression score between the exercise and con-
trol groups divided by the pooled standard deviation (of the
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distribution of the score used in the study). The result is an
effect size on the standard deviation scale. By convention,
effect sizes of 0.2-<0.5, 0.5-<0.8, and > 0.8 are considered
small, medium, and large, respectively. We used Hedges g*°
to calculate the SMD in each study because this method in-
cludes a correction for small study size. The Hedges g can be
interpreted as a conservative estimate of the Cohen d method
for estimating SMD. For the dichotomous outcome (remis-
sion), we pooled the odds ratios from each study.

We anticipated that systematic differences between stud-
ies (heterogeneity) would be likely because trials differed in
the type and intensity of exercise used in the intervention,
and we anticipated that trials would differ in methodologi-
cal quality. We therefore used a random-effects model to
calculate the overall pooled effect size.?! The extent of het-
erogeneity between studies was determined by calculating I%,
which is a measure of the percentage of total variation across
studies that is due to heterogeneity between studies rather
than sampling variation.”” We used meta-regression analy-
sis to explore the possible effect of exercise type (aerobic or
nonaerobic), exercise context (group or alone), duration of
exercise intervention (in weeks), adherence to exercise inter-
vention (% adhering), control group (no treatment, placebo,
standard treatment, or some other intervention), and each
of the quality indicators as characteristics that might explain
any heterogeneity (difference in results between studies). A
previous meta-analysis'? reported that type of publication
(abstract only versus journal article or thesis) was related to
heterogeneity. In our systematic review, none of the included
studies were published only as abstracts and we therefore did
not explore publication type as a source of heterogeneity. In
order to address multiple testing of study characteristics that
may be related to heterogeneity, we used the Monte Carlo
permutation test (using 1,000 permutations) to estimate
P values in the meta-regression analysis.?*

For trials that had more than 1 intervention group, we
decided a priori to compare the group with the “strongest
dose” of exercise to the control group so that we would
not try to minimize any effect a priori. Two trials had sev-
eral intervention groups defined by increasing intensity or
increased demand of total energy expenditure.?#?> In the
meta-analysis, we included the comparison of the group
allocated to the highest intensity or energy expenditure with
the control group. One trial contained both a supervised
and a home-based exercise intervention, and we included
the supervised since we believed it to result in the highest
intensity.”® Three trials had 2 interventions of different ex-
ercise types (eg, aerobic and nonaerobic) as well as a control
group. Since different types of exercise do not equate to dif-
ferent doses, for these trials, we randomly selected which of
the 2 types of exercise to include in the main meta-analysis.
This resulted in selection of the nonaerobic exercise interven-
tion from Mutrie et al”” and the aerobic exercise intervention
in Doyne et al?® and Krogh et al.” In sensitivity analysis,
we repeated the meta-analysis using different intervention
types from these studies. The results from these sensitivity
analyses do not differ from those presented here. We used
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STATA (version 9.2) (StataCorp LP, College Station, Texas)
statistical software for all analyses.

RESULTS

Study Inclusion

Figure 1 summarizes the process of inclusion of the stud-
ies for review and analysis. Sixteen references*~*° reporting
13 trials fulfilled the broad inclusion criteria, and these
are described in Table 1. Of these 13 trials, 4 were consid-
ered to fulfill our strict criteria of diagnosis via health care
settings.””?-31 Of these only 2 primarily recruited from pri-
mary care,””? and the other 2 recruited participants from
inpatient or outpatient psychiatric services.>**! Five of the
13 trials fulfilling our broad criteria had long-term follow-
up, which we defined as follow-up that extended beyond the
end of the period of the exercise intervention.??3>-38 The 13
trials included in our review and meta-analysis provided
data from 687 patients who were randomly assigned to either
an exercise intervention (as monotherapy or as an augmenta-
tion) or a nonexercise control group and were included in
the final analyses published in the study.

Through contact with authors, we were able to get
additional information on quality issues and data needed for
pooling from 5 trials included in this review.?6-30-3%38

Interventions

In 9 trials, the exercise intervention was aerobic,
30-3234,37.40 3 d in 3 it was nonaerobic.?>?”*° One intervention
was described as a mixed aerobic/nonaerobic® interven-
tion. The median number of exercise sessions per week was
3 (range, 2-5), and the median duration of the intervention
was 10 weeks (range, 8-16). In 9 trials, the exercise interven-
tion was a group exercise, 2262732343839 and in 4 cases the
exercise was on individual basis.

24,26,28,

24,27,28,37

Quality Assessment

Allocation concealment was adequate in 8 of the 13
trials, 2472697313839 the outcome assessment was blinded in
6 trials?*-26293238 (Singh et al*® did include a blinded out-
come assessment, but their predefined primary outcome
was not blinded.), and 5 trials had used intention-to-treat
analysis.?#?6:2%3239 Of the 7 trials for which the primary out-
come was not blind, all outcome measures were based on
self-report by the patients.?”-28:30:31.3437.39 Gample size calcu-
lations were reported in 6 trials.?*26:2%38:3 In general, those
trials that did well on 1 quality criterion also did well on
other criteria, and quality of trials was better in more recently
published trials than in earlier published trials (Table 1).

Study Populations

All but 1 study® included patients recruited from a com-
munity setting, including community volunteers or patients
from primary care or psychiatric services in the commu-
nity. All but 1 study®® included patients diagnosed with
mild to moderate depression. The one exception was a study
of patients examined in hospital with moderate to severe
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Figure 1. Study Selection Process?

Search Results

Database No. of Hits
Embase 8,487
Cinahl 2,505
MEDLINE 5,151
PsycINFO 5,633
Cochrane 395
Additional search 8

One investigator (J.K.)

Retrieved reports, 177
One investigator (J.K.)

Excluded studies 161

Reviews or commentaries 42
Nonrandomized studies 34

Included reports, 16
16 articles reporting 13 trials

Three investigators (J.K., M.N., D.L.)

Mixed psychiatric diagnosis 15 *

Nonclinical populations 51

No outcome measure of Included studies recruiting
depression 2 patients from a clinical setting, 4

K‘:&?:Z‘:f:ioc!?iiz:;sse on 3 Three investigators (J.K., M.N., D.L.)
depression 3

Other 1
Two investigators (J.K., M.N.)

Included studies reporting
| remission, 5

Three investigators (J.K., M.N., D.L.)

Included studies for long-term
L] follow-up, 5

Three investigators (J.K., M.N., D.L.)

2One reviewer examined titles and abstracts from the search result and
removed obviously irrelevant reports. Two reviewers then examined
full text reports to determine compliance with inclusion criteria. Three
reviewers extracted data from included reports.

depression.*® One study had the patients referred and diag-
nosed by general practitioners but did not report a specific
diagnostic system.”” The percentage of females in most trials
was greater than that of males.

Exercise Compared With Placebo
or as an Adjunct to Treatment

The meta-analysis including only the 4 studies recruited
from a clinical setting®”**-3! resulted in a pooled SMD of
-0.47 ([95% CI, —1.13 to 0.18], I>=79.0%, P value for het-
erogeneity=.003). The pooled estimate for these 4 trials is
very similar to that for all 13 trials included in our broader
inclusion criteria meta-analysis, and, as far as could be ascer-
tained, causes of heterogeneity were similar between these
4 and all 13 (discussed in full below).

Figure 2 shows the meta-analysis of all 13 studies with
our main outcome—ie, depressive symptoms measured on
a continuous scale at the end of the duration of the interven-
tion. The pooled SMD, calculated using the random-effects
model with Hedges’ correction for small trials, was —0.40
(95% CI, -0.66 to —0.14). Thus, on average, depression scores
are 0.4 of a standard deviation lower in depressed patients
randomly assigned to an exercise intervention at the end of
that intervention compared to those randomly assigned to
a none exercise group. There was evidence of heterogeneity
between the studies (P=.005). The I* value of 57.2% suggests
that just over half of the variation across studies is due to the
differences in effect between studies as opposed to chance
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Figure 2. Meta-Analysis of Randomized Controlled Trials Assessing the Effect of

Exercise in Patients With Clinically Diagnosed Depression

adequate allocation concealment,
blinded assessment of the outcome, and
intention-to-treat analysis.*#*%* The

Stud Year Duration, wk SMD (95% CI Weight, %2 . . . .

Y . (9% €1 T estimated beneficial effect of exercise
Mutrie et al*® 1988 4 —— -0.96 (-2.05t00.13) 4.08 o
Doyne et al®® 1987 8 @ — 115 (-21410-0.15) 462 was more modest (SMD: -0.19 [95%
Epstein et al*® 1986 8 ——— -0.77 (-1.78t0 0.24) 4.55 CIL, -0.70 to 0.31], I*=68.0%) than
Singh et al?® 2005 8 — -1.00 (-1.69 to -0.31) 7.24 .
Martinsen etal' 1985 9 e 114 (-179t0-048) 7.6 for the pooled result for all 13 studies
Singh et al*® 1997 10 —— -0.44 (-1.14 0 0.26) 7.08 (SMD: -0.40), with no strong evidence
Mather et al®® 2002 10 = -0.12 (-0.55 t0 0.30) 10.59 .

Klein et al*® 1985 12 —— 024 (-0.64t0 1.11) 553 of benefit.

Veale et al*2 1992 12 —— -0.33 (-0.82t00.17) 9.66

Dunn et al** 2005 12 — -0.74 (-1.50 t0 0.02) 6.51 .

Blumenthal etal” 2007 12 | -0.29 (-068t00.11)  11.04 Long-Term Effect of Exercise

Blumenthal etal® 1999 16 —— 0.04 (-0.38 t0 0.45) 1073 Only 5 of the 13 studies had long-

Krogh et al*® 2009 16 [ EES— 0.25 (-0.17 to 0.66) 10.74 foll f th .

Overall (1= 57.29%, P = 005) <> -040 (-0.66t0-0.14) 100,00 term follow-up of the participants to

: examine the effect of the exercise inter-

3 2 0 1 2 vention after its completion. These are

Exercise Reduces Depression

*Weights are from random-effects analysis.
Abbreviation: SMD = standardized mean difference.

Exercise Increases Depression

described in Table 2. The pooled analy-
sis of these studies (Figure 3) suggested
that exercise had little effect on depres-

sion scores in patients with depression

Table 2. Difference in Depression Scores at Long-Term Follow-Up Between Exercise
Group and Control Group in Randomized Controlled Trials of the Effect of Exercise in

Patients With Clinically Diagnosed Depression?

in the longer term beyond cessation of
the exercise program: pooled SMD was
-0.01 (95% CI, —0.28 t0 0.26), 12 =23.4%,

Included in

Outcome Mean Difference

P value for heterogeneity =.27.

The Effect on Remission

Five of the included trials included
a dichotomous measure of remission
as an outcome representing the ran-

Postintervention Time of Follow-Up Between Exercise and Control
Study Analysis, n From Baseline, Mo Groups (95% CI)
Klein et al,*® 1985 22 9 -0.04 (=0.7 t0 0.8)°
Singh et al,*¢ 2001 32 26 —-1.4 (-7.5t0 4.7)°
Babyak et al,*” 2000 89 10 -0.7 (2.9 to0 0.6)¢
Mather et al,>® 2002 85 9 —-2.2 (-0.6 to 4.9)4
Krogh et al,*° 2009 110 12 0.6 (-1.9 to 3.1)4

dom assignation and evaluation of 340

A negative outcome should be interpreted as a reduction in depression scores. For details of exercise
interventions, control groups, and quality of trials, see Table 1; note that Babyak et al*” report the

long-term outcomes of Blumenthal et al.**
bSymptom Check List—depression subscale.
‘Beck Depression Inventory.
4Hamilton Depression Rating Scale.

patients.?*?¢282932 The way in which
remission was defined and the results
from these 5 studies are presented in
Table 3. All studies examined remission

due to sampling variation. There was little evidence that dif-
ferences in effect between studies was explained by any of the
indicators of study quality (all P values>.18, from permuta-
tion tests), by adherence to exercise intervention (P=.08), by
exercise type (P=.25), by whether the participants exercised
alone or in a group (P=.37), or by the nature of the treatment
provided to those in the control group (P=.15). However, the
duration of the intervention appeared to be related to differ-
ences in effect size between studies, such that studies of longer
duration tended to have weaker effects (ratio of SMD per
1 week longer duration: 0.12 [95% CI, 0.05 to 0.18], P value
from permutation test=.002). This can be seen in Figure 2, in
which the individual studies are ordered from top to bottom
by duration (shortest to longest). The pooled SMD for the
5 studies of less than 10 weeks duration suggested a mean
difference of 1 standard deviation (-1.03 [95% CI, —1.40 to
-0.66], I*=0%, P value for heterogeneity =.98), whereas there
was little evidence of exercise having an effect in studies of 10 or
more weeks duration (7 studies, pooled SMD: —-0.12 [95% ClI,
-0.30 to 0.05], *=21.3%, P value for heterogeneity =.26).

In a post hoc analysis, requested by the reviewers, we
restricted pooling of studies to the 3 trials assessed as having
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at the end of the exercise intervention.
Figure 4 shows the pooled analyses of
these studies. The pooled odds ratio for remission at the very
end of the exercise intervention comparing those randomly
assigned to exercise with those in the control arm and using
arandom-effects model was 1.31 (95% CI, 0.63 to 2.71), with
I? estimated to 53.5% (P=.07). As with the associations for
the continuous measure of depression symptoms, the effect
of exercise on remission varied by duration of the exercise
intervention (P=.03), such that studies with longer duration
found little effect of exercise on remission (Figure 4).

We found little evidence of small study bias, often indica-
tive of publication bias, in either of our meta-analyses (P>.27
for both Begg and Egger tests).

DISCUSSION

The results of this systematic review and meta-analysis
suggest that exercise at most has a small benefit in relieving
symptoms of depression in patients with clinically diagnosed
depression in the short term, based on the SMD of -0.4,
which is within the range considered to represent a small
effect (0.2 to 0.5). Furthermore, we found no evidence that
this small effect lasted beyond the duration of the exercise
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Figure 3. Meta-Analysis of Randomized Controlled Trials Assessing the Long-Term

10 weeks) had a stronger beneficial

(beyond the end of the exercise intervention) Effect of Exercise in Patients With effect than those trials in which the
Clinically Diagnosed Depression duration of the intervention was lon-
Study Year Duration, mo SMD (95% Cl) Weight, %2 ger. In the 5 trials of 10 or more weeks
Blumenthal etal®® 1999 6 —f— 0.14 (-0.28t00.55)  27.63 duration, patients randomly assigned
Mather et al*® 2002 9 —s -0.25 (-0.68 t0 0.18) 26.73 fen : P
Kloin ot a1 1985 9 - 057 (153t00.38) 21 to the exercise 1nterv.ent10n had simi-
Krogh et al*® 2009 12 4 031 (-0.13t00.74) 2600 lar scores on depression symptoms as
B 40 —_— — —
Singh etal 1997 26 0.15 (-0.85t00.54) 1250 those allocated to control groups.
Overall (12 =23.4%, P =.265) -0.01 (-0.28t00.26)  100.00 1
Our initial aim was to complete a
. ; , ; ) systematic review and meta-analysis
3 2 1 0 1 2

Exercise Reduces Depression Exercise Increases Depression

*Weights are from random-effects analysis.
Abbreviation: SMD = standardized mean difference.

that could contribute to answering the
important question of whether pre-
scribing exercise when patients present

to clinical services and are diagnosed
with depression is beneficial. It was

Table 3. Data From Systematic Review Fulfilling Inclusion Criteria and Reporting

Remission Status?®

disappointing that only 4 trials were
identified that recruited participants

Remission, n/n

from health care settings and of these 4,

Aerobic only 2 were in primary care. However,
Exercise Control ~ Odds Ratio P Its f th ¢ lvsis of th
Study Definition of Remission Group  Group (95% CI) Value resg s r.om € me a-analysis o €se
Doyne etal® 1987 BDI score<9 5/8 211 75(09-610) 06 4 trials did not differ from those found
Blumenthal etal,*®  No longer met DSM-IV criteria for major ~ 36/55 33/48 0.9 (0.4-2.0) 7 in all 13 trials, which included these
1999 depression 4 ; ;
as well as any trials of communit
Dunn et al,** 2005  HDRS-17 score < 8 5/16 2/13  2.5(0.4-15.7) 3 . Y . Y
Blumenthal etal,”  No longer met DSM-IV criteria for major ~ 23/51 15/49  1.9(0.8-4.2) 2 volunteers in whom depression was
2007 depression and HDRS-17 score <8 diagnosed with a clinical diagnostic
30 o :
Krogh etal,’® 2009 No 10nger.met ICD-10 criteria for 14/48 13/41 0.9 (0.4-2.1) 8 system rather than a depression symp-
depression and HDRS-17 score <8 .
- — - - - tom score such as the Beck Depression
For details of exercise interventions, control groups, and quality of trials, see Table 1.
Abbreviations: BDI =Beck Depression Inventory; DSM-1V= Diagnostic and Statistical Manual of Inventory.

Mental Disorders, Fourth Edition; HRSD-17 = 17-item Hamilton Depression Rating Scale; ICD- While our review suggests that

10=International Classification of Diseases, Tenth Revision.

trial quality in this area of research
is improving, with more recent tri-

Figure 4. Meta-Analysis of Randomized Controlled Trials Assessing the Odds of

als generally being of higher quality,

Remission Comparing Participants Randomized to Exercise or Not in Patients With it also highlights the need for more
Clinically Diagnosed Depression high quality trials in this area. When
Study Year Duration, wk OR (95% Cl) Weight, %2 we limited our pooling to trials that
Doyne etal? 1987 8 F———— 750 (092-61.05) 9.28 had adequately concealed allocation,
Blumenthaleta® 2007 12 T Ts6 082429  26s  Dlinding of outcome assessment, and
Blumenthal etal® 1999 16 —t 0.56 (0.26-1.23) 27.68 intention-to-treat analysis, several
Krogh etj'so 2009 16 N 089 (036-2.19) 24.95 issues emerge. First, this restriction
Overall (12 =533%, P=.073) > 131 (0.63-2.71) 100.00 resulted in just 3 of the 13 trials being

, ! , included in the meta-analysis. Second,

o164 o the point estimate from the pooling of

Exercise Reduces Odds of Remission  Exercise Increases Odds of Remission these 3 trials suggested no important

*Weights are from random-effects analysis.
Abbreviations: OR = odds ratio, SMD = standardized mean difference.

clinical benefit of exercise in patients

program. The pooled estimate suggested that those allocated
to exercise had 31% greater odds of being in remission at
the end of the exercise intervention compared to those in
the control arm, but only 5 studies examined this outcome
and the estimate was therefore imprecise, with wide con-
fidence intervals that included the null value. Most trials
examined only the effect of exercise as an antidepressant up
until the end of the exercise intervention and therefore our
main analysis focused on outcomes measured at that stage.
Within the 13 trials that fulfilled our inclusion criteria there
was evidence that those with a shorter intervention (less than

with depression, with the point estimate
being below the lower threshold of the
range of SMD defined as small effect. However, the pooled
estimate was imprecise, with 95% confidence intervals con-
sistent with a possible small beneficial or detrimental effect.
Third, with only 3 trials, it is clearly impossible to examine
issues related to the effect of different types of exercise and
duration of exercise intervention in high-quality trials.

The reduced effect in trials of longer duration might sug-
gest that any effect of exercise is largely placebo in nature,
since placebo effects tend to diminish with time. The weak-
ening of effect with longer duration could point to plausible
mechanisms. For example, if the main pathway by which
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exercise exerts its effect is related to increased self-esteem
due to doing something that in many cultures is seen as vir-
tuous or to increased socializing, then the initial effect of
these might be anticipated to wane over time. It is possible
that with longer interventions adherence to the exercise pro-
gram decreases with time and that the effect of exercise is
related to adherence. In our meta-regression analyses, the
percentage of participants who reported adhering to the
exercise program was not related to heterogeneity between
studies. However, adherence was defined differently in the
various trials, and it is possible that participant report of
adherence is measured with error. It is also possible that the
association of duration of intervention with size of the effect
of exercise on depression in these trials is explained by other
features of the study design, for example, trial quality, that
are the real drivers of this difference in effect. However, there
was no association between trial duration and indicators of
quality in the trials, and quality indicators did not explain
heterogeneity between studies. Our post hoc subgroup
analysis, including only those trials with adequate conceal-
ment of allocation, blinding of outcome assessment, and
intention-to-treat analysis, included too few studies (only
3 of the 13) to adequately address the influence of quality
on the results.

In the 5 trials that assessed the long-term effect of random
allocation to exercise beyond the end of the exercise inter-
vention, depression scores were the same in those who had
been allocated to exercise and those who had been allocated
to control interventions. Taken together these findings sug-
gest that any beneficial effect of exercise as an antidepressant
is small, short-lived, and does not extend beyond the end of
the exercise intervention. Given the plausible mechanisms
that have been suggested for exercise having a beneficial
effect on depression (ie, increased levels of endorphins and
neutrophins and increased self-esteem, achievement, and
socializing), one would not anticipate long-term effects be-
yond the period of exercise intervention, unless one assumed
that, after the intervention, patients were motivated to con-
tinue to exercise. Our results suggest that this does not occur,
and it is important for clinicians to recognize this since the
implication is that any potential benefit of an exercise inter-
vention will only be maintained if the patient continues to
adhere to the program after the intervention/prescription.

It could be argued that a more appropriate outcome would
be to compare the proportion of individuals who are in
remission between intervention groups at the end of the trial.
Such studies would require considerably larger sample sizes
because of the lower level of statistical power with a given
sample size for a binary outcome compared to a continuous
outcome, and this may be the reason why only 5 of the 13
trials identified by our search present this binary outcome.
The pooled odds ratio for remission suggested some positive
effect, but, even after pooling these 5 studies, the estimate
was imprecise, with a very wide 95% confidence interval, and
consistent with the null hypothesis. This result highlights
the need for considerably larger trials in this area that have
adequate statistical power to determine the effect of exercise
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on remission in the short and the longer term. As with our
pooled analyses for the continuously measured outcome,
studies with longer duration showed very little benefit of
exercise on remission.

Quality of Studies

In some of the trials, random allocation was not
adequately concealed, intention-to-treat analysis was not
conducted, and/or the outcome assessment was not blinded
to which treatment the patient had received. These biases
in general will tend to result in an exaggeration of the true
effect. However, it is important to recognize the special case
of blinding in this context. It is increasingly recognized
that patient-reported outcomes are important in any test of
effectiveness of a treatment. Since it is impossible to blind
a patient when the intervention is exercise, any patient-
reported outcomes will, by definition, be unblinded. Ideally,
future studies should determine both patient and clinician
outcomes, with the clinician clearly blinded. One would not
want to omit important patient perceptions on the basis of
inability to blind them to their intervention. Our systematic
review and meta-analysis included 5 new trials,**-2¢2%38 with
an additional 361 participants included for analysis, that have
been published since the earlier meta-analysis by Lawlor and
Hopker.!? Of note, these more recent trials, in general, were
of better quality than earlier published trials.

Strength and Limitations of
This Systematic Review and Meta-Analysis

The strength of this systematic review is the inclusion
of trials that included only patients diagnosed with clinical
depression and also included studies of adults of all ages. The
advantage of this approach over previous reviews is that it
provides information on whether it is appropriate to “pre-
scribe” exercise to adults who are diagnosed with depression.
We employed an extensive search strategy that should have
identified all relevant trials. However, only 13 trials com-
prising results from 687 participants fulfilled our inclusion
criteria, and these small numbers limit the power of our
meta-regression analysis. We were careful to use a permuta-
tion test to determine the P values for the meta-regression
analysis, which takes multiple testing into account.

CONCLUSION

Our results suggest that exercise interventions may have
a small short-term antidepressant effect, with no effect seen
for exercise interventions that continue for 10 weeks or more
and no long-term effect beyond the end of the exercise inter-
vention. Thus, the available evidence does not support the
use of exercise for long-term benefit in patients with clini-
cally diagnosed depression. Both the small number of trials
in this area and the small number of participants included in
each trial mean that very large, high quality trials, with long-
term follow-up, are required to be confident about whether
exercise has an important antidepressant effect. Most impor-
tant, there is a clear need for trials to be conducted in health
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