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Summary
Background

Depression is a leading source of global disease burden. Clinical practice guidelines recommend exercise as part of
routine care, alongside psychotherapy and antidepressant medication. Our network meta-analysis aims to inform
those guidelines with evidence regarding the optimal dose and modality of exercise for alleviating depression.

Methods

We replicated the most recent Cochrane review on exercise for depression, searching five databases (Cochrane
Library, MEDLINE, EMBASE, SPORTDiscus, and PsycINFO). We included any randomised trial with exercise
arms for participants meeting clinical cutoffs for depression. We did all screening, data extraction, coding, and risk
of bias assessment independently and in duplicate. For our primary analyses, we conducted Bayesian arm-based,
multilevel network meta-analyses.

Results

We included 177 studies, with a total of 404 unique arms, and 10,673 participants. Compared with waitlist control,
the largest effects on depression were for dance (n =107, k=5, g=-1-21 [-1-59, -0-84]), cognitive behaviour
therapy with aerobic exercise (n =198, k=10, g=-1-04 [-1-36, -0-73]), walking or jogging (n =914, k=46, g=-
0-92 [-1-08, -0-76]), and strength training (n = 369, k=16, g =-0-92 [-1-14, -0-70]). Effects were stronger as dose
increased until meeting the WHO guidelines for physical activity (~150 min moderate intensity), beyond which
there were few additional benefits. Results appeared robust to publication bias, but only one study met Cochrane
criteria for low risk of bias.

Discussion
Exercise is an effective treatment for depression, with dance, walking/jogging, and strength training appearing more
effective than other exercises. Exercise appeared equally effective for people with and without comorbidities, and of

different baseline levels of depression. Many forms of exercise could be considered first-line treatment, alongside
psychotherapy and antidepressant medication.

Registration

This review was registered with PROSPERO (CRD42018118040).
Funding

We received no funding for this review.
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Summary
What is already known about this topic
e Depression is a leading cause of disability, and exercise is often recommended alongside first-line
treatments, like pharmacotherapy and psychotherapy.
e Treatment guidelines and overviews of reviews disagree on how to prescribe exercise to best treat
depression.
What this study adds

e Exercise can be as potent as other first-line treatments for depression: pharmacotherapy and psychotherapy.
e Exercise was most effective when people met WHO guidelines for physical activity, ideally using dance,
walking/jogging, strength training, or cognitive behaviour therapy with adjuvant aerobic exercise.

Introduction

Major depressive disorder is a leading cause of disability worldwide.! It lowers life-satisfaction more than debt,
divorce, or diabetes.? It exacerbates comorbidities including heart disease,’ anxiety,* and cancer.’ It often responds
well to medication and psychotherapy,®’ but many cases are resistant to treatment.®

Exercise may be a cost-effective complement or alternative to medication and psychotherapy.®!? Clinical practice
guidelines in the US, UK, and Australia recommend physical activity as part of treatment for depression.!'14
However, these guidelines do not provide clear, consistent recommendations regarding dose or exercise modality.
British guidelines recommend group exercise programs,'>!'# and offer general recommendations to increase any form
of physical activity.'* The American Psychiatric Association recommends any dose of aerobic exercise or resistance
training.!3. Australian and New Zealand guidelines suggest a combination of strength and vigorous aerobic exercise
modalities, with bouts at least 2-3 times per week.!?

Authors of guidelines may find it hard to provide consistent recommendations because existing meta-analyses have
mostly been pairwise, exploring a specific modality versus a specific comparator in a specific group of participants.
A recent overview of these reviews did not find differences between exercise modalities: stretching was as effective
as strength training, and as effective as aerobic exercise.'> However, comparing effect sizes between different
pairwise meta-analyses in this way can lead to confusion because each meta-analysis can make different analytical
decisions. Instead, a better way of precisely quantifying differences between interventions is to use network meta-
analyses that simultaneously model the direct and indirect comparisons between interventions. !

Network meta-analyses have been used to compare different types of psychotherapy and pharmacotherapy for
depression.®!718 For exercise, they have shown that dose and modality influence outcomes for cognition,'® back
pain,?® and blood pressure.2! However, no such meta-analysis has been conducted for the use of exercise for
depression. In this review, we aim to identify the optimal dose and modality of exercise. We also aim to explore
whether those recommendations differ based upon the gender, age, and baseline depression level of participants. for
different patients. Given the challenges involved in behaviour change for people with depression,?> we aim to also
identify behaviour change techniques that might improve intervention effects.??

Methods

We registered this review with PROSPERO (CRD42018118040) and present the findings according to the
PRISMA-NMA guidelines.?* Our methods replicated and extended the most recent Cochrane review on the topic.?®

Eligibility Criteria

We included all randomised controlled trials including exercise as a treatment for depression. We included
participants diagnosed with Major Depressive Disorder via a diagnostic interview or via cut-points on a depression
measure. We used the following definition of exercise: “planned, structured and repetitive bodily movement done to
improve or maintain one or more components of physical fitness”.?¢ Unlike the most recent Cochrane review,? we
included studies with more than one exercise arm and multifaceted interventions (e.g., health and exercise
counselling) as long as they contained a substantial exercise component. We included these trials because network
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meta-analysis methods allowed us to group those interventions into homogenous nodes. Unlike the previous review,
we also included participants with physical comorbidities (e.g., arthritis), and participants with postpartum
depression because the DSM5 removed the postpartum onset specifier after that analysis was completed.?” We
excluded studies with interventions shorter than 1 week, and studies not reporting depression as an outcome. We
excluded studies with insufficient data to calculate an effect size for each arm. We included published or
unpublished studies, with any comparison, in any language.

Information Sources

We replicated the search from the most recent Cochrane review,? adding keywords for yoga, tai-chi, and gigong,
because we judged them to meet our chosen definition of ‘exercise’. We conducted database searches in The
Cochrane Library (all years), MEDLINE (1950 to date), EMBASE (1974 to date), SPORTDiscus (all years), and
PsycINFO (1967 to date). We conducted our last searches in August, 2020. The full search strategy for each
database is available on the Open Science Framework (OSF SO; https://osf.io/nzw6u).

Study Selection

We screened each title and abstract independently and in duplicate, with conflicts resolved via discussion or
consultation with a third reviewer. We then conducted full-text screening using the same methods.

Data Collection Process

We used the Extraction 1.0 RCT data extraction forms in Covidence.?® We extracted all data independently and in
duplicate, with conflicts resolved through discussion with a third reviewer.

Data Items

We extracted a description of each intervention, including the frequency, intensity, type and time for each exercise
intervention. Using the Compendium of Physical Activities,? we calculated the energy expenditure dose of exercise
for each arm in terms of METs-min/week. Coders evaluated each exercise intervention using the Behaviour Change
Taxonomy v123 for behaviour change techniques explicitly described in each exercise arm. Coders also rated the
level of autonomy offered to participants, on a scale from 1-10. We also extracted descriptions of each other arm
within the randomised trial, including all other treatment or control conditions. We extracted participants' age,
gender, comorbidities, and baseline depressive symptom severity. We also extracted each trial’s location and
funding source.

Risk of Bias in Individual Studies

We used Cochrane’s Risk of Bias tool for RCTs.?* We rated risk of bias independently and in duplicate, with
conflicts resolved through discussion with a third reviewer.

Summary Measures and Synthesis

We used Bayesian arm-based multilevel network meta-analysis models.3! These analyses allowed us to assess the
effects of each exercise modality, compared against other modalities and other interventions (e.g., cognitive
behaviour therapy). The Bayesian arm-based components of our models allowed us to assess potential non-linear
dose-response associations between energy expenditure and depressive symptoms. Many network meta-analyses use
‘contrast-based’ methods comparing post-test scores between arms of a study.3! Arm-based meta-analyses instead
describe the population-averaged absolute effect size for each treatment arm (i.e., each arm’s change-score).?! As a
result, the summary measure we used was the standardised mean change from baseline, calculated as standardised
mean differences as Hedges’ g. In keeping with the norms from the included studies, effect sizes describe treatment
effects on depression, such that larger negative numbers mean stronger effects on symptoms. Using NICE
Guidelines, 32 we standardised change scores for different depression scales (e.g., BDI, HAM-D) using an internal
reference standard for each scale (for each scale, the average of pooled standard deviations at baseline) reported in
our meta-analysis. Because depression scores generally show regression to the mean, even in waitlist control
conditions, we present effect sizes as ‘improvements beyond waitlist control’. This convention makes our results
comparable with existing, contrast-based meta-analyses. We conducted Bayesian meta-analyses in R3? using the
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brms package.’* We preregistered informative priors based on the distributional parameters of our meta-analytic
model: # ~N(0, 1) and [J ~ HC(0, 1). We nested effects within arms to manage dependence between multiple effect
sizes from the same participants. Finally, we compared absolute effect sizes against a standardised minimum
clinically important difference, defined as 0-5 standard deviations of the average change score.®

Risk of Bias Across Studies

For this review, we judged that publication bias was most likely when comparing an active exercise condition with
an inactive or placebo control condition. So, for assessments of publication bias, we constructed a data set of studies
comparing exercise (only) vs. these control conditions. Then, to assess risks of publication bias we:

1. Created funnel plots, including estimates of effect sizes after removing significant studies (i.e., ‘worst case’
estimates);3¢

2. Calculated an s-value, representing how strong publication bias would need to be to nullify meta-analytic
effects;3¢ and

3. Conducted PET-PEESE, which tests whether the standard error is a good predictor of effect sizes, which
would be indicative of small-study bias.?’

Additional Analyses

We conducted all prespecified moderation and sensitivity analyses. We moderated for participant characteristics,
including the participant gender, age, baseline symptom severity, and presence/absence of comorbidities. We
moderated for the length of the intervention (in weeks) and the weekly dose of the intervention. We moderated for
the amount of autonomy provided in the exercise prescription and the presence of each behaviour change technique.
As pre-registered, we moderated for behaviour change techniques in three ways: the primary analyses were a meta-
regression including all behaviour change techniques simultaneously; exploratory analyses included one behaviour
change technique at a time (using 99% Cls to somewhat control for multiple comparisons), and meta-analytic
classification and regression trees (metaCART) which allowed for interactions between moderating variables (e.g.,
if goal-setting + feedback had synergistic effects).>® We conducted sensitivity analyses for risk of bias, assessing
whether studies with low vs. unclear/high risk of bias on each domain demonstrated significantly different effect
sizes.

Patient and Public Involvement
We discussed the aims and design of this study with the public, including those who had experienced depression. A

number of our authors have experienced major depressive episodes, but beyond that, we did not include patients in
the conduct of this review.

https://mc.manuscriptcentral.com/bmj
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Results
Study Selection

The PRISMA flow diagram (Figure 1) outlines the study selection process. Through database searching we
identified 12,941 possible reviews. After removing 3,832 duplicates, two reviewers independently screened each of
9,072 titles and abstracts. After screening titles and abstracts, two reviewers independently reviewed each of 1,349
full-text articles. Consensus reasons for exclusion are documented on the OSF (S1). Combining these new studies
with the 37 included in the latest Cochrane review,!° we included a combined total of 177 studies. These reviews
include a combined total of 404 arms and 10,673 participants. The characteristics of each arm in each included study
are available on OSF (S2), as are the references for each included report.

Figure 1. PRISMA2020 Flow Diagram

Previous studies Identification of new studies via databases and registers

<
2
e Studies included in previous version of Records identiied from iy Records removed before sereening
H review (n = 37) Databases (n = 12,904) Duplicate records (n = 3,832)
=
Records screened Records excluded
n=9,072) (n=7,550)
Reparts sought for refrieval Reports nol reirieved
® (n=1482) in=133)
g
€
g
@ Reports excluded
Participants: no subgroup with
depression (n = 912)
Reports axsassad for eligiviity Intervention: exercise is <20% of
{n=1348) the intervention (n = 63)
Outcome: no depression scores
reported (n= 56)
Design: non-randomised trials or
cohort studies (n = 36)
Duplicate (n = 36)
Insufficent data reported for
New studies included in review network meta-analysis (n= 27)
(n =140, from 173 reports) Language other than english (n = 16)
Pratocol paper (n = 12)
Dose: intervention < 1 week (n = 10)
Article withdrawn (n = 2)
g
= » Total studies included in review
{n=177, from 216 reports)

As pre-registered, we removed nodes with fewer than 100 participants. Following that filter, the network geometry
showed most interventions contained comparisons to at least 4 other nodes (see OSF, S3). Using net splitting, there
was no evidence that the model violated the assumption of transitivity: there were no significant differences between
effect sizes informed by direct or indirect evidence (all p > 0-05, p,.;, = 0:09).
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Risk of Bias Within Studies

The risk of bias ratings for each study are available on the OSF (S4). As shown in Figure 2, few studies explicitly
blinded participants and personnel. As a result, most studies were unclear- or high-overall risk of bias, and effect
sizes may include expectancy effects, among other biases. However, sensitivity analyses suggested that effect sizes
were not influenced by any risk of bias criteria (see OSF, S5).

oNOYTULT D WN =

10 Figure 2. Risk of Bias Summary Plot
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Synthesis of Results

Hedges’ g for each study is presented in a forest plot on the OSF (S6). The predicted effects of each treatment, when
compared against usual care, are presented in Figure 3. The largest effect sizes were for dance (n =107, k=5, g=-
1-:21 [-1-59, -0-84]), cognitive behaviour therapy with aerobic exercise (n =198, k=10, g=-1-04 [-1-36, -0-73]),
walking or jogging (n = 914, k=46, g =-0-92 [-1-08, -0-76]), and strength training (n = 369, k=16, g=-0-92 [-
1-14, -0-70]). All these interventions were significantly stronger than the standardised minimum clinically important
difference (Zunsomse = -1°16, Qs usuat care = -0-50). Consistent with other meta-analyses, there were also strong effects
for cognitive behaviour therapy alone (n = 652, k=16, g =-0-81 [-0-97, -0-64]), yoga (n =477, k=22,g=-0-71 [-
0-90, -0-53]), and selective serotonin reuptake inhibitors (SSRIs; n =386, k=16, g=-0-70 [-1-00, -0-39]). Dance,
cognitive behaviour therapy with aerobic exercise, and aerobic exercise with behaviour therapy were also most
likely to perform best when modelling the surface under the cumulative ranking curve (SUCRA; see OSF, S7).

Figure 3. Predicted Effects Compared Against Usual Care, with 95% Credibility Intervals

Clinically important difference
Dance @
Aerobic + Cogitive behavioural therapy @
Walking/Jogging ———
Strength @
Cogitive behavioural therapy —
Aerobic + Behaviour therapy L
Yoga —
SSRI @
Aerobic + Education L

Tai-chi / Qigong @
Mixed aerobic exercises ——
Aerobic + Strength ——

Exercise + SSRI @
Cycling @

Placebo @
Stretching @
Social support L
Educational _—
-1.5 -1.0 -0.5 0.0

Effect compared with waitlist control (Hedges' g)

The optimal modality appears to be moderated by age and gender. Compared with models that only included
exercise modality (R?= 0-63), R was higher for models that included interactions with gender (R? = 0-69) and age
(R?=0-69). There was no substantial increase in R? for models including baseline depression (R’ = 0-64) or
comorbidities (R? = 0-64; see OSF S8).
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As shown in Figure 4, there appeared to be larger effects for women than men for strength training, cycling, and
SSRIs. There appeared to be larger effects for men than women when prescribing yoga and cognitive behaviour
therapy. Yoga and strength training appeared more effective for younger participants than older people. SSRIs
appeared more effective when prescribed to older participants than younger people. There is substantial uncertainty
for some estimates, because some modalities were not well studied in some demographics (e.g., yoga for older

adults).

Figure 4. Effects of Interventions (with 95% Credible Intervals) by Gender and Age
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Across modalities, there was a modest dose-response curve for the amount of exercise prescribed per week (Figure
5). Prescriptions meeting or exceeding the WHO guidelines for physical activity tended to be more effective than
lower doses, with diminishing marginal returns beyond the recommended level (150-300 minutes of moderate-
intensity or 75—150 minutes of vigorous-intensity; 500—1000 MET-minutes/week). Interventions lasting between 10
and 20 weeks appeared to have the strongest effects, with considerable uncertainty as most studies lasted less than
20 weeks (see OSF, S9).

Figure S. Dose-response Curve Across Exercise Modalities, Versus Waitlist Control
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We found no behaviour change techniques that significantly moderated overall effects. We also did not find that
effect sizes were predicted by the level of participant autonomy described in the method. In exploratory metaCART
analyses using only studies on walking or running, we found the largest effect sizes (g =-1-85, 95% CI [-2-16, -
1-53,]) from the 31 studies that involved the participant exercising with the researcher (i.e., ‘Behavioural practice”’),
as long as researchers did not also gradually increase the challenge (i.e., without ‘Graded tasks’). Effects were
smaller for the 14 studies that provided prescriptions for participants to do on their own (g = -1-21, 95% CI [-1-67, -
0-75], or the six that used graded tasks (g =-1-14, 95% CI[-1-83, -0-44]).
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Risk of Bias Across Studies

There was modest evidence of some publication bias but not enough to nullify effects. Comparing exercise vs.
control, the bias-corrected estimate of effects (g = -0-65) was only slightly smaller than an uncorrected estimate (g =
-0-73). Funnel plots showed pooled effects remained significant when only including non-significant studies (OSF,
S10). As a result, no amount of publication bias would be sufficient to nullify effects.

Discussion
Summary of Evidence

Exercise demonstrates strong effects on depression, either alone or in combination with other established treatments
like cognitive behaviour therapy. In isolation, the most effective exercise modalities were dancing, strength training,
and walking/jogging. While walking/jogging appeared equally effective across demographics, strength training and
dance appeared more effective for women than men, and in younger rather than older people. Exercise tended to be
more effective when prescribed at or above the World Health Organisation guidelines, but appeared equally
effective for people of different comorbidities or baseline levels of depression. As a result, treatment guidelines for
depression are right to include exercise prescriptions, and may consider emphasising these modalities.

Our analyses provide different conclusions compared with a recent overview of systematic reviews assessing
exercise for depression.'> For example, while they found all modalities were equally effective,'® we found that some
modalities had strong effect sizes compared with others. We put this down to the higher resolution available in a
network meta-analysis, compared with an overview of reviews.!® Where an overview of reviews is constrained by
the moderators available within existing reviews, we could separate the effects of specific doses and exercise
modalities. Rather than being beholden to dichotomous moderation effects for exercise dose (e.g., <150 minutes /
week vs. > 150 minutes / week),'> we could model nonlinear effects using the dose of each individual study.
Similarly, rather than grouping stretching, yoga and other mind—body modalities (e.g., Qigong),'> we could analyse
the effects of these interventions separately, revealing yoga and Qigong to be far more effective than stretching.
Network meta-analyses revealed the same phenomena with psychotherapy: researchers once concluded there was a
dodo verdict (‘Everybody has won, and all must have prizes’)*® until network meta-analyses showed some
interventions were robustly more effective than others.®!® While we agree with consensus statements that
professionals should account for patients’ values, preferences, and constraints,*" those professionals could emphasise
dance, walking/jogging, and strength training as the options that work well, on average.

Health professionals treating depression could universally prescribe walking/running, because it requires few costs,
no equipment, and works well across demographics. In exploratory analyses, we found that walking/running is more
effective when done with the health practitioner, but without breaking large goals into intermediate ones. However,
on the whole, we did not find that autonomy or behaviour change techniques meaningfully moderated the effect
sizes from exercise interventions. This may be due to a number of factors. It may be that the modality explains most
of the variance between effects, such that behaviour change techniques (e.g., presence or absence of feedback) did
not provide a meaningful contribution. Some forms of exercise likely contain therapeutic benefits beyond just
energy expenditure. For example, they may promote mindfulness (e.g., yoga), be more social (e.g., dance), be more
likely to be conducted in green spaces (e.g., walking), or be more conducive to acute adaptations that may increase
self-efficacy (e.g., strength).*? These characteristics of the modality may be more influential than the behaviour
change techniques layered on top. Alternatively, researchers may not have reported behaviour change techniques
clearly or transparently enough for them to explain meaningful variance (e.g., researchers may have provided
feedback without reporting so in the methods). As a result, our review could not provide confident recommendations
for promoting adherence. Adherence is a challenge in treating depression with psychotherapy and pharmacotherapy
as well.*1#2 As a result, exploring strategies to increase adherence may be a priority for future research across all
treatments for depression.

The evidence here appeared robust to publication bias, but may be subject to a range of experimental biases. In
particular, researchers seldom blinded participants and personnel delivering the intervention to the study’s
hypotheses. Blinding for exercise interventions may be harder than for medications; however, future studies could
attempt to blind participants and personnel to the study’s hypotheses to avoid expectancy effects.*?

Our review found some interesting moderators by age and gender, but these were at the study level, rather than

https://mc.manuscriptcentral.com/bmj
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individual level. That is, rather than being able to determine whether women within a strength intervention benefit
more than men, we could only conclude that studies with more women showed larger effects than studies with fewer
women. These studies may have been tailored toward women, so effects may be subject to confounding, as both
gender and intervention may have changed. Future reviews should consider individual patient meta-analyses to
allow for more detailed assessments of participant-level moderators. Similarly, autonomy provided to participants
did not moderate effects, but participants may have self-selected into trials with exercise modalities they enjoy. The
participant’s perceived autonomy is likely determined by a range of factors not described in the method, so reviews
relying upon individual reports of the motivational climate are likely to be more reliable.** Finally, for many
modalities, the evidence is made up of many small trials (e.g., the median » for walking/jogging arms was 17). In
addition to reducing risks from bias, primary research may benefit from deconstruction designs or larger, head-to-
head analyses of exercise modalities to better identify what works best for whom.

Conclusions

Depression imposes a significant global burden. Exercise appears to be an effective treatment. Some interventions
with very few costs, side-effects, or pragmatic barriers, like walking and running, are effective across people with
different demographics, depression severity, and comorbidities. Exercise can be as effective as other established
treatments (cognitive behaviour therapy, selective serotonin reuptake inhibitors), while also attenuating risks to
physical health associated with depression.? Therefore, exercise should be considered alongside those therapies as a
first-line treatment for depression.
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