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Objective An estimated 3.8% of the global population experiences depression, according to
the [2019] WHO report. Evidence supports the efficacy of exercise training (EX) for depression; however,
its comparative efficacy to conventional, evidence-supported psychotherapies remains understudied. Therefore,
we conducted a network meta-analysis to compare the efficacy of exercise training (EX), behavioral activation
therapy (BA), cognitive-bebavioral therapy (CBT), and non-directive supportive therapy (NDST).
Methods Our search was performed in seven relevant databases (inception to March 10, 2020) and targeted
randomized trials comparing psychological interventions head-to-head and/ or to a treatment as nsual (I AU)
or waitlist (WL) control for the treatment of adults (18 years or older) with depression. Inciuded trials assessed
depression using a validated psychometric tool. Results From 28,716 studies, 133 trials with 14,493
patients (mean age of 45.8 years; 71.9% female) were included. Al treatment arms significantly ontperformed
T AU (standard mean difference [SMD] range, -0.49 to -0.95) and WL (SMD range, -0.80 to -1.26)
controls. According to surface under the cumulative ranking (SUCRA) probabilities, BA was mostly likely
to have the highest efficacy (1.6), followed by CBT (1.9), EX (2.8), and NDST (3.8). Effect size estimates
between BA and CBT (SMD = -0.09, 95% CI [-0.50 t0 0.31]), BA and EX (-0.22, [-0.68 t0 0.24)),
and CBT and EX (-0.12, [-0.42 t0 0.17]) were very small, suggesting comparable treatment effects of BA,
CBT, and EX. With individual comparisons of EX, BA, and CBT to NDS'T, we found small to moderate
effect sizes (0.09 to 0.46), suggesting EX, BA, and CBT may equally outperforms NDS'T. Conclusions
Findings provide preliminary yet cantionary support for the clinical use of exercise training for adult depression.
High study heterogeneity and lack of sound investigations of exercise must be considered. Continned research
is needed to position exercise training as an evidence-based therapy.
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Introduction

According to the World Health
Organization, depression affects 3.8% of the
global adult population and is a leading cause of
global disability.!-> Characterized by a depressed
mood or a loss of interest or pleasure in daily
activities, depression is often accompanied by
problems  with  sleep, eating, energy,
concentration, and self-worth.> Considerable
evidence demonstrates that exercise training
(EX) reduces depressive symptoms,*!3 and
some recent evidence-based guidelines support
its use as a primary treatment for patients with
mild to moderate depression.!* The National
Institute for Health and Care Excellence
(NICE), for example, recommends that patients
with less severe presentations pursue a physical
activity program as an initial treatment.®? For
more severe presentations like major depressive
disorder (MDD), studies demonstrate that
adjunctive exercise training may improve clinical
outcomes. EX combined with medication, for
example, has produced higher remission rates
than stand-alone medication treatment.!>16

Exercise training is an attractive therapy
for depression for several reasons. First, exercise
training (EX) is well-studied for its physical
health benefits. Many patients with depression
have  health  co-morbidities =~ commonly
associated ~ with  depression,  including
cardiovascular disease and diabetes mellitus.>714
Exercise training programs may thus ease
depressive symptoms directly and indirectly by
resolving physical illnesses that might contribute
to or worsen depression. Second, exercise is
considered a “low-intensity therapy” because it
can be pursued at a low cost, with less time
investment from a specialized therapist, and
with less  client-therapist commitment!7;
therefore, it may be a more feasible treatment
option for some patients compared to
psychotherapy approaches.’® Indeed, many
patients  report  practical  barriers  to
psychotherapy, including concerns with the high
cost of treatment,!? intense time commitment,
and lack of access to qualified therapists.
Patients may also encounter emotional and
cultural barriers to psychotherapy.®-20 Exercise
training programs expect less disclosure of

personal and private information and ate also
imbued with less stigma. Thus, patients reluctant
to pursue psychotherapy for such reasons may
be more comfortable with an exercise-based
approach. Finally, exercise training programs are
well-tolerated by patients with a low risk of
adverse side effects.?! Exercise may thus be an
alternative approach for patients that respond
pootly to medication. Indeed, up to 40% of
patients report drug-related adverse effects.22-24
Due to drug-related side effects, patients
increasingly ~ prefer  non-pharmacological
approaches to treatment.?>

Though there is evidence for the anti-
depressant effects of stand-alone and adjunctive
EX, some evidence suggests it remains
underused as a treatment approach in clinical
practice.?® Indeed, EX is recommended less
often for mental illnesses compared to physical
illnesses despite growing evidence that EX eases
the mental health burden.!> The lack of clinical
implementation may reflect the lack of research
on the comparative efficacy of exercise to other
evidence-based  psychotherapies for adult
depression. Few randomized controlled trials
have directly compared exercise to multiple
established psychotherapeutic approaches. A
network meta-analysis is a technique that can be
used to gather evidence from both direct and
indirect comparisons.?’” To date, no network
meta-analysis has compared EX to multiple
psychotherapies. The objective of this NMA
was to compare the efficacy of EX and three
evidence-supported ~ behavioral  therapies:
cognitive-behavioral therapy (CBT), behavioral
activation therapy (BA), and non-directive
supportive therapy (NDST). CBT, a “gold
standard”  therapy, cognitive
restructuring to correct maladaptive thinking,
which is thought to contribute to behaviors that
maintain or increase depression.? CBT often
includes problem-solving strategies and skills
training, behavioral activation, mindfulness and
relaxation, exposute therapy, role-playing, and
imagery?® with evidence supporting its effective
delivery in multiple formats (individual, group,
in-person, book, computerized, and remote).??
BA, widely used for depression, aims to reduce

involves
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depressive behaviors such as inactivity and
avoidance through goal-setting, self-monitoring,
problem-solving, and activity scheduling.30-!
Individuals receive positive reinforcement by
engaging in activities that improve mood, thus
mitigating depressive behaviors.32 Though these
approaches share common features, they are

Methods

Identification and Selection of Studies

The protocol for this network meta-
analysis was registered at PROSPERO
(CRD42018089067) and reported according to
PRISMA guidelines (see Appendix 1).35 A
medical librarian conducted a detailed literature
search (January 22, 2018, to March 10, 2020) in
seven databases: PubMed (NLM); Embase
(Elsevier); Scopus (Elsevier); Cochrane Central
(Wiley); Psyclnfo (EbscoHost);
ClinicalTrials.gov; and PsychiatryOnline.org
(see  Appendix 2). Searches included a
combination of controlled vocabulary and free
text terms relevant to psychotherapy, exercise
training, and depression with filters for human
studies and randomized trials. Google Scholar
was also searched to locate unpublished grey
literature, ongoing studies, uncatalogued studies,
and relevant dissertations. No language or
publication date restrictions were imposed.
After completing the search, two researchers
independently screened studies for inclusion
and exclusion using Rayyan QCRI software.3
Full texts were retrieved if the title and abstract
content were insufficient to determine inclusion.
A third researcher resolved any disagreements.

Interventions were considered exercise
training if they involved planned, structured,
repetitive, and purposive exercise designed to
improve or maintain physical fitness. Aerobic
training, strength-focused training, and mixed
training protocols (i.e., included both aerobic
and strength-based training components) were
included. Exercise protocols with contemplative
components (e.g., yoga, tai chi, or gigong) were
excluded. Contemplative techniques (e.g.,
mindfulness and/or meditation practices,
breathwork, intention setting, loving-kindness,

directed toward distinct goals: CBT resolves
distorted cognitions®, BA promotes behavioral
activation’'; and NDST increases social sharing
and support®. Evidence suggests that CBT, BA,
and NDST elicit comparable treatment effects
for individuals; therefore, we selected these
therapies as comparators to EX.?>

and psychoeducation) often produce anti-
depressant effects when practiced in isolation.”
Because this NMA sought to assess exercise-
specific effects, we excluded mindful exercise
programs. Prior work also indicates differential
effects of non-mindful exercise compared to
mindful exercise for depression®’; therefore,
distinct mechanisms likely subserve the
therapeutic action of non-mindful compared to
mindful exercise programs. Randomized trials
investigating mindful exercise programs also
consistently suffer from significant
methodological heterogeneity issues,> which
are less common in randomized trials of non-
mindful or pure exercise training protocols. In
addition to exercise training, behavioral
activation therapy, cognitive-behavioral therapy,
and non-directive supportive therapy were
included as treatment arms based on their
distinct therapeutic approaches and widespread
clinical use.3$-40

Randomized trials comparing
psychological  interventions  head-to-head
and/or to a treatment as usual (TAU) or waitlist
(WL) control were considered for inclusion.
Trials included adult patients (18 years or older)
with depression according to the Diagnostic and
Statistical Manual of Mental Disorders (DSM)
criteria or a validated psychometric assessment
for depression such as the Beck Depression
Inventory (BDI)* or the Hamilton Depression
Rating Scale (HAMD).#2 Trials including
patients with or without somatic and/or non-
psychotic mental illnesses were considered. No
restrictions were imposed on the format or
structure of psychological interventions (l.e.,
treatment duration, frequency, dose, setting
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(internet or in-person), individual or group
therapy) as some prior work indicates that
treatments produce an anti-depressant effect
regardless of format 2> We excluded studies
assessing patients with seasonal depressive

Data Analysis

Data Extraction Methods

An a priori data extraction form was
adapted from the Cochrane Collaboration.
From each study, the authors extracted: (1)
general information (i.e., title, authorship, and
publication date); (2) research design; (3)
participant  characteristics; (4)  outcome
measures; (5) statistical data; and (6) details

Risk of Bias

Bias risk was judged using Cochrane’s
Risk of Bias Tool (RoB 2.0) for randomized
trials and the CINeMA (Confidence in Network
Meta-Analysis) web application.3 Using the
RoB 2.0 tool for randomized trials, two
reviewers independently evaluated bias resulting
from the randomization process; deviations
from intended interventions missing outcome
data; measurement of outcomes; and selection
of the reported result.#+4> Bias risk for each
criterion was judged as either low, some
concerns, ot high. 44 The overall judgment for
each domain of potential bias for each study was

Network Meta-Analysis

The NMA was run through the
program Stata version 154 using Stata routines
as previously described by Chamimani and
colleagues (see analysis codes in Appendices 5
and 6).47 All within-group effect sizes were
computed to run the NMA through Stata. The
outcome measure was the standardized mean
difference (SMD) statistic. A network plot was
produced to illustrate the interventions and their
respective evidence base with node size and line
thickness corresponding to the number of
patients randomized to each intervention and
the number of studies between comparators,

disorder, bipolar disorder, and/or psychotic
disorders, studies assessing relapse prevention
and maintenance treatment, and studies lacking
English translation.

about the format and features of each
intervention (i.e., type of intervention,
frequency of sessions, intervention duration,
session duration). Three researchers
independently completed data extraction on
included studies (see Appendix 3 for study
characteristics).

then judged as low, high, or unclear. A third
researcher resolved any disagreements. The
certainty of the evidence for each outcome was
then evaluated using the CINeMA approach —
an approach based on the GRADE (Grades of
Recommendation, Assessment, Development,
and Evaluation) framework and used to evaluate
within-study bias, reporting bias, indirectness,
imprecision, heterogeneity, and incoherence
(see Appendix 4).43 Using CINeMA, judgments
were summarized into four confidence levels for

each treatment effect: very low, low, moderate,
ot high 4345

respectively.#” A contribution plot was also
produced to inspect the influence of each direct
piece of information on neighboring
comparisons.*’  To  evaluate the basic
assumptions of an NMA, inconsistency and
prediction interval plots were produced.?’
Inconsistency—understood as any discrepancy
between direct and indirect effect estimates for
the same comparison—threatens the validity of
the results and the basic assumptions of an
NMA. The inconsistency plot produces
inconsistency factors (Ifs) for each closed loop
(e.g., the loop of CBT-WL-BA).#” Prediction
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intervals (PrL) give the range within which the
results of a future study might lie. Within the
NMA framework, tests to assess multivariate
heterogeneity have yet to be applied to NMAs.4
Presenting summary effects with PrL facilitates
the interpretation of the results even with
heterogeneity but does not correct for high
heterogeneity.#” Lastly, surface under the
cumulative ranking (SUCRA) probabilities were

produced to rank the treatments based on the
outcome measure.*” SUCRA cutves express, as
a percentage, the efficacy of every intervention
relative to an imaginary intervention that always
ranks best.” Therefore, larger SUCRA scores
indicate a more effective intervention. As such,
a higher SURCA score will correspond to a
larger effect size and, thus, a treatment ranking
closer to a first-place ranking.

Meta-Regression to Assess Moderators of Exercise Training Efficacy

To assess the effect of potential
moderators on the efficacy of exercise training,
we performed a meta-regression. Moderators
included exercise type (i.e., aerobic, anaerobic,
mixed), frequency (i.e., number of training
sessions per week), intensity (i.e., low, moderate,
vigorous), dose (i.e., minutes of exercise per
training session), length of intervention (i.e.,
number of weeks), and severity of depression at
baseline. Exercise intensity level for each study
was determined based on the description of the
intervention (e.g., low, moderate, or vigorous).
If exercise intensity was unspecified, the type of
physical activity or target heart rate determined
intensity level. Using the American College of

Results

Search Results and Study Characteristics

Of the 28,716 studies identified from
the search, 133 randomized trials (14,493
patients) satisfied the inclusion and exclusion
criteria (Figure 1; Appendix 9 for references of
included studies). Detailed results and statistical
code are available in Appendices 5, 6, 7.

The network plot, as shown in Figure 2,
indicates that CBT, TAU, and WL were the
most frequent comparators within the network.
Most of the head-to-head trials compared an
active treatment to either TAU or WL with most
studies comparing CBT to TAU (n = 41) or
CBT to WL (n = 40). Of the remaining
treatment arms, most of the head-to-head trials
were between CBT to NDST (n = 11) followed
by BA to CBT (n = 7); EX to CBT (n = 5); BA
to EX (n = 2); and BA and NDST (n = 1).

Sports Medicine’s guidelines®, we defined an
exercise intervention as moderate or vigorous if
target heart rates were between 40-60% or 60-
85% of maximum heart rate, respectively. If
heart rate targets were unspecified and the
intervention was described as walking (not brisk
walking), the intervention was coded as low
intensity. All anaerobic exercise studies were
defined by how much weight individuals lifted
(ie., percentage of one’s one repetition
maximum). Baseline severity of depression was
determined by interpreting the minimum cut-off
score for inclusion in each study and comparing
it to the scoring system for the depression scale
implemented.

Overall, three arms lacked direct evidence: TAU
and WL, NDST and EX, and NDST and WIL.
Most patients received CBT (n = 5,430)
followed by EX (n = 1,665), BA (n = 778), and
NDST (n = 508). More patients were assigned
to TAU (n = 3,956) compared to WL (n =
2,150).

Across studies, most patients presented
with mild to moderate depression. A diagnosis
of unspecified depressive disorder was most
common. Most of the patients were recruited
from community samples or outpatient settings.
Most of the participants were female (71.9%).
The youngest average age of participants was
19.2 years,’® and the oldest, 87.9 years.>! The
average age of study participants was 45.8 years.
Based on each study’s reported average age of
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participants, 23.3% of studies included
predominately older adults (56 years and older),
53.4% middle-aged adults (36-55 years), and
23.3% vyounger adults (18-35 years). Most
treatment lengths ranged from 8 to 12 weeks.

Across included studies, the average length of
study duration was 12.2 weeks. The shortest
duration of treatment was ten days,? and the
longest duration, 12 months (see Appendix 3).5!

Figure 1. Flow Chart for the Inclusion of Studies

s
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; | Duplicates Removed
) Records remaining agter duplicates %g:gggza\ﬁlﬁlﬁz ngllé::d;g'
ERImave -6,388: Wrong Intervention
n=28716 -3,150: Non-randomized studies
. -2,871: Non-depressed patients
E’ ; -2,466: Review
g -1,429: Wrong Study Design
g Records screened based on title and -723: Child and Adolescent
& abstract J -604: Only Stud_y Protocol
-157: Duplicates
n=28716 -18: Non-human study
- ! 1
Full text articles assessed for
= eligibility 2,845 studies excluded:
a -1,012: Wrong Outcome
| n=2978 -647: Duplicated Studies
29 -291: Review
) | 287: Wrong Study Design
- Y 265: No wait-list or treatment as
E Articles included in the NMA s pa‘ﬁ’;‘:{iﬁﬁtﬁ;;ycham
| _ -136: Non-Randomized Studies
1 n=133
= J

Figure 2. Network plot comparisons of exercise training (EX), bebavioral activation
therapy (BA), cognitive-bebhavioral therapy (CBT), non-directive supportive therapy
(INDST), treatment as usual (I.AU), and waitlist (WL). Nodes are weighted according
to the number of patients randomly assigned to each of the four treatment interventions

and two control conditions.

BA

WL
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Exercise Training Study Characteristics

Of the 133 included studies, 36 studies
(1,665 patients) implemented one or more
exercise interventions. Based on the reported
average age of participants, 41.7% of exercise
studies included predominately older adults (56
years and older), 30.7% middle-aged adults (36-
55 years), and 27.8% younger adults (18-35
years). Most studies (86.1%) included outpatient
samples. Most studies (72.2%) included patients
with a primary diagnosis of clinical depression
or elevated symptoms of depression. The
remaining studies included patients with clinical
depression or eclevated depression symptoms
secondary to a brain-based disorder (e.g., stroke,

multiple  sclerosis,  Parkinson’s  Disease,
Alzheimer’s Disease, or mild cognitive
impairment), colorectal cancer, Sjogren’s

Syndrome, congestive heart failure, or polycystic
ovarian syndrome. About half of the studies
(55.6%) included patients with mild to moderate
depression at baseline. Based on the 26 of 36
studies that provided sex characteristics, most
participants (n = 1093) were female (73.6%).
Most studies were conducted in North America

(27.8%) and FEurope (27.8%). Exercise
interventions were most often supervised
Risk of Bias

Overall, most studies demonstrated a moderate
to high risk of bias. Most of the direct evidence
had a moderate risk of bias. Within-study bias
most often resulted from a lack of blinding
participants, researchers, and outcomes. Only
one direct comparison—BA versus NDST—
had an overall high risk of bias (see Figure 2).

Network Meta-Analysis
SUCRA Treatment Rankings and Probabilities

Cumulative ranking plots for each of
the treatment modalities, as shown in Figure 3,
indicate the relative probability for each
treatment arm to achieve a certain ranking. BA
had a 97.1% chance of being ranked either first,
second, or third. Of the treatments, BA had the

(86.1%) by therapists, exercise specialists, or
other trained professionals, delivered in a group
format (55.6%), and conducted at a non-home-
based location (66.7%). Exercise protocols were
predominately aerobic; however, strength
training (16.7%) and mixed protocols (19.4%)
were also widely implemented. Aerobic
interventions commonly featured walking,
cycling, or running programs most often
performed at a moderate intensity level (33.3%).
The average duration of exercise training
interventions was 11.6 weeks (ranging from 1.4
to 39.1 weeks). The average minimum dose
(single bout) of exercise was 48.1 minutes
(ranging from 20 to 60 minutes) with an average
frequency of 3.2 exercise training sessions per
week. All studies using anaerobic interventions
implemented two or three training sessions per
week. In contrast, only 65% of aerobic
protocols implemented two to three training
sessions per week; thus, aerobic training
interventions had slightly higher variability in
training frequency. In examining exercise
intensity, most aerobic exercise interventions
were of moderate intensity (45.5%), followed by
low (31.8%) and vigorous intensity (22.7%).

According to CINeMA results, 3 of the 15
comparisons (20.0%) were rated with moderate
confidence, 7 (46.7%) with low confidence, and
5 (33.3%) with very low confidence. Overall,
each study showed a moderate risk for bias in
each category.

highest probability of being ranked first, at
63.0%. CBT had a 99.1% chance to rank in the
top three treatments. Of the treatments, CBT
had the highest probability of being ranked
second, at 54.3%, and a 27.3% chance of being
ranked first. EX, at 86.0%, had a slightly lower
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Figure 3. Treatment and cumulative ranking plots for each intervention. This fignre presents treatment
(top) and cummnlative (bottom) ranking plots formed using SUCRA. The treatment ranking plot shows
the probability for each arm to receive a ranking of 1-6. The cumulative ranking plot show the cumulative

probability of each arm.

100-

— BA
--- CBT
— EX

—-—— NDST
-~ TAU

80 WL

@
i

Probability

40-

e e

—

PP e

1 2 3

4 5 6

Treatment Rankings

100+

80-

60-

Probability

Cumulative Rankings

BA = behavioral activation therapy; CBT = cognitive-behavioral therapy; EX = exercise
training; NDST = non-directive support therapy; TAU = treatment as usual; and WL =

waitlist.
chance of ranking in the top three treatments
compared to BA and CBT and had the highest
probability of being ranked third, at 56.3%, and
a 21.7% likelihood of ranking second. Finally,
NDST had the highest probability ranking
fourth, at 80.9%, with only a 17.7% chance to
rank in the top three. Finally, TAU had a 97.1%

chance of ranking second to last, and WL, a
98.5% chance of ranking last. Based on SUCRA
values, BA (1.6) had the highest mean ranking,
followed by CBT (1.9), EX (2.8), and NDST
(3.8) (Table 1).
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Table 1.SUCRA results, probability of each intervention being ranked 17, and the average rank of each intervention

when_compared to each other.

Treatment SUCRA Probability Ranked 15t Mean Rank

Behavioral Activation 88.7 63.0 1.6
Cognitive-behavioral Therapy 81.6 27.3 1.9
Exercise Training 64.7 8.0 2.8
Non-Directive Supportive Therapy 44.7 1.7 3.8
Treatment As Usnal 20.0 00.0 5.0
W aitlist 00.3 00.0 6.0
Effect Size Estimates

All interventions were superior to TAU
(SMD range, -0.49 to -0.95) and WL (SMD
range, -0.80 to -1.26) control conditions (Figure
4). BA had the largest overall effect sizes
compared to both WL (SMD = 1.26, 95% CI
[0.84, 1.68]) and TAU (-0.95, [-1.36,-0.54]). EX
also resulted in large effect sizes compared to
both TAU (-0.73, [-1.02, -0.45]) and WL (1.04,
[0.73, 1.35]) conditions. When comparing active
treatment arms, EX resulted in a small effect

size compared to NDST (-0.24, [-0.73,0.25]).
Finally, EX resulted in a small, less efficacious,
effect size than both CBT (0.12, [-0.17,0.42])
and BA (0.22, [-0.24, 0.68]). Further analysis of
effect measures can be found in the prediction
interval plots (Figure 4). The contribution of
direct and indirect statistics for each treatment
arm can be found in the contribution plots (see
Appendix 7).

Figure 4. Forest plots to present effect size estimates of comparisons. Prediction intervals (PrL) estimate where the outcomes of
Sfuture RCTs may lie. Direct estimates are also presented. All outcomes are standardized mean difference with 95%
confidence intervals (CI). The black line represents the current effect size 95% CI, while the red line represents the 95%

prediction intervals. Heterogeneity variance = 0.43.
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Hefterogeneity

The inconsistency plot presents ten
evidence loops within the network. When
applying a common heterogeneity estimate to
assess Inconsistency, one of the ten loops
showed statistically significant IF values
suggesting some inconsistency between indirect

Exercise Training Meta-Regression

The moderator variables included in the meta-
regression analysis yielded no significant effects

Discussion

To our knowledge, this is the first
network meta-analysis comparing the efficacy of
exercise training to three conventional and
common evidence-supported psychotherapies
for adult depression. Based on comparative data
from 133 randomized trials (14,493 patients), we
present two findings: (1) as anticipated, exercise
training,  behavioral  activation  therapy,
cognitive-behavioral therapy, and non-directive
supportive  therapy demonstrated — greater
efficacy for adult depression compared to two

and direct estimates. However, when applying
loop-specific heterogeneity estimates to assess
inconsistency, none of the loops showed
statistically significant IF values suggesting good
agreement between indirect and direct
estimates.

on the efficacy of exercise training (see

Appendix 8).

inactive control conditions; and (2) exercise
training demonstrated comparable efficacy to

behavioral —activation therapy, cognitive-
behavioral ~ therapy, and  non-directive
supportive therapy for adult depression.

However, the methodological shortcomings of
included trials hinder any conclusive statements
of exercise training’s evidence-based standing.
Findings  encourage = more systematic
investigation of exercise therapy for adult
depression.

Difterential Effects of Psychological Interventions

As  anticipated, all  treatment
interventions were supetior to control
conditions. Of the four interventions,
behavioral activation therapy was most likely to
demonstrate the highest efficacy, followed by
cognitive-behavioral therapy, exercise training,
and non-directive supportive therapy. Though
rankings suggest differential treatment effects,
effect sizes between CBT and EX (0.12, [-0.17,
0.42)]), EX and BA (0.22, [-0.24, 0.68]), and BA
and CBT (-0.09, [-0.50, 0.31]) suggested no
minimally important clinical differences (.e.,
below the effect size cut-off of 0.24).53 Thus,
BA, CBT, and EX may produce comparable
clinical treatment effects for adult depression.
With individual compatisons of EX, BA, and
CBT to NDST, effect sizes suggested minimally
important clinical differences. Thus, EX, BA,
and CBT may each produce a greater anti-

depressant effect compared to NDST. Overall,
our effect size estimates converge with recent
meta-analytic findings.>57

Though our results indicate that EX,
BA, and CBT have similar treatment effects, BA
was most likely to have the highest efficacy
compared to the other therapies. Though
evidence for the efficacy of CBT for depression
is most robust, multiple studies demonstrate
superior efficacy of BA compared to CBT.>8-%
In the 1990s, a component analysis of CBT
found that the behavioral components worked
as well as the entirety of the CBT intervention.>®
More  recently, multiple RCTs
demonstrated that BA is comparable or superior
to CBT.3%% Such results indicate that there may
be substantial value in wusing behavioral
activation strategies (i.e., goal-setting, self-
monitoring, activity scheduling, and reducing

have
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avoidant behavior) for the treatment of
depression.” These strategies are often
incorporated into EX interventions.® Given the
shared behavioral strategies used in BA and EX,

Exercise Training Features

Much to our surprise, our meta-
regression analysis found no significant
moderator effects. Strong evidence points to
specific exercise training forms and formats that
produce stronger anti-depressant effects.-0! A
recent cross-sectional study, for example, found
that team sports produced the strongest anti-
depressant effect followed by cycling, aerobic,
and gym activities; therefore, social support may
strengthen the anti-depressant effect of exercise
training.” Other evidence suggests that there
may be important differences in response as a
function of exercise type, frequency, and
duration.” For example, some evidence suggests
an optimal effect with 45-minute bouts of
exercise performed three to five times a week.”
The lack of moderator effects may stem from
the considerable heterogeneity of included trials
in this NMA. Some recent work, however,
suggests that all exercise training formats reduce
the burden of mental illness irrespective of
training dose, type, and intensity.” Because
depression is commonly associated with
reduced physical activity levels, sedentariness,
and health issues consequent to inactivity,’
adults with depression may be particularly
responsive  to any structured  exercise
intervention.  Current CDC  guidelines
recommend that adults perform at least 150
minutes per week of moderate-intensity
activity.®? Most of the exercise interventions
(61.1%) included in this NMA met the CDC’s
physical activity recommendations. Thus, when
recommending exetcise training as an
alternative or adjunct treatment, clinicians might
initially advise eligible patients to pursue any
structured exercise program, provided the
minimum physical activity requirements are
met.

Given the inconsistent findings of
moderator effects in the literature, additional
systematic research is needed to parse the

BA and EX may share similar mechanisms of
action and may be used in complementary ways,
a speculation we discuss more below.

features of EX that may modulate its anti-
depressant  effect. This includes better
characterizing high responders versus low non-
responders. A patient’s diagnosis, severity of
depression, capacity for exercise, exercise
history, motivational state, and other factors
likely predict responsiveness to specific forms of
exercise. For example, there is evidence that
certain exercise training protocols may be more
effective for certain types of patients,
particularly those with chronic physical health
problems.” In addition, recent research suggests
that comorbid anxiety may diminish the
therapeutic effect of exercise for depression.t?
As such, it is important that further research
examine the effect of exercise training formats,
types of exercise, and co-morbidities on the
therapeutic benefit of exercise training for
depression. Assessing such factors will support
the development of evidence-based guidelines
for exercise training protocols for depression.
As with other forms of therapy (e.g., BA), an
individualized, patient-centered approach may
optimize treatment.

Previous studies have examined the
effectiveness of a combinational BA and EX
approach.® In BA, the patient is guided to
identify and practice activities perceived as
pleasant.’! Exercise activities might be included
to increase physical activity levels and improve
health outcomes. It is well-established in the

sport psychology literature that exercise
adherence is stronger when the exerciser
develops clear goals and is intrinsically

motivated to partake in the exercise activity.o
Thus, BA might provide a useful framework for
promoting exercise in patients with depression
whilst capitalizing on the benefits of both EX
and BA. This combination approach might, in
turn, produce a stronger anti-depressant effect
for the patient. Future work might systematically
explore the addition of exercise within a BA
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framework. Similarly, CBT and EX may be
stacked to augment the behavioral components
of CBT. Exercise training interventions might

Limitations

Several limitations warrant mention.
First, most studies suffered from
methodological limitations, including small
sample size, selective reporting of data and
protocols, publication bias, and multiple
outcome and time point measures. Second, this
NMA excluded studies comparing
pharmacology to exercise for depression. Many
studies compared  exercise  to
pharmacology, but the objective of this study

have

was to better assess the use of exercise
compared to other behavioral, non-
pharmacological approaches. Though anti-

depressants are widely used in clinical practice,
numerous studies report that patients
increasingly  prefer =~ non-pharmacological
treatments.?>6> Future research might conduct a
more  comprehensive NMA, comparing
psychotherapy,  psychopharmacology, and
exercise training for depression.

Despite — stringent inclusion and
exclusion criteria, a large portion of the findings
yielded  heterogeneous  outcomes. High
heterogeneity may challenge the transitivity
assumption. Given the heterogeneous outcomes
and the questions regarding basic network meta-
analytic assumptions, it is imperative to interpret
the results of this analysis with caution.

As another confounding factor, this
study did not control for depression severity,
which may have affected the efficacy outcomes
of each treatment modality. Most studies
included patients with mild to moderate
depression as scored with validated screening
tools. The few studies that examined more
severe forms of depression, such as major
depression disorder (MDD), employed CBT.
The use of CBT for MDD may be due to the
overwhelming and long-standing support for
CBT for depression.®® At present, few studies
have examined the efficacy of EX for MDD.
Because amotivation is typically associated with
MDD, individuals with MDD may lack the

also borrow from behavioral activation
principles to promote exercise adherence.

necessary motivation to exercise.®’ Future
studies are needed to address this speculation.
Future work will also benefit by controlling for
the effect of depression severity.

Findings may also be limited by our use
of a Frequentist in lieu of a Bayesian approach.
Evidence suggests that differences in effect sizes
can occur depending on which of these
approaches is adopted.”-%8 In a re-analysis of
data from 14 NMAs, Sadeghirad and colleagues
(2017) found differences in the magnitude of
effect estimates.”” However, similar to previous
work,% the authors rarely found differences in
the direction of treatment rankings. According
to these findings, applying a Bayesian approach
to this NMA may have produced slightly larger
effect estimates, but the treatment rankings
would have likely remained unchanged.

Use of treatment as usual and waitlist
controls as comparators may have contributed
to the study’s moderate to high levels of bias and
confounded treatment estimates. According to
some findings, WL control conditions may
produce a nocebo effect.®” Delayed treatment
may implicitly discourage patients from seeking
alternative treatments until the waitlist period
has finished, which might cause disappointment
and increased depression. As a result, this may
drive spurious findings in favor of the active
comparison. TAU also invites some concern as
it is often an ill-defined and highly variable
control condition across trials. TAU may
depend, for example, on the clinical context of
the research trial. It could consist of
comprehensive clinical care or little to no care at
all. It is possible, for example, that the structure
of TAU is different when compared to CBT, a
therapy more likely to be offered in clinical
settings with good quality TAU than when it is
compared to exetcise, a therapy more likely to
be offered in non-clinical settings without good
quality TAU. To assess the differential effects of
TAU and WL control conditions, we performed
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two additional network analyses. The TAU
network found that both BA and EX had an
equal average ranking of 2.0, while CBT ranked
2.3. In contrast, the WL network found that BA
ranked first (1.2), followed by CBT (2.0) and EX
(3.3). Though TAU and WL may skew effect
size estimates, previous NMAs heavily employ
these control conditions.”72 Even so, the
authors realize that claiming treatment
interventions are effective because they outdo
TAU and WL conditions is potentially flawed as
TAU and WL conditions may be weak
comparisons from which to arrive at such
claims. Future investigations of psychological
interventions for depression might consider
using more clearly defined control conditions,
active controls, and/or controlling for the
quality of TAU.

Another important point to address is
that the number of studies employing exercise
training was comparatively less compared to
CBT. The overwhelming evidence base of this
NMA compared CBT to TAU or CBT to WL.
In addition, most of the head-to-head trials
included in the analysis compared an active
treatment to cither of these two control
conditions. CBT for depression has been heavily
researched for over 50 years; therefore, the

Conclusions and Future Directions

According to findings from this
network meta-analysis, exercise training may be
a useful treatment option for adult depression
with comparable effects to “gold standard”
therapies.® However, there is insufficient
evidence to recommend exercise training as a
proven, evidence-based therapy to treat clinical
depression in adults. There are very few
methodologically sound RCTs that compare
exercise to different non-pharmacologic
treatments for adult depression. More research
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