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Meta-regression
Meta-regression (see table 2) was calculated for the main analysis 
and MDD only. In the main analysis, duration of trial in weeks 
moderated the effect of exercise on depression, with shorter 
trials associated with larger effects (�=0.032, 95% CI 0.01 to 
0.09, p=0.032, R²=0.06). For MDD only, higher antidepres-
sant use by the control group was associated with smaller effects 
(�=−0.013, 95% CI −0.02 to −0.01, p=0.012, R²=0.28). A 
meta-regression with studies with low and moderate risk of bias 
(see online supplemental table 8) rendered a moderating effect 
of duration of trials overall (�=0.064, 95% CI 0.01 to 0.126, 
p=0.04, R²=0.12) as well as for MDD only (�=0.070, 95% CI 
0.01 to 0.14, p=0.034, R²=0.26).

Mean change and numbers needed to treat (NNT)
We found a mean change of −4.70 points (95% CI −6.25 to 
−3.15, p<0.001, n=685) on the HAM-D and for the BDI of 
−6.49 points (95% CI −8.55 to −4.42, p<0.001, n=275) as 
an additional improvement effect of exercise over control condi-
tions. The calculated NNT was 2.0 (95% CI 1.68 to 2.59) for 
the main-analysis, and 2.8 (95% CI 1.94 to 5.22) for the low risk 
of bias studies. For MDD, only the NNT was 1.9 (95% CI 1.49 
to 2.99) and 1.6 (95% CI 1.58 to 2.41) in supervision by other 
professionals/students.

DISCUSSION
This is the largest meta-analysis investigating the effects of exer-
cise for depressive symptoms within samples with diagnosed or 
indicated depression. Among 41 RCTs, we found that exercise 
interventions had a large effect favouring exercise over control 
conditions. Publication bias tests indicate an underestimation 
of this effect. Subgroup analyses resolved several key questions 
that lacked clarity from previous reviews;17–20 specifically, the 

positive effect of exercise remained significant regardless of risk 
of bias, depression classification, exercise type, group setting, 
type of supervision or sample size. Subgroup analyses with 
health education (k=3), with light exercise interventions (k=2) 
or with unsupervised training (k=6) showed comparable SMDs 
but no statistical significance, which can be attributable to the 
lack of power due to the small numbers of studies included in 
the subgroup analyses. Surprisingly, the combination of mixed 
aerobic and resistance training showed smaller effects than 
aerobic or resistance training as single interventions. We also 
found a decline in ES from large to moderate for studies with 
sample sizes in the intervention arm of 25 or more participants. 
Focusing on solely diagnosed MDD, significant effects of exer-
cise were found for all subgroup analyses except for light and 
mixed exercise, unsupervised training and for studies with some 
concern for risk of bias which can again be attributable to a lack 
of power due to the small number of included studies in the 
analyses (k=2 to 3). Limiting analyses to studies with low risk of 
bias and some concerns according to ROB 2 reveal similar results 
but with ESs declining from high to moderate for most analyses 
(see online supplemental table 6). Meta-regressions indicated a 
moderating effect of trial duration favouring shorter interven-
tions and remained robust in meta-regressions without studies 
of high risk of bias. Regarding the type of exercise, most trial 
arms (k=30) investigated aerobic exercise detecting large effects 
followed by resistance training with comparable outcomes. In 
terms of the exercise intensity, only two arms investigated light 
intensity exercise while 26 and 10 trials applied moderate and 
vigorous intensity respectively, with all trials evidencing large 
effects. Supervised exercise revealed large ESs compared with 
unsupervised exercise with small effects. Minimal differences 
were detected between group and non-group exercise interven-
tions favouring group exercise, with both showing large effects. 

Figure 1  Flowchart of study selection. Flowchart adapted from the PRISMA 2020 statement.42 RCT, randomised controlled trial.
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Figure 2  Meta-analysis of overall studies. N, preintervention n, postintervention, SMD, standardised difference.

Table 2  Meta-regression of moderators/correlates of effects of exercise on depression

Moderator Number of RCTs β 95% CI P value R²‡

Main analysis
     

 � Mean age exercise 30 0.014 0.00 0.03 0.046 0.02

 � Mean age control 30 0.014 0.00 0.03 0.041 0.02

 � Duration of trial (in weeks)* 46 0.047 0.00 0.09 0.032 0.06

 � Weekly frequency* 46 0.004 −0.17 0.18 0.959 0.00

 � Minutes per session* 42 0.008 −0.01 0.02 0.268 0.00

 � Sample size† 41 0.002 −0.00 0.01 0.160 0.00

MDD (+dysthymia) only
     

 � Mean age exercise 15 0.009 −0.02 0.04 0.585 0.00

 � Mean age control 15 0.013 −0.02 0.05 0.432 0.00

 � Duration of trial (in weeks)* 22 0.035 −0.02 0.09 0.218 0.01

 � Weekly frequency* 22 0.023 −0.20 0.25 0.844 0.00

 � Minutes per session* 20 −0.005 −0.03 0.02 0.746 0.03

 � Sample size† 20 0.008 −0.00 0.02 0.090 0.04

*Data for a second intervention group within the same study were included for these analyses.
†Average sample size pre-post intervention.
‡R2 equal to R2 analogue.
RCT, randomised controlled trial.
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Intervention arms with samples sizes ≥25 revealed moderate 
effects (see table 1 for details).

A recent meta-analysis of Cuijpers et al85 found a moderate ES 
for psychotherapy treatment for depression across all age groups 
(g=0.75), and also when solely including studies with low risk of 
bias (g=0.51); while in terms of antidepressant efficacy, Cipriani 
et al86 found medication to be more effective in comparison 
to placebo with Odds ratio of 2.13 indicating a small ES of 
d=0.417. This is notable as the presented results suggest exer-
cise to qualify as an efficacious treatment option for depressive 
symptoms among individuals with depression.

These results extend the findings from an earlier meta-
analysis of Schuch et al20 (based on 25 studies including 1487 
participants, revealing high heterogeneity of I2 82.10%). 
Notably, the present findings are based on an additional 17 
studies44 45 48 52 53 55 59 62 67–69 71 74 78 79 84 since Schuch et al’s20 
review and 445 55 68 74 studies following the most recent meta-
analysis by Carneiro et al,17 comprising only 15 studies focusing 
on different inclusion criteria including medication in treatment 
and control arm conditions.

In contrast to Krogh et al,18 the analyses including only low 
risk of bias studies resulted in moderate effects with wide 95% 
CIs ranging from −0.99 to −0.34. Of note, we used the current 
risk of bias tool (RoB2) and included a greater number of low 
risk of bias trials compared with Krogh et al’s18 meta-analysis 
(11 vs 4). To reduce risk of bias, we compared exercise treat-
ment groups with non-exercising control groups only. From the 
included 35 trials in the Cochrane Meta-Analysis by Cooney et 
al21 consisting of 1356 participants, they reported 63% hetero-
geneity for the main analyses, the current review excluded 13 of 
these studies as groups were labelled as either ‘controls’ (ie, they 
received psychotherapy or pharmacotherapy) or groups labelled 
as ‘exercise’ groups (ie, they received a combination of exercise 
and another form of therapy or no therapy at all) or partici-
pants did not meet criteria for depression (see Ref. 22 for a crit-
ical appraisal). Krogh et al18 also included 35 trials comprising 
2498 participants with high heterogeneity (I2=81%) of which 
the current review excluded 17 studies with control groups that 
received stretching, relaxation or compared exercise to psycho-
therapy, medication or combined exercise with psychotherapy. 
Morres et al19 included 11 trials involving 455 patients revealing 
low and non-statistically significant heterogeneity (I²=21%) but 
focused on aerobic exercise only; however, five of these studies 
were excluded from the current review because they included 
medication, active control conditions or cognitive or counselling 
therapy as comparator conditions. Carneiro et al17 included 15 
studies in their meta-analysis with a total sample size of 1532 
individuals focusing on pharmacological treatment, exercise 
treatment and combined exercise with psychotherapy, of which 
the current review excluded 7 studies due to the inclusion of 
pharmacological therapy as a comparator condition either alone 
or in combination with psychotherapy. A further study was also 
excluded because participants were offered internet guided text 
modules on how to become more physically active but no actual 
exercise intervention was administered. Carneiro et al.17 overall 
reported moderate heterogeneity (I²= 33%).

This summary reveals that a notable methodological limita-
tion based on the former published meta-analyses in this field, 
included a proportion of trials with questionable intervention 
or control group conditions, which resulted in the inability to 
detect the effect of exercise per se (while excluding other forms 
of interventions). Hence, this notable shortcoming was addressed 
in this current meta-analytic review. Although we explored 
heterogeneity with sub-analyses and meta regression, we also 

found similar large heterogeneity comparable to previous larger 
meta-analyses18 20 21 which guarantees comparability, yet needs 
to be considered when interpreting the results.

Our meta-regressions indicated that shorter trials are associ-
ated with larger effects than longer trials. A possible explanation 
is that larger trials had more dropouts, and higher dropout rates 
can reduce the effect in intention to treat analyses.87 Alterna-
tively, it is possible that the effect wanes with the time. However, 
all but three studies had interventions lasting 16 weeks or less 
and further studies with longer follow-ups should confirm this 
effect.88 Also, we have found that studies in which control groups 
had a higher percentage of participants taking antidepressants 
identified smaller effects of exercise. This is expected as the 
difference on the magnitude of the improvement on depressive 
symptoms is smaller when exercise is compared with effective 
treatments, such as the use of pharmacological antidepressants, 
or when compared with controls without any treatment.87

Clinical implications included that if 100 people were each in 
the control and the exercise group, 20 participants in the control 
and 54 in the exercise group for the main analysis and 43 in the 
exercise group for the low risk of bias studies, analyses can be 
expected to have favourable outcomes.89 The NNT for the main-
analysis was 2, while it was 2.8 in the low risk of bias studies, 
1.9 in MDD only and 1.6 in supervision by other professionals/
students. This effect is comparable to recent meta-analyses with 
psychotherapy revealing a NNT of 2.5 for the main analyses and 
3.5 in the low risk of bias studies and for medication of 4.3.85 86 
Based on a NNT of 2 for the main analyses this means that for 
every two people treated with exercise, it is expected at least 
one to have a large magnitude reduction in depressive symp-
toms.43 Furthermore, exercise showed an additional declining 
effect over control conditions of −4.70 points in the HAM-D 
as a diagnostic clinician measure in 16 studies and −6.49 in the 
BDI in eight studies indicating a clinically meaningful reduction 
of depressive symptoms from moderate to mild depression. 
According to the NICE guidelines, a three-point change is indi-
cated as clinically meaningful for both measures.16

Limitations
We acknowledge that limitations lie in the high heteroge-
neity of the included studies that can stem from different 
control group conditions, cultural backgrounds, gender 
distribution, variable forms of assessments and diagnosis 
of depression severity or MDD. Notwithstanding, we have 
performed several subgroup analyses and meta-regressions 
to explore the sources of this heterogeneity. Additionally, 
most of the included studies comprised small sample sizes for 
example, 13 studies with intervention arms of ≤10 partic-
ipants in each group postintervention which we addressed 
with subanalyses. However, studies with larger samples sizes 
showed smaller but still moderate effects. Some subanalyses 
showed non-significant results as they lacked power due 
to the small number of studies included. In principle, the 
overreliance of significance testing should be avoided and 
interpretation of results based on SMD and 95% CI along 
with p values. Mostly seen wider ranges in CIs within the 
analyses can stem to a large extent from smaller studies (eg, 
10 studies with n<10) and small number of studies in the 
subanalyses (especially less than k=10) which brings some 
uncertainty pertaining to the true effect. However, for the 
main analyses, 95% CIs were documented for exercise condi-
tions comprising moderate intensity, aerobic exercise, group 
exercise and supervised exercise (ranging between 26 and 41 
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included studies), thus indicating moderate to large effects 
even for the lower limits. These outcomes provide adequate 
evidence to support the recommendation that exercise has 
utility in treating depression based on the aforementioned 
conditions. Long-term effects could not be investigated due 
to missing follow-up data for most studies. Moreover, it was 
not possible to control for placebo effects due to the nature 
of the interventions. Furthermore, 6 out of the 41 included 
studies were published prior to 2001 and can therefore be 
assigned to the pre-CONSORT era. This means that these 
earlier trials might not reflect the current standards and/or 
feature incomplete reporting of methodological details that 
was introduced with the CONSORT guidelines and check-
list, therefore increasing scope in biased risk assessments and 
heterogeneity.22 90

Further steps need to be undertaken to consider exercise as 
a first-line treatment for depression alongside psychotherapy 
and medication, including conducting non-inferiority trials 
to demonstrate that exercise is non-inferior to current first 
line treatments, and evidence that exercise is effective at 
long-term follow-ups. Future large-scale research studies 
should also investigate which patients benefit most from 
which exercise condition and identify any groups for whom 
exercise might not be the optimal treatment choice. It is note-
worthy that the studies included in the current and former 
reviews consisted of samples which met the trial inclusion 
criteria comprising individuals that were willing, motivated 
and physically able to take part in the exercise regimen (eg, 
assessed by the Physical Activity Readiness Questionnaire91) 
and excluded individuals with diagnoses that exercise may 
pose a risk (for example, individuals with cardiovascular 
diseases that require physician guidance to undertake exer-
cise). Further, adverse events and outcomes due to exer-
cise may occur in rare instances (nevertheless, they should 
be reported which was not documented for the majority of 
studies in this review), and not everyone has access to any 
form of exercise or exercise with the needed quality (eg, with 
a former sport medical examination). It is also noteworthy 
that the included studies were mainly conducted in high-
income and upper-middle income countries, for example, 
no study was identified from the African continent. Future 
study designs should consider these relevant points including 
motivational aspects of attendance and samples from devel-
oping countries or rural areas to increase the generalisability 
of the results for healthcare.

Further strengthening the evidence base for exercise also 
has utility as it may be a less stigmatising treatment option 
for depressed individuals who may be reluctant to seek and 
adhere to psychotherapy and/or medication.

CONCLUSION
The findings from this review represent the most up to date 
and comprehensive meta-analysis of the available evidence 
and further supports the use of exercise focusing specifically 
on supervised and group exercise with moderate intensity 
and aerobic exercise regimes. This offers a further evidence-
based treatment option for the large amount of untreated 
individuals with depression, including individuals who 
refuse or cannot tolerate medication and/or psychotherapy. 
However, given the high heterogeneity and mainly small and 
selected samples of the included studies, this requires indi-
vidual decisions involving the treating physician to deter-
mine if and which conditions of exercise are the optimal 

treatment of choice while also recognising the potential 
synergistic effects of exercise in managing both physical and 
mental well-being. Updated guidelines as well as routine 
clinical decisions regarding interventions for treating depres-
sion should consider the current findings. This is particularly 
timely, following the post COVID-19 pandemic, given that 
rates of depression have continued to increase worldwide.

Author affiliations
1Social and Preventive Medicine, Department of Sports and Health Sciences, Intra 
faculty unit "Cognitive Sciences", Faculty of Human Science and Faculty of Health 
Sciences Brandenburg, Research Area Services Research and e-Health, Potsdam, 
Brandenburg, Germany
2School of Psychological Sciences, Centre for Emotional Health, Macquarie University, 
Sydney, New South Wales, Australia
3Department of Rehabilitation Sciences, University of Leuven, Leuven, Belgium
4Physiotherapy Department, South London and Maudsley NHS Foundation Trust; 
Department of Psychological Medicine, Institute of Psychiatry, Psychology and 
Neuroscience, Kings College London, London, UK
5Division of Psychology and Mental Health, University of Manchester, Manchester 
Academic Health Science Centre, Manchester, UK; NICM Health Research Institute, 
Western Sydney University, Westmead Australia; Greater Manchester Mental 
Health NHS Foundation Trust, Manchester Academic Health Science Centre, 
Manchester, UK
6Discipline of Psychiatry and Mental Health, UNSW Sydney, Sydney New South 
Wales, Australia; Ingham Institute of Applied Medical Research, UNSW, Liverpool BC, 
New South Wales, Australia
7School of Psychiatry, UNSW, Sydney, New South Wales, Australia
8Epidemiology of Psychiatric Conditions, Substance use and Social Environment 
(EPiCSS), Department of Public Health Sciences, Karolinska Institute Solna, Solna, 
Sverige, Sweden
9Department of Sports Methods and Techniques, Federal University of Santa Maria, 
Santa Maria, Brazil
10Institute of Psychiatry, Federal University of Rio de Janeiro, Rio de Janeiro, Brazil
11Universidad Autónoma de Chile, Providencia, Chile

Correction notice  This article has been corrected since it published Online First. 
The article type has been changed to systematic review.

Twitter Andreas Heissel @AndreasHeissel, Luisa Leonie Brokmeier 
@LuisaBrokmeier, Maria Kangas @MariaKangas88, Davy Vancampfort 
@davyvancampfort, Philip B Ward @PhilWardAu, Simon Rosenbaum @simon_
rosenbaum and Felipe Schuch @SchuchFelipe

Contributors  AH and FS conceived and designed the study. AH, LLB and FS had 
full access to all data in the study and take responsibility for the integrity of the data 
and the accuracy of the data analysis. NS/LLB and DH did the literature search. AH, 
LLB, NS, DH and FS conducted the analyses, interpreted the data and wrote the first 
draft of the manuscript. All authors contributed to critical revision of the report for 
important intellectual content.

Funding  The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not-for-profit sectors.

Competing interests  AH is founder and CEO of the Centre for Emotional Health 
Germany GmbH supported by the Potsdam Transfer Centre from the University 
of Potsdam. BS has an NIHR Advanced fellowship (NIHR-301206, 2021–2026) 
and is coinvestigator on an NIHR program grant: Supporting Physical and Activity 
through Co-production in people with Severe Mental Illness (SPACES). BS is on the 
Editorial board of Mental Health and Physical Activity and The Brazilian Journal 
of Psychiatry. BS has received honorarium from a coedited book on exercise and 
mental illness and advisory work from ASICS for unrelated work. MK is on the 
Editorial boards for Behavior Therapy (Associate Editor), Stress and Health (Sections 
Editor), Psychological Bulletin, and Behaviour Research and Therapy. JF is supported 
by a UK Research and Innovation Future Leaders Fellowship (MR/T021780/1) and 
has received honoraria / consultancy fees from Atheneum, Informa, Gillian Kenny 
Associates, Big Health, Wood For Trees, Nutritional Medicine Institute, Angelini, 
ParachuteBH, Richmond Foundation and Nirakara, independent of this work. FS is 
on the Editorial board of Mental Health and Physical Activity, The Brazilian Journal of 
Psychiatry and Journal Brasileiro de Psiquiatria. FS has received honorarium from a 
co-edited book on lifestyle and mental illness. The other authors declare no funding, 
editorial or potential competing interests.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication  Not applicable.

Provenance and peer review  Not commissioned; externally peer reviewed.

 on June 19, 2024 by guest. P
rotected by copyright.

http://bjsm
.bm

j.com
/

B
r J S

ports M
ed: first published as 10.1136/bjsports-2022-106282 on 1 F

ebruary 2023. D
ow

nloaded from
 

https://twitter.com/AndreasHeissel
https://twitter.com/LuisaBrokmeier
https://twitter.com/MariaKangas88
https://twitter.com/davyvancampfort
https://twitter.com/PhilWardAu
https://twitter.com/simon_rosenbaum
https://twitter.com/simon_rosenbaum
https://twitter.com/SchuchFelipe
http://bjsm.bmj.com/


9 of 10Heissel A, et al. Br J Sports Med 2023;57:1049–1057. doi:10.1136/bjsports-2022-106282

Review

Supplemental material  This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Andreas Heissel http://orcid.org/0000-0001-9270-7027
Darlene Heinen http://orcid.org/0000-0001-9172-9718
Luisa Leonie Brokmeier http://orcid.org/0000-0003-4136-9704
Maria Kangas http://orcid.org/0000-0001-8693-2949
Davy Vancampfort http://orcid.org/0000-0002-4592-8625
Brendon Stubbs http://orcid.org/0000-0001-7387-3791
Joseph Firth http://orcid.org/0000-0002-0618-2752
Philip B Ward http://orcid.org/0000-0002-5779-7722
Simon Rosenbaum http://orcid.org/0000-0002-8984-4941
Mats Hallgren http://orcid.org/0000-0002-0599-2403
Felipe Schuch http://orcid.org/0000-0002-5190-4515

REFERENCES
	 1	 Bromet E, Andrade LH, Hwang I, et al. Cross-National epidemiology of DSM-IV major 

depressive episode. BMC Med 2011;9:90. 
	 2	 James SL, Abate D, Abate KH. Global, regional, and national incidence, prevalence, 

and years lived with disability for 354 diseases and injuries for 195 countries and 
territories, 1990-2017: a systematic analysis for the global burden of disease study 
2017. Lancet 2018;392:S0140-6736(18)32279-7:1789–858:. 

	 3	 World Health Organization. Depression and other common mental disorders: 
global health estimates. 2017. Available: https://www.who.int/publications/i/item/​
depression-global-health-estimates [Accessed 15 Oct 2021].

	 4	 Allen SF, Stevenson J, Lazuras L, et al. The role of the COVID-19 pandemic in altered 
psychological well-being, mental health and sleep: an online cross-sectional study. 
Psychol Health Med 2022;27:343–51. 

	 5	 González-Sanguino C, Ausín B, Castellanos MA, et al. Mental health consequences 
of the covid-19 outbreak in Spain. A longitudinal study of the alarm situation 
and return to the new normality. Prog Neuropsychopharmacol Biol Psychiatry 
2021;107:S0278-5846(20)30535-2:110219:. 

	 6	 Veldhuis CB, Nesoff ED, McKowen ALW, et al. Addressing the critical 
need for long-term mental health data during the COVID-19 pandemic: 
changes in mental health from April to September 2020. Prev Med 
2021;146:S0091-7435(21)00049-9:106465:. 

	 7	 Santomauro DF, Mantilla Herrera AM, Shadid J. Global prevalence and burden of 
depressive and anxiety disorders in 204 countries and territories in 2020 due to the 
COVID-19 pandemic. Lancet 2021;398:S0140-6736(21)02143-7:1700–12:. 

	 8	 Pfefferbaum B, North CS. Mental health and the covid-19 pandemic. N Engl J Med 
2020;383:510–2. 

	 9	 Malhi GS, Bell E, Bassett D, et al. The 2020 Royal Australian and New Zealand College 
of Psychiatrists clinical practice guidelines for mood disorders. Aust N Z J Psychiatry 
2021;55:7–117. 

	10	 Cuijpers P, Oud M, Karyotaki E, et al. Psychologic treatment of depression compared 
with pharmacotherapy and combined treatment in primary care: a network meta-
analysis. Ann Fam Med 2021;19:262–70. 

	11	 Jakobsen JC, Katakam KK, Schou A, et al. Selective serotonin reuptake inhibitors 
versus placebo in patients with major depressive disorder. A systematic review with 
meta-analysis and trial sequential analysis. BMC Psychiatry 2017;17:58. 

	12	 Wise J. Nice guidance on depression: 35 health organisations demand “ full and 
proper ” revision. BMJ 2019;l2356. 

	13	 Thornicroft G, Chatterji S, Evans-Lacko S, et al. Undertreatment of people with major 
depressive disorder in 21 countries. Br J Psychiatry 2017;210:119–24. 

	14	 Kessler RC. The costs of depression. Psychiatr Clin North Am 2012;35:1–14. 
	15	 World Health Organization. WHO guidelines on physical activity and sedentary 

behaviour. 2020.
	16	 National Institute for Health and Care Excellence. Depression: the treatment and 

management of depression in adults. 2018. Available: https://www.nice.org.uk/​
guidance/cg90/ [Accessed 6 Nov 2021].

	17	 Carneiro L, Silva F, Vasoncelos-Raposo J, et al. Exercise as a complementary therapy 
for depression: a systematic review and meta-analysis of randomized controlled trials 
and bioinformatics exploration gene network model . In Review [Preprint]. 

	18	 Krogh J, Hjorthøj C, Speyer H, et al. Exercise for patients with major depression: 
a systematic review with meta-analysis and trial sequential analysis. BMJ Open 
2017;7:e014820. 

	19	 Morres ID, Hatzigeorgiadis A, Stathi A, et al. Aerobic exercise for adult patients 
with major depressive disorder in mental health services: a systematic review 
and meta-analysis. Depress Anxiety 2019;36:39–53. 

	20	 Schuch FB, Vancampfort D, Richards J, et al. Exercise as a treatment for 
depression: a meta-analysis adjusting for publication bias. J Psychiatr Res 
2016;77:S0022-3956(16)30038-3:42–51:. 

	21	 Cooney GM, Dwan K, Greig CA, et al. Exercise for depression. Cochrane 
Database Syst Rev 2013;2013:CD004366. 

	22	 Ekkekakis P. Honey, I shrunk the pooled SMD! guide to critical appraisal 
of systematic reviews and meta-analyses using the Cochrane review on 
exercise for depression as example. Mental Health and Physical Activity 
2015;8:21–36. 

	23	 Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. PLOS Med 
2009;6:e1000097. 

	24	 Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an 
updated guideline for reporting systematic reviews. BMJ 2021;372:n71. 

	25	 Ardern CL, Büttner F, Andrade R, et al. Implementing the 27 PRISMA 2020 
statement items for systematic reviews in the sport and exercise medicine, 
musculoskeletal rehabilitation and sports science fields: the persist 
(implementing PRISMA in exercise, rehabilitation, sport medicine and sports 
science) guidance. Br J Sports Med 2022;56:175–95. 

	26	 Spitzer RL, Endicott J, Robins E. Research diagnostic criteria: rationale and 
reliability. Arch Gen Psychiatry 1978;35:773–82. 

	27	 American Psychiatric Association. Diagnostic and statistical manual of mental 
disorders (DSM IV). American Psychiatric Press, 2000.

	28	 World Health Organization. ICD-10. 2016. Available: https://icd.who.int/​
browse10/2016/en [Accessed 1 Jun 2021].

	29	 Beck AT, Ward CH, Mendelson M, et al. An inventory for measuring depression. Arch 
Gen Psychiatry 1961;4:561–71. 

	30	 Hamilton M. A rating scale for depression. J Neurol Neurosurg Psychiatry 
1960;23:56–62. 

	31	 Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and 
physical fitness: definitions and distinctions for health-related research. Public 
Health Rep 1985;100:126–31.

	32	 Larkey L, Jahnke R, Etnier J, et al. Meditative movement as a category of 
exercise: implications for research. J Phys Act Health 2009;6:230–8. 

	33	 Sterne JAC, Savović J, Page MJ, et al. Rob 2: a revised tool for assessing risk of 
bias in randomised trials. BMJ 2019;366:l4898. 

	34	 Morris SB. Estimating effect sizes from pretest-posttest-control group designs. 
Organizational Research Methods 2008;11:364–86. 

	35	 Higgins JPT, Thompson SG, Deeks JJ, et al. Measuring inconsistency in meta-
analyses. BMJ 2003;327:557–60. 

	36	 Jakobsen JC, Wetterslev J, Winkel P, et al. Thresholds for statistical and clinical 
significance in systematic reviews with meta-analytic methods. BMC Med Res 
Methodol 2014;14:120. 

	37	 Begg CB, Mazumdar M. Operating characteristics of a RANK correlation test for 
publication bias. Biometrics 1994;50:1088–101. 

	38	 Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis detected by a 
simple, graphical test. BMJ 1997;315:629–34. 

	39	 Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based method of 
testing and adjusting for publication bias in meta-analysis. Biometrics 
2000;56:455–63. 

	40	 Rosenthal R, Kleid JJ, Cohen MV. Abnormal mitral valve motion associated with 
ventricular septal defect following acute myocardial infarction. Am Heart J 
1979;98:638–41. 

	41	 Borenstein M, Hedges L, Higgins J, et al. Comprehensive meta-analysis software 
version 3. 2013.

	42	 Lenhard W, Lenhard A. Berechnung von effektstärken. in: psychometrica. 
Available: https://www.psychometrica.de/effektstaerke.html#nntconv [Accessed 
3 Dec 2021].

	43	 Furukawa TA, Leucht S. How to obtain nnt from cohen’s D: comparison of two 
methods. PLOS ONE 2011;6:e19070. 

	44	 Mather AS, Rodriguez C, Guthrie MF, et al. Effects of exercise on depressive 
symptoms in older adults with poorly responsive depressive disorder: 
randomised controlled trial. Br J Psychiatry 2002;180:411–5. 

	45	 Abdelbasset WK, Alqahtani BA, Elshehawy AA, et al. Examining the impacts of 
12 weeks of low to moderate-intensity aerobic exercise on depression status in 
patients with systolic congestive heart failure-a randomized controlled study. 
Clinics (Sao Paulo) 2019;74:e1017. 

	46	 Brenes GA, Williamson JD, Messier SP, et al. Treatment of minor depression in 
older adults: a pilot study comparing sertraline and exercise. Aging Ment Health 
2007;11:61–8. 

	47	 Doyne EJ, Ossip-Klein DJ, Bowman ED, et al. Running versus weight lifting in 
the treatment of depression. J Consult Clin Psychol 1987;55:748–54. 

 on June 19, 2024 by guest. P
rotected by copyright.

http://bjsm
.bm

j.com
/

B
r J S

ports M
ed: first published as 10.1136/bjsports-2022-106282 on 1 F

ebruary 2023. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-9270-7027
http://orcid.org/0000-0001-9172-9718
http://orcid.org/0000-0003-4136-9704
http://orcid.org/0000-0001-8693-2949
http://orcid.org/0000-0002-4592-8625
http://orcid.org/0000-0001-7387-3791
http://orcid.org/0000-0002-0618-2752
http://orcid.org/0000-0002-5779-7722
http://orcid.org/0000-0002-8984-4941
http://orcid.org/0000-0002-0599-2403
http://orcid.org/0000-0002-5190-4515
http://dx.doi.org/10.1186/1741-7015-9-90
http://dx.doi.org/10.1016/S0140-6736(18)32279-7
https://www.who.int/publications/i/item/depression-global-health-estimates
https://www.who.int/publications/i/item/depression-global-health-estimates
http://dx.doi.org/10.1080/13548506.2021.1916963
http://dx.doi.org/10.1016/j.pnpbp.2020.110219
http://dx.doi.org/10.1016/j.ypmed.2021.106465
http://dx.doi.org/10.1016/S0140-6736(21)02143-7
http://dx.doi.org/10.1056/NEJMp2008017
http://dx.doi.org/10.1177/0004867420979353
http://dx.doi.org/10.1370/afm.2676
http://dx.doi.org/10.1186/s12888-016-1173-2
http://dx.doi.org/10.1136/bmj.l2356
http://dx.doi.org/10.1192/bjp.bp.116.188078
http://dx.doi.org/10.1016/j.psc.2011.11.005
https://www.nice.org.uk/guidance/cg90/
https://www.nice.org.uk/guidance/cg90/
http://dx.doi.org/10.1136/bmjopen-2016-014820
http://dx.doi.org/10.1002/da.22842
http://dx.doi.org/10.1016/j.jpsychires.2016.02.023
http://dx.doi.org/10.1002/14651858.CD004366.pub6
http://dx.doi.org/10.1002/14651858.CD004366.pub6
http://dx.doi.org/10.1016/j.mhpa.2014.12.001
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1136/bmj.n71
http://dx.doi.org/10.1136/bjsports-2021-103987
http://dx.doi.org/10.1001/archpsyc.1978.01770300115013
https://icd.who.int/browse10/2016/en
https://icd.who.int/browse10/2016/en
http://dx.doi.org/10.1001/archpsyc.1961.01710120031004
http://dx.doi.org/10.1001/archpsyc.1961.01710120031004
http://dx.doi.org/10.1136/jnnp.23.1.56
http://dx.doi.org/3920711
http://dx.doi.org/3920711
http://dx.doi.org/10.1123/jpah.6.2.230
http://dx.doi.org/10.1136/bmj.l4898
http://dx.doi.org/10.1177/1094428106291059
http://dx.doi.org/10.1136/bmj.327.7414.557
http://dx.doi.org/10.1186/1471-2288-14-120
http://dx.doi.org/10.1186/1471-2288-14-120
http://dx.doi.org/10.2307/2533446
http://dx.doi.org/10.1136/bmj.315.7109.629
http://dx.doi.org/10.1111/j.0006-341x.2000.00455.x
http://dx.doi.org/10.1016/0002-8703(79)90291-6
https://www.psychometrica.de/effektstaerke.html#nntconv
http://dx.doi.org/10.1371/journal.pone.0019070
http://dx.doi.org/10.1192/bjp.180.5.411
http://dx.doi.org/10.6061/clinics/2019/e1017
http://dx.doi.org/10.1080/13607860600736372
http://dx.doi.org/10.1037//0022-006x.55.5.748
http://bjsm.bmj.com/


10 of 10 Heissel A, et al. Br J Sports Med 2023;57:1049–1057. doi:10.1136/bjsports-2022-106282

Review

	48	 Gao L, Zhang L, Qi H, et al. Middle-Aged female depression in perimenopausal 
period and square dance intervention. Psychiatr Danub 2016;28:372–8. 

	49	 Hallgren M, Kraepelien M, Öjehagen A, et al. Physical exercise and Internet-based 
cognitive-behavioural therapy in the treatment of depression: randomised controlled 
trial. Br J Psychiatry 2015;207:227–34. 

	50	 Hemat-Far A, Shahsavari A, Mousavi SR. Effects of selected aerobic exercises on the 
depression and concentrations of plasma serotonin in the depressed female students 
aged 18 to 25. J Appl Res 2012;12:47–52.

	51	 Huang TT, Liu CB, Tsai YH, et al. Physical fitness exercise versus cognitive 
behavior therapy on reducing the depressive symptoms among community-
dwelling elderly adults: a randomized controlled trial. Int J Nurs Stud 
2015;52:S0020-7489(15)00190-X:1542–52:. 

	52	 Legrand FD. Effects of exercise on physical self-concept, global self-esteem, and 
depression in women of low socioeconomic status with elevated depressive 
symptoms. J Sport Exerc Psychol 2014;36:357–65. 

	53	 Lok N, Lok S, Canbaz M. The effect of physical activity on depressive symptoms and 
quality of life among elderly nursing home residents: randomized controlled trial. Arch 
Gerontol Geriatr 2017;70:S0167-4943(17)30042-0:92–8:. 

	54	 McNeil JK, LeBlanc EM, Joyner M. The effect of exercise on depressive symptoms in 
the moderately depressed elderly. Psychol Aging 1991;6:487–8. 

	55	 Makizako H, Tsutsumimoto K, Doi T, et al. Exercise and horticultural programs 
for older adults with depressive symptoms and memory problems: a randomized 
controlled trial. J Clin Med 2019;9:99. 

	56	 Nimmo MA, McLean D, Mutrie N, et al. An holistic approach to recovery from an 
overuse injury in a games player. Br J Sports Med 1986;20:103–6. 

	57	 Nabkasorn C, Miyai N, Sootmongkol A, et al. Effects of physical exercise on 
depression, neuroendocrine stress hormones and physiological fitness in adolescent 
females with depressive symptoms. Eur J Public Health 2006;16:179–84. 

	58	 Orth DK. Clinical treatments of depression. West Virginia University, 1979.
	59	 Prakhinkit S, Suppapitiporn S, Tanaka H, et al. Effects of buddhism walking meditation 

on depression, functional fitness, and endothelium-dependent vasodilation in 
depressed elderly. J Altern Complement Med 2014;20:411–6. 

	60	 Setaro JL. Aerobic exercise and group counseling in the treatment of anxiety and 
depression. University of Maryland, 1985.

	61	 Shahidi M, Mojtahed A, Modabbernia A, et al. Laughter yoga versus group exercise 
program in elderly depressed women: a randomized controlled trial. Int J Geriatr 
Psychiatry 2011;26:322–7. 

	62	 Sims J, Hill K, Davidson S, et al. Exploring the feasibility of a community-based 
strength training program for older people with depressive symptoms and its impact 
on depressive symptoms. BMC Geriatr 2006;6:18. 

	63	 Sims J, Galea M, Taylor N, et al. Regenerate: assessing the feasibility of a strength-
training program to enhance the physical and mental health of chronic post stroke 
patients with depression. Int J Geriatr Psychiatry 2009;24:76–83. 

	64	 Williams CL, Tappen RM. Exercise training for depressed older adults with Alzheimer’s 
disease. Aging Ment Health 2008;12:72–80. 

	65	 Pfaff JJ, Alfonso H, Newton RU, et al. ACTIVEDEP: a randomised, controlled trial of a 
home-based exercise intervention to alleviate depression in middle-aged and older 
adults. Br J Sports Med 2014;48:226–32. 

	66	 Blumenthal JA, Babyak MA, Doraiswamy PM, et al. Exercise and pharmacotherapy in 
the treatment of major depressive disorder. Psychosom Med 2007;69:587–96. 

	67	 Carneiro LSF, Fonseca AM, Vieira-Coelho MA, et al. Effects of structured exercise 
and pharmacotherapy vs. pharmacotherapy for adults with depressive symptoms: a 
randomized clinical trial. J Psychiatr Res 2015;71:S0022-3956(15)00268-X:48–55:. 

	68	 Chau RMW, Tsui AYY, Wong EYW, et al. Effectiveness of a structured physical 
rehabilitation program on the physical fitness, mental health and pain for chinese 
patients with major depressive disorders in hong kong - a randomized controlled trial 
with 9-month follow-up outcomes. Disabil Rehabil 2022;44:1294–304. 

	69	 Cheung LK, Lee S. A randomized controlled trial on an aerobic exercise programme for 
depression outpatients. Sport Sci Health 2018;14:173–81. 

	70	 Danielsson L, Papoulias I, Petersson EL, et al. Exercise or basic body awareness 
therapy as add-on treatment for major depression: a controlled study. J Affect Disord 
2014;168:S0165-0327(14)00417-0:98–106:. 

	71	 Doose M, Ziegenbein M, Hoos O, et al. Self-Selected intensity exercise in the 
treatment of major depression: a pragmatic RCT. Int J Psychiatry Clin Pract 
2015;19:266–75. 

	72	 Epstein D. Aerobic activity versus group cognitive therapy. In: An evaluative study 
of contrasting interventions for the alleviation of clinical depression. University of 
Nevada, 1986.

	73	 Gary RA, Dunbar SB, Higgins MK, et al. Combined exercise and cognitive behavioral 
therapy improves outcomes in patients with heart failure. J Psychosom Res 
2010;69:119–31. 

	74	 La Rocque CL, Mazurka R, Stuckless TJR, et al. Randomized controlled trial of bikram 
yoga and aerobic exercise for depression in women: efficacy and stress-based 
mechanisms. J Affect Disord 2021;280(Pt A):S0165-0327(20)32912-8):457–66:. 

	75	 Mota-Pereira J, Silverio J, Carvalho S, et al. Moderate exercise improves depression 
parameters in treatment-resistant patients with major depressive disorder. J Psychiatr 
Res 2011;45:1005–11. 

	76	 Oertel-Knöchel V, Mehler P, Thiel C, et al. Effects of aerobic exercise on cognitive 
performance and individual psychopathology in depressive and schizophrenia 
patients. Eur Arch Psychiatry Clin Neurosci 2014;264:589–604. 

	77	 Pilu A, Sorba M, Hardoy MC, et al. Efficacy of physical activity in the adjunctive 
treatment of major depressive disorders: preliminary results. Clin Pract Epidemiol 
Ment Health 2007;3:8. 

	78	 Roy A, Govindan R, Muralidharan K. The impact of an add-on video assisted 
structured aerobic exercise module on mood and somatic symptoms among women 
with depressive disorders: study from a tertiary care centre in India. Asian J Psychiatr 
2018;32:S1876-2018(17)30706-2:118–22:. 

	79	 Schneider KL, Panza E, Handschin B, et al. Feasibility of pairing 
behavioral activation with exercise for women with type 2 diabetes and 
depression: the get it study pilot randomized controlled trial. Behav Ther 
2016;47:S0005-7894(15)00115-X:198–212:. 

	80	 Schuch FB, Vasconcelos-Moreno MP, Borowsky C, et al. Exercise and severe major 
depression: effect on symptom severity and quality of life at discharge in an inpatient 
cohort. J Psychiatr Res 2015;61:S0022-3956(14)00314-8:25–32:. 

	81	 Singh NA, Clements KM, Fiatarone MA. A randomized controlled trial of 
progressive resistance training in depressed elders. J Gerontol A Biol Sci Med Sci 
1997;52:M27–35. 

	82	 Singh NA, Stavrinos TM, Scarbek Y, et al. A randomized controlled trial of high versus 
low intensity weight training versus general practitioner care for clinical depression in 
older adults. J Gerontol A Biol Sci Med Sci 2005;60:768–76. 

	83	 Veale D, Le Fevre K, Pantelis C, et al. Aerobic exercise in the adjunctive treatment of 
depression: a randomized controlled trial. J R Soc Med 1992;85:541–4. 

	84	 Vieira JLL, Porcu M, Rocha PGM da. A prática de exercícios físicos regulares como 
terapia complementar AO tratamento de mulheres CoM depressão. J Bras Psiquiatr 
2007;56:23–8. 

	85	 Cuijpers P, Karyotaki E, Eckshtain D, et al. Psychotherapy for depression across 
different age groups: a systematic review and meta-analysis. JAMA Psychiatry 
2020;77:694–702. 

	86	 Cipriani A, Furukawa TA, Salanti G, et al. Comparative efficacy and acceptability of 
21 antidepressant drugs for the acute treatment of adults with major depressive 
disorder: a systematic review and network meta-analysis. Focus (Am Psychiatr Publ) 
2018;16:420–9. 

	87	 Stubbs B, Vancampfort D, Rosenbaum S, et al. Challenges establishing the efficacy 
of exercise as an antidepressant treatment: a systematic review and meta-analysis 
of control group responses in exercise randomised controlled trials. Sports Med 
2016;46:699–713. 

	88	 Gupta SK. Intention-To-Treat concept: a review. Perspect Clin Res 2011;2:109–12. 
	89	 Magnusson K. Interpreting cohen’s d effect size. 2021. Available: https://rpsychologist.​

com/cohend/ [Accessed 3 Dec 2021].
	90	 Moher D, Jones A, Lepage L, et al. Use of the CONSORT statement and quality of 

reports of randomized trials: a comparative before-and-after evaluation. JAMA 
2001;285:1992–5. 

	91	 Craig CL, Marshall AL, Sjöström M, et al. International physical activity questionnaire: 
12-country reliability and validity. Med Sci Sports Exerc 2003;35:1381–95. 

 on June 19, 2024 by guest. P
rotected by copyright.

http://bjsm
.bm

j.com
/

B
r J S

ports M
ed: first published as 10.1136/bjsports-2022-106282 on 1 F

ebruary 2023. D
ow

nloaded from
 

http://dx.doi.org/10.1080/10400419.2016.1195616
http://dx.doi.org/10.1192/bjp.bp.114.160101
http://dx.doi.org/10.1016/j.ijnurstu.2015.05.013
http://dx.doi.org/10.1123/jsep.2013-0253
http://dx.doi.org/10.1016/j.archger.2017.01.008
http://dx.doi.org/10.1016/j.archger.2017.01.008
http://dx.doi.org/10.1037//0882-7974.6.3.487
http://dx.doi.org/10.3390/jcm9010099
http://dx.doi.org/10.1136/bjsm.20.3.103
http://dx.doi.org/10.1093/eurpub/cki159
http://dx.doi.org/10.1089/acm.2013.0205
http://dx.doi.org/10.1002/gps.2545
http://dx.doi.org/10.1002/gps.2545
http://dx.doi.org/10.1186/1471-2318-6-18
http://dx.doi.org/10.1002/gps.2082
http://dx.doi.org/10.1080/13607860701529932
http://dx.doi.org/10.1136/bjsports-2013-092510
http://dx.doi.org/10.1097/PSY.0b013e318148c19a
http://dx.doi.org/10.1016/j.jpsychires.2015.09.007
http://dx.doi.org/10.1080/09638288.2020.1800833
http://dx.doi.org/10.1007/s11332-017-0423-0
http://dx.doi.org/10.1016/j.jad.2014.06.049
http://dx.doi.org/10.3109/13651501.2015.1082599
http://dx.doi.org/10.1016/j.jpsychores.2010.01.013
http://dx.doi.org/10.1016/j.jad.2020.10.067
http://dx.doi.org/10.1016/j.jpsychires.2011.02.005
http://dx.doi.org/10.1016/j.jpsychires.2011.02.005
http://dx.doi.org/10.1007/s00406-014-0485-9
http://dx.doi.org/10.1186/1745-0179-3-8
http://dx.doi.org/10.1186/1745-0179-3-8
http://dx.doi.org/10.1016/j.ajp.2017.12.004
http://dx.doi.org/10.1016/j.beth.2015.10.005
http://dx.doi.org/10.1016/j.jpsychires.2014.11.005
http://dx.doi.org/10.1093/gerona/52a.1.m27
http://dx.doi.org/10.1093/gerona/60.6.768
http://dx.doi.org/10.1177/014107689208500910
http://dx.doi.org/10.1590/S0047-20852007000100007
http://dx.doi.org/10.1001/jamapsychiatry.2020.0164
http://dx.doi.org/10.1176/appi.focus.16407
http://dx.doi.org/10.1007/s40279-015-0441-5
http://dx.doi.org/10.4103/2229-3485.83221
https://rpsychologist.com/cohend/
https://rpsychologist.com/cohend/
http://dx.doi.org/10.1001/jama.285.15.1992
http://dx.doi.org/10.1249/01.MSS.0000078924.61453.FB
http://bjsm.bmj.com/

