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Abstract

Depression is a prevalent mental disorder worldwide, with significant implications for
individuals' well-being and societal burden. The use of antidepressants and cognitive
behavioural therapy (CBT) are common treatment approaches. Alternative treatments
with fewer side effects and lower costs are needed. This review explores the biological
and psychological mechanisms underlying the relationship between exercise and
depression, including neuroplasticity, neuroendocrine function, inflammation, self-
esteem, and self-efficacy. Five selected studies, meeting specific inclusion criteria, were
analysed, with three studies demonstrating a significant positive effect of aerobic
exercise on reducing depressive symptoms in MDD. One study showed no significant
difference, possibly due to participant dropout and confounding factors. Some
similarities in exercise duration, intensity and frequency are also found between current
guidelines and the findings. In conclusion, although evidence suggests a positive effect of
aerobic exercise on depressive symptoms in MDD, further research with rigorous
methodology is needed to establish optimal exercise parameters for this population.
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1. Background

Depression is a common worldwide mental disorder. It is estimated that 280 million people
(3.8%) were affected by depressive disorder worldwide (World Health Organization, 2021).
While in the US, 8.4% of adults (21 million) had at least one episode of major depressive
disorder (MDD), and the prevalence (17%) was found to be highest among young adults aged
18-25 (SAMHSA, 2021). The situation worsened during the COVID-19 pandemic. In comparison
with before the pandemic, more than twofold number of people were affected by depressive
symptoms during the pandemic (Ettman etal., 2020). People’s ability to work and interpersonal
relationships can be impacted by depression, and at worst, it can cause suicide (WHO, 2021).
Depression is also associated with other medical conditions, such as alcohol addiction, type 2
diabetes, etc (Biddle et al., 2021). In 2004, depression became the third leading burden of
disease in disability-adjusted life years, and it was predicted to become the first burden of
disease in 2030 (WHO, 2008).

Currently, antidepressants are the first line of treatment for depression (Biddle et al., 2021).
Since 1999-2002, the use of antidepressants in the last month in individuals over 12 years old
has significantly increased from 7.7% to 12.7% in 2011-2014 (Pratt et al.,, 2017). Cognitive
behaviour therapy (CBT) which requires an interview with therapists is another popular
treatment for depression (Wenzel & Amy, 2016). However, due to the side effects of
antidepressants and the high cost of CBT, alternative treatment with fewer side effects and
lower costs is needed. In a systematic review and meta-analysis, Cooney et al. (2013) indicated
that exercise has a moderate clinical effect on depression, and its effect might be similar to that
of pharmacological treatment. But the forms of exercise that the researchers covered in the
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study varied. Furthermore, De Souza Moura et al. (2015) conducted a systematic review of the
studies before 2015 to investigate the difference between aerobic and non-aerobic exercise in
people with depression. In the five selected studies reviewed, only one study indicated a
significant positive effect of aerobic and non-aerobic exercise on depression, while the other
four studies reported no significant effect of both aerobic and non-aerobic exercise. But some
benefits of aerobic exercise were identified by the aerobic exercise group, such as an increase
in maximal oxygen uptake and a reduction of waist perimeter (De Souza Moura et al.,, 2015).

Based on the above, this essay aims to investigate whether aerobic exercise has an effect on
reducing depressive symptoms in people with major depressive disorder (MDD) by critically
reviewing papers published after 2014. Furthermore, how this evidence relates to current
exercise guidelines for people with MDD will be discussed.

2. Mechanism

Exercise can impact a variety of biological and psychological processes of an individual, and it
may implicate the pathophysiology of depression (Kandola et al., 2019). Potential mechanisms
that exercise can improve depression can be explained through neuroplasticity,
neuroendocrine, inflammation and psychological factors (e.g., self-esteem and self-efficacy)
(Kandola et al., 2019). One popular hypothesis in neuroplasticity is that MDD is associated with
the decrease in hippocampal volume, and exercise works as an antidepressant that can increase
the synthesis of hippocampal neurons (Durstine etal., 2016). In a meta-analysis, brain magnetic
resonance images from 1728 MDD patients and 7199 healthy people were analysed by
Schemaal etal., (2016) who indicated that significantly lower hippocampal volumes were found
in patients with MDD compared to healthy participants. Videbech et al. (2004) also found that
hippocampal volume decreased on both the left and right sides of the brain in the patients by
comparing with healthy participants. However, exercise can improve the hippocampal volume.
In a meta-analysis that included 22 studies, Wilckens et al. (2021) demonstrate that over 24
weeks of moderate-intensity exercise has an effect on increasing hippocampal volume.
Additionally, aerobic exercise was also found to improve left hippocampal volume in a meta-
analysis extracting 14 studies with 737 patients (Firth et al., 2018).

Potential mechanisms of exercise improving depression can also be explained by psychological
processes. In a systematic review, Keane & Lisa (2017) demonstrated that young people with
low self-esteem are associated with comorbidity of depression. Nguyen et al. (2019) also
indicate that low self-esteem is associated with depression, which can impact people’s quality
of life and suicidal ideation. What is worse, the relationship between self-esteem and
depression can be cyclical (Kandola et al., 2019), which means low self-esteem can lead to
depression and further exacerbate self-esteem. However, exercise might break this circle. An
umbrella review concludes that physical activity positively improves mental health and
physical self-concept, a component of self-esteem (Dale et al., 2019). A similar result has also
been reported in a study with a quasi-experimental design. Rao et al. (2020) demonstrate that
improvement in self-esteem and quality of life was found in the intervention group of aerobic
exercise. In addition, low self-efficacy is another psychological factor related to depression. A
longitudinal cohort study indicates that a low level of self-efficacy is associated with a greater
risk of depressive symptoms (Taneichi et al., 2013. In a study with a quasi-experimental design,
significant improvement in self-efficacy was found in the aerobic exercise programme,
compared with the control group (CG) (Odunaiya et al,, 2022).
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3. Discussion

3.1. Evidence of aerobic exercise

In this session, whether aerobic exercise has an effect on improving depressive symptoms will
be discussed by five selected papers. These papers were included according to the following
criteria: 1) Study is designed in randomised control trial; 2) All the participants were diagnosed
with MDD; 3) Only usual therapy was conducted in the CG; 4) aerobic exercise was conducted
in the intervention group; 5) The outcome of the studies was measured by a rating scale of
depression. A summary of the five selected papers is presented in Table 1.

Three Randomised control trials (RCT) report a positive effect with a large effect size from
aerobic exercise in reducing depressive symptoms (Legrand & Neff, 2016; Moraes et al., 2020;
Wunram et al., 2018). In the study conducted by Legrand & Neff (2016), the duration of the
intervention only lasted 10 days but the stretching exercise was conducted as a placebo group
to compare with the intervention and control group, which enhance the quality of the study.
The researchers indicate a significant large effect in the intervention group (Cohen’s d=-1.06;
p=0.012) by comparing with the CG, and no significant difference was reported between the
placebo group and intervention group. A similar effect size was also found in a semi-RCT by
Wunram et al. (2018). No significant effect was found after the 6-week intervention and further
8-week follow-up, but in 26 weeks, compared with the CG, a statistically significant effect was
reported in the aerobic exercise group (Cohen’s d=0.85; p=0.037). And the remission rate is
71.4% in the aerobic exercise group, with 25% in the CG. In contrast, a larger effect size was
reported in the study conducted by Moraes et al., (2020). By comparing strength training,
aerobic training and CG, the largest effect size was found in the aerobic training group (Es=2.8;
p=0.003), with a smaller effect size in the strength training group (Es=1.5; p=0.001) (Moraes et
al,, 2020). In addition, a positive effect was also reported in a study conducted by Schuch et al.
(2015). Researchers indicate that after 2 weeks of intervention, there is a significant difference
in the scores of HAM-D, with 4.41 points (95%CI: 7.57-1.25; p=0.007) by comparing with the
CG.

However, a study indicates no difference in reducing depressive symptoms between the aerobic
exercise group and the control group (Kruisdijk et al, 2019). Among these five studies,
Kruisdijk et al. (2019) conducted the longest intervention with aerobic exercise twice a week
for 6 months. Compared with the CG, although a large effect size was found in secondary
outcomes (e.g. aerobic capacity and BMI) and scores on HAM-D17 both decreased in the two
groups, no significant difference in reducing depressive symptoms was found (Cohen’s d<0.2;
p=0.73) between groups. Some issues in the study might induce this result. The response rate
is very low in the study, with 73.8% of the participants excluded at the beginning and a 55%
drop-off rate at 6 months. Additionally, as reported in the study, the participants in the control
group were allowed to do low-intensity exercise (walking and recreational sports). This can
become a confounder which might reduce the difference in the effect between the intervention
and control group.

Based on the above, it is believed that aerobic exercise has a positive effect on improving
depressive symptoms for people with MDD, but the magnitude of the effect differs in these
studies. This might be because of the different intensities, frequencies, durations and types of
the aerobic exercise program in the study. In the three studies with a large effect size (Legrand
& Neff, 2016; Moraes et al.,, 2020; Wunram etal., 2018), 65-75% of the maximal heart rate, 60%
of the VO2 max and an average of 60-70% maximal wattage in spiroergometry were reported,
which refers to the criteria of moderate-to-vigorous exercise. Although the aerobic exercise
program only processed 10 days in the study from Legrand & Neff (2016), the 10-day
intervention is continuous with no more than two days break. However, no specific intensity of
exercise was required for the participants in the study conducted by Schuch et al. (2015). The
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intervention only required a total volume of exercise of 16.5 kcal/kg of weight/week, and the
aerobic exercise program only lasted three times per week for 2 weeks. Thus, further high-
quality study to investigate the dose-response effect of aerobic exercise in reducing depression
is warranted.

Furthermore, some limitations were identified. 1) Due to the nature of the intervention, it is
impossible to blind the patients or researchers in the study. This might raise the participant’s
motivation in the CG, which can diminish the potential difference between the intervention and
control group (Biddle et al., 2021). 2) Only two studies (Kruisdijk et al., 2019; Moraes et al.,
2020) report the allocation concealment, while others do not report or the concealment is
unclear. This can increase selection bias in the study.

3.2. Exercise recommendation for people with depression

According to the guideline of management for children and young people with depression by
the National Institute for Health and Care Excellence, exercise is suggested to maintain people’s
mental health. A moderate duration (45 minutes to 1 hour) exercise program of 3 times per
week for 10-12 weeks under supervision is suggested to be considered (NICE, 2019). Although
no intensity or type of exercise was mentioned in the guideline, the duration (45 mins to 1 hour)
is similar to the exercise program of the five studies after adding warm-up and cool-down or
stretching part in each session.

In the Recommendations for Physical Activity or Exercise in Chronic Conditions, it is suggested
that high-functioning patients with depression and no further comorbid conditions should
follow the exercise guidelines provided by the ACSM (Durstine et al., 2016). A specific aerobic
exercise program is included for exercise prescription in the ACSM guideline. This aligns with
the findings discussed in the five papers, suggesting that aerobic exercise has a positive effect
on improving depressive symptoms for patients with MDD. It is recommended that 30-60
minutes of moderate-to-vigorous exercise 3-5 times per week can maintain health/fitness
benefits (ACSM, 2018). This duration and intensity are similar to the exercise program in the
five studies, but only two studies (Legrand & Neff, 2016; Schuch et al, 2015) match the
frequency recommendation from the ACSM guideline. Regarding the total volume of exercise,
only one study from (Schuch et al.,, 2015) refers to a requirement of the total volume of exercise
(16.5 kcal/kg of weight/week), which is similar to the recommendation of 1,000 kcal/week.
But the evidence of the dose-response effect of exercise in reducing depression is still limited
(US PAGAC, 2018).

4. Conclusion

Although the specific pathophysiology of aerobic exercise in improving depression is still
unclear, some potential mechanisms of aerobic exercise improving depressive symptoms have
been explained by neuroplasticity and psychology in this essay. By discussing five recent
related papers, it is believed that aerobic exercise has a positive effect in improving depressive
symptoms for people with MDD. It seems that there is a large effect size in aerobic exercise, but
due to the biases and limitations of the studies, the evidence supporting this conclusion is still
inadequate. Exercise is recommended in the NICE guideline for management of depression and
aerobic exercise is included in the exercise prescription from the ACSM guideline. But the dose-
repose effect of exercise on depression is still limited, further high-quality studies are
warranted.

References

[1] American College of Sports Medicine, Riebe, D., Ehrman, J. K., Liguori, G., & Magal, M. (Eds.). (2018).
ACSM'’s guidelines for exercise testing and prescription (Tenth edition). Wolters Kluwer.

78



International Journal of Science Volume 10 Issue 7, 2023
ISSN: 1813-4890

[2] Biddle, S., Mutrie, N, Gorely, T, & Faulkner, G. E. J. (2021). Psychology of physical activity:
Determinants, well-being and interventions.

[3] Cooney, G. M, Dwan, K., Greig, C. A., Lawlor, D. A, Rimer, ]., Waugh, F. R,, McMurdo, M., & Mead, G. E.
(2013). Exercise for depression. Cochrane Database of Systematic Reviews, 9.

[4] Dale, L. P, Vanderloo, L., Moore, S., & Faulkner, G. (2019). Physical activity and depression, anxiety,
and self-esteem in children and youth: An umbrella systematic review. Mental Health and Physical
Activity, 16, 66-79. https://doi.org/10.1016/j.mhpa.2018.12.001

[5] De Souza Moura, A., Lamego, M., Paes, F., Ferreira Rocha, N., Simoes-Silva, V., Rocha, S., De Sa Filho,
A, Rimes, R, Manochio, J., Budde, H., Wegner, M., Mura, G., Arias-Carrion, O., Yuan, T.-F., Nardi, A., &
Machado, S. (2015). Comparison Among Aerobic Exercise and Other Types of Interventions to Treat
Depression: A Systematic Review. CNS & Neurological Disorders - Drug Targets, 14(9), 1171-1183.
https://doi.org/10.2174/1871527315666151111120714https://doi.org/10.1002/14651858.CD
004366.pub6

[6] Durstine, J. L., Moore, G. E., Painter, P. L., & American College of Sports Medicine (Eds.). (2016).
ACSM'’s exercise management for persons with chronic diseases and disabilities (Fourth edition).
Human Kinetics.

[7] Ettman, C. K, Abdalla, S. M., Cohen, G. H., Sampson, L., Vivier, P. M., & Galea, S. (2020). Prevalence of
Depression Symptoms in US Adults Before and During the COVID-19 Pandemic. JAMA Network
Open, 3(9), e2019686. https://doi.org/10.1001 /jamanetworkopen.2020.19686

[8] Firth, ]., Stubbs, B., Vancampfort, D., Schuch, F., Lagopoulos, ]., Rosenbaum, S., & Ward, P. B. (2018).
Effect of aerobic exercise on hippocampal volume in humans: A systematic review and meta-
analysis. Neurolmage, 166, 230-238. https://doi.org/10.1016/j.neuroimage.2017.11.007

[9] Kandola, A., Ashdown-Franks, G., Hendrikse, |., Sabiston, C. M., & Stubbs, B. (2019). Physical activity
and depression: Towards understanding the antidepressant mechanisms of physical activity.
Neuroscience & Biobehavioral Reviews, 107, 525-539. https://doi.org/ 10.1016/].
neubiorev.2019.09.040

[10]Keane, L., & Loades, M. (2017). Review: Low self-esteem and internalizing disorders in young people
- a systematic review. Child and Adolescent Mental Health, 22(1), 4-15. https:// doi.org/
10.1111/camh.12204

[11] Kruisdijk, F., Hopman-Rock, M., Beekman, A. T. F., & Hendriksen, 1. (2019). EFFORT-D: Results of a
randomised controlled trial testing the EFFect of running therapy on depression. BMC Psychiatry,
19(1), 170. https://doi.org/10.1186/s12888-019-2156-x

[12]Legrand, F. D., & Neff, E. M. (2016). Efficacy of exercise as an adjunct treatment for clinically
depressed inpatients during the initial stages of antidepressant pharmacotherapy: An open
randomized controlled trial. Journal of Affective Disorders, 191, 139-144. https://doi.org/
10.1016/j.jad.2015.11.047

[13]Moraes, H. S, Silveira, H. S., Oliveira, N. A., Matta Mello Portugal, E., Aratjo, N. B., Vasques, P. E,,
Bergland, A, Santos, T. M., Engedal, K., Coutinho, E. S., Schuch, F. B,, Laks, ]., & Deslandes, A. C. (2020).
[s Strength Training as Effective as Aerobic Training for Depression in Older Adults? A Randomized
Controlled Trial. Neuropsychobiology, 79(2), 141-149. https://doi.org/10.1159/000503750

[14]National Health Service. (2019). Overview—Cognitive behavioural therapy (CBT). Nhs.Uk.
https://www.nhs.uk/mental-health/talking-therapies-medicine-treatments/talking-therapies-
and-counselling/cognitive-behavioural-therapy-cbt/overview/

[15] National Institute for Health and Care Excellence. (2021). Depression in children and young people:
Identification and management.

[16] Nguyen, D. T., Wright, E. P., Dedding, C., Pham, T. T., & Bunders, J. (2019). Low Self-Esteem and Its
Association With Anxiety, Depression, and Suicidal Ideation in Vietnamese Secondary School
Students: A Cross-Sectional Study. Frontiers in Psychiatry, 10. https://www.frontiersin.org/
article/10.3389/fpsyt.2019.00698

[17]Odunaiya, N. A, Agbaje, S. A, Adegoke, 0. M., & Oguntibeju, 0. 0. (2022). Effects of a four-week
aerobic exercise programme on depression, anxiety and general self-efficacy in people living with

79



International Journal of Science Volume 10 Issue 7, 2023
ISSN: 1813-4890

HIV on highly active anti-retroviral therapy. AIDS Care, 34(2), 173-181. https://doi.org/
10.1080/09540121.2021.1883513

[18] Pratt, L. A, Brody, D. ], & Gu, Q. (2017). Antidepressant Use Among Persons Aged 12 and
Over:United States,2011-2014. NCHS data brief, (283), 1-8.

[19] Physical Activity Guidelines Advisory Committee. (2018). 2018 Physical Activity Guidelines
Advisory Committee Report. Washington, DC: US Department of Health & Human Services.

[20]Rao, U. T, Noronha, J. A., & Adiga, K. (2020). Effect of aerobic exercises on depressive symptoms,
anxiety, self-esteem, and quality of life among adults with depression. Clinical Epidemiology and
Global Health, 8(4), 1147-1151. https://doi.org/10.1016/j.cegh.2020.04.006

[21]Schmaal, L., Veltman, D. ., van Erp, T. G. M., Sdmann, P. G., Frodl, T., Jahanshad, N., Loehrer, E.,
Tiemeier, H., Hofman, A., Niessen, W. ], Vernooij, M. W,, Ikram, M. A., Wittfeld, K., Grabe, H. ], Block,
A., Hegenscheid, K., Volzke, H., Hoehn, D., Czisch, M., ... Hibar, D. P. (2016). Subcortical brain
alterations in major depressive disorder: Findings from the ENIGMA Major Depressive Disorder
working group. Molecular Psychiatry, 21(6), 806-812. https://doi.org/10.1038/mp.2015.69

[22] Schuch, F. B., Vasconcelos-Moreno, M. P., Borowsky, C., Zimmermann, A. B, Rocha, N. S., & Fleck, M.
P. (2015). Exercise and severe major depression: Effect on symptom severity and quality of life at
discharge in an inpatient cohort. Journal of Psychiatric Research, 61, 25-32.
https://doi.org/10.1016/j.jpsychires.2014.11.005

[23] Substance Abuse and Mental Health Services Administration. (2021). 2020 National Survey of Drug
Use and Health. U.S. Department of Health and Human https://www.samhsa. gov/data/
release/2020-national-survey-drug-use-and-health-nsduh-releases

[24]Videbech, P., & Ravnkilde, B. (2004). Hippocampal Volume and Depression: A Meta-Analysis of MRI
Studies. American Journal of Psychiatry, 161(11), 1957-1966. https://doi.org/ 10.1176/
appi.ajp.161.11.1957

[25]Wenzel, Amy. (2016) Cognitive Behavioral Therapy for Anxiety and Depression (session 6 of 6).
Washington, D.C: American Psychological Association

[26]Wilckens, K. A., Stillman, C. M., Waiwood, A. M., Kang, C., Leckie, R. L., Peven, ]. C., Foust, ]. E,,
Fraundorf, S. H., & Erickson, K. I. (2021). Exercise interventions preserve hippocampal volume: A
meta-analysis. Hippocampus, 31(3), 335-347. https://doi.org/10.1002/hipo.23292

[27]World Health Organization. (2008). The global burden of disease: 2004 update. Geneva: WHO.
https://apps.who.int/iris/handle/10665 /43942

[28]World Health Organization. (2021). Fact Sheets—Depression. Geneva: WHO. https:// www.
who.int/ news-room/fact-sheets/detail/depression

[29]Wunram, H. L., Hamacher, S., Hellmich, M., Volk, M., Janicke, F., Reinhard, F., Bloch, W., Zimmer, P.,
Graf, C, Schoénau, E., Lehmkuhl, G., Bender, S., & Fricke, O. (2018). Whole body vibration added to
treatment as usual is effective in adolescents with depression: A partly randomized, three-armed
clinical trial in inpatients. European Child & Adolescent Psychiatry, 27(5), 645-662.
https://doi.org/10.1007/s00787-017-1071-2

Table 1 Summary of the five papers by design, participants, intervention, main finding and

study quality
Study Method Participants Intervention Main findings Study quality
Design Outcome No Type Aerobl'c exercise duration Allocation Blinded
measure type (intensity) concealment
In comparison
1. Intervention: 30 with the
mins Nordic control group,
Patients with MDD wz}lklng or large effects
. running, twice a were reported
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etal, RCT HAM-D17 = 46 L 60% of maximum 6 months capacity and Yes No
specialised mental .
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health care . . . .
S 2. low-intensity intervention
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Legrand
& Neff, RCT
(2016)
Moraes et
al, (2020) RCT
Wunram Semi-
etal,
(2018) RCT
Schuch et
al, (2015)  RCT

BDI-II

HAM-D

DIKJ

HAM-D

Patients diagnosed

with MDD, with

35 antidepressant
drug therapy less

than two weeks

The patients with
MDD were

27 selected from the
Institute of
Psychiatry

Patients with MDD
were recruited
from the
Department of
Psychiatry ata
university

43

Patients diagnosed
with MDD by the
Mini International
25 Neuropsychiatric
Interview were
recruited in the
study.

1. 30 mins outdoor
brisk walking or
jogging every day
(65-75% of
maximal heart
rate).
2. Stretching
exercise (placebo

group).

10 days

20 mins exercise
on stationary
bikes or
tread mills, twice a
week (60% of the
V02 max)

12 weeks

30 mins stationary
cycles (average
60-70% maximal
wattage in
spiroergometry),
three times a week

6 weeks

Power bike or
tread mill or
“transport”

machine, three

times a week
(flexible intensity,
adose of 16.5
kcal/kg of
weight/week of
aerobic exercise)

2 weeks

81

intervention
and control
group, but
scores on the
HAM-D17
decreased in
both groups.
In comparison
with the
control group,
alarge effect
size (Cohen’s
d=-1.06) was
reported in
the aerobic
exercise
group, and the
data is
statistically
significant
(p=0.012). No
significant
difference was
found in the
placebo group.
In comparison
with the
control group,
alarge effect
size (Es=2.8,
p=0.003) was
reported in
the aerobic
exercise
group.

No significant
effect was
found after 6
weeks of
intervention
and 14 weeks
of follow-up.
Butat 26
weeks follow-
up, in
comparison
with the
control group,
a statistically
significant
result was
found in the
aerobic group
(F=3.0,
df=39.1,
Cohen’s
d=0.85,
p=0.037).
In comparison
with the
control group,
the score on
depression
was lower in
the
intervention
group, with a
significant
difference of
4.41 points
(95%CI:7.57-
1.25; p=0.007)
in the second
week. But no
difference in
remission was
found between
groups.

Unknown

Yes

Unknown

Unknown

No

No

No
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Beck Depression Inventory (BDI-II); Body Mass Index (BMI); Major Depressive Disorder (MDD);

Hamilton Depression Rating Scale (HAM-D); Depressions Inventar fiir Kinder und Jugendliche
(DIKJ); Randomised control trial (RCT)
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