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I N F O A B S T R A C T

Depression is a major health burden associated with poor quality of 
life and impaired functioning. Depression is a leading cause of disability 
worldwide and is associated with profound economic costs. Depression 
is usually treated with antidepressant medications and psychological 
therapy or a combination of both. Exercise can be considered as a 
treatment option for the management of depression. The aim of 
this study is to investigate the effect of exercise in the prevention of 
depression. It is a common psychological disorder, affecting about 121 
million people worldwide.
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Introduction
Depression is a state of low disposition that can affect a 
person’s behaviour, emotional state, thoughts, and physical 
well-being.

The Symptoms of Depression are as Follows

• Slow down on speech and movements
• Worthlessness
• Feeling insignificant
• Weakness
• Reluctance
• Pessimism
• Slow down on thoughts1

According to WHO (World Health Organization), “depression 
is the leading cause of disability worldwide and is a major 

contributor to the overall global burden of disease. More 
women are affected by depression than men”.2 Depression 
is the most common mental disorder, it has a high rate of 
chronicity and recurrence and it is a significant risk factor 
for suicide, and causes workforce loss. So, depression is a 
serious health problem at the individual and community 
levels.3

“Exercise is defined as repetitive physical activity that is 
produced as a result of the contraction of skeletal muscles 
and requires energy expenditure above basal metabolic 
rate.” It is a planned, structured, and voluntary action that 
is aimed at improving the components of physical fitness.4

Benefits of Regular Physical Activity 

• Diminishes morbidity and mortality
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• Provides a person to be socio-economically more 
efficient

• Upsurges the quality of life
• Positive effects on both physical and mental health5

While there are many studies on the effects of exercise on 
physical health, there are not enough studies on its effects 
on mental health.6 Today, depression is the most common 
disease throughout the world. Exercise can be used as both 
a direct or complementary treatment in the treatment of 
mild and moderate symptoms of depression. It is thought 
that exercise may be an important interventional method 
in preventing depression.7,8

Paybacks of Exercise in Depression and Anxiety
Depression and anxiety can be reduced with the help of 
regular exercise by:

• Release of various natural brain chemicals including 
endogenous cannabinoids as well as endorphins which 
can make one feel good and healthy.

Many psychological and emotional benefits can be obtained 
by doing regular exercise. It can help you to:

• Gain confidence
• Get more social interaction 
• Cope in a healthy way9

Exercise as Protective Factors in the Episode 
of Depression
Depression has negative effects on the quality of life of 
millions of people around the world.10 Complementary 
therapies such as exercise, meditation, and yoga are very 
effective in the treatment of depression and anxiety. 
Physical exercise can give a positive result when it is tried 
as a complementary approach to standard pharmacological 
and psychotherapeutic treatment approaches.11,12 Some 
studies have reported that exercise may be as effective as 
psychological interventions and drug therapy in depression 
treatment.13,14 Exercise in the treatment of depression did 
not show any side effects like drug such as withdrawal 
symptoms and weight gain, dry mouth, or insomnia.17 
However, it is strongly recommended that exercise is used 
as adjunctive therapy, when considering that it has potential 
health benefits such as weight loss.18 Many studies in the 
systematic review conducted by Mammen have reported 
that exercise can have great potential in protection as 
well as treatment and that there is increasing evidence 
on this issue. Moreover, it has been suggested that active 
individuals should maintain their physical activity habits 
and that inactive individuals should begin a physically 
active lifestyle. Some studies show that regular physical 
activity can improve mental as well as physical health of the 
population.19 New findings demonstrate that exercise can 
be recommended as an adjunct to the use of medications 

in the first-line treatment for mild to moderate depression20 
as an alternative to cognitive behavioural therapy21 and 
in the prevention of depression in healthy populations.22

Exercise and Depression - Mechanistic Pathways
Due to the multiple possible mechanisms, exercise exerts 
a beneficial effect on depression. A number of biomarkers 
and parameters are altered in patients suffering from 
depression. Such biomarkers and parameters can be 
modulated by physical exercise leading to mitigation of 
depressive symptoms. The helpful impact of exercise on 
some of the biomarkers is explained below.

Effect of Exercise on Neurotransmitters, 
Neurotrophins and Neurogeneration
Exercise has been shown to increase the availability 
of neurotransmitters such as 5-HT, dopamine, and 
noradrenaline in the brain.23-25 Exercise stimulates the 
growth of nerve cells and the release of proteins which are 
beneficial for the health and survival of nerve cells.26 Brain-
Derived Neurotrophic Factor (BDNF) has a prominent role 
in neuroprotection, neurogenesis and synaptic plasticity.27 
The concentration of BDNF is known to be decreased in 
patients with MDD and is increased with anti-depressant 
drug treatment.28 Exercise upsurges concentration of 
BDNF in patients with depression.29 There are numerous 
studies that have shown that exercise improves levels of 
BDNF in the hippocampus.30-32 The higher serum levels of 
BDNF are associated with larger hippocampal volume.33 
The hippocampal capacity is reduced in patients with 
depression34,35 and antidepressant treatment allows the 
formation of new cells in the hippocampus.36 An increase 
in hippocampal volume and improvement in short term 
memory was observed in patients who underwent aerobic 
exercise for 3 months.37 In a single-blind RCT, a moderate-
intensity aerobic exercise intervention carried out in older 
adults for one year was effective in increasing the size of 
hippocampus. The volume of left and right hippocampus 
was increased by 2.12% and 1.97% respectively.38

Modulation of Hypothalamic-pituitary-adrenal 
Axis
The patients with MDD experience hyperactivity of the 
Hypothalamic-Pituitary-Adrenal (HPA) axis secondary to 
hypersecretion of Corticotropin-Releasing Hormone (CRH). 
In patients suffering from depression the level of cortisol in 
plasma, urine and cerebrospinal fluid (CSF) are increased.39 
Exercise also triggers the HPA axis and increases the levels 
of cortisol. The cortisol serves as a negotiator between 
chronic stress and depression and is considered to link 
various cognitive deficits. In chronic stress and exercise the 
level of basal cortisol is elevated.40 Although acute exercise 
sharply increases the levels of cortisol, chronic exercise may 
also increase basal cortisol levels.41,42 Exercise promotes 
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structural and functional plasticity, improve cognition and 
stress coping and exert antidepressant-like effects. In one 
more review, no significant long-term effects of exercise 
in cortisol resting levels were found.43 Regular exercise 
leads to a reduced response to various forms of stressor 
challenge as it has neuroproductive effects in contrast to 
acute exercise which itself serves as a stressor.44

Conclusion
The core features of depression symptoms include low 
mood, decreased interest or pleasure in most or all activities 
of the day, decreased motivation, increases or decreases in 
appetite and weight, insomnia, psychomotor agitation and 
suicidal thoughts with or without suicidal plans or attempts 
among people with depression, exercise can be used for 
managing symptoms. Also, a robust body of evidence from 
randomized controlled trials demonstrates that exercise is 
effective in treating depression. Exercise helps in reducing 
depression and anxiety by endorphins and taking your 
mind off worries. Exercise has demonstrated efficacy in 
reducing symptoms for people with depression. Despite its 
effectiveness, similar to other treatments, some people may 
benefit more from exercise and identifying these potential 
predictors of response is necessary to deal with patients’ 
and professionals’ expectations. 

References
1. Öztürk O, Uluşahin A. Mental health and disorders. 

13th ed. Ankara: Nobel Medical Books; 2015.
2. World Health Organization [Internet]. Depression fact 

sheet; [cited 2017 Jun 26]. Available from: http://www.
who.int/mediacentre/factsheets/fs369/en/

3. Rothon C, Edwards P, Bhui K, Viner RM, Taylor S, 
Stansfeld SA. Physical activity and depressive symptoms 
in adolescents: a prospective study. BMC Med. 2010 
May 28;8:32. [PubMed] [Google Scholar]

4. Gursel Y. Therapeutic exercises - physical medicine and 
rehabilitation. In: Beyazova M, Gokce Kutsal Y, editors. 
Ankara: Güneş Bookstore; 2000;909-29.

5. Rejeski WJ, Brawley LR. Functional health: innovations 
in research on physical activity with older adults. 
Med Sci Sports Exerc. 2006 Jan;38(1):93-9. [PubMed] 
[Google Scholar]

6. Demir R. Physical activity/environmental and social 
effects to exercise-PA barriers. Turkiye Klinikleri J 
Physiother Rehabil-Special Topics. 2016;2(1):141-5. 

7. Dunn AL, Trivedi MH, Kampert JB, Clark CG, Chambliss 
HO. Exercise treatment for depression: efficacy and 
dose response. Am J Prev Med. 2005 Jan;28(1):1-8. 
[PubMed] [Google Scholar]

8. McAuley E, Jerome GJ, Marquez DX, Elavsky S, Blissmer 
B. Exercise self-efficacy in older adults: social, affective, 
and behavioural influences. Ann Behav Med. Winter 

2003;25(1):1-7. [PubMed] [Google Scholar]
9. Cooney GM, Dwan K, Greig CA, Lawlor DA, Rimer 

J, Waugh FR, McMurdo M, Mead GE. Exercise for 
depression. Cochrane Database Syst Rev. 2013 Sep 
12;(9):CD004366. [PubMed] [Google Scholar]

10. Gelenberg AJ. The prevalence and impact of depression. 
J Clin Psychiatry. 2010 Mar;71(3):e06. [PubMed] 
[Google Scholar]

11. Saeed SA, Antonacci DJ, Bloch RM. Exercise, yoga and 
meditation for depressive and anxiety disorders. Am 
Fam Physician. 2010 Apr 15;81(8):981-6. [PubMed] 
[Google Scholar]

12. Rimer J, Dwan K, Lawlor DA, Greig CA, McMurdo M, 
Morley W, Mead GE. Exercise for depression. Cochrane 
Database Syst Rev. 2012 Jul 11;(7):CD004366. [PubMed] 
[Google Scholar]

13. Blumenthal JA, Babyak MA, Doraiswamy PM, Watkins 
L, Hoffman BM, Barbour KA, Herman S, Craighead 
WE, Brosse AL, Waugh R, Hinderliter A, Sherwood 
A. Exercise and pharmacotherapy in the treatment 
of major depressive disorder. Psychosom Med. 2007 
Sep-Oct;69(7):587-96. [PubMed] [Google Scholar]

14. Swan J, Hyland P. A review of the beneficial mental 
health effects of exercise and recommendations for 
future research. Psychol Soc. 2012;5(1):1-15. [Google 
Scholar]

15. Memari AH, Ghanouni P, Gharibzadeh S, Eghlidi J, 
Ziaeea V, Moshayedid P. Postural sway patterns in 
children with autism spectrum disorder compared with 
typically developing children. Res Autism Spectrum 
Disord. 2013;7:325-32. [Google Scholar]

16. Deslandes A, Moraes H, Ferreira C, Veiga H, Silveira 
H, Mouta R, Pompeu FA, Freire Coutinho ES, Laks J. 
Exercise and mental health: many reasons to move. 
Neuropsychobiology. 2009;59(4):191-8. [PubMed] 
[Google Scholar]

17. Ebmeier KP, Donaghey C, Steele JD. Recent developments 
and current controversies in depression. Lancet. 2006 
Jan 14;367(9505):153-67. [PubMed] [Google Scholar]

18. Daley A. Exercise and depression: a review of reviews. 
J Clin Psychol Med Settings. 2008 Jun;15(2):140-7. 
[PubMed] [Google Scholar]

19. Mammen G, Faulkner G. Physical activity and the 
prevention of depression: a systematic review 
of prospective studies. Am J Prev Med. 2013 
Nov;45(5):649-57. [PubMed] [Google Scholar]

20. Carek PJ, Laibstain SE, Carek SM. Exercise for the 
treatment of depression and anxiety. Int J Psychiatry 
Med. 2011;41(1):15-28. [PubMed] [Google Scholar]

21. Ryan MP. Psychocultural differences in physical activity-
based antidepressant effects. Ment Health Phys Act. 
2010;3(1):5-15. [Google Scholar]

22. Peluso MA, Guerra DE, de Andrade LH. Physical activity 

https://pubmed.ncbi.nlm.nih.gov/20509868/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Physical+activity+and+depressive+symptoms+in+adolescents%3A+a+prospective+study&btnG=
https://pubmed.ncbi.nlm.nih.gov/16394959/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Functional+health%3A+innovations+in+research+on+physical+activity+with+older+adults&btnG=
https://pubmed.ncbi.nlm.nih.gov/15626549/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Exercise+treatment+for+depression%3A+efficacy+and+dose+response&btnG=
https://pubmed.ncbi.nlm.nih.gov/12581930/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Exercise+self-efficacy+in+older+adults%3A+social%2C+affective%2C+and+behavioural+influences&btnG=
https://pubmed.ncbi.nlm.nih.gov/24026850/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Exercise+for+depression&btnG=
https://pubmed.ncbi.nlm.nih.gov/20331925/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=prevalence+and+impact+of+depression&btnG=
https://pubmed.ncbi.nlm.nih.gov/20387774/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Exercise%2C+yoga+and+meditation+for+depressive+and+anxiety+disorders&btnG=
https://pubmed.ncbi.nlm.nih.gov/22786489/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=12.%09Rimer+J%2C+Dwan+K%2C+Lawlor+DA%2C+et+al.+Exercise+for+depression&btnG=
https://pubmed.ncbi.nlm.nih.gov/17846259/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Exercise+and+pharmacotherapy+in+the+treatment+of+major+depressive+disorder&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+review+of+the+beneficial+mental+health+effects+of+exercise+and+recommendations+for+future+research&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+review+of+the+beneficial+mental+health+effects+of+exercise+and+recommendations+for+future+research&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Postural+sway+patterns+in+children+with+autism+spectrum+disorder+compared+with+typically+developing+children&btnG=
https://pubmed.ncbi.nlm.nih.gov/19521110/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Exercise+and+mental+health%3A+many+reasons+to+move&btnG=
https://pubmed.ncbi.nlm.nih.gov/16413879/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Recent+developments+and+current+controversies+in+depression&btnG=
https://pubmed.ncbi.nlm.nih.gov/19104978/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Exercise+and+depression%3A+a+review+of+reviews&btnG=
https://pubmed.ncbi.nlm.nih.gov/24139780/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Physical+activity+and+the+prevention+of+depression%3A+a+systematic+review+of+prospective+studies&btnG=
https://pubmed.ncbi.nlm.nih.gov/21495519/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Exercise+for+the+treatment+of+depression+and+anxiety&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Psychocultural+differences+in+physical+activity-based+antidepressant+effects&btnG=


34
Firdaus S et al.
J. Integ. Comm. Health 2021; 10(1)

ISSN: 2319-9113

and mental health: the association between exercise 
and mood. Clinics (Sao Paulo). 2005 Feb;60(1):61-70. 
[PubMed] [Google Scholar]

23. Knochel C, Oertel-Knochel V, O’Dwyer L, Prvulovic 
D, Alves G, Kollmann B, Hampel H. Cognitive and 
behavioural effects of physical exercise in psychiatric 
patients. Prog Neurobiol. 2012 Jan;96(1):46-68. 
[PubMed] [Google Scholar]

24. Pierce D, Kupprat I, Harry D. Urinary epinephrine and 
norepinephrine levels in women athletes during training 
and competition. Eur J Appl Physiol Occup Physiol. 1976 
Dec 6;36(1):1-6. [PubMed] [Google Scholar]

25. Lautenschlager NT, Cox K, Cyarto EV. The influence 
of exercise on brain aging and dementia. Biochim 
Biophys Acta. 2012 Mar;1822(3):474-81. [PubMed] 
[Google Scholar]

26. Pedersen BK, Saltin B. Exercise as medicine - evidence 
for prescribing exercise as therapy in 26 different 
chronic diseases. Scand J Med Sci Sports. 2015 Dec;25 
Suppl 3:1-72. [PubMed] [Google Scholar]

27. Mattson MP, Maudsley S, Martin B. BDNF and 5-HT: 
a dynamic duo in age related neuronal plasticity and 
neurodegenerative disorders. Trends Neurosci. 2004 
Oct;27(10):589-94. [PubMed] [Google Scholar]

28. Polyakova M, Stuke K, Schuemberg K, Mueller K, 
Schoenknecht P, Schroeter ML. BDNF as a biomarker for 
successful treatment of mood disorders: a systematic 
& quantitative meta-analysis. J Affect Disord. 2015 Mar 
15;174:432-40. [PubMed] [Google Scholar]

29. Kerling A, Kuck M, Tegtbur U, Grams L, Weber-
Spickschen S, Hanke A, Stubbs B, Kahl KG. Exercise 
increases serum brain-derived neurotrophic factor in 
patients with major depressive disorder. J Affect Disord. 
2017 Jun;215:152-5. [PubMed] [Google Scholar]

30. Cotman CW, Berchtold NC. Exercise: A behavioural 
intervention to enhance brain health and plasticity. 
Trends Neurosci. 2002 Jun;25(6):295-301. [PubMed] 
[Google Scholar]

31. Vaynman S, Ying Z, Gomez-Pinilla F. Hippocampal BDNF 
mediates the efficacy of exercise on synaptic plasticity 
and cognition. Eur J Neurosci. 2004 Nov;20(10):2580-
90. [PubMed] [Google Scholar]

32. Neeper SA, Gomez-Pinilla F, Choi J, Cotman C. 
Exercise and brain neurotrophins. Nature. 1995 Jan 
12;373(6510):109. [PubMed] [Google Scholar]

33. Erickson KI, Prakash RS, Voss MW, Chaddock L, Heo 
S, McLaren M, Pence BD, Martin SA, Vieira VJ, Woods 
JA, McAuley E, Kramer AF. Brain-derived neurotrophic 
factor is associated with age related decline in 
hippocampal volume. J Neurosci. 2010;30(15):5368-
75. [PubMed] [Google Scholar]

34. Campbell S, Marriott M, Nahmias C, MacQueen GM. 
Lower hippocampal volume in patients suffering from 

depression: a meta-analysis. Am J Psychiatry. 2004 
Apr;161(4):598-607. [PubMed] [Google Scholar]

35. Steffens DC, Byrum CE, McQuoid DR, Greenberg DL, 
Payne ME, Blitchington TF, MacFall JR, Krishnan KR. 
Hippocampal volume in geriatric depression. Biol 
Psychiatry. 2000 Aug 15;48(4):301-9. [PubMed] [Google 
Scholar]

36. Manji HK, Moore GJ, Chen G. Clinical and preclinical 
evidence for the neurotrophic effects of mood 
stabilizers: implications for the pathophysiology and 
treatment of manic-depressive illness. Biol Psychiatry. 
2000 Oct 15;48(8):740-54. [PubMed] [Google Scholar]

37. Pajonk FG, Wobrock T, Gruber O, Scherk H, Berner D, 
Kaizl I, Kierer A, Müller S, Oest O, Meyer T, Backens M, 
Schneider-Axmann T, Thornton AE, Honer WG, Falkai 
P. Hippocampal plasticity in response to exercise in 
schizophrenia. Arch Gen Psychiatry. 2010 Feb;67(2):133-
43. [PubMed] [Google Scholar]

38. Erickson KI, Voss MW, Prakash RS, Basak C, Szabo A, 
Chaddock L, Kim JS, Heo S, Alves H, White SM, Wojcicki 
TR, Mailey E, Vieira VJ, Martin SA, Pence BD, Woods 
JA, McAuley E, Kramer AF. Exercise training increases 
size of hippocampus and improves memory. Proc Natl 
Acad Sci U S A. 2011 Feb 15;108(7):3017-22. [PubMed] 
[Google Scholar]

39. Pariante CM, Miller AH. Glucocorticoid receptors in 
major depression: relevance to pathophysiology and 
treatment. Biol Psychiatry. 2001 Mar 1;49(5):391-404. 
[PubMed] [Google Scholar]

40. Chen C, Nakagawa S, An Y, Ito K, Kitaichi Y, Kusumi I. 
The exercise glucocorticoid paradox: How exercise 
is beneficial to cognition, mood, and the brain while 
increasing glucocorticoid levels. Front Neuroendocrinol. 
2017 Jan;44:83-102. [PubMed] [Google Scholar]

41. Kanaley JA, Hartman ML. Cortisol and growth hormone 
responses to exercise. Endocrinologist. 2002;12(5):421-
32. [Google Scholar]

42. Stranahan AM, Lee K, Mattson MP. Central mechanisms 
of HPA axis regulation by voluntary exercise. 
Neuromolecular Med. 2008;10(2):118-27. [PubMed] 
[Google Scholar]

43. Schuch FB, Deslandes AC, Stubbs B, Gosmann NP, da 
Silva CT, Fleck MP. Neurobiological effects of exercise 
on major depressive disorder: A systematic review. 
Neurosci Biobehav Rev. 2016 Feb;61:1-11. [PubMed] 
[Google Scholar]

44. Webb HE, Rosalky DS, Tangsilsat SE, McLeod KA, 
Acevedo EO, Wax B. Aerobic fitness affects cortisol 
responses to concurrent challenges. Med Sci Sports 
Exerc. 2013 Feb;45(2):379-86. [PubMed] [Google 
Scholar]

https://pubmed.ncbi.nlm.nih.gov/15838583/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Physical+activity+and+mental+health%3A+the+association+between+exercise+and+mood.+Clinics+%28Sao+Paulo%29&btnG=
https://pubmed.ncbi.nlm.nih.gov/22120173/
https://scholar.google.com/scholar?q=Cognitive+and+behavioural+effects+of+physical+exercise+in+psychiatric+patients&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/1001312/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Urinary+epinephrine+and+norepinephrine+levels+in+women+athletes+during+training+and+competition&btnG=
https://pubmed.ncbi.nlm.nih.gov/21810472/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+influence+of+exercise+on+brain+aging+and+dementia&btnG=
https://pubmed.ncbi.nlm.nih.gov/26606383/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Exercise+as+medicine+-+evidence+for+prescribing+exercise+as+therapy+in+26+different+chronic+diseases&btnG=
https://pubmed.ncbi.nlm.nih.gov/15374669/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=BDNF+and+5-HT%3A+a+dynamic+duo+in+age+related+neuronal+plasticity+and+neurodegenerative+disorders&btnG=
https://pubmed.ncbi.nlm.nih.gov/25553404/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=BDNF+as+a+biomarker+for+successful+treatment+of+mood+disorders%3A+a+systematic+%26+quantitative+meta-analysis&btnG=
https://pubmed.ncbi.nlm.nih.gov/28334675/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Exercise+increases+serum+brain-derived+neurotrophic+factor+in+patients+with+major+depressive+disorder&btnG=
https://pubmed.ncbi.nlm.nih.gov/12086747/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Exercise%3A+A+behavioural+intervention+to+enhance+brain+health+and+plasticity&btnG=
https://pubmed.ncbi.nlm.nih.gov/15548201/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hippocampal+BDNF+mediates+the+efficacy+of+exercise+on+synaptic+plasticity+and+cognition&btnG=
https://pubmed.ncbi.nlm.nih.gov/7816089/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Exercise+and+brain+neurotrophins&btnG=
https://pubmed.ncbi.nlm.nih.gov/20392958/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Brain-derived+neurotrophic+factor+is+associated+with+age+related+decline+in+hippocampal+volume&btnG=
https://pubmed.ncbi.nlm.nih.gov/15056502/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lower+hippocampal+volume+in+patients+suffering+from+depression%3A+a+meta-analysis&btnG=
https://pubmed.ncbi.nlm.nih.gov/10960161/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hippocampal+volume+in+geriatric+depression&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hippocampal+volume+in+geriatric+depression&btnG=
https://pubmed.ncbi.nlm.nih.gov/11063971/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Clinical+and+preclinical+evidence+for+the+neurotrophic+effects+of+mood+stabilizers%3A+implications+for+the+pathophysiology+and+treatment+of+manic-depressive+illness&btnG=
https://pubmed.ncbi.nlm.nih.gov/20124113/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hippocampal+plasticity+in+response+to+exercise+in+schizophrenia&btnG=
https://pubmed.ncbi.nlm.nih.gov/21282661/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Exercise+training+increases+size+of+hippocampus+and+improves+memory&btnG=
https://pubmed.ncbi.nlm.nih.gov/11274650/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Glucocorticoid+receptors+in+major+depression%3A+relevance+to+pathophysiology+and+treatment&btnG=
https://pubmed.ncbi.nlm.nih.gov/27956050/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+exercise+glucocorticoid+paradox%3A+How+exercise+is+beneficial+to+cognition%2C+mood%2C+and+the+brain+while+increasing+glucocorticoid+levels&btnG=
https://pubmed.ncbi.nlm.nih.gov/18273712/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Central+mechanisms+of+HPA+axis+regulation+by+voluntary+exercise&btnG=
https://pubmed.ncbi.nlm.nih.gov/26657969/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Neurobiological+effects+of+exercise+on+major+depressive+disorder%3A+A+systematic+review&btnG=
https://pubmed.ncbi.nlm.nih.gov/22935740/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Aerobic+fitness+affects+cortisol+responses+to+concurrent+challenges&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Aerobic+fitness+affects+cortisol+responses+to+concurrent+challenges&btnG=

