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How exercise influences 
the brain: a neuroscience 
perspective

Today people expect advanced state-of-the-art diagnos-
tic tools such as imaging and genomics to enhance their 
health and well-being, while simultaneously neglecting 
and ignoring their body’s physiology and what it requires 
for healthy development. An example testifying to this fact 
is the emerging increase in childhood and adult obesity 
across the globe (1). A factor contributing to this issue may 
be our belief that because technology makes us more ef-
ficient and productive, it gives us more time for a healthier 
active lifestyle; however, the opposite scenario seems true. 
The time and effort we might devote to physical activity, 
we replace with sedentary, passive activities that involve 
interacting with electronic media (2). We are so easily fas-
cinated by acute informational access and the immediate 
rewards of computer games, web searches, and social me-
dia that they displace and distort our time substituting for 
the pleasure of physical activity.

Yet scientific data overwhelmingly argue that the human 
body was designed for physical activity that challenges our 
resting physiologic homeostasis. Throughout life, exercise 
causes measurable biological consequences that enhance 
well-being. Recent data show that exercise reduces the risk 
for many diseases such as breast and colon cancer, obesity, 
type-II diabetes, and cardiovascular disease, just to men-
tion a few (3,4). Exercise was also shown to improve brain 
functions (5) . Current studies have demonstrated that car-
diovascular exercise causes significant biochemical chang-
es in the brains of animals. The biochemical molecule, 
brain derived growth factor (BDNF), causes the prolifera-
tion of neurons; vascular endothelial growth factor (VEGF) 
results in critical blood vessel growth; and an insulin-like 
growth factor (IGF-1) plays a significant role in exercise-in-
duced angiogenesis—processes that are all enhanced by 
exercise (5,6). It is well-established that exercise increases 
perfusion, and angiogenesis directly increases the perfu-
sion of the brain. Since the brain depends on oxygen and 
glucose, increased capillary beds enhance their delivery 
to brain tissue and, consequently, facilitate neuralplastic-

ity (7). Neuroplasticity improves with the development of 
synaptic connections and neuronal networks. These struc-
tural and functional changes enhance learning and, ulti-
mately, create a more efficient brain with a greater capac-
ity to learn (8).

Increased neuroplasticity may be quite important. Stud-
ies have shown that at the time of crisis, cardiovascular 
exercise gives the brain a protective advantage by de-
creasing its vulnerability to vascular insults and protect-
ing the blood brain barrier from oxidative stress (9,10). Re-
cent studies have shown that patients who participated in 
aerobic fitness training had increased brain volumes and 
increased white and gray matter (11). The increased gray 
matter reflected increased numbers of neuronal cell bod-
ies, whereas white matter areas showed increased axons 
(12). These findings correlated with functional studies of in-
dividuals who were in good cardiovascular condition. Ad-
ditional electrophysiological studies showed that these in-
dividuals also had increased neuronal conduction velocity, 
which was related to white matter integrity, and increased 
response amplitudes, which correlated with cortical gray 
matter activation (13).

As we age, a well-functioning plastic brain becomes partic-
ularly important. Aging individuals in good physical health 
can expect enhanced cognitive reserves and a slower ag-
ing process (14). Even when patients begin to experience 
cognitive decline, the decline can improve using exercise 
as an intervention. For instance, patients with Alzheimer 
disease have shown significantly improved cognition and 
mood with exercise (15,16). Normal individuals and pa-
tients who suffer from psychiatric conditions such as at-
tention deficit disorder, anxiety, and depression, respond 
positively to cardiovascular exercise (17). We now see 
that after cardiovascular exercise, children with attention 
deficit hyperactivity disorder (ADHD) improve on vari-
ous measures such as attentional resource allocation, 
which may be directly related to how they modu-
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late dopamine release (18). Patients with major depressive 
disorders rally following thirty minutes of moderate cardio-
vascular exercise and report significantly increased positive 
mood scores measured by mood states profile measures 
(19,20). Patients with anxiety seem to respond positively 
to acute cardiovascular exercise by endorsing fewer anxi-
ety symptoms and a decreased probability of panic attacks 
(21,22). Their chronic anxiety symptoms are also reduced 
after aerobic exercise (23). Altogether, because the data 
indicate that exercise may provide significant effects, we 
should begin to incorporate exercise into our therapeutic 
designs for mood and cognitive disorders.

The role of exercise on brain function is well document-
ed. Moreover, exercise is cheap, readily available, safe, and 
provides significant cognitive and emotional therapeutic 
effects. Therefore, it behooves us to incorporate exercise 
as part of the therapeutic armamentarium for medical and 
psychiatric disorders. The American College of Sports Med-
icine recommends that, optimally, healthy adults engage 
in more than thirty minutes of cardiovascular activity five 
days a week or twenty minutes of vigorous training three 
days a week. They also recommend resistance training that 
targets major muscle groups with activities such as bal-
ance, agility, coordination, and flexibility (24). Therefore, we 
must develop programs that educate our clinicians and 
the general population about the necessity of cardiovas-
cular activity and the reduction of obesity in leading suc-
cessful and productive lives.

References
1	 Janssen I, Katzmarzyk PT, Boyce WF, Vereecken C, Mulvihill C, 

Roberts C, et al. Comparison of overweight and obesity prevalence 

in school-aged youth from 34 countries and their relationships 

with physical activity and dietary patterns. Obes Rev. 2005;6:123-

32. Medline:15836463 doi:10.1111/j.1467-789X.2005.00176.x

2	 Konopka LM. Neuroscience prospective on education. Croat Med J. 

2014;55:428. Medline:25165058 doi:10.3325/cmj.2014.55.428

3	 Dishman RK, Berthoud HR, Booth FW, Cotman CW, Edgerton 

VR, Fleshner MR, et al. Neurobiology of exercise. Obesity (Silver 

Spring). 2006;14:345-56. Medline:16648603 doi:10.1038/

oby.2006.46

4	 Herring MP, Puetz TW, O’Connor PJ, Dishman RK. Effect of 

exercise training on depressive symptoms among patients 

with a chronic illness: a systematic review and meta-analysis of 

randomized controlled trials. Arch Intern Med. 2012;172:101-11. 

Medline:22271118 doi:10.1001/archinternmed.2011.696

5	 Cotman CW, Berchtold NC, Christie LA. Exercise builds brain 

health: key roles of growth factor cascades and inflammation. 

Trends Neurosci. 2007;30:464-72. Medline:17765329 doi:10.1016/j.

tins.2007.06.011

6	 Sutoo DE, Akiyama K. Regulation of brain function by exercise. 

Neurobiol Dis. 2003;13:1-14. Medline:12758062 doi:10.1016/

S0969-9961(03)00030-5

7	 Gomez-Pinilla F, Ying Z, Roy RR, Molteni R, Edgerton VR. 

Voluntary exercise induces a BDNF-mediated mechanism that 

promotes neuroplasticity. J Neurophysiol. 2002;88:2187-95. 

Medline:12424260 doi:10.1152/jn.00152.2002

8	 Davis CL, Tomporowski PD, McDowell JE, Austin BP, Miller PH, 

Yanasak NE, et al. Exercise improves executive function and 

achievement and alters brain activation in overweight children: 

a randomized, controlled trial. Health Psychol. 2011;30:91. 

Medline:21299297 doi:10.1037/a0021766

9	 Ding YH, Ding Y, Li J, Bessert DA, Rafols JA. Exercise pre-

conditioning strengthens brain microvascular integrity in a rat 

stroke model. Neurol Res. 2006;28:184-9. Medline:16551437 

doi:10.1179/016164106X98053

10	 Toborek M, Seelbach MJ, Rashid CS, Andras IE, Chen L, Park M, 

et al. Voluntary exercise protects against methamphetamine-

induced oxidative stress in brain microvasculature and disruption 

of the blood-brain barrier. Mol Neurodegener. 2013;8:22. 

Medline:23799892 doi:10.1186/1750-1326-8-22

11	 Colcombe SJ, Erickson KI, Scalf PE, Kim JS, Prakash R, McAuley 

E, et al. Aerobic exercise training increases brain volume in 

aging humans. J Gerontol A Biol Sci Med Sci. 2006;61:1166-70. 

Medline:17167157 doi:10.1093/gerona/61.11.1166

12	 Prakash RS, Snook EM, Motl RW, Kramer AF. Aerobic fitness is 

associated with gray matter volume and white matter integrity in 

multiple sclerosis. Brain Res. 2010;1341:41-51. Medline:19560443 

doi:10.1016/j.brainres.2009.06.063

13	 Dustman RE, Emmerson RY, Ruhling RO, Shearer DE, Steinhaus 

LA, Johnson SC, et al. Age and fitness effects on EEG, ERPs, visual 

sensitivity, and cognition. Neurobiol Aging. 1990;11:193-200. 

Medline:2362652 doi:10.1016/0197-4580(90)90545-B

14	 Stern Y. Cognitive reserve. Neuropsychologia. 2009;47:2015-28. 

Medline:19467352 doi:10.1016/j.neuropsychologia.2009.03.004

15	 Adlard PA, Perreau VM, Pop V, Cotman CW. Voluntary exercise 

decreases amyloid load in a transgenic model of Alzheimer’s 

disease. J Neurosci. 2005;25:4217-21. Medline:15858047 

doi:10.1523/JNEUROSCI.0496-05.2005

16	 Lautenschlager NT, Cox KL, Flicker L, Foster JK, van Bockxmeer 

FM, Xiao J, et al. Effect of physical activity on cognitive function in 

older adults at risk for Alzheimer disease: a randomized trial. JAMA. 

2008;300:1027-37. Medline:18768414 doi:10.1001/jama.300.9.1027

17	 Strohle A. Physical activity, exercise, depression and anxiety 

disorders. J Neural Transm. 2009;116:777-84. Medline:18726137 

doi:10.1007/s00702-008-0092-x

18	 Chang YK, Liu S, Yu HH, Lee YH. Effect of acute exercise 

on executive function in children with attention deficit 

hyperactivity disorder. Arch Clin Neuropsychol. 2012;27:225-37. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15836463&dopt=Abstract
http://dx.doi.org/10.1111/j.1467-789X.2005.00176.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25165058&dopt=Abstract
http://dx.doi.org/10.3325/cmj.2014.55.428
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16648603&dopt=Abstract
http://dx.doi.org/10.1038/oby.2006.46
http://dx.doi.org/10.1038/oby.2006.46
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22271118&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22271118&dopt=Abstract
http://dx.doi.org/10.1001/archinternmed.2011.696
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17765329&dopt=Abstract
http://dx.doi.org/10.1016/j.tins.2007.06.011
http://dx.doi.org/10.1016/j.tins.2007.06.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12758062&dopt=Abstract
http://dx.doi.org/10.1016/S0969-9961(03)00030-5
http://dx.doi.org/10.1016/S0969-9961(03)00030-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12424260&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12424260&dopt=Abstract
http://dx.doi.org/10.1152/jn.00152.2002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21299297&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21299297&dopt=Abstract
http://dx.doi.org/10.1037/a0021766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16551437&dopt=Abstract
http://dx.doi.org/10.1179/016164106X98053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23799892&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23799892&dopt=Abstract
http://dx.doi.org/10.1186/1750-1326-8-22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17167157&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17167157&dopt=Abstract
http://dx.doi.org/10.1093/gerona/61.11.1166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19560443&dopt=Abstract
http://dx.doi.org/10.1016/j.brainres.2009.06.063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2362652&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2362652&dopt=Abstract
http://dx.doi.org/10.1016/0197-4580(90)90545-B
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19467352&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19467352&dopt=Abstract
http://dx.doi.org/10.1016/j.neuropsychologia.2009.03.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15858047&dopt=Abstract
http://dx.doi.org/10.1523/JNEUROSCI.0496-05.2005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18768414&dopt=Abstract
http://dx.doi.org/10.1001/jama.300.9.1027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18726137&dopt=Abstract
http://dx.doi.org/10.1007/s00702-008-0092-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22306962&dopt=Abstract


171Lukasz M. Konopka: How exercise influences the brain: a neuroscience perspective

www.cmj.hr

Medline:22306962 doi:10.1093/arclin/acr094

19	 Hansen CJ, Stevens LC, Coast JR. Exercise duration and mood state: 

how much is enough to feel better? Health Psychol. 2001;20:267. 

Medline:11515738 doi:10.1037/0278-6133.20.4.267

20	 Konopka LM, Getz K, O’Connor F, Hannum D, Young IJ, Primeau M, 

et al. An antidepressant. Biol Psychiatry. 1998;43:S54. doi:10.1016/

S0006-3223(98)90630-8

21	 Esquivel G, Daz-Galvis J, Schruers K, Berlanga C, Lara-Muoz C, Griez 

E. Acute exercise reduces the effects of a 35% CO 2 challenge in 

patients with panic disorder. J Affect Disord. 2008;107:217-20. 

Medline:17727960 doi:10.1016/j.jad.2007.07.022

22	 Strohle A, Graetz B, Scheel M, Wittmann A, Feller C, Heinz A, et 

al. The acute antipanic and anxiolytic activity of aerobic exercise 

in patients with panic disorder and healthy control subjects. J 

Psychiatr Res. 2009;43:1013-7. Medline:19289240 doi:10.1016/j.

jpsychires.2009.02.004

23	 Asmundson GJG, Fetzner MG, DeBoer LB, Powers MB, Otto 

MW, Smits JAJ. Let’s get physical: a contemporary review of the 

anxiolytic effects of exercise for anxiety and its disorders. Depress 

Anxiety. 2013;30:362-73. Medline:23300122 doi:10.1002/da.22043

24	 Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA, et al. 

Physical activity and public health: updated recommendation 

for adults from the American College of Sports Medicine and 

the American Heart Association. Circulation. 2007;116:1081. 

Medline:17671237 doi:10.1161/CIRCULATIONAHA.107.185649

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22306962&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22306962&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22306962&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22306962&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22306962&dopt=Abstract
http://dx.doi.org/10.1093/arclin/acr094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11515738&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11515738&dopt=Abstract
http://dx.doi.org/10.1037/0278-6133.20.4.267
http://dx.doi.org/10.1016/S0006-3223(98)90630-8
http://dx.doi.org/10.1016/S0006-3223(98)90630-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17727960&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17727960&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2007.07.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19289240&dopt=Abstract
http://dx.doi.org/10.1016/j.jpsychires.2009.02.004
http://dx.doi.org/10.1016/j.jpsychires.2009.02.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23300122&dopt=Abstract
http://dx.doi.org/10.1002/da.22043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17671237&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17671237&dopt=Abstract
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.185649

