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Introduction

It is predicted that in 2050 y., 40% of Poland population 
will be represented by people over 60 years old, and 

also in global view the coming ‘tsunami’ of aging of 
the society can be expected [30]. In this context, the 
issue of healthy aging is gaining importance since 
population aging is accelerating, parallel to prolonged 
life expectancy – especially that of the old-old aged 75- 
-84 and the oldest-old aged over 85 – while decreasing 
in birth rate.
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The classical view assumes that age-related decline 
in physical performance and cognitive deficits are 
irreversible as they are a consequence of changes 
in an aging body, including: cortical atrophy [29], 
neurotransmission dysfunction [28], reduced blood 
perfusion [45], and cognitive decline [17]. Therefore, 
physical and functional limitations as well as cognitive 
deficits must appear during aging process. However, 
more and more researchers indicate that physical activity 
(PA) and training itself cause a number of a favourable 
protective effect against some chronic illness or severity 
[6, 26].
Many centers for geriatrics and gerontology all over 
the word has been examining the best fitted exercise 
for older people, including the development of an 
effective training system for high-risk groups and 
intervention for dementia prevention [37]. Pro-health 
training of older people is a special area of activity 
on the border of health prophylaxis, rehabilitation and 
even sports, since the older people are much more 
diverse in terms of physical, cognitive and emotional 
condition, and are in different health conditions than 
young or middle-aged individuals. Moreover, the 
modern neuroscience provides a lot of evidence that 
in the older people PA enhances plasticity of the brain 
networks.
Thus, the aim of this short review is to look closer on 
one of many well designed and possible recommended 
propositions that is called the cognicise training, 
which is designed to improve the cognitive functions 
through appropriate training based on the appropriate 
stimulation in the form of exercise.
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Multicomponent exercise intervention
According to Baar [3] exercise can be classified into 
three subclasses: resistance, endurance, and patterned 
movements. Resistance and endurance exercise is 
recognized as such stimulating the body that have  
a significant influence on muscle phenotype. In turn, 
patterned movement exercises concern mainly a motor 
program in the central nervous system (CNS) and result 
in relatively non-significant biochemical changes in 
muscles [3]. One of the well-known modifications 
is combined training (endurance and resistance in 
one single exercise) [16] that in certain cases and 
circumstances such combining seems adequate and thus 
is recommended not only as recovery or rehabilitation.
There is strong empirical evidence of the relationship 
between the level of PA and risk of all-cause and cause-
specific mortality [6], since an asymptote exists between 
energy lost during PA known as metabolic equivalents 
(METs) and age-adjusted mortality rates. It has been 
shown that mortality increases at MET values below ~9 
in females and >10 in males, but is independent when 
MET values are higher values [6].
However, parallel to physical exercise the cognitive 
training is well recognized as having positive effect on 
CNS, cognitive tasks, and therefore widely recommended 
especially for older people as prevention against early 
dementia [37]. 
It is customary in the prevention training of the older 
people to be conducted both individually at home and 
in nursing homes aimed at helping the elderly, where 
either physical training or cognitive training is used, 
sometimes both alternately on different days of the 
week.
However interesting is combining multicomponent 
exercise intervention composed of exercise and cognitive 
task. Thus, as the fourth subclass of exercise the term 
cognicise should be added, classified into one of fourth 
subclasses: 1. resistance, 2. endurance, 3. patterned 
movements and 4. cognicise. The origin of this term is 
cognitive and exercise [37].

Physical activity stimulates plasticity of brain network
Physical inactivity plays a pivotal role in the 
development of neurodegenerative disorders. It is well 
known that the human brain is organized into divisible 
functional networks that are more active during rest 
and varied states of activities including cognition tasks 
or PA. During cognitive exercise some regions of the 
brain automatically increase activity, whereas others 
routinely decrease their activity [15]. Default Mode 
Network (DMN), a fronto-executive network (FE), and 

a frontoparietal (FP) network, are the well-studied brain 
networks that communicate between different part of 
the brain and in consequence are negatively affected 
by aging that is associated with specific dysfunctions 
of the brain [41]. Voss et al. [41] demonstrated for the 
first time that aerobic training improves the resting 
functional performance of the aging brain. Moreover, 
the authors found strong evidence that PA increased 
functional connectivity within the brain networks, 
which seems highly significant to brain dysfunction 
in aging. Also among stretching group increased 
functional connectivity in the DMN as well as in the FP 
network was observed reflecting experience-dependent 
plasticity and these intervention are recognized as the 
first study that demonstrated the existence of exercise-
induced functional plasticity in the aging brain. 
Analogous results were found by other authors [25] 
after comparing different exercise models i.e. aerobic, 
resistance, and combined exercise: resistance + aerobic.

Exercise stimulates neural plasticity
Exercise influences to the body by many pathways 
including upregulating of expression of important 
molecules such as IGF-1 [11, 40] and brain-derived 
neurotrophic factor (BDNF) [32].
The other pathways include moderating plasticity in the 
hippocampus and cortex, as well as increasing resting 
state perfusion in the hippocampus [27], and increasing 
dendritic complexity and the number of dendritic spines 
in the dentate gyrus (DG) [12]. 
Moreover, animal models showed that aerobic exercises 
such as voluntary wheel running can significantly 
reverse declining neurogenesis and memory function 
[21, 38], improving pattern separation during novel 
object recognition [7].
However, much common information about the positive 
influence of aerobic exercise as well as environmental 
enrichment on improve cognition was originated from  
a rodent-based model (often studying DG, a sub-region 
of the hippocampus).
It was Whiteman [44] who showed positive influences 
of aerobic exercise and environmental enrichment for 
cognition, in particular for learning and memory [44]. 
A gray matter volume in a region of the right entorhinal 
cortex (EC) was positively associated with aerobic 
fitness. 
It is assumed that intervention with voluntary exercise 
normalized hypothalamic inflammation, neurodegeneration, 
and glucose metabolism in the Alzheimer’s disease (AD) 
animal model, suggesting that exercise prevents the 
progression of dementia and AD.



TRENDS IN SPORT SCIENCESVol. 28(1) 7

COGNICISE – A NEW MODEL OF EXERCISE

Cognicise
The key question for designing the optimal pattern of 
physical activity for older individuals is which models 
of PA are the best fitting for healthy aging process 
and can support body against dementia and other age 
related declines. The absolute pioneering research in the 
era of modern science highlighted that older athletes’ 
performance on comparable tasks was substantially 
better than the older sedentary individuals, and even 
comparable to the performance of the young sedentary 
adults [34]. These study of Spirduso and Clifford 
presented in the Journal of Gerontology in 1978 are real 
fundament of understanding the role of PA in healthy 
aging.
The next conclusion is that aerobic exercises decrease 
the risk of cognitive impairment [19] since it is assumed 
that exercise enhances hippocampal neurogenesis [36] 
and cognitive function especially learning in aging 
[33]. A milestone paper was prepared by Verghese 
and colleagues and presented in New England Journal 
of Medicine. Authors examined the relation between 
leisure physical activities and leisure cognitive activities 
with the risk of dementia. In a numerous cohort of 469 
subjects between 75 and 85 years of age stated, that 
leisure activities such as dancing, playing board games 
or musical instruments, were associated with a reduced 
risk of dementia [39]. The conclusion may be drawn 
that activation of CNS in a specific manner, by physical 
and cognitive activity, is more advantageous than non-
stimulating of the nervous system by cognitive and 
physical inactivity [35].
The aforementioned studies show that physical activity, 
especially aerobic exercise, may increase structural 
and functional integrity in the regions of the brain that 
decline with age-related dysfunction [9].
To explain in which way exercise acts as CNS 
‘bodyguard’, the following explanations were proposed: 
1) neurogenesis and synaptic neural plasticity is caused by 
the release of neurotrophic factors [2]; 2) exercises cause 
the reduction of the free radicals in the hippocampus, and 
increase in superoxide dismutase and endothelial nitric 
oxide synthase (eNOS) [20]; 3) BDNFs are stimulated 
to regulate energy homeostasis and mediate beneficial 
effects of energetic challenges, on cognition, mood, 
cardiovascular function and peripheral metabolism [22].
The cognicise training is designed into multicomponent 
exercise intervention, which was reported to have 
benefits on cognitive improvement and reduction of 
brain atrophy based on randomized controlled trials. 
Moreover, Suzuki et al [37] suggest that to achieve 
synergistic effects of exercise and cognitive stimulation, 

it might be recommended to design an intervention 
method “cognicise” as a multicomponent exercise 
program with cognitive loads, containing learning tasks 
during the exercises. It is well recognized that that 
regular physical exercise is beneficial in reducing the 
risk of cognitive decline in older adults [14, 18].
Cognitive stimulation such as for example learning tasks 
is considered as important in lowering the risk of cognitive 
decline. Thus, cognitive decline becomes essentially lower 
in individuals who are more intellectually active compare 
to inactive mentally individuals, and it is well proofed 
that multitasking positively stimulate the prefrontal cortex 
[18]. As a consequence according to Collette and Van der 
Linden [10] “cognicise” may generate synergistic effects 
for risk reduction of cognitive decline.
Cognicise training is programmed into multicomponent 
exercise in two variants that can be called Japanese 
and Polish models. The Japanese variant of cognicise 
intervention consists of physical exercise and cognitive 
exercise existing alternately. In turn, Polish model consists 
of such exercises where activity of both components are 
trained simultaneously in each exercise task [31]. For 
example during dancing, spinning, running on treadmill 
always exercising to the music, the cadence is adjusted 
to the beat of music and exercising person make some 
of given cognitive tasks (for instance including “shifted 
counting”). The idea behind this unusual way of 
counting consists in setting series of attentional “traps” 
for the individual [31] where the participant is counting 
from one to four, but each cycle of counting starts with 
a different (next adjoining) number, which means one 
should count: 
• 1-2-3-4, 2-3-4-1, 3-4-1-2, 4-1-2-3, 1-2-3-4 etc. instead 
of 
• 1-2-3-4, 1-2-3-4, 1-2-3-4, 1-2-3-4, 1-2-3-4 etc. [31]. 
Digits can be replaced with letters a, b, c, d or colors, 
which sometimes is preferred by exercising persons, 
especially those who do not like math.

Mind–body interventions 
In the context of cognicise training it seems worthy to 
mention about the other techniques where empirical 
data that has emerged in support of the influence of 
mind–body interventions (MBIs) could be defined as 
techniques designed to enhance the mind’s capacity to 
affect bodily function and symptoms [43].
Mind–body techniques are recognized as therapies that 
focus on the associations between the mind, brain, body, 
behavior and their influence on health and disease [42]. 
However, mind and behavior do not enter to the exactly 
same category that brain and body.
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The databases are plenty of numerous evidence for the 
effectiveness of MBIs including Qigong, yoga, Tai Chi, 
relaxation response, awareness and breath regulation 
in improving physical and mental health [8]. However, 
molecular mechanisms of mentioned profits remain not 
fully recognized and described.
First of all, it attracts our attention that degeneration 
changes of basal forebrain complex (BFC) neurons 
are common symptom in patients with dementia and 
AD. It is supposed that it might be a consequence of 
the significant reduction in nerve growth factor (NGF), 
member of neurotrophin family [13]. This molecule 
is closely involved in work of the peripheral nervous 
system and the cholinergic neurons of the CNS [1].
Some medical interventions including NGF therapy are 
very limited because of the necessity of using extremely 
invasive methods. Such surgery interventions involve 
intracranial injection of DNA vectors that expresses 
human NGF. For this reason, non-pharmacological 
approaches of treatment always should rise our 
enthusiasm. Such alternative methods that should be 
studied including MBIs is e.g. yoga.
Well studied are variable yoga breathing (YB) techniques 
and salivary expressions of NGF in cognitively normal 
healthy volunteers [4]. Following 20 minutes practice 
of YB a significant increase in NGF levels was 
observed. This effect may suggest that yoga could be 
considered as adjunct method to treat dementia and AD 
[5]. Moreover, interestingly meditation diminished loss 
of brain volume with age [23, 24].

Conclusions
In conclusion, the available evidence highlights that 
exercise may be used in a preventative or mitigating 
manner for healthy aging. Moreover, it can be stated that 
cognicise training seems to be the promising and beneficial 
method, targeted especially for older individuals.

Conflict of interests
The authors declare no conflict of interest.

References
1. Aloe L, Rocco ML, Bianchi P, Manni L. Nerve growth 

factor: from the early discoveries to the potential 
clinical use. J Transl Med. 2012; Nov 29;10:235-239. 
doi:10.1186/1479-5876-10-239.

2. Andrieu S, Coley N, Lovestone S, Aisen PS, Vellas B. 
Prevention of sporadic Alzheimer’s disease: lessons 
learned from clinical trials and future directions. 
Lancet Neurol. 2015;14(9):926-944. doi:10.1016/s1474-
4422(15)00153-2. 

3. Baar K. Training for endurance and strength: lessons 
from cell signaling. Med Sci Sports Exerc. 2006 Nov; 
38(11):1939-1944.

4. Balasubramanian S, Mintzer JE, Wahlquist AE. Induction 
of salivary nerve growth factor by Yogic breathing: 
a randomized controlled trial. Int Psychogeriatr. 
2015;27(1):168-170. doi:10.1017/S1041610214001616. 
Epub 2014 Aug 7.

5. Benson H, Beary JF, Carol MP. The relaxation response. 
Psychiatry. 1974 Feb;37(1):37-46.

6. Blair SN, LaMonte MJ, Nichaman MZ. The evolution 
of physical activity recommendations: how much is 
enough? Am J Clin Nutr. 2004 May;79(5):913S-920S.

7. Bolz L, Heigele S, Bischofberger J. Running improves 
pattern separation during novel object recognition.  
Brain Plast. 2015 Oct 9;1(1): 129-141. doi:10.3233/BPL-
150010.

8. Bower JE, Irwin MR. Mind-body therapies and control of 
inflammatory biology: a descriptive review. Brain Behav 
Immun. 2016 Jan;51:1-11. doi:10.1016/j. bbi.2015.06. 
012.

9. Colcombe SJ, Erickson KI, Raz N, Webb AG, Cohen NJ, 
McAuley, E., et al. Aerobic fitness reduces brain tissue 
loss in aging humans. J Gerontol A Biol Sci Med Sci. 
2003 Feb;58(2):176-180.

10. Collette F, Van der Linden M. Brain imaging of the 
central executive component of working memory. 
Neurosci Biobehav Rev. 2002;26:105-125.

11. Cotman CW, Berchtold NC, Christie LA. Exercise builds 
brain health: key roles of growth factor cascades and 
inflammation. Trends Neurosci. 2007 Sep;30(9):464- 
-472. Epub 2007 Aug 31.

12. Eadie BD, Redila VA, Christie BR. Voluntary exercise 
alters the cytoarchitecture of the adult dentate gyrus by 
increasing cellular proliferation, dendritic complexity, 
and spine density. J Comp Neurol. 2005;486:39-47.

13. Ebendal T. Function and evolution in the NGF family 
and its receptors. J Neurosci Res. 1992;32:461-470.

14. Erickson KI, Weinstein AM, Lopez OL. Physical activity, 
brain plasticity, and Alzheimer’s disease. Arch Med Res. 
2012;43:615-621. 

15. Fox MD, Snyder AZ, Vincent JL, Corbetta M, Van  
Essen DC, Raichle ME. The human brain is intrinsically 
organized into dynamic, anticorrelated functional networks. 
Proceedings of the National Academy of Sciences of the 
United States of America. 2005;102(27):9673-9678. 
doi:10.1073/pnas.0504136102.

16. Hickson RC. Interference of strength development by 
simultaneously training for strength and endurance. Eur 
J Appl Physiol Occup Physiol. 1980 Dec 1;45(2-3):255- 
-263.



TRENDS IN SPORT SCIENCESVol. 28(1) 9

COGNICISE – A NEW MODEL OF EXERCISE

17. Hoogendam YY, van der Geest JN, Niessen WJ, van 
der Lugt A, Hofman A, Vernooij MW, et al. The role 
of cerebellar volume in cognition in the general elderly 
population. Alzheimer Dis Assoc Disord. 2014 Oct–
Dec;28(4):352-357. doi:10.1097/WAD.000000000000 
0024.

18. Hotting K, Roder B. Beneficial effects of physical 
exercise on neuroplasticity and cognition. Neurosci 
Biobehav Rev. 2013;37:2243-2257.

19. Jedrziewski MK, Ewbank DC, Wang H, Trojanowski JQ. 
The impact of exercise, cognitive activities, and socialization 
on cognitive function: results from the national long-
term care survey. Am J Alzheimer’s Dis Other Demen. 
2014;29(4):372-378. doi:10.1177/1533317513518646.

20. Ji LL. Redox signalling in skeletal muscle: role of aging 
and exercise. Adv Physiol Educ. 2015 Dec;39(4):352- 
-359. doi:10.1152/advan.00106.2014.

21. Marlatt MW, Lucassen PJ, van Praag H. Comparison of 
neurogenic effects of fluoxetine, duloxetine and running 
in mice. Brain Res. 2010 Jun 23;1341:93-99.

22. Marosi K, Mattson MP. BDNF mediates adaptive brain 
and body responses to energetic challenges. Trends 
Endocrinol Metab. 2014 Feb;25(2):89-98. doi:10.1016/j.
tem.2013.10.006. Epub 2013 Dec 19.

23. Newberg AB, Wintering N, Khalsa DS, Roggenkamp H, 
Waldman RW. Meditation effects on cognitive function 
and cerebral blood flow in subjects with memory 
loss: a preliminary study. J Alzheimer’s Disease. 
2010;20(2):517-526.

24. Newberg AB, Wintering N, Waldman MR, Amen D, 
Khalsa DS, Alavi A. Cerebral blood flow differences 
between long-term meditators and non-meditators. 
Conscious Cogn. 2010 Dec;19(4):899-905.

25. Ozbeyli D, Sari G, Ozkan N, Karademir B, Yuksel M, 
Cilingir Kaya OT, Kasimay Cakir O. Protective effects of 
different exercise modalities in an Alzheimer’s disease-
like model. Behavioural Brain Research. 2017;328:159- 
-177.

26. Pedersen BK, Saltin B. Evidence for prescribing exercise 
as therapy in chronic disease. Scand J Med Sci Sports. 
2006 Feb;16 Suppl 1:3-63.

27. Pereira AC, Huddleston DE, Brickman AM, Sosunov AA,  
Hen R, McKhann GM, et al. An in vivo correlate of 
exercise-induced neurogenesis in the adult dentate gyrus. 
Proc Natl Acad Sci USA. 2007;104:5638-5643.

28. Reddy PH, Beal MF. Amyloid beta, mitochondrial 
dysfunction and synaptic damage: implications for 
cognitive decline in aging and Alzheimer’s disease. 
Trends Mol Med. 2008;14(2):45-53.

29. Resnick SM, Pham DL, Kraut MA, Zonderman AB, 
Davatzikos C. Longitudinal magnetic resonance imaging 

studies of older adults: a shrinking brain. J Neurosci. 
2003;23(8):3295-3301.

30. Rocznik Statystyczny Rzeczypospolitej Polskiej 2016 
[Statistical Yearbook of The Republic of Poland 2016]. 
Warszawa: GUS; 2016. 

31. Schefke T, Gronek P. Improving attentional processes 
in sport: classifications of exercises and principles of 
development of attentional skills. Stud Phys Culture 
Tourism. 2011;18(2):103-124.

32. Sleiman SF, Chao MV. Downstream consequences of 
exercise through the action of BDNF. Brain Plast. 2015 
Oct 9;1(1):143-148.

33. Speisman RB, Kumar A, Rani A, Foster TC, Ormerod BK. 
Daily exercise improves memory, stimulates hippocampal 
neurogenesis and modulates immune and neuroimmune 
cytokines in aging rats. Brain Behav Immun. 2013 
Feb;28:25-43. doi:10.1016/j.bbi.2012.09.013.

34. Spirduso WW, Clifford P. Replication of age and physical 
activity effects on reaction and movement time. J Gerontol. 
1978;33(1):23-30.

35. Stephen R, Hongisto K, Solomon A, Lonnroos E. 
Physical activity and Alzheimer’s disease: a systematic 
review. J Gerontol A Biol Sci Med Sci. 2017;72:733-739. 
doi:10.1093/gerona/glw251.

36. Sung YH. Effects of treadmill exercise on hippocampal 
neurogenesis in an MPTP /probenecid-induced Parkinson’s 
disease mouse model. J Phys Ther Sci. 2015 Oct;27(10): 
3203-3206. doi:10.1589/jpts.27.3203.

37. Suzuki T, Makizako H, Park H, Doi T, Lee S, 
Tsutsumimoto K, et al. Community-based intervention 
for prevention of dementia in Japan. J Prev Alzheimers 
Dis. 2015;2(1):71-76.

38. van Praag H. Neurogenesis and exercise: past and future 
directions. Neuromolecular Med. 2008;10:128-140.

39. Verghese J, Lipton RB, Katz MJ, Hall ChB, Derby CA, 
Kuslansky G, et al. Leisure activities and the risk of dementia 
in the elderly. N Engl J Med. 2003;348(25):2508-2516.

40. Vivar C, Potter MC, van Praag H. All about running: 
synaptic plasticity, growth factors and adult hippocampal 
neurogenesis. Curr Top Behav Neurosci. 2013;15:189-210. 

41. Voss MW, Prakash RS, Erickson KI, Basak C,  
Chaddock L, Kim JS, et al. Plasticity of brain networks 
in a randomized intervention trial of exercise training 
in older adults. Front Aging Neurosci. 2010;2:32. 
doi:10.3389/ fnagi.2010.00032.

42. Wahbeh H, Elsas SM, Oken BS. Mind–body interventions: 
applications in neurology. Neurology. 2008;70(24):2321- 
-2328.

43. Wells ER, Phillips RS, McCarthy EP. Patterns of mind-
body therapies in adults with common neurological 
conditions. Neuroepidemiology. 2011;36(1):46-51.



TRENDS IN SPORT SCIENCES10 March 2021

P. GRONEK, ADAMCZYK, CELKA, J. GRONEK

44. Whiteman AS, Young DE, Budson AE, Stern CE, 
Schon K. Entorhinal volume, aerobic fitness, and 
recognition memory in healthy young adults: a voxel-
based morphometry study. Neuroimage. 2016 Feb 1; 
126:229-238. Epub 2015 Nov 26. doi:10.1016/j.
neuroimage.2015.11.049.

45. Yew B, Nation DA. Cerebrovascular resistance: effects 
on cognitive decline, cortical atrophy, and progression to 
dementia. Brain. 2017 Jul 1;140(7):1987-2001. doi:10. 
1093/brain/awx112.


