
 Corresponding author: Sundari Indah Wiyasihati  
Department of Physiology and Medical Biochemistry, Faculty of Medicine, Universitas Airlangga, Surabaya, East Java, Indonesia. 

Copyright © 2022 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0. 

The role of physical exercise as a prevention towards dementia 

Archangela Olivia Eugenia 1, Cherryl Aurelia 1, Felisita Maritza Abidanovanty 1, Primadita Syahbani 1 and 
Sundari Indah Wiyasihati 2, *  

1 Undergraduate School of Medicine, Faculty of Medicine, Universitas Airlangga, Surabaya, East Java, Indonesia. 
2 Department of Physiology and Medical Biochemistry, Faculty of Medicine, Universitas Airlangga, Surabaya, East Java, 
Indonesia. 

World Journal of Advanced Research and Reviews, 2022, 15(03), 192–197 

Publication history: Received on 09 January 2022; revised on 06 September 2022; accepted on 08 September 2022 

Article DOI: https://doi.org/10.30574/wjarr.2022.15.3.0045 

Abstract 

Background: Indonesia as a country with an aging population structure is highly potential to develop an increase in 
dementia cases. Dementia is known as a syndrome of decreased cognitive function that can affect emotions, behavior, 
and daily activities, thus affecting the patient's quality of life. The management of dementia remains limited until this 
day, so it is necessary to prevent dementia by improving lifestyle, one of which is through exercise and physical activity. 

Methods: This study used a literature review method using 18 scientific articles as online data sources which were then 
further analyzed.  

Results and Discussion: Physical activity and exercise are important non-pharmacological interventions in reducing 
the risk of dementia. The risk of dementia is related to the intensity of the activity - the higher the intensity, the greater 
the role it has in reducing risk of dementia. Activities of moderate to vigorous intensity can improve cognitive function, 
induced by neurogenesis and neurotrophic factors expression that prevent brain atrophy. Aerobic exercise is 
predominantly done, supported by a combination of resistance training or other forms of exercise.  

Conclusion: Exercise or physical activity plays a role in the prevention of dementia through the mechanism of 
neurogenesis and preventing brain mass reduction. The delay in the progression of neurocognitive disorders by doing 
exercise or physical activity is influenced by the type and intensity of exercise, combined with lifestyle improvements 
such as nutritional diet and cognitive exercise. This intervention needs to be recommended for elderly adults to prevent 
dementia and other neurocognitive diseases.  
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1. Introduction

Dementia is a syndrome characterized by symptoms of decreased cognitive function, such as memory, thinking ability, 
orientation, and several other things [1]. The course of symptoms is progressive, chronic, and persistent. The severity 
of dementia symptoms has the potential to cause a person's limitations in carrying out daily activities [2]. Although 
dementia generally affects the elderly population, this syndrome is not part of the aging process and should be avoided 
[1]. According to Infodatin data from the Ministry of Health of the Republic of Indonesia [3], Indonesia is a country with 
an aging population, where the elderly population is high because life expectancy is increasing. This phenomenon has 
the potential to increase the incidence of dementia in Indonesia. Research in Jogjakarta, 2016 showed that 20.1% of 
elderly people had dementia [4]. Meanwhile, research in Bali, 2018 showed a higher figure, namely, 32.6%, based on 
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SurveyMETER Indonesia [5]. This shows a significant increase of cases in Indonesia over the years. So, it is estimated 
that by 2050, the dementia rate in Indonesia could reach 4 million people [6]. Of the many cases of dementia, according 
to WHO, the type of dementia with 60-70% of cases in the world is Alzheimer's dementia. 

Alzheimer's dementia or commonly called senile dementia is a degenerative disease where there is a decrease in brain 
function that affects emotions, behavior, memory, decision making, and others so that daily activities are disrupted [7]. 
Dementia affects cognitive function and behavior. The clinical symptoms experienced by each individual are different. 
Decreased cognitive function can make patients experience memory loss, impaired communication and language, 
impaired executive functions such as reasoning, judgment, and planning, agnosia, and apraxia. Agnosia is a person's 
inability to recognize objects, while apraxia is a person's inability to do something that has been previously learned [8]. 
Of course, things like this interfere with a person's daily activities and affect the quality of life of the patients. Until now, 
the treatment for dementia patients is still limited. Pharmacological treatment options are also limited. The drugs used 
such as cholinesterase inhibitors, memantine, cholinergic precursors only slow the progression of dementia [9]. 

World Health Organization explained that quality of life is an individual's perception of the achievements, standards, 
and expectations of the welfare of life [10]. According to Krahn [11], quality of life according to health consists of 
physical health, mental health, social health, and life satisfaction. So, it can be concluded that physical activity can 
improve the quality of life of individuals. This theory is in line with research on 142 communities and 142 students with 
the result that most respondents think that physical activity ranks first in terms of its full contribution to health and 
quality of life and mental health is in second place. Most people understand the efforts that can be made to improve the 
quality of life by maintaining a positive health cycle [12]. 

2. Material and methods 

This study uses a literature review method using online data sources. The online data sources that will be used are 
PubMed, Sciencedirect, Springerlink, SAGE journals, and Google Scholar. The keywords used in the article search were 
“physical exercise/sports” and “dementia prevention”. The articles involved are articles published in the period 2011-
2021 and discuss the role of exercise in dementia prevention. Of the many articles that appear from the search results, 
screening is done first by looking at the title and abstract of the article. In the end, 18 suitable scientific articles were 
found and would be analyzed further. 

3. Results and discussion 

3.1. Physical exercise and its relation to reduced risk of dementia 

World Health Organization defines physical activity or sports as body movements that require and produce energy 
produced by skeletal muscle performance [13]. Sports or physical activity consists of four types, namely endurance, 
strength, balance, and flexibility [14]. Endurance or aerobic activity is the form of repeated isotonic contractions of 
muscle groups at a certain time. This activity is directly related to the heart, lungs, and circulatory system. Examples 
include running, swimming, and cycling [15]. Strength activity is the form of muscle contraction when holding a load. 
Examples of activities can be in the form of lifting weights and push-ups [16]. Balance activities are effective and efficient 
body movements in the form of maintaining and stabilizing the center of the body so that it is balanced against the 
fulcrum with minimal risk of falling when the body or body parts are stationary or moving. Activities can include walking 
sideways, standing on one leg, and walking in balance [17]. Flexibility activities are body movements in the form of 
stretching muscle groups as wide as possible with the help of joints, for example, wearing clothes and neck rotation 
[18].  

According to research followed by respondents aged > 50 years in the Campobasso Region, Italy, it was found that 
exercise or physical exercise in the form of aerobics carried out for a certain time according to the dose can prevent or 
at least slowdown memory decline in subjects at risk of dementia [19]. Another meta-analysis study that also supports 
the provision of more than one type of physical exercise in the form of aerobics, strength, balance, and flexibility gives 
the best results on cognitive function, compared to giving one type of activity, namely aerobic exercise [20, 21]. The 
actual mechanism of physical exercise that affects cognitive function has not yet been proven, but several theories have 
been found that support this explanation, namely that physical activity can prevent the onset of dementia due to the 
reversible improvement of several cardiovascular risk factors, such as diabetes, hypertension, obesity, and symptoms 
of depression. In addition, physical exercise also exerts a beneficial effect on neurogenesis [22] and supports 
neuroplasticity [23]. 
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3.2. The proper duration and intensity of physical exercise  

Physical activity and exercise are important non-pharmacological interventions in reducing the risk of dementia. The 
risk of dementia in a person is related to their activities, where the more inactive a person is, the higher the risk of 
dementia [24]. Inactivity is referred to as a risk factor that can be modified by doing various physical activities [25]. In 
carrying out physical activity, a certain intensity and duration are required to achieve the goals of preventing dementia 
and preventing injury. As mentioned in most studies, moderate to vigorous intensity activities can improve cognitive 
function, including memory, speed of thought processing, and executive function as effort [24, 26]. However, the higher 
the intensity of physical activity, the greater its role in reducing the risk of Alzheimer's dementia and all-cause dementia 
[27]. 

In a meta-analysis study, regular physical activity with a duration of >1 hour 2 times a week can reduce the risk of 
dementia [24]. Another study described the duration of physical activity based on its intensity, where moderate 
intensity exercise was carried out for 150 minutes/week and heavy intensity for 75-150 minutes/week [28]. Based on 
a 24-month randomized controlled trial in Australia, 150 minutes/week of home physical activity not only has an effect 
on health but can also increase adherence to activities [29]. By increasing adherence to physical activity, the risk of 
dementia can be reduced. 

A study has shown that we can take steps to reduce the risk of developing dementia. Prospective studies have found 
that even light to moderate physical activity can reduce the risk of developing dementia and Alzheimer's disease. One 
potential way of lifestyle intervention to help reduce the occurrence of dementia and Alzheimer's disease is exercise. 
The type of exercise will be adjusted to the physical condition of each person. In general, regular exercise for 6-8 weeks 
reduces the risk of developing dementia [28]. Recent studies have shown that about 3% of all cases of dementia can be 
prevented by increasing physical activity [30,31]. The literature shows the importance of physical activity and exercise 
to prevent or slow down the pathological process and dementia-related problems [32]. In large meta-analyses, including 
multiple cohort studies and 33,816 individuals, higher levels of physical activity were associated with a significant 
reduction in the onset of dementia [33]. 

3.3. Neurocognitive effects of physical exercise  

Brain neuroplasticity is a fundamental mechanism for learning, memory, and general cognition. Many literatures 
suggest that there are multiple mechanisms by which exercise can facilitate this neuroplasticity in rats and mice. Thus, 
exercise has been shown to increase the expression of synaptic plasticity genes, gene products such as synapsin I and 
synaptophysin, and various neuroplasticity-associated transcription factors such as adenosine monophosphate 
response element-binding cycles and intracellular kinases. Hippocampal dendritic length and spinal dendritic 
complexity are increased with exercise. Neurogenesis in the hippocampus dentatus gyrus is also induced by exercise. 
Neurotrophic factors are involved primarily in learning and neuroplasticity. Brain-derived neurotrophic factor (BDNF) 
has been extensively studied and, in vitro, modulates brain plasticity, including enhancing neuritic growth and synaptic 
function. Also promotes in vitro survival of a large number of neurons affected by neurodegenerative conditions, 
including Alzheimer’s Dementia (AD). The hippocampus is critical for memory and progressively degenerates in 
patients with AD and its effects are seen in the earliest stages of dementia. Gyrus dentatus of the hippocampus is most 
susceptible to aging. Only a small part of the brain assists in neurogenesis and in studies conducted in mice and rats, 
neurogenesis of gyrus dentatus is facilitated by exercise. A prospective study in adolescents showed that 3 months of 
aerobic exercise resulted in a significant increase in gyrus dentatus hippocampus blood volume, but the rest of the 
hippocampus did not change. This is interpreted as a reflection of gyrus dentatus angiogenesis as well as neurogenesis 
[34]. 

In theory, neurotrophic factors are important in fighting brain atrophy due to aging and possibly neurodegenerative 
diseases. BDNF is highly expressed in the human brain and is significantly decreased in patients with AD. Patients with 
AD whose condition rapidly deteriorated had significantly low serum BDNF concentrations. In healthy young adults, 
BDNF is produced by the human brain with short-term vigorous exercise and long-term endurance training [34]. Studies 
in humans have been mostly limited to the measurement of serum BDNF. Both increased serum BDNF and physical 
activity correlate with maintaining hippocampal volume, which has been reported to improve memory and reduce the 
risk of dementia and AD. Human studies have shown that the effects of exercise on hippocampal size and cognitive 
function are mediated by the increased of BDNF expressions. This mechanism is strongly supported by animal studies 
[35]. However, research on BDNF levels in humans needs further research. Serum BDNF levels, which are often used as 
an indicator of brain function, have a lot of uncertainty regarding what BDNF levels can be considered normal, how 
stable these values are over time, and whether measurements of serum BDNF levels are reliable [36]. 
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Insulin-like growth factor 1 is widely expressed in the human brain, and IGF-1 insufficiency may be a risk factor for AD. 
Meta-analysis of most cross-sectional studies assessing circulating IGF-1 levels and cognition in the elderly revealed 
highly significant positive associations. Patients with AD had significantly lower circulating IGF levels than controls in a 
small cross-sectional study, and these levels were inversely correlated with the degree of cognitive impairment [34]. 

3.4. Physical exercise as a potential intervention on dementia prevention 

Along with the development of the concept of preventive neurology, multi-domain interventions in the effort to prevent 
dementia and improve cognitive function are expected to be realized [25]. One of these intervention efforts can be done 
through exercise. Physical inactivity is one of the most important modifiable risk factors in AD patients with a 
prevalence of 13% [37]. Physically active adults with normal cognitive function are less likely to suffer from cognitive 
decline or dementia than inactive adults. With exercise, the risk of cognitive decline in healthy adults decreases and has 
the potential to improve cognitive function in individuals who have been diagnosed with MCI or dementia [25]. The risk 
of progression of cognitive impairment is influenced by the presence or absence of prevention efforts with physical 
activity. A previous meta-analysis by Hamer et al [38], found a reduced risk of AD progression due to regular exercise. 
Buchman et al [39], also found that individuals who have low physical activity habits are 53% more at risk of suffering 
from AD compared to physically active individuals. Aerobic exercise is associated with structural endurance of the brain 
and cognitive function, so it is thought to be a prominent exercise for dementia prevention efforts [37, 40]. Although the 
results are not as significant as aerobic exercise, resistance training can also be performed as a support exercise and has 
been shown to improve domains of memory, attention, and executive function, and the effect lasts 12 months after the 
intervention period ended [41]. 

Making lifestyle changes in the pre-symptomatic and pre-dementia stages has the potential to delay one-third of 
dementia worldwide. Although physical exercise programs appear to be effective, these activities still need to be 
accompanied by other multimodal interventions such as diet, physical activity, and cognitive exercise. Multimodal 
interventions that include the adoption of an active lifestyle need to be recommended for the late-adult population as 
an effort to prevent dementia and other neurocognitive diseases [40]. 

4. Conclusion 

The delay in the progression of neurocognitive disorders with exercise or physical activity is influenced by the type and 
intensity of exercise combined with lifestyle improvements such as nutritional diet and cognitive exercise. Dementia 
prevention with physical exercise should be recommended for the elderly adult population as an effort to prevent 
dementia and other neurocognitive disorders.  

Compliance with ethical standards 

Disclosure of conflict of interest 

There is no conflict of interest. 

References 

[1] World Health Organization (WHO). Global action plan on the public health response to dementia 2017–2025. 
Geneva: Licence: CC BY-NC-SA 3.0 IGO. 2017 

[2] Emmady, P.D. and Tadi, P. Dementia [Internet]. Treasure Island (FL): StatPearls Publishing; © 2021 [cited 2021 
Dec 25]. Available from:: https://www.ncbi.nlm.nih.gov/books/NBK557444/. 

[3] Indonesia KK. Analisis lansia di Indonesia. Jakarta, ID: Kementerian Kesehatan Republik Indonesia. 2017:7-8. 

[4] Suriastini, N., Turana, Y., Supraptilah, B., Wicaksono, T. and Mulyanto, E. Prevalence and Risk Factors of Dementia 
and Caregiver’s Knowledge of the Early Symptoms of Alzheimer’s Disease. Aging Medicine and Healthcare. 2020. 
11(2):60-66. 

[5] SurveyMETER. Laporan Hasil Studi Demensia 2018: Menggugah Lahirnya Kebijakan Kelanjutusiaan. 
SurveyMETER. 2018. 

[6] Alzheimer’s Indonesia. Statistik tentang Demensia [Internet]. Jakarta: Yayasan Alzheimer Indonesia; © 2019 
[cited 2021 Dec 25]. Available from: https://alzi.or.id/statistik-tentang-demensia/. 

https://www.ncbi.nlm.nih.gov/books/NBK557444/
https://alzi.or.id/statistik-tentang-demensia/


World Journal of Advanced Research and Reviews, 2022, 15(03), 192–197 

196 

[7] Suriastini, N.W., Turana, Y., Witoelar, F., Sikoki, B.S., Wicaksono, T.Y. and Mulyanto, E.D. Angka Prevalensi 
Demensia, Perlu Perhatian Kita Semua. SurveyMETER. 2016 

[8] Duong, S., Patel, T. and Chang, F. Dementia: What pharmacists need to know. Canadian Pharmacists 
Journal/Revue des Pharmaciens du Canada. 2017. 150(2):118-129. 

[9] Gareri, P., Cotroneo, A.M., Orsitto, G. and Putignano, S. The Citinem study: a pilot study. Optimizing 
pharmacological treatment in dementia. Archives of Gerontology and Geriatrics. 2020. 89:104073. 

[10] World Health Organization (WHO). The World Health Organization Quality of Life (WHOQOL) [Internet]. Geneva: 
World Health Information (WHO); © 2012 [cited 2021 Dec 25]. Available from: 
https://www.who.int/publications/i/item/WHO-HIS-HSI-Rev.2012.03. 

[11] Krahn, G.L. et al. Development and Psychometric Assessment of the Function-Neutral Health-Related Quality of 
Life Measure. American Journal of Physical Medicine & Rehabilitation. 2014. 93(1):56–74. 

[12] Gill, D.L. et al. Physical Activity and Quality of Life. Journal of Preventive Medicine & Public Health. 2013. 
46(1):28–34. 

[13] World Health Organization (WHO). Physical Activity [Internet]. Geneva: World Health Information (WHO); © 
2020 [cited 2021 Dec 25]. Available from: https://www.who.int/news-room/fact-sheets/detail/physical-
activity. 

[14] NIH. Four Types of Exercise Can Improve Your Health and Physical Ability. NIH National Institute on Aging 
[Preprint]. 2021 

[15] Morici, G. et al. Endurance training: is it bad for you?. Breathe (Sheffield, England). 2016. 12(2):140–7. 

[16] P2PTM Kemenkes RI. Latihan Fisik Meningkatkan Kekuatan dan Daya Tahan Otot [Internet]. Jakarta: Kemenkes 
RI; © 2019 [cited 2021 Dec 25]. Available from: http://p2ptm.kemkes.go.id/infographic-p2ptm/hipertensi-
penyakit-jantung-dan-pembuluh-darah/page/12/latihan-fisik-meningkatkan-kekuatan-dan-daya-tahan-otot. 

[17] Valentin, L. et al. The Giving Tandem Walk Exercises is Better Than One Legged Stance Exercise to Increasing 
Dynamic Balance for Elderly People at Banjar Muncan Kapal Village Mengwi Districts Badung. Majalah Ilmiah 
Fisioterapi Indonesia. 2016. 4(3). 

[18] Aras, D., Arsyad, A. and Hasbiah, N. Hubungan Antara Fleksibilitas dan Kekuatan Otot Lengan dengan Kecepatan 
Renang. Jurnal MKMI. 2017.13(4). 

[19] Iuliano, E. et al. Physical Exercise for Prevention of Dementia (EPD) Study : Background, Design and Methods. 
BMC Public Health. 2019. 19(1):659. 

[20] Smith, P.J. et al. Aerobic Exercise and Neurocognitive Performance: A Meta-Analytic Review of Randomized 
Controlled Trials,” Psychosomatic Medicine. 2010. 72(3):239–252 

[21] Iuliano, E. et al., Twelve-Week Exercise Influences Memory Complaint but not Memory Performance in Older 
Adults: A Randomized Controlled Study. Journal of Aging and Physical Activity. 2017. 25(4).  

[22] Ma, C.-L. et al. Physical exercise induces hippocampal neurogenesis and prevents cognitive decline. Behavioural 
Brain Research. 2017. 317:332–339. 

[23] Hötting, K. and Röder, B. Beneficial effects of physical exercise on neuroplasticity and cognition. Neuroscience & 
Biobehavioral Reviews. 2013. 37(9):2243–2257. 

[24] Lee, J. The Relationship Between Physical Activity and Dementia: A Systematic Review and Meta-Analysis of 
Prospective Cohort Studies. Journal of Gerontological Nursing. 2018., 44(10):22-29. 

[25] Alty, J., Farrow, M. and Lawler, K. Exercise and dementia prevention. Practical Neurology. 2020. 20(3):234-240. 

[26] Erickson, K., Hillman, C., Stillman, C., Ballard, R., Bloodgood, B., Conroy, D., Macko, R., Marquez, D., Petruzzello, S. 
and Powell, K. Physical Activity, Cognition, and Brain Outcomes: A Review of the 2018 Physical Activity 
Guidelines. Medicine & Science in Sports & Exercise. 2019. 51(6):1242-1251. 

[27] Xu, W., Wang, H., Wan, Y., Tan, C., Yu, J. and Tan, L. Leisure time physical activity and dementia risk: a dose-
response meta-analysis of prospective studies. BMJ Open. 2017., 7(10):e014706. 

[28] Wang, S., Liu, H., Cheng, Y. and Su, C. Exercise Dosage in Reducing the Risk of Dementia Development: Mode, 
Duration, and Intensity—A Narrative Review. International Journal of Environmental Research and Public 
Health. 2021., 18(24):13331. 



World Journal of Advanced Research and Reviews, 2022, 15(03), 192–197 

197 

[29] Cox, K. L., Cyarto, E. V., Ellis, K. A., Ames, D., Desmond, P., Phal, P., Sharman, M. J., Szoeke, C., Rowe, C. C., Masters, 
C. L., You, E., Burrows, S., Lai, M., & Lautenschlager, N. T. A Randomized Controlled Trial of Adherence to a 24-
Month Home-Based Physical Activity Program and the Health Benefits for Older Adults at Risk of Alzheimer's 
Disease: The AIBL Active-Study. Journal of Alzheimer's disease:JAD. 2019. 70(1):187–205. 

[30] Livingston, G.; Sommerlad, A.; Orgeta, V.; Costafreda, S.G.; Huntley, J.; Ames, D.; Ballard, C.; Banerjee, S.; Burns, A.; 
CohenMansfield, J.; et al. Dementia prevention, intervention, and care. Lancet. 2017, 390:2673–2734.  

[31] Liang, J.H., Lu, L., Li, J.Y., Qu, X.Y., Li, J., Qian, S., Wang, Y.Q., Jia, R.X., Wang, C.S. and Xu, Y. Contributions of modifiable 
risk factors to dementia incidence: A Bayesian network analysis. Journal of the American Medical Directors 
Association. 2020. 21(11):1592-1599. 

[32] Martínez-Lapiscina, E.H., Clavero, P., Toledo, E., Estruch, R., Salas-Salvadó, J., San Julián, B., Sanchez-Tainta, A., 
Ros, E., Valls-Pedret, C. and Martinez-Gonzalez, M.Á. Mediterranean diet improves cognition: the Predimed-
Navarra randomised trial. Journal of Neurology, Neurosurgery & Psychiatry. 2013. 84(12):1318-1325. 

[33] Sofi, F.; Valecchi, D.; Bacci, D.; Abbate, R.; Gensini, G.F.; Casini, A.; Macchi, C. Physical activity and risk of cognitive 
decline: A me-ta-analysis of prospective studies. Journal of Internal Medicine. 2011. 269(1):107–117. 

[34] Ahlskog, J.E., Geda, Y.E., Graff-Radford, N.R. and Petersen, R.C., 2011. Physical exercise as a preventive or disease-
modifying treatment of dementia and brain aging. Elsevier. 2011. 86 (9):876-884. 

[35] Wang, R. and Holsinger, R.D. Exercise-induced brain-derived neurotrophic factor expression: therapeutic 
implications for Alzheimer’s dementia. Ageing research reviews. 2018. 48:109-121. 

[36] Naegelin, Y., Dingsdale, H., Säuberli, K., Schädelin, S., Kappos, L. and Barde, Y.A. Measuring and validating the levels 
of brain-derived neurotrophic factor in human serum. ENEURO. 2018. 5(2) DOI: 10.1523/ENEURO.0419-
17.2018. 

[37] Cheng, S.T. Cognitive reserve and the prevention of dementia: the role of physical and cognitive activities. Current 
psychiatry reports. 2016. 18(9):1-12. 

[38] Hamer, M. and Chida, Y. Physical activity and risk of neurodegenerative disease: a systematic review of 
prospective evidence. Psychological medicine. 2009. 39(1):3-11. 

[39] Buchman, A.S., Boyle, P.A., Yu, L., Shah, R.C., Wilson, R.S. and Bennett, D.A. Total daily physical activity and the risk 
of AD and cognitive decline in older adults. Neurology. 2012. 78(17):1323-1329. 

[40] De la Rosa, A., Olaso-Gonzalez, G., Arc-Chagnaud, C., Millan, F., Salvador-Pascual, A., García-Lucerga, C., Blasco-
Lafarga, C., Garcia-Dominguez, E., Carretero, A., Correas, A.G. and Viña, J. Physical exercise in the prevention and 
treatment of Alzheimer's disease. Journal of sport and health science. 2020. 9(5):394-404. 

[41] Singh, M.A.F., Gates, N., Saigal, N., Wilson, G.C., Meiklejohn, J., Brodaty, H., Wen, W., Singh, N., Baune, B.T., Suo, C. 
and Baker, M.K. The Study of Mental and Resistance Training (SMART) study—resistance training and/or 
cognitive training in mild cognitive impairment: a randomized, double-blind, double-sham controlled trial. 
Journal of the American Medical Directors Association. 2014. 15(12):873-880. 


