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Introduction and Research Question

The 2017 Lancet Commission on dementia prevention states that controllable factors are
the cause of up to 35% of dementia cases, with one being physical inactivity (Livingston et al.,
2017: 2677). The World Health Organization estimates around 2.1 billion people will be aged 60
or older and 426 million will be over 80 years old by 2050 (WHO, 2022). This emphasizes that
the world’s population is rapidly aging, thus the proportion of individuals living with dementia
and other memory deficiency related diagnoses also is potentially facing a drastic increase.

Around 60% of adults do not engage in enough regular physical activity to gain either the
physical or cognitive benefits of participation (Tyndall et al, 2018: 221) and 74% of adults do not
exercise for at least 30 minutes on multiple days throughout the week. Not only do these numbers
impact the adult’s lives, but many children are starting to exercise less than in the past, which
implicates a potential earlier onset of several diseases and cardiac issues (Hillman, Erickson,
Kramer, 2008: 58). Should these trends continue, the country and world will face not only a
growing elderly population, but an increasing inactive population at risk for multiple chronic
diseases.

Dementia is the 7" highest cause of death among adults and 5" highest cause in adults over
65 (WHO, 2023). There are no current cures for dementia and memory related decline, but there
are several treatments to alleviate symptoms in those who are diagnosed. However, these drugs,
such as cholinesterase inhibitors, anti-amyloids, glutamate regulators, and orexin receptor
antagonists, are often available in a limited capacity and carry intense side effects. Therefore, it is
necessary and beneficial to explore other treatments to aid those with dementia.

A commonly expressed sentiment is that exercise is good for not only physical health but
also for mental health and well-being. It is generally accepted that regular exercise can improve
heart health and that the endorphins released during movement can help fend off depression, but
the latest research is now including cognitive function in the benefits of exercise. This paper will
attempt to determine if those who engage in regular exercise will have better sustained and long-
term memory than those who do not, and if exercise can affect an individual’s brain to the extent

that development and progression of dementia is impacted. Additionally, it will investigate if
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exercise can slow the progress of memory loss in those who already have received a dementia
diagnosis.

There are several studies included that both investigate the pre-dementia or healthy control
brain and the post-diagnosis brain, which will be helpful in determining the extent of the impact
of exercise. Both longitudinal and short-term survey-based studies will be utilized in this analysis.
Next, imaging studies will be helpful to see the neural correlates, rather than strictly memory task-

based performance or symptomatic diagnosis.

Biomarkers of memory decline

In the discussion about risk for dementia and other memory related pathologies, it is first
important to highlight the biomarkers of such diseases. A variety of these will relate to physical
activity, but there are also genetic factors and predispositions many individuals have that cannot
be impacted.

As an individual ages, it is not uncommon to have lower grade inflammatory markers, such
as C-reactive protein (CRP) levels and other cytokines and proteins, in the brain. These can lead
to an increased risk of adverse neurological aging and a dysregulation of the blood-brain barrier.
Similarly, growth factors, which play a part in neurogenesis and plasticity, decline with aging and
impact spatial memory performance. However, these are both biomarkers that exercise and
physical activity can have a direct impact on. Those who are more physically active over a lifetime
have lower CRP levels, which can decrease the speed of brain aging due to inflammation and
increase the growth factor levels, leading to an increase in hippocampal volume and memory
functionality (Tyndall et al., 2018: 218).

Other biomarkers include cardiometabolic and genetic risk factors and oxidative stress.
Cardiometabolic syndrome (MetS) becomes more common when an individual is inactive, and the
syndrome has significant impact on processing speed and memory. This indicates that those with
MetS may have an accelerated rate of cognitive decline. For those with MetS, exercise is a
preventative mean to many of the risk factors associated with the disease. Oxidative stress can also
accelerate the process of aging, but it has been shown that those who are more physically fit have
lower impact from oxidative stress levels and higher antioxidant enzymes (Simioni et al., 2018:
17197). The last biomarker is genetic risk. There are a variety of genetic factors that are associated
with a predisposition to the development of AD, and it does not appear that physical activity can

impact these in any way.



Aging and brain structure

There are several structures which are important to memory functionality. The
hippocampus is one of these structures- identified for its role in memory functions such as learning,
encoding, and consolidation of information. In healthy adults, it is normal to observe a decrease in
hippocampal volume by up to 2% per year due to oxidative stress and inflammation. In adults with
dementia, that atrophy rate increases to almost 5% per year (Barnes et al., 2009: 1717). Aerobic
exercise has demonstrated that the hippocampus has potential plasticity, as the volume increased
in response to a 6-month exercise protocol (Tyndall et al., 2018: 220).

Other regions that shrink in healthy adults include the prefrontal, neostriatal, and cerebellar
regions. These regions are responsible for short term memory, motor planning and decision
making, and cognitive processing functions respectively. In demented adults, these regions
demonstrate atrophy earlier and faster, but the specific rate of atrophy is currently unknown. There
are also additional regions indicating brain shrinkage in a symptomatic brain, such as the parietal
and occipital cortices and gray matter volume in the prefrontal and medial temporal lobes
(Rabinovici et al., 2007: 480). These regions all control factors and functions other than memory,

which lend to the other symptoms of aging and dementia.

Benefits of physical activity

Physical activity that regularly increases the heart rate of healthy individuals has been
shown to lead to higher volume of gray matter in the brain (Ramanan & Graff-Radford, 2022:
825). Gray matter contains information about memory, emotions, and movement, which indicates
why an increased gray matter volume is hypothesized to affect and offset the consequences of
memory-related pathologies. Moderate exercise also has evidence supporting its effects on
hippocampal nerve growth which, in turn, can support and enhance memory functionality.
Therefore, long term physical activity can affect long-tern memory and behavioral hippocampus
related memory tasks (Ghloamnezhad, Boskabady, Jahangiri, 2020: 304). These findings are
important to the implications of exercise on the lifestyles of those with dementia and at risk for
dementia, as there are direct links between activity, memory, and cognitive reserve.

Cognitive reserve is a mechanism of resistance within the brain. It is the term that reflects
the brain’s ability to complete tasks and resist brain damage, such as neurodegeneration. High
cognitive reserve may indicate a better resiliency of the individual to damage or pathology and a
slower process of cognitive aging, but this hypothesis is surrounded by discrepancies and

skepticism. Cognitive reserve relates to the individual level of susceptibility to disease, which



means there is a difference of severity of the disease at the individual level. This allows for a
specific measure of study to determine the overall role of cognitive reserve in dementia
progression. Previous research indicates that there may be a causal relationship between activity
and the rate of hippocampal atrophy and neural plaque accumulation in health aging (Valenzuela
et al., 2008: 2598).

Stern completed a shorter-term study, where almost 600 nondemented elders were grouped
based on level of daily activity. Those with higher participation in physical leisure activities had a
38% lower risk of developing dementia than their less active peers (Stern, 2012: 1008). Higher
cognitive reserve due to these activities decreased their risk of being diagnosed with dementia by
46%. However, they also found that those with higher cognitive reserve show a more rapid decline
once the pathology presents itself. Therefore, those who are more active have a more rapid decline
post onset. Since higher cognitive reserve can resist pathology, the decline evidently begins once
the pathology is more advanced than someone who presents symptoms of the same pathology
earlier.

Lee et al. produced similar results, where they hypothesized that cognitive reserve would
have different effects on the progression of memory decline depending on the disease status of the
individual. The sample size included those with AD, post-symptomatic pre-diagnosed AD,
preclinical AD, and the cognitively unimpaired. Rather than perform physical activity tests, they
utilized data from memory tests and the AD Neuroimaging Initiative 3 over a period of four years.
Using amyloid and cognitive reserve markers, they compared PET scans for gray matter and
cortical thickness to then determine the total volume of gray matter, white matter, and
cerebrospinal fluid (TIV). The images were compared over the four years to determine both the
level that the CR marker modulated pathology effects and the atrophy value based on the decline
in total intracranial volume and thickness of regions of the brain. They then had to compare these
results to the disease conversion factor over the four years. In all groups, there was a clear cognitive
decline. A higher cognitive reserve indicated a lower conversion rate, meaning that those with
higher cognitive reserve progressed through the disease at a slower rate. However, a higher
cognitive reserve marker in the brain scans related to a faster decline on the spectrum of the disease
severity (Lee et al., 2022: 9).

The conclusions from this study not only validate Stern’s findings but expand the evidence,
as they utilize the longitudinal brain scans and biomarkers of individuals at different stages of
diagnosis or lack thereof. These two studies prove that cognitive reserve, while helpful, also

eventually leads to the steep decline of cognitive ability. It is imperative to take these results within



the bigger picture. Should an individual engage in more physical activity, it is highly likely that
their cognitive reserve will increase over time. This increase will potentially grant them an
increased number of years lived without symptoms, but once these symptoms do present, the

individual will decline quicker.

Healthy patient studies

The importance of studying healthy controls cannot be overstated in research of the human
brain. A shorter longitudinal study followed 1740 healthy individuals aged 65 and above for 6
years with biennial exams utilizing the Cognitive Abilities Screening Instrument (CASI) to screen
for incident dementia (Larson et al., 2006: 74). This study took baseline measurements of cognitive
function, exercise frequency, lifestyle characteristics, and physical function like many others, but
additionally measured depression and specific risk factors for dementia. After the baseline
assessments, participants were split into two groups: those who exercise 3 or more times per week
and those who exercise less than 3 times per week.

Over these 6 years, 1185 of the 1740 remained healthy. In the ‘highly active’ group, the
incidence rate of dementia was 13 per 1000 person years. In the less active group, the incidence
rate was 19.7 per 1000 person years. As variables from the baseline measurements were added to
the model, the incidence rates did not change. The numbers and variables indicate that there is a
32% reduction in risk for developing dementia for individuals who exercise 3+ times per week.
The absence of change in risk when other variables are coupled with the statistics from exercise
gives extra evidence that there are some factors which may indicate risk more than others.

Additionally, there have been several studies done which vary the time and intensity of the
workouts for healthy elderly individuals. The participants go through either MRI scanning or
memory tests before and after completion of the study. Cycling for three hours a week for a six-
week period improved verbal memory performance, walking at 75% heat rate every day for 40
minutes for 7 weeks improved spatial memory, and moderate intensity aerobic exercise showed
increases in the prefrontal and cingulate gray matter volume as compared to low intensity physical
activity (Ghloamnezhad, Boskabady, Jahangiri, 2020: 307).

This study goes further to specifically investigate the preventative effects exercise can have
on dementia. They found higher intensity exercise has a greater impact than lower intensity in
decreasing risk, but only over a certain range. The exercise must fall in the range of 500-2000
calories burned each week, which decreases dementia risk by 10%. This is the first study that

suggests a specific parameter for physical activity that is not just time spent in a heart rate zone.



Through these healthy patient studies, it appears that there is a reduction in risk of being diagnosed
with dementia that is attributed to the number of hours engaged in working out and the frequency

of doing so.

Studies post diagnosis

Another area of relevant study is the implementation of exercise trials among those who
are already diagnosed with dementia. Atherton et al. completed a randomized controlled trial,
Dementia and Physical Activity (DAPA), to determine the effect of a four month long, intense
training program on cognition in around 300 people of the same age diagnosed with mild or
moderate dementia. Initially, participants took part in 29 hours of exercise classes which covered
a variety of physical activities. After the first four months, they set exercise goals and were
expected to complete physical activity on their own.

The exercise group had lower cognition levels at the 12 month follow up than the control
group by a mean score of 1.4 on the ADAS-cog score assessment (Lamb et al., 2018: 6). These
results demonstrate that the exercise program, added to the usual care of patients, did not slow the
cognitive decline of the participants. While it did improve short term physical fitness, there were
no improvements in daily living activity or behavioral outcomes.

One of the main factors that differs between this study and the previous and following
studies is the level of physical activity. There was no expectation that the individual engaged in
exercise before this study, since the only criteria for participation was the ability to walk 10 feet
without assistance. Therefore, this study concludes that four months of exercise with an
assumption of continued individual activity is not enough to change the progression of dementia
and cognitive performance, but it does not nullify the results of studies which look at individuals
with a longer history of working out.

From 2016-2018, 80 individuals with mild (54) and moderate (26) dementia participated
in a study that had a follow up period continuously over the span of two years. This study by Chen
used the previous DAPA study as background but also took note of the short period of exercise.
For this study, they considered regular exercise habits of the patients and looked at the ability to
predict the outcomes based on an initial physical test (PPF). To be classified into the ‘exercise’
group, patients must engage in an activity producing sweat or labored breathing for over two hours
per week (Chen, 2020: 2).

In those who were diagnosed with mild dementia in the exercise group there were positive

effects on both cognition and performance. There were no significant differences in fitness or



cognitive performance in those with moderate dementia regardless of the level of physical activity
or walking they engaged in. This further indicates that there may be a threshold for positive
outcomes, whether it be in time spent exercising over the life or the stage in the progression of

dementia.

Longitudinal studies

Najar et al conducted a longitudinal study which followed 800 women over a 44-year
period to determine the impact of activity on cognitive health and dementia. Based on a baseline
interview, the 800 women were divided into four groups where activity levels ranged from 1,
mainly watching television and going to the movies, to 4, which included heavy and intense
physical training multiple hours per week. Levels 2 and 3 included light physical activity differing
in the hours engaged per week. These activity groups were consistent with the activity the women
engaged in prior to joining the study, indicating no major life changes were to be made for this
research.

To diagnose dementia, each participant had a neuropsychiatric examination every 5 years
during the study, where the DSM-III-R criteria was utilized as the gold standard of diagnosis. Over
the observed 44 years, 24.3% of the women were diagnosed with dementia at a mean of 31.5 years
post study commencement (Najar et al., 2019: 1323-26). Najar et al conclude that physical activity
(groups 2-4) during the women’s mid-lives indicated a reduced risk of developing dementia by an
average of 70% as compared to group 1.

Another longitudinal study spanning 44 years by Horder et al. selected 171 women from
almost a 1500-person pool to complete maximal fitness testing. The group was then placed into
two further groups- medium and high fitness- based on max workload and peak performance
numbers.

Over the study’s 44 years, the women underwent dementia diagnosis tests every 5 years.
44 women developed dementia at some point during the diagnostic period, with a mean time to
onset of 29 years and mean age as 80.5 years. Of the women in the low fitness category, 70% were
diagnosed with dementia. Those who were categorized as having high fitness had a mean time of
onset 5 years longer than those with medium fitness. Additionally, the mean age of dementia onset
was +11 years for the high fitness group (Horder et al., 2018:1299-1300). They concluded that
high fitness decreased the risk of dementia by almost 90% in this longitudinal study

An important clarification of this study is that it studied performance on a maximal fitness

test. The authors make the important distinction between physical activity and fitness. This data



utilizes a single instance of cardiovascular fitness to imply lifestyle habits. However, it is assumed
that those who regularly engage in physical activity are able to give a higher output on a maximal

load test.

Imaging Studies

The following study designs utilize fMRI and PET imaging to determine the effects of
physical activity on brain structures and function.

In a 2017 study, 34 adults were split into control and exercise groups for 6 weeks to
determine the effect of exercise on a memory test of pair-associate retrieval. The group underwent
subsequent fMRI testing during the testing to monitor activation pre and post exercise intervention.
One group biked for 3 hours minimum per week for all 6 weeks and the other group did not make
any change to their daily routine.

There were no detectable differences between the groups during the memory test, but there
were significant differences between the two groups in the activation seen in the fMRI. The
specific regions of interest were the left anterior hippocampus and temporal cortex, where there
were significantly increased BOLD signals in the exercise group and higher activation during
retrieval (Wagner et al., 2017: 73-74). This indicates that there is a potential increased anterior
hippocampal activation due to physical activity, which implicates better memory functionality
over time.

Another trial put 110 underactive elderly individuals without evidence of dementia through
a 52-week exercise program to investigate changes in amyloid levels and hippocampal volume
through both PET and MRI scans. Amyloid is an indicator of AD, where increased amyloid allows
plaque to form on the brain. As this plaque builds over time, it causes cell death and symptoms of
memory loss. They found a 0.8% increase in amyloid over the year in those who went through the
exercise regimen, whereas the control reported changes ranged from 1-4% (Vidoni et al., 2021:
12). They found no substantial differences in hippocampal volume over time with exercise. The
conclusion from this data is that a year of exercise has minimal influence on amyloid levels and
no substantial influence on brain region volume.

The key takeaway from these two studies is the idea that healthy brains may not change
much over a year of exercise, but unscreened or symptomatic brains may be impacted in as little
as six weeks. There must be additional healthy and unhealthy brain scans in this area of study to

determine the timing and effect of exercise on cognitive function.



Conclusion

Most studies put forth compelling evidence for long term exercise as a treatment for and
protection against the symptoms of dementia and cognitive decline. However, the secondary
effects on psychological benefits and behavioral outcomes remain mixed (Lewis et al., 2020: 123-
124). There is both a need for exercise over a lifetime to gain the benefits and more research in
this area to determine the shortest period of exercise an individual can engage in to reap the benefits
for their brain.

Studies on cognitive reserve conclude that exercise increases cognitive reserve and
therefore is successful in fending off symptoms of dementia, but that higher cognitive reserve will
increase the rate of decline post diagnosis. Several longitudinal studies were successful in finding
significantly decreased risk of developing dementia through exercise, with the risk decreasing by
anywhere between 70-90%. The short-term brain imaging studies did not come to the same
conclusions. They find that exercise and physical activity may slow the rate of both amyloid
accumulation and hippocampal shrinkage, but there must be further research done to determine
the significance of these decreased rates.

There are currently no negative effects stemming from exercise in those with dementia.
This indicates that there are only positive outcomes from physical activity, in those with and
without dementia or Alzheimer’s. At present, the best recommendation is simply to begin engaging

in or increase engagement with physical activity.



Bibliography

Barnes, J., Bartlett, J. W., van de Pol, L. A., Loy, C. T., Scahill, R. L., Frost, C., Thompson, P., &
Fox, N. C. (2009). A meta-analysis of hippocampal atrophy rates in Alzheimer's
disease. Neurobiology of aging, 30(11), 1711-1723.
https://doi.org/10.1016/j.neurobiolaging.2008.01.010

Bettio, L. E. B., Rajendran, L., & Gil-Mohapel, J. (2017). The effects of aging in the
hippocampus and cognitive decline. Neuroscience and biobehavioral reviews, 79, 66—86.

https://doi.org/10.1016/j.neubiorev.2017.04.030

Chen KH, Chen HH, Li L, Lin HC, Chen CL, Chen NC. The impact of exercise on patients with
dementia: A 2-year follow-up. Medicine (Baltimore). 2020 Jun 5;99(23):€20597. doi:
10.1097/MD.0000000000020597.

Gholamnezhad, Z., Boskabady, M.H., Jahangiri, Z. (2020). Exercise and Dementia. In: Xiao, J.
(eds) Physical Exercise for Human Health. Advances in Experimental Medicine and

Biology, vol 1228. Springer, Singapore. https://doi.org/10.1007/978-981-15-1792-1 20

Henwood, T., Neville, C., Baguley, C., Clifton, K., & Beattie, E. (2015). Physical and functional
implications of aquatic exercise for nursing home residents with dementia. Geriatric

Nursing, 36(1), 35-39. https://doi.org/10.1016/j.gerinurse.2014.10.009

Heyn, P., Abreu, B. C., & Ottenbacher, K. J. (2004). The effects of exercise training on elderly
persons with cognitive impairment and dementia: A meta-analysis. Archives of Physical
Medicine and Rehabilitation, 85(10), 1694—1704.
https://doi.org/10.1016/j.apmr.2004.03.019

Hillman, C. H., Erickson, K. I., & Kramer, A. F. (2008). Be smart, exercise your heart: Exercise
effects on brain and cognition. Nature Reviews Neuroscience, 9(1), 58—65.

https://doi.org/10.1038/nrn2298



Hérder, H., Johansson, L., Guo, X. X., Grimby, G., Kern, S., Ostling, S., & Skoog, 1. (2018).
Midlife cardiovascular fitness and dementia. Neurology, 90(15).
https://doi.org/10.1212/wnl.0000000000005290

Lamb, S. E., Sheehan, B., Atherton, N., Nichols, V., Collins, H., Mistry, D., Dosanjh, S.,
Slowther, A. M., Khan, I., Petrou, S., & Lall, R. (2018). Dementia and physical activity
(DAPA) trial of moderate to high intensity exercise training for people with dementia:

Randomised controlled trial. BMJ, 361. https://doi.org/10.1136/bmj.k1675

Larson EB, Wang L, Bowen JD, McCormick WC, Teri L, Crane P, Kukull W. Exercise is
associated with reduced risk for incident dementia among persons 65 years of age and
older. Ann Intern Med. 2006 Jan 17;144(2):73-81. doi: 10.7326/0003-4819-144-2-
200601170-00004.

Lee, D. H., Seo, S. W., Roh, J. H., Oh, M., Oh, J. S., Oh, S. J., Kim, J. S., & Jeong, Y. (2022).
Effects of cognitive reserve in alzheimer’s disease and cognitively unimpaired individuals.

Frontiers in Aging Neuroscience, 13. https://doi.org/10.3389/thagi.2021.784054

Lewis, K., Livsey, L., Naughton, R. J., & Burton, K. (2020). Exercise and dementia: what should
we be recommending? Quality in Ageing and Older Adults, 21(2), 109-127.
https://doi.org/10.1108/QAOA-10-2019-0053

Livingston, G., Sommerlad, A., Orgeta, V., Costafreda, S. G., Huntley, J., Ames, D., Ballard, C.,
Banerjee, S., Burns, A., Cohen-Mansfield, J., Cooper, C., Fox, N., Gitlin, L. N., Howard,
R., Kales, H. C., Larson, E. B., Ritchie, K., Rockwood, K., Sampson, E. L., ... Mukadam,
N. (2017). Dementia prevention, intervention, and care. The Lancet, 390(10113), 2673—
2734. https://doi.org/10.1016/s0140-6736(17)31363-6

Najar, J. , Ostling, S. , Gudmundsson, P. , Sundh, V., Johansson, L. , Kern, S. , Guo, X. ,
Hillstrom, T. & Skoog, I. (2019). Cognitive and physical activity and
dementia. Neurology, 92 (12), e1322-e¢1330. doi: 10.1212/WNL.0000000000007021.



Rabinovici, G. D., Seeley, W. W., Kim, E. J., Gorno-Tempini, M. L., Rascovsky, K., Pagliaro, T.
A., Allison, S. C., Halabi, C., Kramer, J. H., Johnson, J. K., Weiner, M. W., Forman, M. S.,
Trojanowski, J. Q., Dearmond, S. J., Miller, B. L., & Rosen, H. J. (2007). Distinct MRI
atrophy patterns in autopsy-proven Alzheimer's disease and frontotemporal lobar

degeneration. American journal of Alzheimer's disease and other dementias, 22(6), 474—

488. https://doi.org/10.1177/1533317507308779

Ramanan, V. & Graff-Radford, J. (2022). Exercise and Brain Health. Neurology, 98 (20), 825-
826. doi: 10.1212/WNL.0000000000200357.

Rao, A. K., Chou, A., Bursley, B., Smulofsky, J., & Jezequel, J. (2014). Systematic Review of
the Effects of Exercise on Activities of Daily Living in People With Alzheimer's
Disease. The American Journal of Occupational Therapy, 65(1), 50-6.
https://doi.org/10.5014/aj0t.2014.009035

Simioni, C., Zauli, G., Martelli, A. M., Vitale, M., Sacchetti, G., Gonelli, A., & Neri, L. M.
(2018). Oxidative stress: role of physical exercise and antioxidant nutraceuticals in
adulthood and aging. Oncotarget, 9(24), 17181-17198.
https://doi.org/10.18632/oncotarget.24729

Stern, Y. (2012). Cognitive Reserve in ageing and alzheimer's disease. The Lancet Neurology,

11(11), 1006—1012. https://doi.org/10.1016/s1474-4422(12)70191-6

Stern, Y., Albert, S., Tang, M. X., & Tsai, W. Y. (1999). Rate of memory decline in AD is
related to education and occupation: cognitive reserve?. Neurology, 53(9), 1942—1947.

https://doi.org/10.1212/wnl.53.9.1942

Teri, L., Logsdon, R. G., & McCurry, S. M. (2008). Exercise interventions for dementia and

cognitive impairment: The seattle protocols. The Journal of Nutrition Health and Aging,

12(6), 391-394. https://doi.org/10.1007/bf02982672

Tyndall, A. , Clark, C. , Anderson, T. , Hogan, D. , Hill, M. , Longman, R. & Poulin,
M. (2018). Protective Effects of Exercise on Cognition and Brain Health in Older



Adults. Exercise and Sport Sciences Reviews, 46 (4), 215-223. doi:
10.1249/JES.0000000000000161.

Uffelen, J. G., Chin A Paw, M. J., Hopman-Rock, M., & Mechelen, W. van. (2008). The effects
of exercise on cognition in older adults with and without cognitive decline: A systematic
review. Clinical Journal of Sport Medicine, 18(6), 486—500.
https://doi.org/10.1097/jsm.0b013e3181845{0b

Valenzuela, M. J., Sachdev, P., Wen, W., Chen, X., & Brodaty, H. (2008). Lifespan mental
activity predicts diminished rate of hippocampal atrophy. PloS one, 3(7), €2598.
https://doi.org/10.1371/journal.pone.0002598van Praag, H. (2009). Exercise and the brain:
Something to chew on. Trends in Neurosciences, 32(5), 283-290.
https://doi.org/10.1016/j.tins.2008.12.007

Wagner, G., Herbsleb, M., de la Cruz, F., Schumann, A., Kohler, S., Puta, C., Gabriel, H. W.,
Reichenbach, J. R., & Bir, K.-J. (2017). Changes in fmri activation in anterior
hippocampus and motor cortex during memory retrieval after an intense exercise
intervention. Biological Psychology, 124, 65-78.
https://doi.org/10.1016/j.biopsycho.2017.01.003



