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Abstract

Dementia is one of the most pressing health care issues of the 21st century. Exercise is a 

modifiable lifestyle factor that has been identified as positively impacting cognitive functioning 

across the lifespan. Despite surmounting evidence linking exercise and cognitive functions in older 

adults, there is reluctance to adopt exercise as a prevention strategy; this view has been partially 

fueled by published reviews that have failed to include all the relevant literature. Therefore, in this 

commentary, we provide an update on the recent converging neuroimaging, behavioural, and 

biomarker evidence linking exercise with cognitive and brain health. We highlight that endorsing 

exercise as an effective strategy for improving health and well-being among older adults may 

potentially have a high impact for mitigating multiple health concerns, and should therefore be 

considered as a leading treatment strategy for dementia prevention.

Keywords

Exercise; Physical activity; Cognition; Brain health; Aging

Cognitive decline is one of the most pressing health care issues of the 21st century. 

Worldwide, one new case of major cognitive decline (i.e., dementia), is detected every four 

seconds.(1) Given that no effective pharmacological treatment to alter the progress of 

cognitive decline exists, there is much interest in lifestyle approaches for preventing or 

treating dementia. Ideally, such strategies should be cost-efficient and widely accessible at a 
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societal-level to have the largest benefit for older adults with varying income and functional 

status levels.

One attractive solution that aligns with the above criteria is exercise. However, despite a 

large and consistent pool of evidence generated over the past five decades linking exercise to 

improved cognitive functions in older adults,(2) there is reluctance amongst academics, 

health care practitioners, and the public alike to embrace exercise as both a prevention and 

treatment strategy for cognitive decline. For example, the NIH consensus statement from 

2010 (3) concedes there appears to be preliminary data to support the efficacy of exercise in 

improving cognitive function. However, they caution that there is currently no strong 

evidence to suggest that modifiable lifestyle factors can alter the trajectory of cognitive 

decline. Adding fuel to the fire are publications such as a 2013 systematic review of 

randomized controlled trials (RCTs) (prior to October 31, 2011) reporting “weak” evidence 

for the effects of exercise on cognition.(4) We must highlight that the search strategy used in 

that systematic review failed to capture many pertinent papers providing evidence from 

RCTs that exercise promotes both cognitive and brain plasticity in not only healthy older 

adults, but also among those with cognitive impairment. Furthermore, there are a number of 

animal studies that provide insight into the molecular and cellular mechanisms by which 

exercise promotes neuroplasticity.(5)

In a previous commentary,(6) we outlined a selection of studies that provided compelling 

evidence that exercise should undoubtedly be considered as a promising treatment strategy 

for cognitive decline. Our present commentary aims to provide a brief update, as well as to 

discuss factors that have continued to hinder the adoption of exercise as a legitimate medical 

strategy for the prevention of cognitive decline and dementia.

Since 2010, we have additional evidence from RCTs that exercise, both moderate-to-

vigorous intensity aerobic and resistance training, promotes cognitive and brain plasticity 

and have gained further insight into underlying mechanisms. Notably, the behavioural and 

mechanistic outcomes converge and support a cohesive picture. In 2011, Erickson and 

colleagues (7) demonstrated that aerobic exercise resulted in increased hippocampal volume 

in healthy community-dwelling older adults. Furthermore, changes in hippocampal volume 

in the aerobic exercise group were significantly associated with increased levels of serum 

brain-derived neurotrophic factor (BDNF) and spatial memory performance. In the same 

randomized controlled trial, Voss and colleagues (8) demonstrated that aerobic exercise also 

improved the functional connectivity, or temporal coherence of brain regions that are 

functionally-related in a network known to become decoupled with aging. For resistance 

training, Liu-Ambrose and colleagues (9) demonstrated increased functional plasticity after 

12 months of training with corresponding improvement in selective attention and conflict 

resolution in healthy older women. Critically, the benefits of exercise extend to those with 

mild cognitive impairment and dementia. Among older women with mild cognitive 

impairment (MCI), Nagamatsu and colleagues (10, 11) demonstrated that six months of 

resistance training led to improved executive functions, spatial memory, and associative 

memory with concurring functional plasticity. In the same study,(11) the authors also found 

that aerobic training improved verbal memory and learning. These findings indeed support 
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findings from a recent systematic review on exercise and cognition in those with dementia,

(12) although to our knowledge, no such systematic reviews exist for those with MCI.

Despite these recent positive findings, skepticism remains. Enthusiasm for increased 

exercise as a prevention strategy is often tempered by the fact that no randomized controlled 

trial to date has demonstrated that exercise can actually reduce the incidence of MCI or 

dementia. Is the absence of such a definitive trial reason enough to disregard the evidence to 

date? We contend the answer to this question is a resounding “no” when following points are 

considered:

• The number of individuals with dementia will exponentially increase in the next 

20 years.

• There is now a large and consistent pool of animal and human data 

demonstrating the cognitive benefit of exercise. Importantly, recent randomized 

studies show a convergence among behavioural, neuroimaging, and serum 

biomarker outcomes. Furthermore, large cohort studies have demonstrated 

significant associations between exercise and reduced risk of cognitive 

impairment and dementia.(13–16)

• Exercise has a multitude of established health benefits with minimal side effects 

and is cost-effective.(17) Even in older adults, exercise increases both the chance 

of survival and healthy ageing.(18)

• Exercise significantly reduces key vascular risk factors (19) (e.g., hypertension, 

diabetes type II, hypercholesterolemia, etc.) for both Alzheimer’s disease (AD) 

and vascular dementia (VaD) – the two most common types of dementia.(20)

In fact, exercise should be promoted as an essential component of healthy aging given 

reducing physical inactivity by 25% could prevent as many as one million cases of dementia 

worldwide.(21)

Providing health care practitioners and seniors with specific and individualized 

recommendations regarding the type, intensity, and frequency of exercise for optimal benefit 

is critical to successfully advocate exercise as a treatment for cognitive decline. However, we 

are limited by the fact that dose and type of exercise have been utilized in different studies 

with varying success. For example, Baker and colleagues found that older women with MCI 

who engaged in aerobic exercise four times per week exhibited improved cognitive function,

(22) whereas in a similar population, aerobic exercise twice per week did not yield the same 

benefits.(10) Further confusion centers around type of exercise (e.g., aerobic versus 

resistance training) (10) and sex differences.(22) Our ability to translate the evidence that 

has demonstrated that exercise can impact cognitive function also depends on an in-depth 

understanding of the science behind the phenomenon, especially since the public may not 

appreciate that exercise can alter the structure and function of the brain directly. Future 

evidence linking exercise and cognition will surely boost the credibility of exercise as a 

treatment strategy, much in the same way that pharamacological alternatives are currently 

universally accepted. Therefore, the priority for future research is to elucidate the type or 

combination of exercise that yields the greatest cognitive benefits for each individual based 
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on factors such as sex, age, and current cognitive status, as well as underlying mechanisms 

that support such changes.

In this commentary, we have presented an updated account of the accumulating behavioural, 

neuroimaging, and biomarker evidence linking exercise and cognition. We acknowledge that 

we are not yet able to provide clinicians and older adults with precise “prescriptions” of 

exercise that would maximize the cognitive benefits for different degrees and causes of 

cognitive impairment, nor do we completely understand the underlying molecular and 

cellular mechanisms. These knowledge gaps will certainly be addressed in future research. 

Nevertheless, we highlight that current evidence strongly suggests that exercise does benefit 

cognition, and critically, the magnitude of benefit can exceed that of pharmaceutical 

approaches.(23) Of relevance, it is estimated that if the onset and progression of dementia 

could be delayed by a mere one year, there would be nearly 9.2 million fewer cases in 2050.

(24) Given that exercise can be promoted at a population-level with relatively low risks and 

costs, we highly recommend that older adults should be encouraged to engage in regular 

exercise to boost cognitive function as further research is concurrently conducted, rather 

than wait until all the intricacies of the relationship between exercise and cognition have 

been resolved.

During a recent symposium that brought together world experts in this expanding field 

(International Symposium on Exercise to Promote Cognitive Health and Functional 

Independence, May 2010), one of the most prominent themes was how to translate our 

knowledge about the benefits of exercise to health care providers and the general public, and 

how to engage older adults in exercise with high adherence. We recognize that a large 

proportion of the population is sedentary, and that successfully changing behaviour to a 

more active lifestyle is challenging. To effectively advocate exercise, we emphasize the need 

for a cross-disciplinary collaborative effort among researchers and health care workers to 

develop consistent standards and a united message of the multiple benefits of exercise. In 

light of the recent support for exercise in preventing cognitive decline, we stress that 

endorsing exercise as an effective strategy for improving health and well-being among older 

adults should be indisputable – given that it may potentially have a high impact for 

mitigating multiple health concerns, including dementia, exercise should therefore be 

considered as a leading treatment strategy to delay or prevent dementia.
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