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Abstract

Normal aging is associated with variable declines in perception and cognition, which may be 

mediated through active engagement in certain lifestyle activities. The aim of this review was 

to discuss the relationship between cognitive functioning in older adulthood and participation in 

various types of physical exercise and sports-playing activities. Most studies have focused on 

the beneficial effects of relatively nonspecific forms of aerobic physical activity, although some 

emerging evidence has suggested that more specific forms of sports-playing activities may confer 

greater cognitive benefit in specific areas of cognitive functioning. The evidence reviewed suggests 

the potential for simple lifestyle-related behaviors to mediate the cognitive decline often found in 

older adults, and to enhance the aging brain’s cognitive reserve. However, more work is needed 

in order to ascertain the variable outcomes of exercise type, duration, and frequency, and the 

cognitive effects of various sports activities.
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Introduction

As we age, we experience changes in our ability to carry out complex, yet quotidian 

tasks, such as driving, which requires the possession of sufficient perceptual and cognitive 

skills. Contributing factors likely involve normative cognitive declines that are outward 

manifestations of the inherent neurophysiological changes that take place within the aging 

brain. In light of the globally increasing proportion of older adults, the question of how to 

offset and even reverse structural and functional decline is steadily gaining in importance. 

Understandably, retaining cognitive health into older adulthood is of great concern to most 

older adults [1]. Both scholarly and commercial interest has been vested in identifying 

ways in which cognition can be stimulated in a way that can promise transfer to real-world 

tasks and activities. Proposed activities have included engaging more frequently in everyday 

activities, such as completing crossword puzzles, playing card games, and learning a new 

language, or more formal training procedures. Many studies have examined the impact of 
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cognitive training on older adults, with some improvements found in areas of attention and 

memory [2–5]. However, specificity of learning is a common feature of cognitive training 

paradigms that fail to show a transfer to real-world outcomes [6].

For the purpose of attaining more general learning effects, recent research has focused on 

modifiable lifestyle factors and other real-world experiences. Epidemiological studies have 

suggested that older adults who remain active as they age, and participate in stimulating 

mental, physical, and social activities may delay or even avoid cognitive decline [7,8]. 

Learning that occurs under such conditions typically features more complex learning 

paradigms compared to most laboratory-based manipulations, thus avoiding the exceptional 

specificity that is a feature of many cognitive training procedures. Activities that have 

been found to lead to more generalized cognitive effects have included video game 

playing [9], musical training [10], and physical activity training [11]. Real-world activities 

are inherently complex, and access multiple cognitive systems simultaneously during 

information processing and task execution. Here we have focused this review on evidence 

that indicates a relationship between physical exercise and cognitive functioning and brain 

health. Specifically, we review the existing evidence that different types of exercise and 

sports activities may have differential effects on cognitive health.

Age-related declines in perceptual and cognitive functioning

There is substantial evidence that many cognitive abilities show decline as a function of 

age, although the distinction between normal and pathological cognitive aging is far from a 

straightforward process. Despite the considerable prevalence of mild cognitive impairment 

and dementia in older age, subjective cognitive complaints and subtle performance changes 

across a range of cognitive domains are much more common. Even in the absence of 

early clinical signs of dementia or other pathological changes, a gamut of cognitive 

abilities tends to show a gradual decline with age. A diminished processing speed has 

been well-established and associated with the decline observed with many other cognitive 

abilities [12], including memory [13]. Greater age-related memory declines are typically 

observed in episodic memory (i.e., the ability to remember specific events from the past), 

whereas the retrieval of sematic memories (i.e., more general world knowledge) is typically 

observed in very advanced age [14]. The ability to both encode and retrieve newly acquired 

information also tends to show a decline with age [15]. A wide range of changes have been 

observed in the set of cognitive processes referred to as executive functioning, including 

noticeable declines in response inhibition [16], task switching [17], and decision-making 

[18]. Moreover, aging may affect attentional abilities [19], divided attention [20], visual 

working memory [21], verbal and spatial working memory [22], and dual task processing 

[23]. However, some cognitive abilities, such as procedural memory [24] and knowledge-

based abilities (e.g. vocabulary) [25]. Do appear to go relatively unscathed well into the 

ninth decade of life.

Age-related cognitive changes have been linked to various underlying neurocognitive 

changes found in healthy older adults without sign of dementia. Studies on normal brain 

aging have found atrophy of the frontal and temporal lobes [26,27], changes in white 

matter [28], and a reduction in neuronal connectivity [29]. Furthermore, there is evidence of 
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pathological depositions, volumetric loss, and biomarkers characteristic of dementia within 

the brains of older adults with subjective cognitive impairment, but who do not fit the 

objective criteria for a dementia diagnosis [30–32]. The structural changes found in healthy 

older adults are significantly less than the volumetric measurements found in patients with 

Alzheimer’s disease or MCI, particularly within the temporal lobes [33].

While neurodegenerative dementia forms such as Alzheimer’s disease are characterized 

by considerable functional decline (e.g., in activities of daily living), subtle age-related 

performance decrements in cognitive domains are not thought to incur any significant 

functional limitations in the ability to perform most everyday tasks. However, for 

tasks that requires a complex integration of information and the enlistment of multiple 

cognitive domains, such as driving, subtle age-related changes may translate into behavioral 

decrements and hazardous situations [34]. Decrements in driving ability have been linked to 

domains including visual attention (e.g., dividing attention between multiple input channels), 

visual processing speed, visual perception, memory, and executive functions (i.e., the ability 

to flexibly adapt and respond to situational changes) [35,36]. For example, older adults may 

experience decrements in their ability to attend to multiple lanes of traffic simultaneously 

or accurately judge their distance from a curb. Given that older drivers are at much higher 

risk for motor vehicle crashes [37], a focus of research should be on determining ways 

to improve these driving-related cognitive and perceptual functions before unsafe driving 

behaviors are introduced. Driving-related perceptual and cognitive functions are a prime 

target for remedial activities, as driving is an everyday task that is important for maintaining 

independence in older adulthood.

In concert with cognitive changes across the lifespan, many visuoperceptual functions 

likewise suffer from age-related declines. Particularly in old age, a substantial link between 

sensory functioning and fluid cognitive abilities (e.g., processing speed) has been established 

[38]. In terms of functional risk, diminished visual functioning in normally aging adults has 

been identified as a contributor to an increased incidence of falls [39] and increased risk 

of motor vehicle accidents [36] as well as a conglomeration of difficulties in performing 

everyday tasks. Deteriorations in visual acuity [40], contrast sensitivity [41], motion 

perception [42], orientation discrimination [43] and visual processing speed [36] have 

been documented in normally aging individuals. Some changes in visual capacities may be 

attributed to optical changes, while others may be attributed to neurophysiological changes 

in the visual pathways within the brain. Furthermore, the risk of several progressive and 

irreversible eye diseases increases with age. Common causes of visual impairment include 

cataracts, glaucoma, diabetic retinopathy, and age-related macular degeneration [44]. While 

any of these eye diseases may cause permanent structural changes, they are not able to fully 

account for age-related declines in perceptual abilities.

Effects of physical training and enhanced fitness on older adult cognition

Physical exercise is beneficial for older adults in terms of reducing the risk of a plethora 

of health conditions, including heart disease [45], diabetes mellitus [46], obesity [47], 

and osteoporosis and arthritis [48], all of which are diseases that increase in prevalence 

in older adulthood [49–52]. More generally, physical exercise is effective in increasing 
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cardiovascular fitness, muscle strength, bone mineral density, alleviating depression and 

anxiety, and improving self-esteem in older adults [53]. In fact, evidence has suggested that 

higher physical activity levels lead to a longer total life expectancy [54]. Physical fitness 

has been associated with certain biological mechanisms that underlie the beneficial effects 

on physical and psychological health. Moreover, potential benefits to the brain may be 

conferred by biological mechanisms that support reduced inflammation, increased growth 

factor expressions, optimized neuroendocrine responses to stressors, and neuroplasticity 

[55].

Regular physical exercise has also been associated with better cognitive functioning and 

even a delayed onset of dementia types [56,57]. Higher levels of cognitive functioning 

have been found in both cognitively normal and demented older adults engaged in regular 

exercise [11,57,58]. The past several decades have seen a number of studies that have 

examined the effects of both single bouts of acute exercise and longer term (e.g. 3–12-

month) interventions in younger and older adults. In a review of the literature, cognitive 

improvements in areas including simple reaction time, working memory, and even higher-

order thinking processes, including creativity, were seen following acute bouts of short-

duration exercise [59]. Hillman, Shook, and Jerome [60] examined the effects of 30-minutes 

of acute cardiovascular exercise on college-aged students by measuring performance on the 

Eriksen flanker task (interference control) and event related brain potentials. The authors 

found that exercise increased the amplitude of the P3 potential (thought to be an indicator 

of the allocation of attentional and working memory resources), suggesting that even short 

exercises sessions may induce neuroelectric changes that support executive control [60]. 

Acute exercise exposure of light to moderate intensity aerobic activity has demonstrated 

beneficial effects on older adult cognition on measures of reaction time [61], tests of 

working memory [62], and logical memory and Mini Mental State Examination (MMSE) 

scores [63]. However, studies that have sought to determine the effects of acute exercise 

have largely featured younger adult samples, leaving much still to be examined among 

adults 60 years and older. Thus, a priority of this line of research should be to evaluate the 

long-term impact that relatively short periods of exercise may have in sedentary older adults.

The protective effects of physical activity on cognition has been a research topic for decades 

throughout a number of cross-sectional studies [64,65]. Several longitudinal studies have 

shown a diminished rate of cognitive decline in physically active older adults during 

variable follow-up periods. In a six-year longitudinal study of 349 community-living older 

adults, cardiorespiratory fitness levels were strongly predictive of performance on measures 

of global cognitive functioning and attention/executive function [66]. Aichberger and 

colleagues [67] measured the association between any type of regular physical activity and 

cognitive decline in a 2.5-year follow-up of an international sample of 17,333 individuals 

over the age of 50 from 11 European countries [67]. The authors found less evidence 

of cognitive decline in those who regularly engaged in any type of physical activity, 

particularly if those activities occurred more than once per week. Moreover, higher physical 

activity levels in older adults has been linked to a reduced risk of physical disability 

and mobility limitations [68]. Mobility limitations have in turn been implicated as a 

longitudinally predictive risk factor for cognitive impairment [69].
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Intervention studies that have featured longer-term involvement in various forms of 

physical exercise have typically targeted older adult populations. The beneficial effects of 

physical exercise on cognitive functioning has been demonstrated throughout a number of 

intervention studies featuring healthy older adult participants, using aerobic activity and 

resistance exercises, both separately and in combination. Intervention studies have, in turn, 

lent the greatest support to the idea that physical exercise has an enhancing effect on older 

adult cognition. One 12-month program of 3-hour per week supervised endurance training 

of healthy older adults produced a stable cognitive status (as measured by follow-up MMSE 

scores) relative to a control group that received only lifestyle education [70].

Exercise participation has been implemented in a variety of physical intervention forms. 

Most intervention studies examining the effects of physical activity on cognition through 

large-scale randomized controlled trials have targeted relatively nonspecific forms of 

aerobic exercise [71]. Albeit fewer in number, combined aerobic and resistance training 

programs and other multi-component programs seem to show better cognitive outcomes 

[72], predominantly in areas of attention and executive functioning [73].

Meta-analytic reviews of randomized design studies have established the robust and reliable 

benefit of fitness training interventions on the cognition of older adults [11]. Colcombe 

and Kramer [11] reported differential performance improvements in specific areas of 

cognitive functioning, with the greatest improvement in executive processes, followed by 

visuospatial functions. The authors found that combined strength and aerobic training 

programs produced the greatest degree of improvement when compared to aerobic training 

only. Furthermore, there does not appear to be a substantial difference in outcome between 

training programs of a longer duration (6+ months) and those of shorter durations (1–3 

months). However, there is still no clear dose-response relationship between the level and 

duration of the physical activity and the expected cognitive benefits. Additionally, the large 

body of literature in this area has engendered a great deal of heterogeneity in methods 

related to data collection, analysis, and neurocognitive assessment. In fact, the quality, lack 

of consistent use of clinically validated assessments, and statistical reports of many studies 

in this area have been questioned (see Smith et al., [71] for a discussion).

Most exercise intervention studies have featured healthy community-dwelling older adults. 

More studies conducted with physically frail older adults, or older adults with various 

cognitive impairments are needed in order to be able to generalize the cognitive benefits 

of physical activity to populations of older adults with preexisting cognitive or physical 

limitations. One study showed that physically frail older adults improved their cognitive 

performance in areas of executive functioning, processing speed, and working memory 

following three months of physical training [74]. The same study also found an improved 

physical capacity, quality of life, and satisfaction with physical capacity, health, and social 

relationships among participants. A 24-week, home-based physical activity program was 

able to prevent further cognitive decline in a group of older adults who had already 

presented with subjective memory impairments over an 18-month period [75]. A meta-

analysis of physical exercise interventions in older adults with pre-existing cognitive 

impairments and dementia found support for the effectiveness of aerobic, resistance, and 

multi-component training programs on improved cognitive outcomes [58]. However, the 
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authors note that this particular body of evidence is lacking in terms of adequate sample 

sizes, the quality of study design, experimental controls, and a need for long-term follow-up 

assessments.

Neurophysiological benefits of aerobic activity

The neurophysiological approach to the link between fitness and enhanced cognition has 

identified an increase in cerebral blood flow as an important mediating factor. Hypertension, 

diabetes mellitus, and other adverse cardiovascular outcomes and risk factors have negative 

implications for late life cognition [76]. For example, higher levels of neurofibrillary tangles 

and senile plaques (brain pathologies that are characteristic of Alzheimer’s disease) have 

been observed in hypertensive individuals [77], and aerobic activity is often prescribed 

as a behavioral intervention for developing cardiovascular disease [78]. Vascular disease 

is second only to advanced age as the most significant risk factor for dementia. While 

senescence is not a factor amenable to change, the risk factors for vascular disease have 

the potential to become modified through lifestyle intervention [79]. Furthermore, exercise 

interventions may also reduce brain inflammation and improve the immune systems of older 

adults, thereby reducing risks associated with cognitive decline [80].

Exercise may mediate cognitive functioning and the benefits to overall brain health through 

several neurophysiological mechanisms. A growing body of research on non-human animals 

has implicated the cellular and molecular mechanisms which may account for the cognitive 

effects of physical exercise. Animal studies suggest that exercise-induced brain plasticity 

may be specifically related to increased neurotrophins, which stimulate neurogenesis, and 

increased vascular perfusion [81]. Voluntary exercise has been demonstrated as a behavioral 

mediator of axonal regeneration in the sensory neurons of animals following axonal injury 

[82]. These findings suggest that physical activity may embody a potential for activity-

dependent plasticity and neuronal regeneration.

Enhanced spatial learning has been observed in rodents engaged in voluntary aerobic 

exercise (e.g., wheel running) [83,84], suspected to be caused by increased neurotrophin 

levels [85]. Furthermore, running has been found to produce a nearly three-fold increase in 

neurogenesis in active aged mice compared to sedentary controls and recover age-related 

decline to 50% of that of young mice [85]. Running has also been shown to enhance 

hippocampal neurogenesis, synaptic plasticity and long-term potentiation in mice [84]. 

Hippocampal neurogenesis slows down considerably with age in rats [86] and regionally 

specific neuronal loss has been measured in the hippocampal areas of humans [87]. In 

addition to neurogenesis, voluntary aerobic fitness has been shown to increase levels of 

brain-derived neurotrophic factor (BDNF) within hippocampal areas, which facilitates the 

maintenance and regeneration of nerve cells [81]. Therefore, increased availability of BDNF 

in learning and memory-dominant brain areas may prime cells for enhanced encoding of 

environmental information and promote learning in the aged brain. Additionally, evidence 

of synaptogenesis has also been reported as a molecular response to exercise [88]. The 

effects of aerobic exercise have been less studied in the human brain. Research on human 

populations has shown that aerobic fitness is positively correlated with increased grey and 

white matter volume [89] and sparing of the anterior white matter tracts which are most 

Sogaard and Ni Page 6

Acta Psychopathol (Wilmington). Author manuscript; available in PMC 2022 March 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



compromised by age-related decline [90]. Furthermore, human studies have revealed the 

plasticity-induced responsiveness of the hippocampus to physical activity [91]. Mechanisms 

of structural hippocampal change have been attributed to both angiogenesis (proliferation 

and new growth of blood vessels) [92] and neurogenesis (generation of new functional 

neurons from adult neural stem cells) [84].

Differential effects of various physical and sports-playing activities on 

cognitive performance

Research has increasingly supported the beneficial effects of (at least) moderately intense 

physical activities (e.g., running, tennis, aerobics, etc.) on the risk of all-cause mortality, 

type-2 diabetes, hypertension, stroke, colon cancer, breast cancer, depressive symptoms, and 

dementia [56,93]. The effects of lower intensity exercise (e.g. light walking, stretching, etc.) 

have been associated with more negligible health and cognitive benefits [94]. Specific types 

of sports-playing activities may also have varying effects on cognitive performance in older 

adults, given that different types of physical activities and sports involve distinct cognitive 

and physical demands. In particular, accumulating evidence seems to favor “open-skill 

sports” rather than “closed-skill sports” in terms of domain-specific cognitive performance. 

Open-skill sports (e.g. badminton, table tennis, etc.) require constant adaptation to dynamic 

environments, governed in part by the opposing player’s behaviors (e.g., the varying speed 

of a ball). In contrast, closed-skill activities (e.g. walking, swimming, etc.) are often self-

paced, predictable, and carried out independently from the input of other players (e.g., a 

golfer attempting to replicate a swing). As such, meta-analytic reviews have supported better 

cognitive performance in areas of processing speed and attentional processes in “open-skill” 

sports-playing athletes [95].

Thus, the associated skills of open-skill sports are constrained by the external environment, 

and involve different perceptual, cognitive, and motor processes. Therefore, it is important to 

identify the more task-relevant benefits of sports playing rather than just the overall benefits 

of general aerobic training. Studies have shown that skilled players of open-skill sports 

have demonstrated superior performance on cognitive tasks measuring processing speed, 

visual attention, visual working memory, inhibitory control, and decision making relative 

to athletes of closed-skill sports [95,96]. Many open-skill sports are highly perceptual in 

nature and involve considerable cognitive load, as they require attending to relevant sensory 

information, adjusting attention, planning, cognitive flexibility, and immediate decision 

making in the presence of incomplete information [97]. For example, the perceptual nature 

of open-skill sports has been demonstrated in the superior accuracy of skilled racket sports 

players in detecting and utilizing subtle cues from an opponent’s postural orientation before 

the interceptive actions are performed [98]. Moreover, skilled players of various racket 

sports are able to provide accurate predictions of potential shots before they have been made 

by the opponent [99,100]. These findings suggest that extended engagement in various types 

of open-skill racket sports may foster certain perceptual-cognitive skills that enable players 

to use advanced visual cues to process information more efficiently, and to rapidly and 

flexibly adapt to situational changes.
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The differential cognitive effects of exercise mode have been supported in older adults 

within some cognitive domains. Older adults engaged in open-skills sports-playing 

demonstrated fewer global switch costs in a task switching paradigm [101]. These findings 

indicate that the cognitive benefits of engaging in aerobic activities may be optimally 

extracted from specific forms of sports-playing that offer variable cognitive and physical 

demands. However, due to limited available literature, the exact perceptual and cognitive 

benefits of several types of open-skill sports in older adulthood can only be speculated at this 

time. As discussed, a number of perceptual-cognitive skills are assumed to support racket 

sports playing, which embody unique perceptual, cognitive, and motor constraints that may 

be especially beneficial for older adults. A large cohort study found all-cause mortality 

rates were 47% lower, and cardiovascular disease-related mortality was 56% lower in 

individuals who played racket sports, when compared with other types of physical activities 

that included swimming, aerobics, cycling, running and soccer [102]. Although limited in 

number, studies with tennis players have demonstrated task-relevant cognitive benefits in 

areas of eye-hand coordination and collision-detection [103,104]. One study found better 

performance on a test targeting attention and executive function in older adult table tennis 

players [105]. However, the promising results of some studies targeting sports-playing older 

adults have been tempered by the use of only a limited number of unstandardized cognitive 

assessments. More importantly, a causal relationship has yet to be established between 

certain types of open-skill sports and improved perceptual and cognitive function in older 

adults within the existing research.

Conclusions and Future Directions

To recapitulate, the body of research that examines the cognitive impact of physical exercise 

is encouraging, although the evidence of the effects of specific sports activities in elderly 

adults has remained sparse. Nonetheless, there is a consensus within the literature that 

physical exercise/fitness has a protective effect on cognition, although there is a continued 

need for investigations that employ satisfactory blinding procedures, sufficient sample 

size, longer durations, and follow-up testing. A growing body of evidence has supported 

the causal influence of activity-dependent structural brain changes and concomitant 

improvement of cognitive functioning. Both animal and human models have suggested 

that voluntary fitness is associated with a more highly preserved and adaptive aging brain. 

Studies have shown improvement in a variety of cognitive areas following various fitness 

interventions in older adults, although only few have explored the effects of physical 

exercise on perceptual functions. Furthermore, many existing studies have been questioned 

in terms of their quality and inclusion of standardized neurocognitive assessments.

Despite the potential of physical exercise to enhance cognitive and neural health well 

into older adulthood, there are several remaining research questions which are currently 

amenable to speculation only. One of the most pertinent remaining questions within the 

available evidence concerns the exact effect that exercise type, duration, frequency, and 

intensity have on cognitive outcomes. The difference between various types of sports 

activities has barely been explored in terms of their cognitive training potential. Most 

sports activities involve a combination of complex locomotor sequences, manipulative 

skill, physical exertion, cognitive processes, and social interactions. Therefore, specific 
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sports activities selectively involve disparate cognitive processing of activity-specific tactics 

and task constraints. However, some difficulty lies in parsing the network of perceptual, 

cognitive, and motor skills that underlie a certain sport activity, and the nature of the 

relationship between the performer and their environment. The literature would strongly 

benefit from studies that examine the protective or restorative effects that various types 

of sports activities may have on the cognition of older adults, as well as the extent to 

which engagement in different sports offers divergent performance gains in various areas of 

cognitive performance.
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