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	The effect of physical activity on cognitive and motor abilities in older adults: what makes us age successfully?

	Summary 
Changes in brain structure and function with age can give rise to a wide range of cognitive and motor declines in healthy older adults [1-3]; see reviews [4-5]. Research over the past two decades has provided compelling evidence that these declines can be delayed or even reversed, and that skills can be revived by engaging in different sports activities and maintaining an active lifestyle; see reviews [6-8]. Given the relatively fast rise in the proportion of older adults in Europe and worldwide, finding new approaches or interventions to improve motor and cognitive functioning and promote healthy lifestyle is of importance. A striking feature of aging at both the behavioural and neural levels is, in this respect, the large variation across individuals in level of performance and rate of decline. While some individuals show high levels of functioning into their eighth and ninth decades, others face severe impairment and dementia early in senescence. These differences suggest that functional decline is not necessarily an obligatory consequence of aging. A physically active lifestyle could, for instance, attenuate the physiological consequences of aging in the structure and function of brain networks that support inhibition throughout late adulthood [6]. Thus, the first major aim of the current doctoral project is to explore the extent by which the level of physical fitness and regular engagement in sports serves to preserve cognitive and motor functions in healthy older adults. To achieve this goal a retrospective study will be conducted on a larger group (N > 200) of active and sedentary middle-age and older individuals (age range: 55-85y) to explore effects of health related physical fitness and age on cognitive and motor functioning. Specifically, age and health related physical fitness (i.e., cardiorespiratory fitness, muscular strength and muscular endurance, flexibility, and body composition) of participants will examined against: (i) performance on a battery of cognitive, motor, and functional tests, (ii) hormonal status, (iii) functional integrity of the central (CNS) and peripheral (PNS) nervous system, and (iv) interactions between afferent and efferent neural pathways. Functional integrity of the CNS and PNS will be assessed with noninvasive stimulation techniques including transcranial magnetic stimulation (TMS) and peripheral electrical nerve stimulation (PENS), respectively. The interaction between afferent and efferent neural pathways will be assessed by combining TMS with peripheral sensory stimulation (e.g., tendon vibration or electrical nerve stimulation). In a similar manner, cortio-cortical interactions will be assessed with dual-site TMS and paired-pulse TMS (the latter will be used to assess integrity of GABAergic and Cholinergic systems in the CNS [4]. Based on observations from this retrospective study, a model of the aging process will be established (Figure 1). This model aim to describe the effect of aging on interaction between elements of CNS and PNS as well as the association between high/low integrity of these elements and cognitive/motor functioning in fit and unfit older individuals. 
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Figure 1

As physical activity appears to ameliorate cognitive decline in both healthy aging and age-related pathological conditions, questions emerge as to what extent improvements in cognitive functions predict gains in motor functions, and to what extent different types of exercise training differentially affect cognitive and motor functions. For example, it has been shown that exercise training is able to reduce the need of prefrontal resources of executive function and attention involved in challenging treadmill walking which is speculated to allow older adults to allocate more attentional resources to processes related to balance control [9]. An alternative working hypothesis, nonetheless, would assume bilateral positive impacts of physical exercise training on both cognitive and motor functioning. Along these lines, the second major aim of the current project is to examine the specific beneficial effects of physical exercise interventions on cognitive and motor functioning in the general heathy older adult population as well as to examine the interplay between cognitive and motor gains in relation to the physical exercise training used. To reach this goal an intervention study will be conducted on a group (N>100) of sedentary older adults who will be engaged in a multimodal exercise training [9-11] that will combine both physical and cognitive interventions.    
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