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Conclusions and future directions

Emerging findings suggest that optimal brain health is promoted by intermittent bioenergetic challenges that increase 
activity in neuronal circuits, including intellectual challenges, restriction of energy intake, and physical exercise. Studies 
of animal and cell culture models have shown that such intermittent bioenergetic challenges activate signaling 
pathways in neurons that bolster mitochondrial health by, for example, stimulating mitochondrial biogenesis and 
mitophagy. The neuronal activity-dependent and cellular stress-responsive neurotrophic factor BDNF appears to play key 
roles in the neuroplasticity-enhancing and neuroprotective actions of bioenergetic challenges. Signals from peripheral 
organs to brain cells may also contribute to the beneficial effects of exer-cise and fasting on cognitive function and 
neuronal resilience. During normal aging, there are decrements in the functionality of several energy metabolism-related 
pathways in brain cells includ-ing glucose transport, mitochondrial electron transport, DNA repair, and neurotrophic 
factor signaling. Epidemiological, clinical, and experimental evidence points to important roles for impaired neuronal 
bioenergetics and reduced adaptation to stress in normal aging, and preclinical stages of neurodegenerative disorders such 
as AD and PD.
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