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The middle-age brain 

 

ABSTRACT:  
 

Background  

Middle adulthood – the age between 40 and 60 – is characterised by many social, emotional, and 

health-related changes which mirror changes in brain and cognition. However, the neuroscience 

of the middle age brain is quite sparse, often due to the assumption that more informative brain 

changes are observed while growing up or ageing. However, identifying the roots of age-related 

changes earlier in adulthood may allow to minimise or prevent the cognitive, psychological and 

well-being issues that are often serious in late life. 

 

Aims 

To generate a novel, informed, and detailed profile of the middle-aged brain by studying the 

correlational and causal links between brain, cognitive functions, and well-being. 

 

Method  

A continuous measure of working memory performance as well as the source of errors typically 

affecting working memory was obtained in 179 adults across the life span (58 middle agers), in 

addition to information on well-being and cognitive reserve - a proxy for cognitive proficiency. 

In the same sample, data on parietal brain stimulation (tACS) in alpha, gamma, beta frequency or 

sham coupled with either the continuous working memory task or with a measure of time 

processing were also obtained. Electrophysiological (EEG) data were also collected, and 

analysed to identify resting state spectral power and the duration of burst events. 

 

Results  

Memory performance declined linearly with age, whereas changes in error rate peaked in middle 

age. At a physiological level, posterior alpha power – typically related to memory performance – 

as well as the ratio of long bursts within the upper alpha band changed linearly with age. In 

contrast, sensorimotor beta power and burst rate properties varied primarily non-linearly, with 

extrema during middle age. Hence, the initial increase in beta power and bursts during youth 

slowed in middle age reaching its maximum around the age of 60, and slowly decreased in older 

age. In parallel, memory performance following tACS to the posterior parietal regions changed 

non-linearly and was stimulation specific: there was a gamma-related working memory 

improvement in younger adults, a similar but alpha-related improvement in ageing participants, 

and a significant decline in middle agers following alpha-tACS. Time processing was instead 

specifically modulated by beta oscillations. Complementing these results, well-being indexes, 

and especially stress, were higher in middle agers and significantly reduced in those with higher 

cognitive reserve. 

 

Conclusions 

Ageing is characterized by distinct cognitive and well-being underlying patterns as well as 

different spatial and temporal brain dynamics, some critically arising or changing in middle age.   



 

Os textos são da exclusiva responsabilidade dos autores 

All texts are of the exclusive responsibility of the authors 

 

Keywords 

Middle age, Ageing, Brain oscillations, Parietal lobe, Working memory, Time processing, 

Neurostimulation. 

 

Published Work: 

D’Angelo, M., Frassinetti, F., & Cappelletti, M. (2023). The role of beta oscillations in mental 

time travel. Psychological Science, 34(4), 490-500. https://doi.org/10.1177/09567976221147259 

Golemme, M., Tatti, E., Luft, C. D. B., Bhattacharya, J., Herrojo Ruiz, M., & Cappelletti, M. 

(2021). Multivariate patterns and long-range temporal correlations of alpha oscillations are 

associated with flexible manipulation of visual working memory representations. European 

Journal of Neuroscience. https://doi.org/10.1111/ejn.15486 

Schmidt, R., Herrojo Ruiz, M., Kilavik, B. E., Lundqvist, M., Starr, P. A., & Aron, A. R. (2019). 

Beta oscillations in working memory, executive control of movement and thought, and 

sensorimotor function. The Journal of Neuroscience, 39(42), 8231–8238. 

https://doi.org/10.1523/JNEUROSCI.1163-19.2019 

Thompson, L., Khuc, J., Saccani, M. S., Zokaei, N., & Cappelletti, M. (2021). Gamma 

oscillations modulate working memory recall precision. Experimental Brain Research, 239(9), 

2711–2724. https://doi.org/10.1007/s00221-021-06051-6 

 

Researcher’s Contacts: 

Marinella Cappelletti 

Department of Psychology 

Goldsmiths, University of London 

London, SE14 6NW 

UK 

https://doi.org/10.1111/ejn.15486
https://doi.org/10.1523/JNEUROSCI.1163-19.2019
https://doi.org/10.1007/s00221-021-06051-6

