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Editorial on the Research Topic
 Neuroimaging of the aging brain




From a distance, the major science news events of the past few years might suggest that research on neuroimaging of the aging brain is becoming less important. In the United States at least, drugs that reduce levels of cerebral amyloid are available for a large number of older adults that meet criteria for Alzheimer's disease, and conventional PET scans are available to ensure they are eligible for treatment. Routine brain MRIs monitor these patients for side effects. In addition, blood tests that could theoretically render the eligibility PET scans obsolete are emerging, and work continues on blood tests that could also make the safety MRIs obsolete. On the prevention side, multiple large studies (Livingston et al., 2024), including U.S. POINTER (Baker et al., 2025) most recently, showed that a multicomponent lifestyle intervention is capable of slowing the rate of cognitive decline, relative to a control condition, among individuals at elevated risk of dementia. It is easy to see these exciting developments from a distance and conclude that we now understand how to prevent and treat dementia using well-understood and conventional tools, and therefore there is no more aging-related neuroimaging research to do.

As the authors of articles in this Research Topic might say: Not so fast.

For example, while U.S. POINTER and its peer interventions promote increases in physical activity and modification of the diet, our understanding of the biological mechanisms through which diet and exercise promote better cognitive function is rudimentary at best. In this Research Topic, Smith et al. seeks to increase our understanding of these mechanisms by reporting that among older adults, greater cardiorespiratory fitness (CRF) is related to better white matter integrity (WMI) in specific axon tracts. They suggested that higher CRF may help promote the maintenance of myelin within those tracts, with downstream benefits for cognitive functions that rely on those tracts. Karavasilis et al. reported that higher adherence to a Mediterranean dietary pattern was associated with resting-state functional connectivity (FC) in specific brain networks and, interestingly, that FC in these same networks associated with better cognitive function in specific domains, but only among participants with high adherence. Together, these two articles delineate brain mechanisms by which health-related lifestyles can support healthy cognitive trajectories in older adults and advance our knowledge of both structural and functional bases for possible lifestyle behavior effects on cognition.

In addition, while the health behaviors addressed by U.S. POINTER are known to have effects on cognitive function as we age, and while there are additional risk factors that can increase risk of dementia in a broad sense, a large amount of the variability in age-related cognitive change is poorly explained in terms of these factors. Several articles in this Research Topic explore young-old differences in neuroimaging characteristics (Bethlehem et al., 2022; Setton et al., 2023; Spreng et al., 2010; Meunier et al., 2014) in a search for a better understanding for why some older adults face such a precipitous drop in cognition while others remain well preserved. Miura et al. explored motor task brain activation differences in ipsilateral and contralateral cortical regions. They found that ipsilateral activations in dorsal premotor cortex among young participants was associated with greater dexterity, but there was no such association between activation and dexterity among older participants, whose dexterity was also reduced on average. It is possible that the ipsilateral activations are aiding task dexterity by inhibiting noisy contralateral activations while improving the coupling of the relevant contralateral activations, but this mechanism becomes disrupted in older adults. Lu et al. examined age differences in activation to a visual perception task using functional near-infrared spectroscopy (fNIRS). They found that in young participants, task activations were strongly unilateral, but were mainly bilateral among older individuals, consistent with hypotheses of age-related dedifferentiation or compensation. In another fNIRS study, Ćurčić-Blake et al. found that although performance on tasks of working memory and verbal fluency did not differ between Okinawan and Dutch participants, the Okinawans showed less activation in task-relevant brain areas, perhaps hinting at improved brain resource efficiency among these residents of a high-longevity “blue zone” (Pes et al., 2022). Finally, Taimouri and Ravindra estimated signatures of functional connectivity that were individual-specific and constant across age. In the context of aging, these findings suggest that functional activation and connectivity remodeling could be one vehicle through which the brain adapts—or fails to adapt—to the rigors of aging.

Returning to the topic of exciting new anti-amyloid treatments: ironically, these treatments have placed a spotlight on the urgent need to understand an entirely different biological substrate for brain aging—cerebrovascular distress—since the most serious side effects of those treatments are vascular in nature. In this Research Topic, Mohammadi et al. used phase-contrast MRI and NIRS in older adults to determine that greater interhemispheric differences in cerebral pulsatility index (PI) were associated with greater interhemispheric differences in Stroop task-evoked oxyhemoglobin concentration changes, but only among older adults. This result suggests that aging affects cerebral pulsatility, which in turn might drive functional reorganization of the brain. Zeng et al. measured PI and wall shear stress (WSS) of the carotid artery and computed neurovascular coupling (NVC) as the voxelwise correlation between cerebral blood flow and amplitude of low frequency fluctuation. They found that PI was elevated, while WSS and NVC were reduced, in individuals with cerebral small vessel disease (CSVD) compared to controls. Reduced WSS was associated with lower NVC, but surprisingly, so was reduced PI. The authors theorized that regionally sensitive changes in PI may occur in early CSVD, possibly having a compensatory effect of sustaining NVC that outweighed the detriments of increased arterial wall stress. Thammasart et al. characterized relative cerebral blood flow (rCBF) in white matter hyperintensities (WMH) and surrounding tissue, to assess how rCBF might influence the progression of WMH. They found lower rCBF in the lesions themselves compared to other tissue types with lesions located near the ventricles showing the largest reductions. They further observed that rCBF at baseline was lower in lesions that increased in size over 2 years compared to those that remained stagnant. Finally, Zhang J. et al. studied interhemispheric functional connectivity in patients with basal ganglia ischemic stroke (BGIS) and healthy controls using voxel-mirrored homotopic connectivity (VMHC) measured from resting-state functional magnetic resonance imaging (rs-fMRI). The authors found that individuals with unilateral BGIS had lower VMHC than controls, suggesting reduced synchronization and coordination between the left and right hemispheres. These articles add pieces to an increasingly complex vascular brain aging puzzle which involves blood flow dynamics, blood vessel structure, interactions between vascular and brain tissues, and downstream effects on cognition.

Given the predominance of brain MRI markers associated with specific clinical conditions such as Alzheimer's disease, it might appear that we have a full and complete understanding of brain-behavior relationships but this is not true either. In this Research Topic, Langer et al. used task-based fMRI to illustrate differing patterns of intra-network connectivity associated with semantic or rhyming decisions as well as differences in between-network connectivity, especially during the rhyming blocks. Putra et al. used MRI-based regional gray matter volumes to predict which older drivers are at risk for reduced driving safety performance, with mixed success. Finally, Wang et al. used fNIRS to show that among those with normal hearing, brain signal variability increased with increasing signal-to-noise (SNR) loads and correlated with performance on the task. However, hearing loss reduced brain signal variability, especially in noisy settings, and among those with hearing loss, brain signal variability was only correlated with performance in one of the SNR conditions.

Finally, the aforementioned recent research advances are specific to Alzheimer's disease (AD), and unfortunately there are multiple additional maladies of aging brain that are less well understood on a biological level. Binswager's disease (BD), for example, is a type of cerebral small vessel disease (Litak et al., 2020) often leading to increased risk of strokes and gradual cognitive impairment. Zhang H. et al. used multiparameter rs-fMRI to determine that participants with BD and mild cognitive impairment (MCI) showed reduced connectivity in specific brain functional networks, suggesting that reduced coordination among these networks may play a critical role in early cognitive decline. Multiple system atrophy (MSA) is a rare, fatal neurodegenerative disease, mainly presenting motor symptoms and decreased autonomic function (Fanciulli and Wenning, 2015). Cognitive impairment may or may not occur. Chen B. et al. used 18F-fluorodeoxyglucose (18F-FDG) to determine that reduced rates of glucose metabolism in the right superior frontal gyrus and right superior parietal lobule classified cognitively impaired vs. normal cognition groups with high accuracy, suggesting that this could be a useful biomarker for diagnosing cognitive impairment in MSA. Even within AD there is heterogeneity of biology (Winblad et al., 2016), with white matter abnormalities often but not always present (Ji et al., 2019). In a different study, Chen Y. et al. reported details of the progression of AD associated specifically with the presence of WMH. Comparing groups of AD participants with and without WMH presence, they found that the WMH group had reduced levels of functioning in several cognitive evaluation instruments, suggesting that WMH are correlated with increased cognitive decline and psychological symptoms among already cognitively impaired AD patients.

In summary, bystanders should not get the wrong idea. As these articles collectively point out, there is a great deal we do not understand about why the brain changes as it does during aging, why our health behaviors affect it the way they do, why certain brain characteristics exhibit themselves as cognitive symptoms while others do not, and why brain changes occur in some people but not others. Because of these unknowns, neuroimaging research into the aging brain will continue to be in high demand for decades to come.


Author contributions

OC: Writing – original draft, Writing – review & editing. DH: Writing – review & editing, Writing – original draft. EF: Writing – original draft, Writing – review & editing.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 Baker, L. D., Espeland, M. A., Whitmer, R. A., Snyder, H. M., Leng, X., Lovato, L., et al. (2025). Structured vs self-guided multidomain lifestyle interventions for global cognitive function The US POINTER randomized clinical trial. JAMA 334, 681–691. doi: 10.1001/jama.2025.12923

 Bethlehem, R. A. I., Seidlitz, J., White, S. R., Vogel, J. W., Anderson, K. M., Adamson, C., et al. (2022). Brain charts for the human lifespan. Nature. 604, 525–533. doi: 10.1038/s41586-022-04554-y

 Fanciulli, A., and Wenning, G. (2015). Multiple-system atrophy. N. Engl. J. Med. 372, 249–263. doi: 10.1056/NEJMra1311488

 Ji, F., Pasternak, O., Ng, K. K., Chong, J. S. X., Liu, S., Zhang, L., et al. (2019). White matter microstructural abnormalities and default network degeneration are associated with early memory deficit in Alzheimer's disease continuum. Sci. Rep. 9, 1–11. doi: 10.1038/s41598-019-41363-2

 Litak, J., Mazurek, M., Kulesza, B., Szmygin, P., Litak, J., Kamieniak, P., et al. (2020). Cerebral small vessel disease. Int. J. Mol. Sci. 21, 1–20. doi: 10.3390/ijms21249729

 Livingston, G., Huntley, J., Liu, K. Y., Costafreda, S. G., Selbæk, G., Alladi, S., et al. (2024). Dementia prevention, intervention, and care: 2024 report of the Lancet standing Commission. Lancet. 404, 572–628. doi: 10.1016/S0140-6736(24)01296-0

 Meunier, D., Stamatakis, E. A., and Tyler, L. K. (2014). Age-related functional reorganization, structural changes, and preserved cognition. Neurobiol. Aging. 35, 42–54. doi: 10.1016/j.neurobiolaging.2013.07.003

 Pes, G. M., Dore, M. P., Tsofliou, F., and Poulain, M. (2022). Diet and longevity in the Blue Zones: a set-and-forget issue? Maturitas. (2022) 164:31–37. doi: 10.1016/j.maturitas.2022.06.004

 Setton, R., Mwilambwe-Tshilobo, L., Girn, M., Lockrow, A. W., Baracchini, G., Hughes, C., et al. (2023). Age differences in the functional architecture of the human brain. Cereb Cortex. 33, 114–134. doi: 10.1093/cercor/bhac056

 Spreng, R. N., Wojtowicz, M., and Grady, C. L. (2010). Reliable differences in brain activity between young and old adults: a quantitative meta-analysis across multiple cognitive domains. Neurosci. Biobehav. Rev. 34, 1178–1194. doi: 10.1016/j.neubiorev.2010.01.009

 Winblad, B., Amouyel, P., Andrieu, S., Ballard, C., Brayne, C., Brodaty, H., et al. (2016). Defeating Alzheimer's disease and other dementias: a priority for European science and society. Lancet Neurol. 15, 455–532. doi: 10.1016/S1474-4422(16)00062-4

Copyright
 © 2025 Carmichael, Harvey and Fletcher. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Editorial: Neuroimaging of the aging brain



		Author contributions



		Conflict of interest



		Generative AI statement



		Publisher's note



		References

















OPS/images/cover.jpg
}frontlers | Frontiers in Neuroimaging












OPS/images/crossmark.jpg
©

|






OPS/images/logo.jpg
& frontiers | Frontiers in Neuroimaging







