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Abstract

Individuals with comparable burdens of brain pathology often follow markedly different cognitive trajectories. This het-
erogeneity is captured by three partly dissociable constructs—brain reserve, cognitive reserve, and brain maintenance—
here grouped under the superordinate term cognitive resilience. Cognitive reserve has traditionally been indexed by
education, occupational complexity, and lifelong cognitive engagement, yet its biological substrates remain incompletely
defined. We propose that hippocampal vascular supply and perivascular (glymphatic) and meningeal lymphatic clearance,
modulated by blood-brain barrier integrity and neuroinflammatory tone, constitute one biological substrate of resilience.
We make its conceptual placement explicit: these processes operate predominantly as substrates of brain maintenance
(efficient clearance limiting amyloid-B and tau accumulation) and brain reserve (a redundant hippocampal arterial supply
buffering partial vascular compromise), rather than of cognitive reserve sensu stricto. We hypothesize, as an inference
requiring direct testing rather than an established mechanism, that vascular architecture and clearance capacity are mech-
anistically coupled through perfusion and arterial pulsatility, rather than acting as independent parallel contributors.
Preserved blood-brain barrier integrity and a regulated neuroinflammatory tone are proposed to sustain this axis,
whereas their disruption, through astrocytic aquaporin-4 mislocalization, microglial activation, and barrier breakdown,
accelerates cognitive decline. We additionally outline one speculative pathway by which cerebral perfusion may contribute
directly to cognitive reserve. Consistent with a Hypothesis article, the model is framed as a small set of constrained, fal-
sifiable predictions—distinguishing established, inferred, and speculative links—and as a research roadmap for Alzheimer’s
disease and post-stroke dementia, identifying modifiable targets (cerebral perfusion, sleep, vascular risk control) and
reframing cognitive resilience as biologically grounded and potentially actionable.
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Introduction engagement of neural networks, and has traditionally been
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tional complexity, premorbid intelligence, and sustained cog-
nitive and social engagement.” Brain maintenance denotes

A central question in the neurobiology of aging is why indivi-
duals with comparable burdens of age- and disease-related
brain pathology show markedly different cognitive trajector-
ies. Three partly dissociable constructs have been formalized
to account for this hetemgeneity'l Brain reserve denotes the 'Department of Neurology, Hospital Universitario 12 de Octubre,
passive, quantitative neurobiological capital—broadly, the  Madrid, Spain
amount of available structural substrate—such that a larger ZFaculty of Psychology and Health Sciences, UDIMA, Madrid, Spain
reserve permits more pathology to accrue before a clinical .
threshold is crossed. Cognitive reserve denotes the active ;orreSP?"dmg,aUthor: . o

. ) . . > Alvaro Ruiz-Garcia, Department of Neurology, Hospital Universitario 12
functional capacity to sustain performance at a given level of g Octubre, Av. de Cordoba s/n, Madrid 28041 Spain.
pathology through more efficient, flexible, or compensatory  Email: alvaro.ruiz.g@udima.es



https://orcid.org/0000-0003-1295-0559
mailto:alvaro.ruiz.g@udima.es
https://uk.sagepub.com/en-gb/eur/journals-permissions
https://journals.sagepub.com/home/alz
http://crossmark.crossref.org/dialog/?doi=10.1177%2F13872877261483191&domain=pdf&date_stamp=2026-08-30

	 Introduction
	 Why the hippocampus? A region-anchored but mechanistically generalizable model
	 Hippocampal vascularization and cognitive performance
	 Glymphatic clearance, blood–brain barrier integrity, and vascular interplay
	 Meningeal lymphatic drainage and the efflux limb of the clearance axis

	 Integrating vascular, glymphatic, and neuroinflammatory mechanisms as neuroprotective substrates
	 Proposed causal architecture and the position of neuroinflammation
	 Aging as the shared upstream driver, and constitutional modifiers (APOE and sex)

	 Mechanisms and therapeutic implications in Alzheimer's disease and post-stroke dementia
	 Alzheimer's disease
	 Post-stroke dementia

	 Strength of evidence and gaps in the proposed causal chain
	 Future directions
	 Conclusion
	 Acknowledgements
	 References

