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Vascular Plasticity and Cognition During Normal
Aging and Dementia

Functional neurovascular changes reflecting altera-
tions in brain function and cognition and/or originat-
ing primarily from abnormalities localized to the cere-
brovascular system have been described in many
neurological disorders and during normal brain aging.
However, the relationship between vascular and neu-
ronal dysfunction, and how they relate to each other
and contribute to cognitive impairment and dementia
due to Alzheimer disease (AD), vascular cognitive
impairment and dementia (VCID), and/or other neuro-
logical disorders, still remains controversial.1,2 An
obvious place to look for neurovascular and cognitive
changes is in the hippocampus, a region involved with
learning and memory that is particularly susceptible
to changes in oxygen and blood supply and is dam-
aged early in AD.

Using a variety of magnetic resonance imaging
(MRI) techniques,3,4 including cerebral blood volume

(CBV)–functional MRI (fMRI) with gadolinium con-
trast,5 it was found that hypometabolism coupled
with diminished CBV in the hippocampus is associated
with cognitive impairment in elderly individuals and
early stages of AD. Using an advanced protocol and
postprocessing analysis of the CBV-fMRI maps in the
hippocampus, a study interrogated whether func-
tional changes in the dentate gyrus drive hippo-
campus-specific cognitive dysfunction in cognitively
normal older adults who were enrolled in a random-
ized trial with cocoa flavanols, an ingredient in cocoa,
red wine, berries, and dark chocolate.6 Interestingly,
this study showed that high flavanol dietary intake
increases the CBV in the dentate gyrus and enhances
performance on a modified version of the Benton
Visual Retention Test that is dependent on pattern
separation in the hippocampus, specifically localized
to the dentate gyrus.6

Figure. Modern Neuroimaging Techniques and Insights Into the Vascular and Neural Plasticity of the Hippocampus
in Aging and Disease
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Imaging vascular and neuronal functions in the living human brain in the hippocampus during normal aging, mild cognitive impairment,
dementia due to Alzheimer disease (AD) and related disorders, and vascular cognitive impairment and dementia. Lifestyle can modify
the effects of genetic, vascular, and environmental risk factors, which can impact vascular health and neuronal function. ApoE4 indicates
apolipoprotein E4 allele; ASL, arterial spin labeling; BBB, blood-brain barrier; BOLD, blood oxygen level–dependent; CA1, cornu ammonis
1; CBV, cerebral blood volume; DCE, dynamic contrast enhanced; DG, dentate gyrus; DTI, diffusion tensor imaging; fMRI, functional
magnetic resonance imaging; ModBent, modified Benton Visual Retention Test; MRI, magnetic resonance imaging; and PS1, presenilin 1.
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These findings raise a possibility that during normal aging, the
human hippocampus retains significant vasculoplastic reserve that
is likely mediated via enhanced angiogenesis and/or new blood ves-
sel formation. However, the question persists whether changes in
basal blood flow, blood-brain barrier permeability, and/or brain ac-
tivation that all can be studied by imaging neurovascular function
in the living human brain with different techniques, such as arterial
spin labeling–MRI, dynamic contrast-enhanced–MRI,7 and/or blood
oxygen level–dependent fMRI, respectively, can also play a role in
the observed adaptive cognition responses during normal aging
(Figure). Additionally, major genetic risk factors, such as apolipo-
protein E4 allele for late-onset AD or presenilin 1 gene mutations for
familial AD, as well as environmental factors and vascular risk fac-
tors, might also affect formation of these adaptive responses. These
questions warrant future investigations. Some other interesting and
timely questions are when and whether cortical or subcortical brain
regions or white matter connections become involved to cause cog-
nitive impairment and/or accelerate progressive cognitive decline
and hippocampal atrophy associated with dementia, which all can
be studied in the living human brain by diffusion tensor imaging–
MRI (Figure).

As CBV-fMRI is a neurovascular-dependent outcome measure
of hippocampal function in the absence of brain activation, it is
worth noting that increasingly recognized alterations in the neu-

rovascular functions in many neurological disorders associated
with cognitive impairment1,2 might potentially influence presently
used fMRI measurements. It would be interesting to know,
for example, how the CBV-fMRI findings relate to changes in
blood-brain barrier integrity that have been reported in AD and
VCID1,2 and during normal aging in the hippocampus that worsen
with mild cognitive impairment, as suggested by another study.7

Use of the dynamic contrast-enhanced–MRI approach to deter-
mine regional blood-brain barrier integrity7 and the effects of life-
style modifiers—such as flavanols, exercise, and/or the role of vas-
cular risk factors and their treatment during cognitively normal
aging and aging associated with mild cognitive impairment, AD,
and/or VCID—may help us better understand the emerging role of
the cerebral vascular system in maintaining overall cognitive
health.

Future studies using multiple imaging biomarkers to access neu-
rovascular function in relation to cognition and brain function (Figure)
and combining imaging biomarkers with analysis of molecular ce-
rebrospinal fluid biomarkers of the cell-specific injury within the neu-
rovascular unit are needed. These would help to establish whether
vascular dysfunction can precede neuronal dysfunction and cogni-
tive impairment during normal aging, dementia due to AD and re-
lated disorders, or VCID and ultimately how these changes are in-
fluenced by lifestyle, genetics, and environment.

ARTICLE INFORMATION

Published Online: March 9, 2015. doi:
10.1001/jamaneurol.2014.4636.

Conflict of Interest Disclosures: None reported.

Funding/Support: Dr Zlokovic’s research is
supported by the National Institutes of Health
(NIH) through grants R37NS34467, R37AG23084,
and R01AG039452, and the Zilkha Senior Scholar
program. Dr Pa’s research is supported by the NIH
through grant K01-AG034175 and the Alzheimer’s
Association grant NIRP-12-259277.

Role of the Funder/Sponsor: The funders had no
role in the preparation, review, or approval of the
manuscript, and the decision to submit the
manuscript for publication.

Additional Contributions: We thank the National
Institutes of Health, the Zilkha Senior Scholar

program, and the Alzheimer’s Association for
support. We thank Arthur W. Toga, PhD (Institute
for Neuroimaging and Informatics, Department of
Neurology, Keck School of Medicine, University of
Southern California, Los Angeles), for reading the
manuscript and his very helpful comments. He did
not receive compensation for his contribution.

REFERENCES

1. Zlokovic BV. The blood-brain barrier in health and
chronic neurodegenerative disorders. Neuron.
2008;57(2):178-201.

2. Zlokovic BV. Neurovascular pathways to
neurodegeneration in Alzheimer’s disease and other
disorders. Nat Rev Neurosci. 2011;12(12):723-738.

3. Small SA, Perera GM, DeLaPaz R, Mayeux R,
Stern Y. Differential regional dysfunction of the
hippocampal formation among elderly with

memory decline and Alzheimer’s disease. Ann Neurol.
1999;45(4):466-472.

4. Small SA, Tsai WY, DeLaPaz R, Mayeux R, Stern
Y. Imaging hippocampal function across the human
life span: is memory decline normal or not? Ann
Neurol. 2002;51(3):290-295.

5. Reitz C, Brickman AM, Brown TR, et al. Linking
hippocampal structure and function to memory
performance in an aging population. Arch Neurol.
2009;66(11):1385-1392.

6. Brickman AM, Khan UA, Provenzano FA, et al.
Enhancing dentate gyrus function with dietary
flavanols improves cognition in older adults. Nat
Neurosci. 2014;17(12):1798-1803.

7. Montagne A, Barnes SR, Sweeney MD, et al.
Blood-brain barrier breakdown in the aging human
hippocampus. Neuron. 2015;85(2):296-302.

Opinion Viewpoint

496 JAMA Neurology May 2015 Volume 72, Number 5 (Reprinted) jamaneurology.com

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: http://archneur.jamanetwork.com/ by a SCELC - University of Southern California User  on 05/11/2015


