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Editorial on the Research Topic

White matter hyperintensities: the messages beneath and beyond

White matter hyperintensity (WMH), an imaging feature that commonly exists in the

aging spectrum, can negatively impact patients with variable neurological diseases. This

clinical observation mainly stems from the fact that micro-vascular damage and white

matter (WM) rarefaction are the principal pathologies corresponding to WMH formation

(Schmidt et al., 2011). Since microangiopathy can affect downstream neuronal integrity

and alter the resistance of overall cerebral vascular trees (Schaeffer and Iadecola, 2021),

exploring the biological significance beneath and beyond WMH gains neuroscientists’

attention worldwide. Notwithstanding this, the delayed and latent property of WMH

(Jiménez-Balado et al., 2019) makes detecting and monitoring WMH challenging. This

addresses the unmet clinical need (Lawrence et al., 2015), in which identifying novel

biomarkers with greater sensitivity that surrogate WMH-relevant neurobiological process

is necessary.

Considering this, the researchers of this Research Topic entitled “White Matter

Hyperintensities—The Messages Beneath and Beyond” by Frontiers in Aging Neuroscience

endeavor to explore the biological interplay between WMH and the known/unknown

factors. Using variable imaging biomarkers, we present the intricate associations between

downstream and upstream changes relevant to WMH formation (Figure 1). The original

articles cover variable populations, including vascular cognitive impairment (Lin et al.),

cerebral small-vessel disease (Zhang et al.), and older subjects who are free from dementia

(Pozo et al.; Jin et al.). The review articles focused on acute stroke (Wang et al.) and

neurodegenerative diseases (Botz et al.), respectively.

Through the meta-analysis conducted by Wang et al., both periventricular and deep

WMH are associated with hemorrhagic transformation among patients with ischemic

stroke. Together with the spatial effect of WMH summarized by Botz et al., the significance

of WMH topology likely varies by clinical phenotype/diagnosis. As such, the effect

of WMH should be detailed in each disease entity alongside the general knowledge

driven overall.

Zhang et al. reported the advantage of the volumetric assessment of WMH and WM

over the Fazekas Scale in predicting cognitive impairment among patients with cerebral

small-vessel disease. Consistent with their main findings, significant inverse associations
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between WMH and cognition were identified. Jin et al. highlighted

a critical perspective regarding the brain-heart axis interactions.

From their dedicated work, the coronary artery calcium score

predicts WMH progression after a 12-month interval. Using

intravoxel incoherent motion, Lin et al. explored parameter

alterations within areas involving and free from WMH among

patients with vascular cognitive impairment. Their study design

shows that the parenchymal diffusivity is themost robust parameter

that contrasts changes across tested regions. This aligns with

the recent publication in which several candidate variables from

diffusion metrics provide additional power than the original WMH

effect in stratifying dementia patients (Tu et al., 2021). Pozo et al.

reported that WMH within the frontal region acts as a mediator

between frailty and executive dysfunction among older subjects

who are still free from dementia.

The current Research Topic highlights several trends. Aside

from well-known interactions among WMH, cognition, and

frailty, the possibility of the interactions between large and small

vessel diseases has been raised from clinical perspectives. From

a radiological perspective, automatic segregation analysis can

provide additional benefits regarding sensitivity to mirror subtle

FIGURE 1

White matter hyperintensity (WMH) represents a proxy for micro-vascular injury, contributing to cerebral microstructural and micro-vascular

perfusion changes (i.e., downstream pathogenesis). The figure illustrates the central concept of this Research Topic and highlights downstream

neurobiological processes using state-of-the-art magnetic resonance imaging (MRI) techniques. The MRI method covers di�usion MRI, WMH

volumetric algorithm, perfusion MRI, and segmentation analyses as clockwise illustrated. The clinical significance of these candidate imaging

parameters is tested and reviewed. Moreover, the large-small artery interactions are explored within the brain-heart axis, where the coronary artery

pathology is related to WHM progression (i.e., upstream mechanism).

WMH changes by group or with time. This aids the conventional

WMHmeasures that are semi-quantified through visual inspection.

From a research perspective, state-of-the-art imaging metrics

representative of WMH volume, WM microstructures, and micro-

vascular perfusion are examined. These trials narrate the in-vivo

observations of neurobiological processes relevant to WMH and

pave the path for validating their use in clinical settings. There

are still several challenges in the research field of WMH. First,

the ceiling or flooring effects of the semi-quantitative measures

for WMH (e.g., Fazekas scale) can exist. This is in line with

the observed non-linear associations between WMH and clinical

index (Wang et al.), hence highlighting the need for adjuvant

WMH quantification measures with greater statistical power

(Tubi et al., 2020). A proper automatic WMH quantification

algorithm, preferably supervised by humans, would also extend

our understanding of the clinical significance of WMH topology.

As echoed by Botz et al., the methodology in characterizing

the spatial distribution of WMH should consider the biological

base and anatomical knowledge. Second, given that most studied

populations are older subjects, a more sophisticated study design

in the future would be warranted to disentangle the age and disease
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effects. Third, as imaging biomarkers in neurodegenerative diseases

do not evolve in a parallel manner (Gong et al., 2017; Tu et al., 2022)

or manifest as linear trajectory (Zamboni et al., 2019), exploring

stage-dependent changes of each imaging biomarker can provide

valuable information for its clinical application. There could be

an additional benefit of integrating multimodal imaging metrics,

where the results shall be carefully interpreted on considering the

trade-off between metric dimension and neurobiological bases.

Overall, this Research Topic provides informative findings of

imaging biomarkers that show their potential in WMH detection,

WMH progression, and prognostic prediction. The messages

delivered by these scientific works provide valuable references to

optimize the clinical workflow and diagnostic repertoire.

Author contributions

M-CT: Writing – original draft, Writing – review & editing.

Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. M-CT

declares that financial support was received for the publication of

this article (Taichung Tzu Chi Hospital; TTCRD 112-04).

Acknowledgments

We greatly thank all the authors for their articles and

the reviewers who have shared their erudite comments to

improve the scientific level of this Research Topic. Finally,

we thank the Frontiers editorial team for their efficient and

continuous support.

Conflict of interest

The author declares that the research was conducted

in the absence of any commercial or financial relationships

that could be construed as a potential conflict

of interest.

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

Gong, N. J., Chan, C. C., Leung, L. M., Wong, C. S., Dibb, R., Liu, C., et al.
(2017). Differential microstructural andmorphological abnormalities in mild cognitive
impairment and Alzheimer’s disease: evidence from cortical and deep gray matter.
Hum. Brain Mapp. 38, 2495–2508. doi: 10.1002/hbm.23535

Jiménez-Balado, J., Riba-Llena, I., Abril, O., Garde, E., Penalba,
A., Ostos, E., et al. (2019). Cognitive impact of cerebral small vessel
disease changes in patients with hypertension. Hypertension 73, 342–349.
doi: 10.1161/HYPERTENSIONAHA.118.12090

Lawrence, A. J., Brookes, R. L., Zeestraten, E. A., Barrick, T. R., Morris,
R. G., Markus, H. S., et al. (2015). Pattern and rate of cognitive decline in
cerebral small vessel disease: a prospective study. PLoS ONE 10, e0135523.
doi: 10.1371/journal.pone.0135523

Schaeffer, S., and Iadecola, C. (2021). Revisiting the neurovascular unit. Nat.
Neurosci. 24, 1198–1209. doi: 10.1038/s41593-021-00904-7

Schmidt, R., Schmidt, H., Haybaeck, J., Loitfelder, M., Weis, S., Cavalieri, M., et al.
(2011). Heterogeneity in age-related white matter changes. Acta Neuropathol. 122,
171–185. doi: 10.1007/s00401-011-0851-x

Tu, M.-C., Chung, H.-W., Hsu, Y.-H., Yang, J.-J., and Wu, W.-
C. (2022). Stage-dependent cerebral blood flow and leukoaraiosis
couplings in subcortical ischemic vascular disease and Alzheimer’s
disease. J. Alzheimers Dis. 86, 729–739. doi: 10.3233/JAD-
215405

Tu, M. C., Huang, S. M., Hsu, Y. H., Yang, J. J., Lin, C. Y., Kuo, L. W., et al.
(2021). Discriminating subcortical ischemic vascular disease and Alzheimer’s disease
by diffusion kurtosis imaging in segregated thalamic regions. Hum. Brain Mapp. 42,
2018–2031. doi: 10.1002/hbm.25342

Tubi, M. A., Feingold, F. W., Kothapalli, D., Hare, E. T., King,
K. S., Thompson, P. M., et al. (2020). White matter hyperintensities
and their relationship to cognition: Effects of segmentation
algorithm. NeuroImage 206, 116327. doi: 10.1016/j.neuroimage.2019.
116327

Zamboni, G., Griffanti, L., Mazzucco, S., Pendlebury, S. T., and Rothwell, P.
M. (2019). Age-dependent association of white matter abnormality with cognition
after TIA or minor stroke. Neurology 93, e272–e282. doi: 10.1212/WNL.00000000000
07772

Frontiers in AgingNeuroscience 03 frontiersin.org

https://doi.org/10.3389/fnagi.2024.1367024
https://doi.org/10.1002/hbm.23535
https://doi.org/10.1161/HYPERTENSIONAHA.118.12090
https://doi.org/10.1371/journal.pone.0135523
https://doi.org/10.1038/s41593-021-00904-7
https://doi.org/10.1007/s00401-011-0851-x
https://doi.org/10.3233/JAD-215405
https://doi.org/10.1002/hbm.25342
https://doi.org/10.1016/j.neuroimage.2019.116327
https://doi.org/10.1212/WNL.0000000000007772
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org

	Editorial: White matter hyperintensities: the messages beneath and beyond
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


