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Vascular dementia (VD) is a severe cognitive impairment syndrome resulting

from various cerebrovascular diseases and is one of the leading causes of senile

dementia. In recent years, its incidence has been steadily increasing. Given the

lack of specific treatments for VD, early detection, diagnosis, and intervention are

critically important. This review examines the existing literature on resting-state

functional magnetic resonance imaging (rs-fMRI) in the context of VD, with a

focus on key metrics such as amplitude of low-frequency fluctuations (ALFF),

regional homogeneity (ReHo), and functional connectivity (FC). By analyzing

changes in brain functional activity in VD patients as observed through rs-fMRI,

this study aims to provide essential imaging insights that could support and

enhance clinical treatment strategies.

KEYWORDS
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1 Introduction

Dementia is a syndrome characterized by a variety of symptoms, including memory
loss, impaired judgment and reasoning, as well as changes in emotion, behavior, and
communication (Smith and Buckwalter, 2005). Vascular dementia (VD) is the second most
common form of dementia after Alzheimer’s disease (AD), accounting for approximately
15% of all dementia cases (O’Brien and Thomas, 2015). VD encompasses various types
of vascular lesions and can be classified into several subtypes based on the nature of the
vascular pathology and its clinical manifestations (O’Brien and Thomas, 2017). Compared
to AD, VD is more commonly associated with prominent deficits in executive function
and attention, while memory impairment is less pronounced (Román et al., 2002). Despite
the significant need, there are currently no specific treatments available for VD (McShane
et al., 2019; Craig and Birks, 2005; Chapman et al., 2004). A deeper understanding of the
neurochemical changes related to cognitive impairment and imaging alterations in patients
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with cerebrovascular disease is essential for developing targeted and
effective treatments for VD (Kirvell et al., 2010; Jagust et al., 2008).

Resting-state functional magnetic resonance imaging (rs-fMRI)
is a technique that involves placing subjects in a relaxed state with
their eyes closed, minimizing any structured thought processes,
while using blood oxygen level-dependent signals to measure
changes in brain function (Ten Kate et al., 2018). This method
is used to detect spontaneous brain activity during rest, enabling
researchers to explore brain function and identify regions of
activation in response to specific neural activities (Wang et al.,
2019a; Wang et al., 2019b; Wei et al., 2023). The primary rs-
fMRI techniques include amplitude of low-frequency fluctuations
(ALFF), regional homogeneity (ReHo), and functional connectivity
(FC) (Hao et al., 2022; Li et al., 2021). An essential consideration
in rs-fMRI research is the signal-to-noise ratio (SNR), which plays
a pivotal role in determining the reliability and interpretability
of imaging results (Liu, 2016). Variability in SNR can arise from
factors such as scanner performance, data acquisition settings, and
preprocessing methods, potentially impacting the precision of key
metrics like ALFF, ReHo, and FC. Efforts to optimize SNR are
crucial for enhancing the detection of resting-state brain activity
and ensuring that analyses yield reproducible and meaningful
insights (DeDora et al., 2016).

To contextualize the role of rs-fMRI in vascular dementia
research, several critical distinctions must be emphasized. VD
represents a heterogeneous diagnostic category encompassing
cognitive impairment attributable to diverse cerebrovascular
pathologies, whereas subcortical ischemic vascular dementia
(SIVD) constitutes a specific VD subtype characterized by small
vessel disease markers including white matter hyperintensities and
lacunar infarcts. This nosological precision is essential, as SIVD
demonstrates distinct neuropsychological profiles (prominent
executive dysfunction with relative memory preservation) and rs-
fMRI signatures compared to other VD subtypes or AD (O’Brien
and Thomas, 2017; Román et al., 2002). The three primary
rs-fMRI metrics discussed herein - ALFF, ReHo, and FC -
provide complementary insights into brain network dysfunction.
ALFF quantifies the magnitude of spontaneous neuronal activity
within individual regions, with alterations in specific frequency
bands (e.g., slow-5 [0.01–0.027 Hz]) reflecting either vascular
dysregulation or compensatory mechanisms (Zou et al., 2008;
Li et al., 2014). ReHo measures the temporal synchronization
of neighboring voxels, serving as a sensitive marker of local
network integrity that correlates with domain-specific cognitive
deficits in VD (Tu et al., 2020). FC maps the coordinated
activity between distributed brain regions, revealing characteristic
patterns of network disintegration that differentiate VD from
other dementias (Buckner et al., 2009; Zhang et al., 2013).
These metrics derive physiological validity from multimodal
studies demonstrating convergence between rs-fMRI patterns and
histopathological changes (Jagust et al., 2008), though researchers

Abbreviations: VD, vascular dementia; rs-fMRI, resting-state functional
magnetic resonance imaging; ALFF, amplitude of low-frequency
fluctuations; ReHo, regional homogeneity; FC, functional connectivity;
AD, Alzheimer’s disease; SIVD, subcortical ischemic vascular dementia; ACC,
anterior cingulate cortex; PM, prospective memory; EM, episodic memory;
VMHC, voxel-mirrored homotopic connectivity; MCI, mild cognitive
impairment; DMN, default mode network; ECN, executive control network;
SN, salience network.

must remain cognizant of the inferential limitations inherent in
correlational neuroimaging approaches.

2 FC

Functional connectivity (FC) is a critical rs-fMRI metric
that measures the exchange of functional information between
anatomically distinct brain regions, providing insights into the
coordination of neural activity across the brain (Buckner et al.,
2009; van den Heuvel and Hulshoff Pol, 2010). FC has been
extensively studied in neurodegenerative conditions, including VD
and AD, to understand the alterations in brain network interactions
associated with these disorders.

Functional connectivity analyses in vascular dementia reveal
distinct patterns of network disintegration that reflect underlying
cerebrovascular pathophysiology. Unlike AD’s predominant default
mode network disruption, VD typically exhibits more severe
disconnection in frontal executive networks and subcortical-
cortical loops (Zhang et al., 2013; Fu et al., 2019). The emerging
technique of voxel-mirrored homotopic connectivity (VMHC)
has demonstrated particular promise in differentiating VD from
AD, with VD patients showing characteristic reductions in
interhemispheric synchronization of orbital and straight gyri -
regions especially vulnerable to hypoperfusion (Cheung et al.,
2021). Frequency-specific FC analyses further enhance diagnostic
precision, as slow-5 band connectivity appears uniquely sensitive
to microvascular pathology (Li et al., 2014). These network-
level abnormalities correlate meaningfully with clinical features;
for example, disrupted connectivity within the salience network
associates with apathy in SIVD, while dorsal attention network
disturbances correlate with impaired vigilance (Altunkaya et al.,
2022). Such findings underscore FC’s potential as both a diagnostic
tool and a means of elucidating structure-function relationships in
vascular cognitive impairment.

Zhang et al. (2013) investigated FC patterns across different
frequency bands in patients with VD using whole-brain FC
mapping. Their study revealed that FC varies significantly across
three frequency bands (slow-5, slow-4, and full frequency band),
each with different capacities to distinguish between brain states.
Notably, the slow-5 frequency band showed the highest ability
to differentiate VD brains from healthy controls, suggesting that
this band is particularly sensitive to the functional disruptions
associated with VD. These findings highlight the potential of
multivariate pattern analysis methods to detect FC abnormalities
in VD across varying frequency bands, which could enhance the
understanding of VD pathogenesis.

Altunkaya et al. (2022) explored FC differences between
patients with SIVD and AD, focusing on apathy-related changes.
The study identified distinct alterations in FC both within and
between resting-state networks in SIVD and AD (Altunkaya et al.,
2022). Shared FC changes were observed within the dorsal attention
network, while differing patterns were identified within the salience
network. Using a region-specific approach, the study highlighted
the right inferior frontal gyrus, left middle frontal gyrus, and left
anterior insula as key hubs linked to the "initiating" deficits that
contribute to apathy.

The “disconnection theory” referenced here pertains to
the disruption of FC between critical brain regions and
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networks, which compromises the brain’s ability to integrate
and process information effectively (Dai et al., 2019). This
concept has been widely applied in neurodegenerative diseases
to explain cognitive and behavioral deficits arising from
network-level disintegration. In the context of SIVD and
AD, disconnections often involve weakened FC within and
between key networks such as the default mode network
(DMN), dorsal attention network, and salience network (Dai
et al., 2019). These disruptions can manifest as distinct clinical
symptoms; for example, apathy in SIVD may be linked to
impaired FC in frontal and subcortical regions, while AD-
related deficits often involve the medial temporal lobe and DMN
(Dai et al., 2019). This framework highlights the importance
of exploring FC disruptions as underlying mechanisms for
disorder-specific cognitive and behavioral impairments. Further
studies are needed to validate these patterns and explore their
diagnostic and therapeutic implications. These findings extend
the disconnection theory by incorporating the impact of FC
interactions across multiple RSNs on the development of apathy in
neurodegenerative diseases.

Cheung et al. (2021) employed VMHC to assess
interhemispheric FC as a diagnostic tool for distinguishing
VD from other AD-related neurodegenerative conditions. The
study identified specific VMHC patterns when comparing
patients with VD, AD, and mild cognitive impairment (MCI)
to healthy controls. In VD patients, significant reductions
in VMHC were found in the orbital and straight gyri, while
increased VMHC was observed in regions associated with the
DMN, executive control network (ECN), and salience network.
Conversely, AD patients exhibited decreased interhemispheric
FC across all DMN, ECN, and SN regions, whereas MCI patients
showed reduced VMHC in the SN and increased VMHC in
the DMN and ECN. Fu et al. (2019) examined static functional
network connectivity (sFNC) and dynamic functional network
connectivity (dFNC) across 54 intrinsic connectivity networks
in 19 patients with AD, 19 patients with SIVD, and 38 age-
matched healthy controls. The results revealed that in both
patient groups, the sFNC between the visual regions and the
cerebellum was increased, while the sFNC between the cognitive
control regions and the cerebellum was decreased (Fu et al.,
2019). SIVD specifically showed a reduction in the sFNC within
the sensorimotor domain, whereas AD was associated with
alterations in the sFNC between the DMN and the cerebellum
regions (Fu et al., 2019). Additionally, SIVD was characterized
by a higher frequency and longer duration of weak connectivity
states in dFNC, and a lower frequency and shorter duration
of strong connectivity states (Fu et al., 2019). The findings
highlight both shared and distinct functional connectivity changes
in AD and SIVD from static and dynamic perspectives, and
suggest that dFNC may serve as a more significant biomarker
for dementia.

Incorporating VMHC values from relevant brain regions, the
receiver operating characteristic analysis demonstrated that VMHC
could accurately differentiate healthy controls from VD, AD, and
MCI with accuracies of 87%, 92%, and 83%, respectively (Figure 1).
These findings suggest that VMHC serves as a reliable diagnostic
tool for distinguishing between VD, AD, and MCI by examining
VMHC patterns and values in specific brain regions (Figure 1). This
approach not only aids in differential diagnosis but also provides a

deeper understanding of the distinct interhemispheric connectivity
alterations associated with these neurodegenerative conditions.

3 ALFF

The amplitude of low-frequency fluctuations (ALFF) is a novel
metric used to assess the magnitude of spontaneous brain activity
during rs-fMRI. ALFF is calculated by taking the square root
of the power spectrum within a predefined low-frequency range,
providing a quantitative measure of the intensity of brain activity
in specific frequency bands (Zou et al., 2008; Zang et al., 2007).

The interpretation of ALFF findings in vascular cognitive
impairment requires careful consideration of frequency band
specificity. The preferential use of slow-5 (0.01–0.027 Hz)
and slow-4 (0.027–0.073 Hz) bandwidths is grounded in their
distinct neurobiological correlates: slow-5 oscillations demonstrate
particular sensitivity to microvascular pathology, as evidenced
by their strong association with white matter lesion burden
in SIVD (Li et al., 2014), whereas slow-4 activity may reflect
compensatory reorganization in relatively preserved brain regions.
This frequency-dependent stratification enables more precise
localization of vascular pathophysiology, as exemplified by the
selective correlation between slow-5 ALFF in the right angular
gyrus and activities of daily living scores in SIVD patients (Li et al.,
2014). Such findings underscore the importance of bandwidth-
specific analysis protocols when investigating cerebrovascular
contributions to cognitive decline.

Research by Zuo et al. (2010) and Han et al. (2011) explored
the spatial distribution of ALFF across two frequency bands: slow-
5 (0.01–0.027 Hz) and slow-4 (0.027–0.073 Hz). Their studies
revealed considerable variability in ALFF values across different
brain regions, highlighting significant differences between these
two frequency bands. These findings underscore the importance
of considering frequency-specific characteristics when analyzing
resting-state brain activity.

Further investigations (Wee et al., 2012; Salvador et al., 2008;
Malinen et al., 2010; Baria et al., 2011; Baliki et al., 2011) have
emphasized the role of different frequency bands in shaping the
overall characteristics of whole-brain functional networks and
associated brain states. These studies suggest that frequency-
specific alterations in ALFF can provide deeper insights into the
functional organization and dynamics of brain networks.

Liu et al. (2014) examined alterations in ALFF across the
entire brain in patients with SIVD. Compared to healthy controls,
both SIVD patients and controls exhibited significantly elevated
standardized ALFF values in regions including the bilateral
anterior cingulate cortex (ACC), posterior cingulate cortex, medial
prefrontal cortex, inferior parietal lobule, occipital lobe, and
adjacent precuneus. However, when directly compared to the
control group, SIVD patients demonstrated lower ALFF values
specifically in the bilateral precuneus, along with higher ALFF
values in the bilateral ACC, left insula, and hippocampus. Li
et al. (2014) analyzed the ALFF in two distinct frequency bands
in 30 patients with SIVD: slow-5 (0.01–0.027 Hz) and slow-4
(0.027–0.073 Hz). In the slow-5 band, SIVD patients exhibited
significantly higher ALFF in the bilateral anterior cingulate cortex,
right putamen, and right supplementary motor area compared to
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FIGURE 1

Resting-state functional magnetic resonance imaging on vascular dementia.

the control group, while the right precuneus and right angular
gyrus showed significantly lower ALFF in the patient group (Li
et al., 2014). Moreover, ALFF in the right angular gyrus was found
to be closely correlated with the Activities of Daily Living scores
(Li et al., 2014). In the slow-4 band, SIVD patients demonstrated
increased ALFF in the bilateral anterior cingulate cortex, right
putamen, and left fusiform gyrus, but no significant correlation was
observed with cognitive performance scores (Li et al., 2014). These
findings suggest that SIVD patients exhibit widespread abnormal
intrinsic neural oscillations, which appear to be dependent on
specific frequency bands. Specifically, ALFF in the right angular
gyrus within the slow-5 band appears to be more specific to
SIVD, suggesting its potential as a valuable diagnostic marker for
the disease.

These findings suggest that SIVD is characterized by distinct
spontaneous abnormalities in resting-state brain activity, as
reflected in ALFF measurements. Notably, alterations in ALFF
values in the precuneus, ACC, insula, and hippocampus may
serve as potential biomarkers for detecting SIVD (Figure 1). This
underscores the clinical utility of ALFF in understanding the
pathophysiology of SIVD and potentially aiding in its diagnosis.

4 REHO

Regional homogeneity (ReHo) is a rs-fMRI metric that
evaluates local FC by assessing the similarity of the time series

of a given voxel with those of its neighboring voxels. ReHo has
been demonstrated to be sensitive to neurodegenerative processes,
including AD and VD (Tu et al., 2020; Liu et al., 2008).

ReHo’s utility as a biomarker for vascular cognitive
impairment stems from its sensitivity to localized network
disruptions characteristic of small vessel disease. In SIVD,
reduced ReHo in the dorsolateral prefrontal cortex correlates
strongly with executive dysfunction (Tu et al., 2020), likely
reflecting the disruption of frontal-subcortical circuits by
ischemic white matter lesions. Conversely, elevated ReHo in
posterior cortical regions may indicate maladaptive functional
reorganization or loss of inhibitory control. These patterns
demonstrate regional specificity when compared to AD,
which typically shows more pronounced ReHo alterations
in medial temporal and default mode network regions (Liu
et al., 2008). However, interpretation requires caution given
potential confounders including head motion artifacts and the
partial volume effects common in elderly populations with
cerebrovascular disease (Liu, 2016). The correlation between
frontal ReHo abnormalities and prospective memory deficits
in SIVD (Zhuang et al., 2021) provides particularly compelling
evidence for the metric’s clinical relevance, though future studies
incorporating longitudinal designs are needed to establish
causal relationships.

Prospective memory (PM) is the cognitive ability to
remember and execute planned intentions at an appropriate
future moment (Román-Caballero and Mioni, 2023). It is
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typically divided into two subtypes: time-based PM, which
requires initiating an action at a predetermined time, and
event-based PM, which involves responding to specific external
cues (Román-Caballero and Mioni, 2023). Impairments in
PM are frequently observed in neurodegenerative disorders,
where disruptions in functional connectivity and localized
brain activity often play a role. Given its sensitivity to
neurofunctional changes, ReHo is a valuable tool for investigating
the neural underpinnings of PM deficits in conditions like
vascular dementia.

Zhuang et al. (2021) investigated PM performance in patients
with early-stage SIVD, comparing their performance with that
of AD patients and cognitively normal elderly individuals. The
findings by Zhuang et al. (2021) highlight significant correlations
between PM performance and ReHo values in specific brain
regions in SIVD patients. These results provide important
insights into the functional connectivity disruptions underlying
memory impairments. However, the lack of citations to similar
studies raises questions about the reproducibility and broader
relevance of these findings. For instance, Tu et al. (2020) also
reported disrupted functional connectivity in neurodegenerative
conditions, lending partial support to these observations. To
fully establish the significance of these findings, future research
should explore similar analyses across diverse cohorts and
neurodegenerative disorders, ensuring that the results are validated
and contextualized within the broader literature. The study
found that the SIVD group exhibited significantly lower PM
hit rates on both time-based and non-focal event-based tasks
compared to the control group. Interestingly, only the SIVD
group, and not the AD group, showed significantly worse
performance than the control group in the very early stages of
the disease.

Further correlation analysis revealed that in SIVD patients,
performance on non-focal event-based PM tasks was positively
correlated with ReHo values in the bilateral superior frontal gyrus
and middle frontal gyrus. However, time-based PM performance
did not show a significant correlation with ReHo in any
dorsomedial frontoparietal regions of interest. These findings
suggest that SIVD patients’ vulnerability in non-focal event-based
PM is linked to disruptions in local FC within the bilateral superior
and middle frontal gyri.

Extensive research underscores the significant overlap
between episodic memory (EM) and PM, particularly in AD.
They are closely interdependent cognitive systems that share
common neural substrates, including the medial temporal lobe,
prefrontal cortex, and the DMN. These regions are particularly
vulnerable to degeneration in AD, leading to impairments
in both EM and PM. Disruptions in the DMN, a hallmark
feature of AD, have been consistently linked to deficits in both
memory systems, suggesting a strong interconnection between
them. Research has increasingly demonstrated the overlap
between EM and PM in AD. For instance, Kinsella et al. (2007)
showed that deficits in EM in early AD are closely related to
impairments in PM. This finding underscores the idea that
these two memory systems do not function independently,
but are rather intertwined, with deficits in one potentially
exacerbating deficits in the other. Supporting this view,

Román-Caballero and Mioni (2023) found that both time-
based and event-based PM tasks are significantly impaired in
AD, further suggesting that PM deficits in AD are not isolated
but closely linked to other cognitive declines, particularly
those affecting EM. The interdependence of these memory
systems is further corroborated by studies by Graa and Ergis
(2021) and Eusop-Roussel and Ergis (2008) who found that
PM deficits in AD may be indicative of broader dysfunctions
in the episodic memory system. These findings support the
notion that PM impairments may not be purely isolated, but
rather an extension of generalized memory system dysfunction
in AD.

Beyond AD, this overlap between EM and PM has also
been observed in other neurodegenerative diseases. For example,
Zhuang et al. (2021) found similar deficits in both EM
and PM in patients with SIVD. This indicates that the
interdependence between these two memory systems is not unique
to AD but is a broader feature of neurodegenerative disorders,
reinforcing the importance of considering the overlap between
EM and PM in clinical and research settings. Understanding
how these memory systems interact could provide valuable
insights into the cognitive dysfunctions observed in AD and
related conditions.

Given the complexity of these interactions, further research
is required to explore how the relationship between EM and PM
varies across different neurodegenerative diseases. It is essential
to identify the underlying mechanisms driving these deficits,
particularly how functional connectivity disruptions contribute to
memory impairments in these diseases.

Tu et al. (2020) examined attention distribution and FC in the
frontal regions of patients with SIVD and AD using voxel-based
ReHo analysis of rs-fMRI data. The study identified significant
clusters of ReHo in frontal regions and found that although
SIVD and AD patients demonstrated comparable overall cognitive
abilities, SIVD patients performed worse on tasks requiring
divided attention and vigilance/sustained attention compared to
AD patients.

Compared to the normal control group, SIVD patients
exhibited reduced ReHo in the right middle frontal gyrus
and the left anterior cingulate gyrus, while AD patients
showed increased ReHo in the right orbital frontal region.
These results indicate that the patterns of FC disruptions
differ between SIVD and AD, reflecting distinct underlying
pathophysiological mechanisms.

The study by Tu et al. concluded that the poorer attention
performance observed in SIVD patients, compared to AD
patients, is associated with disrupted FC in frontal regions,
specifically in the right middle frontal gyrus and left anterior
cingulate gyrus (Tu et al., 2020) (Figure 1). This frontal lobe
disconnection may underlie the mechanisms leading to deficits
in divided attention and impairments in vigilance/sustained
attention, contributing to the significant variability observed
within the SIVD patient group (Figure 1). These findings
underscore the importance of ReHo as a sensitive measure
of local FC disruptions, which can aid in differentiating
between dementia subtypes and understanding their distinct
cognitive deficits.
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5 Limitations

This study, together with the existing body of research
on VD, faces several noteworthy limitations that constrain
both the interpretability of findings and the advancement
of clinical translation. First, many studies are limited by
small sample sizes, reducing statistical power and limiting
the generalizability of observed results. Larger, multicenter
studies with diverse patient cohorts are necessary to validate
and extend current conclusions. Second, the predominance
of single-modality imaging approaches, particularly rs-fMRI
alone, restricts comprehensive insight into the multifaceted
pathophysiology of VD. Integrating multimodal techniques—
such as combining rs-fMRI with structural MRI, positron
emission tomography, or diffusion tensor imaging—would
allow for a more holistic understanding of both vascular
contributions and neurodegenerative progression. Third, the
field’s heavy reliance on cross-sectional designs limits our
ability to track disease progression and causal relationships.
Given the dynamic and evolving nature of cerebrovascular
disease, longitudinal studies are essential to differentiate
primary vascular effects from downstream neurodegenerative
changes and to assess treatment impact over time. Fourth,
despite growing interest in non-pharmacological interventions,
the potential therapeutic role of psychotherapeutic and
behavioral strategies in VD remains insufficiently explored.
Such interventions may offer meaningful benefits in emotional
regulation, cognitive resilience, and quality of life, and merit
systematic evaluation through controlled clinical studies.
Fifth, rs-fMRI-based research faces several conceptual and
technical challenges. A significant concern is the prevalent use
of reverse inference—linking cognitive dysfunction to specific
network alterations—without pathological confirmation or
interventional validation. Moreover, the frequent conflation
of VD subtypes (e.g., subcortical ischemic vs. multi-infarct)
and the co-occurrence of AD’s pathology complicate the
interpretation of rs-fMRI metrics such as FC, ReHo, and
ALFF, particularly when band-specific effects are considered.
Additionally, inconsistencies in rs-fMRI acquisition parameters,
such as variable frequency definitions in ALFF analysis, hinder
the comparability and reproducibility of findings across studies.
Compounding this issue is the often suboptimal SNR in aging
or clinically impaired populations, which limits sensitivity
to subtle neural changes. Addressing these challenges will
require the development of standardized acquisition protocols,
methodological harmonization, and technological advances such
as real-time noise correction and adaptive filtering. Finally,
this mini-review itself is subject to inherent limitations,
including potential selection bias in the literature reviewed
and a narrowed focus on rs-fMRI-derived metrics, possibly
overlooking relevant data from other imaging modalities.
Furthermore, the reliance on a limited number of key studies,
such as Zhuang et al. (2021), underscores the need for
further confirmatory research involving larger, independent
samples and head-to-head comparisons across cohorts. Future
research should prioritize longitudinal, multimodal, and
pathologically validated approaches to more accurately characterize

network-level disruptions in VD and guide evidence-based
therapeutic strategies.

6 Summary

Resting-state functional magnetic resonance imaging (Rs-
fMRI) has emerged as a critical tool for exploring human brain
function due to its non-invasive nature, ease of use, and ability
to provide objective insights with high participant compliance. In
the context of VD, rs-fMRI studies have utilized analytical metrics
such as amplitude of ALFF, ReHo, and FC to identify significant
alterations in brain activity.

Key findings include changes in brain regions such as the
precuneus, anterior cingulate cortex, insula, and hippocampus.
These studies have also highlighted frequency-specific variations in
ALFF, emphasizing the importance of analyzing distinct frequency
bands. ReHo values in the superior and middle frontal gyri
have been correlated with PM performance, while abnormalities
in frontal lobe regions have been linked to attentional deficits.
Additionally, FC disruptions have been observed in major
brain networks, including the dorsal attention network, salience
network, and DMN, reflecting the intensity and specificity of
brain activity in VD.

These insights not only enhance our understanding of
the neurobiological mechanisms underlying VD but also
provide valuable imaging evidence for diagnosis and therapeutic
interventions. As the global population ages, the role of advanced
neuroimaging techniques in early diagnosis and screening of
VD will become increasingly significant. Future research into
the neurobiological underpinnings of VD will likely drive
further innovations in clinical applications, ultimately improving
patient outcomes.

Author Contributions

JY: Conceptualization, Data curation, Resources, Validation,
Visualization, Writing – original draft, Writing – review and
editing. PW: Methodology, Resources, Validation, Visualization,
Writing – original draft, Writing – review and editing. X-fG: Data
curation, Resources, Validation, Visualization, Writing – original
draft, Writing – review and editing. ZW: Conceptualization,
Resources, Validation, Visualization, Writing – original draft,
Writing – review and editing. KH: Methodology, Software,
Validation, Visualization, Writing – original draft, Writing –
review and editing. NL: Resources, Validation, Visualization,
Writing – original draft, Writing – review and editing. XL:
Conceptualization, Funding acquisition, Investigation, Project
administration, Supervision, Validation, Visualization, Writing –
original draft, Writing – review and editing. QZ: Conceptualization,
Data curation, Investigation, Project administration, Supervision,
Validation, Visualization, Writing – original draft, Writing –
review and editing. XZ: Conceptualization, Data curation,
Investigation, Project administration, Supervision, Validation,
Visualization, Writing – original draft, Writing – review
and editing.

Frontiers in Aging Neuroscience 06 frontiersin.org

https://doi.org/10.3389/fnagi.2025.1547965
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/


fnagi-17-1547965 July 1, 2025 Time: 18:29 # 7

Yue et al. 10.3389/fnagi.2025.1547965

Funding statement

The author(s) declare that financial support was received
for the research and/or publication of this article. This
work was partly supported by the National Foundation of
Natural Science of China (82074537); Joint Guidance Project
of Natural Science Foundation of Heilongjiang Province
(LH2020H103).

Conflict of interest

JY and QZ were employed by Shenzhen Frontiers in Chinese
Medicine Research Co., Ltd.

The remaining 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.

Generative AI statement

The authors declare that no Generative AI was used in the
creation of this manuscript.

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

Altunkaya, S., Huang, S., Hsu, Y., Yang, J., Lin, C., Kuo, L., et al. (2022). Dissociable
functional brain networks associated with apathy in subcortical ischemic vascular
disease and Alzheimer’s disease. Front. Aging Neurosci. 13:717037. doi: 10.3389/fnagi.
2021.717037

Baliki, M., Baria, A., and Apkarian, A. (2011). The cortical rhythms of chronic back
pain. J. Neurosci. 31, 13981–13990. doi: 10.1523/JNEUROSCI.1984-11.2011

Baria, A., Baliki, M., Parrish, T., and Apkarian, A. (2011). Anatomical and functional
assemblies of brain BOLD oscillations. J. Neurosci. 31, 7910–7919. doi: 10.1523/
JNEUROSCI.1296-11.2011

Buckner, R., Sepulcre, J., Talukdar, T., Krienen, F., Liu, H., Hedden, T., et al. (2009).
Cortical hubs revealed by intrinsic functional connectivity: Mapping, assessment of
stability, and relation to Alzheimer’s disease. J. Neurosci. 29, 1860–1873. doi: 10.1523/
JNEUROSCI.5062-08.2009

Chapman, N., Huxley, R., Anderson, C., Bousser, M., Chalmers, J., Colman, S., et al.
(2004). Effects of a perindopril-based blood pressure-lowering regimen on the risk of
recurrent stroke according to stroke subtype and medical history: The PROGRESS
trial. Stroke 35, 116–121. doi: 10.1161/01.STR.0000106480.76217.6F

Cheung, E., Shea, Y., Chiu, P., Kwan, J., and Mak, H. (2021). Diagnostic efficacy
of voxel-mirrored homotopic connectivity in vascular dementia as compared to
Alzheimer’s related neurodegenerative diseases-a resting state fMRI study. Life (Basel)
11:1108. doi: 10.3390/life11101108

Craig, D., and Birks, J. (2005). Rivastigmine for vascular cognitive impairment.
Cochrane Database Syst. Rev. 2:CD004744. doi: 10.1002/14651858.CD004744.pub2

Dai, Z., Lin, Q., Li, T., Wang, X., Yuan, H., Yu, X., et al. (2019). Disrupted structural
and functional brain networks in Alzheimer’s disease. Neurobiol. Aging 75, 71–82.
doi: 10.1016/j.neurobiolaging.2018.11.005

DeDora, D., Nedic, S., Katti, P., Arnab, S., Wald, L., Takahashi, A., et al. (2016).
Signal fluctuation sensitivity: An improved metric for optimizing detection of resting-
state fMRI networks. Front. Neurosci. 10:180. doi: 10.3389/fnins.2016.00180

Eusop-Roussel, E., and Ergis, A. (2008). [Prospective memory in normal aging and
Alzheimer’s disease]. Psychol. Neuropsychiatr. Vieil. 6, 277–286. doi: 10.1684/pnv.2008.
0150

Fu, Z., Caprihan, A., Chen, J., Du, Y., Adair, J., Sui, J., et al. (2019). Altered static
and dynamic functional network connectivity in Alzheimer’s disease and subcortical
ischemic vascular disease: Shared and specific brain connectivity abnormalities. Hum.
Brain Mapp. 40, 3203–3221. doi: 10.1002/hbm.24591

Graa, M., and Ergis, A. (2021). [Prospective memory, emotions and Alzheimer’s
disease]. Geriatr. Psychol. Neuropsychiatr. Vieil. 19, 332–340. doi: 10.1684/pnv.2021.
0959

Han, Y., Wang, J., Zhao, Z., Min, B., Lu, J., Li, K., et al. (2011). Frequency-dependent
changes in the amplitude of low-frequency fluctuations in amnestic mild cognitive
impairment: A resting-state fMRI study. Neuroimage 55, 287–295. doi: 10.1016/j.
neuroimage.2010.11.059

Hao, X., Liu, Z., He, S., Wang, Y., Zhao, Y., and Wang, R. (2022). Application of
DTI and fMRI in moyamoya disease. Front. Neurol. 13:948830. doi: 10.3389/fneur.
2022.948830

Jagust, W., Zheng, L., Harvey, D., Mack, W., Vinters, H., Weiner, M., et al. (2008).
Neuropathological basis of magnetic resonance images in aging and dementia. Ann.
Neurol. 63, 72–80. doi: 10.1002/ana.21296

Kinsella, G., Ong, B., Storey, E., Wallace, J., and Hester, R. (2007). Elaborated spaced-
retrieval and prospective memory in mild Alzheimer’s disease. Neuropsychol. Rehabil.
17, 688–706. doi: 10.1080/09602010600892824

Kirvell, S., Elliott, M., Kalaria, R., Hortobágyi, T., Ballard, C., and Francis, P. (2010).
Vesicular glutamate transporter and cognition in stroke: A case-control autopsy study.
Neurology 75, 1803–1809. doi: 10.1212/WNL.0b013e3181fd6328

Li, C., Liu, C., Yin, X., Yang, J., Gui, L., Wei, L., et al. (2014). Frequency-dependent
changes in the amplitude of low-frequency fluctuations in subcortical ischemic
vascular disease (SIVD): A resting-state fMRI study. Behav. Brain Res. 274, 205–210.
doi: 10.1016/j.bbr.2014.08.019

Li, H., Jia, X., Li, Y., Jia, X., and Yang, Q. (2021). Aberrant Amplitude of Low-
Frequency Fluctuation and Degree Centrality within the Default Mode Network in
Patients with Vascular Mild Cognitive Impairment. Brain Sci. 11:1534. doi: 10.3390/
brainsci11111534

Liu, C., Li, C., Yin, X., Yang, J., Zhou, D., Gui, L., et al. (2014). Abnormal intrinsic
brain activity patterns in patients with subcortical ischemic vascular dementia. PLoS
One 9:e87880. doi: 10.1371/journal.pone.0087880

Liu, T. (2016). Noise contributions to the fMRI signal: An overview. Neuroimage
143, 141–151. doi: 10.1016/j.neuroimage.2016.09.008

Liu, Y., Wang, K., Yu, C., He, Y., Zhou, Y., Liang, M., et al. (2008). Regional
homogeneity, functional connectivity and imaging markers of Alzheimer’s disease: A
review of resting-state fMRI studies. Neuropsychologia 46, 1648–1656. doi: 10.1016/j.
neuropsychologia.2008.01.027

Malinen, S., Vartiainen, N., Hlushchuk, Y., Koskinen, M., Ramkumar, P., Forss,
N., et al. (2010). Aberrant temporal and spatial brain activity during rest in patients
with chronic pain. Proc. Natl. Acad. Sci. U.S.A. 107, 6493–6497. doi: 10.1073/pnas.
1001504107

McShane, R., Westby, M., Roberts, E., Minakaran, N., Schneider, L., Farrimond,
L., et al. (2019). Memantine for dementia. Cochrane Database Syst. Rev. 3:CD003154.
doi: 10.1002/14651858.CD003154.pub6

O’Brien, J., and Thomas, A. (2015). Vascular dementia. Lancet 386, 1698–1706.
doi: 10.1016/S0140-6736(15)00463-8

O’Brien, J., and Thomas, A. (2017). Vascular dementia. Focus 15, 101–109. doi:
10.1176/appi.focus.15104

Román, G., Erkinjuntti, T., Wallin, A., Pantoni, L., and Chui, H. (2002). Subcortical
ischaemic vascular dementia. Lancet Neurol. 1, 426–436. doi: 10.1016/s1474-4422(02)
00190-4

Frontiers in Aging Neuroscience 07 frontiersin.org

https://doi.org/10.3389/fnagi.2025.1547965
https://doi.org/10.3389/fnagi.2021.717037
https://doi.org/10.3389/fnagi.2021.717037
https://doi.org/10.1523/JNEUROSCI.1984-11.2011
https://doi.org/10.1523/JNEUROSCI.1296-11.2011
https://doi.org/10.1523/JNEUROSCI.1296-11.2011
https://doi.org/10.1523/JNEUROSCI.5062-08.2009
https://doi.org/10.1523/JNEUROSCI.5062-08.2009
https://doi.org/10.1161/01.STR.0000106480.76217.6F
https://doi.org/10.3390/life11101108
https://doi.org/10.1002/14651858.CD004744.pub2
https://doi.org/10.1016/j.neurobiolaging.2018.11.005
https://doi.org/10.3389/fnins.2016.00180
https://doi.org/10.1684/pnv.2008.0150
https://doi.org/10.1684/pnv.2008.0150
https://doi.org/10.1002/hbm.24591
https://doi.org/10.1684/pnv.2021.0959
https://doi.org/10.1684/pnv.2021.0959
https://doi.org/10.1016/j.neuroimage.2010.11.059
https://doi.org/10.1016/j.neuroimage.2010.11.059
https://doi.org/10.3389/fneur.2022.948830
https://doi.org/10.3389/fneur.2022.948830
https://doi.org/10.1002/ana.21296
https://doi.org/10.1080/09602010600892824
https://doi.org/10.1212/WNL.0b013e3181fd6328
https://doi.org/10.1016/j.bbr.2014.08.019
https://doi.org/10.3390/brainsci11111534
https://doi.org/10.3390/brainsci11111534
https://doi.org/10.1371/journal.pone.0087880
https://doi.org/10.1016/j.neuroimage.2016.09.008
https://doi.org/10.1016/j.neuropsychologia.2008.01.027
https://doi.org/10.1016/j.neuropsychologia.2008.01.027
https://doi.org/10.1073/pnas.1001504107
https://doi.org/10.1073/pnas.1001504107
https://doi.org/10.1002/14651858.CD003154.pub6
https://doi.org/10.1016/S0140-6736(15)00463-8
https://doi.org/10.1176/appi.focus.15104
https://doi.org/10.1176/appi.focus.15104
https://doi.org/10.1016/s1474-4422(02)00190-4
https://doi.org/10.1016/s1474-4422(02)00190-4
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/


fnagi-17-1547965 July 1, 2025 Time: 18:29 # 8

Yue et al. 10.3389/fnagi.2025.1547965

Román-Caballero, R., and Mioni, G. (2023). Time-based and event-based
prospective memory in mild cognitive impairment and Alzheimer’s disease patients:
A systematic review and meta-analysis. Neuropsychol. Rev. 35, 102–125. doi: 10.1007/
s11065-023-09626-y

Salvador, R., Martínez, A., Pomarol-Clotet, E., Gomar, J., Vila, F., Sarró, S.,
et al. (2008). A simple view of the brain through a frequency-specific functional
connectivity measure. Neuroimage 39, 279–289. doi: 10.1016/j.neuroimage.2007.
08.018

Smith, M., and Buckwalter, K. (2005). Behaviors associated with dementia:
Whether resisting care or exhibiting apathy, an older adult with dementia is
attempting communication. Nurses and other caregivers must learn to ’hear’ this
language. Am. J. Nurs. 105, 40–52; quiz 53. doi: 10.1097/00000446-200507000-
00028

Ten Kate, M., Ingala, S., Schwarz, A., Fox, N., Chételat, G., van Berckel, B., et al.
(2018). Secondary prevention of Alzheimer’s dementia: Neuroimaging contributions.
Alzheimers Res. Ther. 10:112. doi: 10.1186/s13195-018-0438-z

Tu, M., Hsu, Y., Yang, J., Huang, W., Deng, J., Lin, S., et al. (2020). Attention and
functional connectivity among patients with early-stage subcortical ischemic vascular
disease and Alzheimer’s disease. Front. Aging Neurosci. 12:239. doi: 10.3389/fnagi.2020.
00239

van den Heuvel, M., and Hulshoff Pol, H. (2010). Exploring the brain network: A
review on resting-state fMRI functional connectivity. Eur. Neuropsychopharmacol. 20,
519–534. doi: 10.1016/j.euroneuro.2010.03.008

Wang, J., Chen, H., Liang, H., Wang, W., Liang, Y., Liang, Y., et al. (2019a).
Low-frequency fluctuations amplitude signals exhibit abnormalities of intrinsic brain
activities and reflect cognitive impairment in leukoaraiosis patients. Med. Sci. Monit.
25, 5219–5228. doi: 10.12659/MSM.915528

Wang, J., Chen, Y., Liang, H., Niedermayer, G., Chen, H., Li, Y., et al. (2019b).
The role of disturbed small-world networks in patients with white matter lesions and
cognitive impairment revealed by resting state function magnetic resonance images
(rs-fMRI). Med. Sci. Monit. 25, 341–356. doi: 10.12659/MSM.913396

Wee, C., Yap, P., Denny, K., Browndyke, J., Potter, G., Welsh-Bohmer, K.,
et al. (2012). Resting-state multi-spectrum functional connectivity networks for
identification of MCI patients. PLoS One 7:e37828. doi: 10.1371/journal.pone.0037828

Wei, Z., Yue, J., Li, X., Zhao, W., Cao, D., Li, A., et al. (2023). A mini-review
on functional magnetic resonance imaging on brain structure of vascular cognitive
impairment. Front. Neurol. 14:1249147. doi: 10.3389/fneur.2023.1249147

Zang, Y., He, Y., Zhu, C., Cao, Q., Sui, M., Liang, M., et al. (2007). Altered baseline
brain activity in children with ADHD revealed by resting-state functional MRI. Brain
Dev. 29, 83–91. doi: 10.1016/j.braindev.2006.07.002

Zhang, D., Liu, B., Chen, J., Peng, X., Liu, X., Fan, Y., et al. (2013). Determination
of vascular dementia brain in distinct frequency bands with whole brain functional
connectivity patterns. PLoS One 8:e54512. doi: 10.1371/journal.pone.0054512

Zhuang, X., Kuo, L., Lin, S., Yang, J., Tu, M., and Hsu, Y. (2021). Prospective memory
and regional functional connectivity in subcortical ischemic vascular disease. Front.
Aging Neurosci. 13:686040. doi: 10.3389/fnagi.2021.686040

Zou, Q., Zhu, C., Yang, Y., Zuo, X., Long, X., Cao, Q., et al. (2008). An improved
approach to detection of amplitude of low-frequency fluctuation (ALFF) for resting-
state fMRI: Fractional ALFF. J. Neurosci. Methods 172, 137–141. doi: 10.1016/j.
jneumeth.2008.04.012

Zuo, X., Di Martino, A., Kelly, C., Shehzad, Z., Gee, D., Klein, D., et al. (2010).
The oscillating brain: Complex and reliable. Neuroimage 49, 1432–1445. doi: 10.1016/
j.neuroimage.2009.09.037

Frontiers in Aging Neuroscience 08 frontiersin.org

https://doi.org/10.3389/fnagi.2025.1547965
https://doi.org/10.1007/s11065-023-09626-y
https://doi.org/10.1007/s11065-023-09626-y
https://doi.org/10.1016/j.neuroimage.2007.08.018
https://doi.org/10.1016/j.neuroimage.2007.08.018
https://doi.org/10.1097/00000446-200507000-00028
https://doi.org/10.1097/00000446-200507000-00028
https://doi.org/10.1186/s13195-018-0438-z
https://doi.org/10.3389/fnagi.2020.00239
https://doi.org/10.3389/fnagi.2020.00239
https://doi.org/10.1016/j.euroneuro.2010.03.008
https://doi.org/10.12659/MSM.915528
https://doi.org/10.12659/MSM.913396
https://doi.org/10.1371/journal.pone.0037828
https://doi.org/10.3389/fneur.2023.1249147
https://doi.org/10.1016/j.braindev.2006.07.002
https://doi.org/10.1371/journal.pone.0054512
https://doi.org/10.3389/fnagi.2021.686040
https://doi.org/10.1016/j.jneumeth.2008.04.012
https://doi.org/10.1016/j.jneumeth.2008.04.012
https://doi.org/10.1016/j.neuroimage.2009.09.037
https://doi.org/10.1016/j.neuroimage.2009.09.037
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org/

	Perspectives on resting-state functional magnetic resonance imaging research in vascular dementia
	1 Introduction
	2 FC
	3 ALFF
	4 REHO
	5 Limitations
	6 Summary
	Author Contributions
	Funding statement
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


	Button1: 


