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Abstract

Objective: To investigate regional white matter fibers loss in Leukoaraiosis
(LA) and its relationship with cognitive impairments. Methods: Fifty-six partic-
ipants with LA and 38 healthy controls underwent clinical evaluations and MR
scans. Participants with LA were classified as cognitively normal (LA-NC,
n = 18), vascular cognitive impairment of none dementia (LA-VCIND,
n = 24), and vascular dementia (LA-VaD, n = 14) by Mini-Mental State Exami-
nation and Clinical Dementia Rating. Cognitive domains including visual-spa-
tial, naming, attention, language, abstraction, memory, and orientation were
assessed. With the use of Tract-based spatial statistics, mean fractional aniso-
tropy (FA) of major white matter fiber tracts were compared between LA and
controls and among LA groups with varying levels of cognitive impairments.
Regression analyses were performed to evaluate relationships between FA values
and cognitive performance. Results: Participants showed significant FA reduc-
tion in the corpus callosum (CC), bilateral corona radiata, anterior limb of the
internal capsule, external capsule, posterior thalamic radiation, and superior
longitudinal fasciculus compared to controls and across LA groups. The LA-
VaD group showed consistent damage in the body and genu of CC compared
to the LA-NC and LA-VCIND groups. A positive correlation between visual-
spatial and FA reduction in right anterior corona radiates in LA-VCIND and
body of CC in LA- VaD. Interpretation: We found regional fiber loss in the
CC across the cognitive spectrum in patients with LA and correlations between
FA and visuospatial impairment in the anterior corona radiata in patients with
LA-VCIND and in the body of CC in patients with LA-VaD.
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Introduction

Leukoaraiosis (LA), also known as the white matter
hyperintensities (WMH) is characterized by cerebral white
matter lesions due to insufficient blood supply. It impairs
neuroplasticity through its adverse effects on white matter
tract integrity.'” The severity and progression of LA are
associated with cognitive impairments and increased risks
for vascular dementia (VaD).">%® LA precedes vascular
cognitive impairment of none dementia (VCIND) and
becomes highly prevalent in VaD over the disease course.’
Prior works have demonstrated that the LA Fazekas scale
scores and regional distributions of WMH are associated
with cognitive impairments;'®'! however, the severity of
the cognitive impairments cannot be effectively predicted.
Moreover, the microstructural integrity loss of white mat-
ter fibers associated with the VaD degenerative process
appears to change along with the degradation of cogni-
tion and has distinct region-specific injury patterns as
assessed by the fractional anisotropy (FA) changes in dif-
fusion tensor imaging (DTI)."?

The corpus callosum (CC) is a common target for inves-
tigating changes in VaD, given that it has a central role in
the interhemispheric connectivity and coordination of cog-
nitive function, as well as the highly topographic organiza-
tion of its projections.''* Specific changes in white matter
integrity and structural changes in this region have been
detected in an individual with dementia and LA.">""” The
progression of CC integrity loss is also found to be more
rapid in individuals with LA who develop dementia.'®'®
Cross-sectional studies have found that individuals with
Alzheimer’s disease (AD) show lower FA in the genu and
splenium of CC than healthy controls (HC), and lower FA
in the genu than patients with mild cognitive impairment
(MCI)."? Furthermore, the progression of neurodegenera-
tive diseases is often characterized by the extent of white
matter lesions in multiple sub-regions of the CC. These
relationships  between the regional white matter
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microstructure deficits and functions of different cognitive
domains, including visual-spatial functions, are also com-
monly described in neurodegenerative diseases.'”

The visual-spatial deficits have been demonstrated to
precede other cognitive impairments in VaD and are cap-
able of distinguishing VCIND patients from cognitively
normal (NC) participalnts.‘l‘20 However, the relationship
between visual-spatial impairments and callosum fiber
loss in patients with LA and varying degrees of cognitive
deterioration is still unclear. The present study aims to
(1) investigate the between-group differences in the entire
skeleton of major white matter fiber tracts FA values in
LA and HC participants. (2) Examine the relationship
between white matter fiber loss and cognitive deficits by
comparing the FA values across the LA groups with vary-
ing levels of cognitive impairments (i.e., LA-NC, LA-
VCIND, and LA-VaD). (3) Investigate whether the rela-
tionship between white matter fibers loss and visual-spa-
tial performance is impacted by the CC specific-regional
integrity of patients with LA who demonstrate varying
degrees of cognitive impairments.

Methods

Participants

A total of 56 individuals with LA aged 50 to 85 years and
38 age-, sex- and education matched healthy controls
(HGC; 50% females, mean age of 58.8 &+ 10.8 years) were
enrolled in this study. The referral and recruitment crite-
ria of the participants were consistent with the
Leukoaraiosis and Disability Study.?' In the current study,
the inclusion criteria were as follows: (1) Presence of
white matter hyperintensities of any degree detected
through the MRI in accordance with a revised version of
the scale of Fazekas.?! (2) None to mild impairments on
the Instrumental Activities of Daily Living scale.”? (3)
Availability of an informant. Participants were excluded if
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they presented with (1) severe illness likely leading to pre-
mature termination of participation (e.g., cardiac diseases,
hepatic diseases or renal failure, cancer or other relevant
systemic diseases), (2) severe unrelated neurological dis-
eases, (3) leucoencephalopathy of non-vascular origin
(e.g., immunological-demyelinating, metabolic, toxic,
infectious or other origins), (4) severe psychiatric disorders,
(5) current or history use of psychoactive drugs, or (6) con-
traindications to the MRI environment."® All subjects gave
written, informed consent in person approved by a local
institutional review board. The research procedures were
approved by the Ethical Committee of Beijing Tiantan
Hospital, Capital Medical University, and were conducted
in accordance with the Declaration of Helsinki.

The study protocol included MRI data acquisition, clini-
cal imaging diagnosis of LA*»**, and completion of Clinical
Dementia Rating Scale (CDRS), Mini-Mental State Exami-
nation (MMSE), and Montreal Cognitive Assessment
(MoCA). All clinical scales were evaluated by two
experienced neurologists. Based on the MRI images and the
MMSE scores, the participants were divided into HC, LA-
NC, LA-VCIND, and LA-VaD groups (see Supplemental
Materials for participant information in more detail).

Neuropsychological Assessments

The MoCA is a brief neuropsychological assessment that
evaluates seven cognitive domains, including visual-spatial
(assessed using a clock-drawing task, a three-dimensional
cube copy, and an alternation task adapted from the Trail
Making B task), naming (assessed using a three-item con-
frontation naming task animals lion, camel, rhinoceros),
attention (assessed using target detection using tapping, a
serial subtraction task and digits span forward and
backward), language (assessed using the repetition of two
syntactically complex sentences and a phonemic fluency
task), abstraction (assessed using a two-item verbal abstrac-
tion task), memory (involves two learning trials of five
nouns and delayed recall after approximately 5 minutes),
and orientation (time and place are evaluated).*®

MRI acquisition and imaging analysis

The MRI acquisition sequences included T1-weighted 3-
dimensional magnetization-prepared rapid acquisition
gradient-echo, a single-shot, spin echo-based and diffu-
sion-weighted echo-planar imaging sequence, T2-weighted
fast-spin echo, and fluid-attenuated inversion recovery
images as described in Supplemental Materials. DTI data
for the study were preprocessed using the FMRIB’s Diffu-
sion Toolbox (FDT) in the FMRIB’s Software Library
(FSL, http://www.fmrib.ox.ac.uk/fsl). The technical details
of the preprocessing steps, quality control for DTI data,
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and tract-based spatial statistics procedures can be found
in Supplemental Materials.

Statistical analysis
Clinical characteristics

MoCA subscale scores were compared across groups (HC,
LA-NC, LA-VCIND, LA-VaD) using analyses of covari-
ance (ANCOVA) with age and sex entered as covariates.
Bonferroni correction was used to correct for multiple
comparisons.

Comparison of FA values between LA and HC
groups, and among LA groups

The Johns Hopkins University International Consortium of
Brain Mapping Diffusion Tensor Imaging 81 atlas used in
this study covered the entire skeleton of major white matter
fiber tracts.”® Mean FA values of all skeleton voxels of the
specific tracts were compared between the entire LA sample
and the HC participants. A general linear model was used
with age and sex entered as covariates and Bonferroni cor-
rection performed for multiple comparisons. Separate
ANCOVAs for each voxel were also performed to compare
the three LA groups with varying levels of cognitive impair-
ments. Age and sex were entered as covariates, and Bonfer-
roni correction was used for post hoc comparisons.

Relationship between FA values and cognitive
scores in different LA groups

Spearman correlational analysis was conducted between the
mean FA values of all skeleton voxels of the specific tracts
which have shown a group difference and the MoCA scores
in all three LA groups. Mean FA values, age, and sex were
entered as independent variables, and MoCA subscale
scores were entered as dependent variables. An adjusted P
value of 0.0071 (0.05/7) was used for each of the seven
MoCA subscale scores to correct for multiple comparisons.

Results

Participant characteristics

Group characteristics are summarized in Table 1. There
were no significant differences across the groups (HC,
LA-NC, LA-VCIND, LA-VaD) regarding age, sex and
years of education. Significant between-group differences
were observed on CDRS total score (F= 61, P < 0.01),
MoCA visual-spatial score (F = 21.57, P < 0.01), MoCA
naming score (F = 5.32, P = 0.02), MoCA attention score
(F= 207, P<0.01), MoCA language score (F= 11,
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Table 1. Demographic and Neuropsychological data for participants.
HC LA-NC LA-VCIND LA-VaD ANCOVAS(F/p)
Demographic
Age 58.8 £ 10.8 58.8 £ 8.2 509+ 114 61.2 + 13.33 0.21(0.89)
Sex(M/F) 19/19 9/9 12/12 9/5 0.31(0.81)
Education 13.1 + 3.5 125+ 3.2 11.7 £ 25 10.7 + 3.4 2.31(0.08)
Neuropsychology
CDR 0.16 + 0.29 0.25 + 0.35 0.5 + 0.001 0.64 + 0.17 61 (0.001)
Visualspatial 4.16 + 0.95 433 +£1.03 3.13 +£1.33 1.71 £ 1.07 21.57 (< 0.01)
Naming 2.92 +0.27 2.78 + 0.73 2.67 + 0.64 2.21 + 0.80 5.32 (0.02)
Attention 5.66 + 0.63 5.39 £ 0.70 513+ 1.12 3.50 + 1.22 20.7 (< 0.01)
Language 2.21 + 0.62 2.06 + 0.73 2.08 + 0.41 1.07 + 0.92 11 (< 0.01)
Abstract 1.53 + 0.65 1.39 + 0.61 1.54 + 0.72 1.00 + 0.78 2.35(0.78)
Memory 2.95 £ 1.45 3.17 £ 1.34 1.96 + 1.43 1.21 £ 0.80 8.38 (< 0.01)
Orientation 5.76 + 0.71 5.83 + 0.51 5.67 + 0.64 457 + 1.40 8.7 (< 0.01)

Notes: HC, Healthy controls; LA, Leukoaraiosis; LA-NC, cognitively normal; LA-VCIND, vascular cognitive impairment of none dementia; LA-VaD,
vascular dementia; CDR, Clinical Dementia Rating scale. Data presented as mean + SD unless noted.

P < 0.01), MoCA memory score (F= 838 P < 0.01),
and MoCA orientation score (F = 8.7, P < 0.01). No sig-
nificant between-group difference was found on the
MoCA abstraction score (F = 2.35, P = 0.78). Post hoc
comparisons revealed significant differences between the
HC and LA-VaD groups on all cognitive scores
(P < 0.02). No statistically significant difference was
found between the HC and LA-NC groups. Both the
CDRS and the MoCA visual-spatial scores differed among
the three LA groups. The LA-VaD group obtained lower
scores than both the LA-NC group (P < 0.01, P < 0.01)
and the LA-VCIND (P < 0.0I, P< 0.01). The LA-
VCIND group obtained significantly lower scores than the
LA-NC group (P = 0.022, P = 0.01) as well as the HC
group (P < 0.01, P < 0.0I). MoCA naming, language,
orientation, and attention scores were also significantly
lower in the LA-VaD group compared to the LA-NC
group (P < 0.01 on all four scores) and the LA-VCIND
group (P<002 P<00I, P<0.0l, P<00]

Table 2. Demographic and Neuropsychological Post hoc analyses Results.

respectively). MoCA attention score was also significantly
lower in the LA-VCIND group than the HC group
(P < 0.03). MoCA memory score did not differ signifi-
cantly between the LA-VaD and LA-VCIND groups, but
both groups performed worse when compared with the
LA-NC group (P < 0.01, P < 0.01) and the HC group
(P < 0.01, P < 0.01). MoCA abstraction score was signifi-
cantly lower in the LA-VaD group than the LA-VCIND
(P = 0.02) and HC (P < 0.02) groups (Table 2).

FA values comparison between LA and HC,
and among LA sub-groups

Significant between-group differences for the normalized
total FA skeleton, regressing out age and sex, were found
in the genu, body, and splenium of the CC, bilateral ante-
rior corona radiata, superior corona radiata, posterior
corona radiata, anterior limb of internal capsule, external
capsule, posterior thalamic radiation, and superior

Post hoc

Neuropsychology F Sig(p) HC versus NC  HC versus VCIND  HC versus VaD  NC versus VCIND  NC versus VaD  VCIND versus VaD

CDR 61 0.00
Visual-spatial 21.57 0.00
Naming 532 0.02
Attention 20.7  0.00
Language " 0.00
Abstract 235 0.78
Memory 8.38 0.00
Orientation 8.7 0.00

0.351
0.574
0.385
0.293
0.407
0.482
0.571
0.761

0.00

0.00

0.092
0.024
0.455
0.931
0.006
0.646

0.00
0.00
0.00
0.00
0.00
0.015
0.00
0.00

0.022
0.001
0.536
0.343
0.891
0.474
0.005
0.508

0.00
0.00
0.007
0.00
0.00
0.112
0.00
0.00

0.00
0.00
0.021
0.00
0.00
0.02
0.104
0.00

Notes: HC, Healthy controls; LA, Leukoaraiosis; LA-NC, cognitively normal; LA-VCIND, vascular cognitive impairment of none dementia; LA-VaD,

vascular dementia.
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Figure 1. Fractional anisotropy between LA participants and controls. The figure shows white matter fibers' significant fractional anisotropy
reduction (Red Color) in LA participants compared with controls at the TBSS analysis (P < 0.05 corrected for multiple comparisons). The white
matter tracts are superimposed to the FMRIB58_FA standard provided with FSL.

longitudinal fasciculus (Figure 1). Significant differences
among the three LA groups were found in the genu of
CC (P < 0.001, F= 12.97), body of CC (P < 0.001,
F = 13.03), splenium of CC (P < 0.001, F = 10.74), right
anterior corona radiata (P < 0.001, F = 14.75), left ante-
rior corona radiata (P < 0.001, F = 9.94), right superior
corona radiata (P < 0.001, F = 9.41), left superior corona
radiata (P < 0.001, F = 10.32), right posterior corona
radiata (P < 0.001, F = 9.35), left posterior corona radi-
ata (P < 0.001, F = 7.98), right anterior limb of internal

capsule (P < 0.001, F = 8.22), left anterior limb of inter-
nal capsule (P < 0.001, F = 10.98), right superior longitu-
dinal fasciculus (P < 0.001, F = 7.89), left superior
longitudinal fasciculus (P < 0.001, F = 8.03), right poste-
rior thalamic radiation (P < 0.001, F = 7.54), left poste-
rior thalamic radiation (P < 0.001, F = 9.30), and left
external capsule (P < 0.001, F = 7.06) after regressing out
age and sex (Figure 2). Post hoc comparisons revealed a
reduction in FA values in the LA-VaD group compared
with the LA-NC group in the same fibers (Figure 3).

Figure 2. Fractional anisotropy difference among the LA groups. The figure shows white matter fibers’ significant fractional anisotropy reduction
(Red Color) among the LA-NC, LA-VCIND, and LA-VaD at the TBSS analysis (P < 0.05 corrected for multiple comparisons). The white matter tracts
are superimposed to the FMRIB58_FA standard provided with FSL.
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Figure 3. Fractional anisotropy between LA-NC and LA-VaD. The figure shows white matter fibers significant fractional anisotropy reduction (Red
Color) in LA-VaD participants compared with LA-NC at the TBSS analysis (P < 0.05 corrected for multiple comparisons). The white matter tracts

are superimposed to the FMRIB58_FA standard provided with FSL.

Significant differences between the LA-VCIND and LA-
VaD groups were also found in the body and genu of the
CC (Figure 4). The FA values did not differ significantly
between the LA-NC and LA-VCIND groups.

Relationship between FA values and
cognitive scores in different LA sub-groups

Impairment in the visual-spatial domain was associated
with FA in the right anterior corona radiata in patients
with LA-VCIND (r = 0.549, P = 0.005), and with FA in

the body of the CC in patients with LA-VaD (r = 0.696,
P =0.006) (Figure 5). No other significant associations
between FA values and MoCA scores were found.

Discussion

The present study revealed specific regions with abnormal
FA values of the white matter fibers in participants with
LA compared to the HC. Specifically, the CC (genu, body,
and splenium), corona radiata (anterior, superior and
posterior), anterior limb of the internal capsule, external

Figure 4. Fractional anisotropy between LA-VCIND and LA-VaD. The figure shows white matter fibers significant fractional anisotropy reduction
(Red Color) in LA-VaD participants compared with LA-VCIND at the TBSS analysis (P < 0.05 corrected for multiple comparisons). The white matter
tracts are superimposed to the FMRIB58_FA standard provided with FSL.
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Figure 5. Relationship between FA values and cognitive domain scores in different LA groups. The plots displaying the correlation between areas
showing decreased FA values in LA-VCIND and LA-VaD and the white matter fibers in the right anterior corona radiata (ACR) and the body of the

corpus callosum (CC).

capsule, posterior thalamic radiation, and superior longi-
tudinal fasciculus demonstrated significantly greater FA
reduction in patients with LA, and these regions main-
tained the same across LA patients with varying degrees
of cognitive impairments. The visual-spatial performance
was correlated with right anterior corona radiata impair-
ment in the LA-VCIND group. Callosal fiber damage,
particularly in the body of the CC, showed notable con-
sistent deficits along with cognitive deterioration in the
LA groups and demonstrated regional specificity associ-
ated with visual-spatial impairment. In summary, these
findings showed that CC integrity loss in LA, as measured
by FA values, held a consistent pattern of specific regional

© 2020 The Authors. Annals of Clinical and Translational Neurology published by Wiley Periodicals LLC on behalf of American Neurological Association

fiber loss across the spectrum of cognitive impairments.
The anterior-posterior (anterior corona radiata to the
body of CC) microstructure damage, which progressed
along with cognitive degradation, was associated with
prominent visual-spatial impairments, and may be more
conducive to characterizing the early changes in dementia
with white matter lesion load.

Prior cross-sectional studies have found white matter
alterations in the aforementioned regions when compar-
ing individuals with dementia with healthy individuals.*”"
*> The extent of the white matter lesions was found to
associate with the severity of dementia and the progres-
sion of the disease.®' Our study demonstrated that
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using the FA values of the fiber abnormality of those with
LA compared to healthy controls, we can also distinguish
individuals with LA and the most severe cognitive impair-
ments (i.e., the LA-VaD group) from those with LA yet
have intact cognitive function. Such overlapping abnor-
malities of fiber bundles were of interest as they reflect
changes that maintain stable during the degenerative pro-
cess of those with LA and develop dementia.

We further found extensive damage in the corona radi-
ata fasciculus (anterior, superior, and posterior) in the
participants with LA. The white matter fibers lesion bur-
den and white matter hyperintensity were found to asso-
ciate with the impairments of fiber-connected gray matter
regions such as the prefrontal cortex in dementia.”** The
corona radiata is part of the limbic—thalamocortical cir-
cuitry and contains fibers mainly from the prefrontal cor-
tex regions to basal ganglia and brainstem structures.”
Additionally, the posterior thalamic radiation is also part
of the thalamocortical projections which connect the tha-
lamic nuclei to basal ganglia and cortical areas such as
visual cortical, as well as prefrontal areas.”*** Internal
capsule also contains the projection fibers traveling from
the thalamus to the cortex. The abnormality in the inter-
nal capsule in individuals with early memory impairments
may be linked with later cognitive deficits of dementia.”
To sum up, fiber damage found in the limbic—thalamo-
cortical circuits likely reflects the pathological neurode-
generation observed in LA-VaD. We found significant FA
reductions in superior longitudinal fasciculus between
patients with LA and HC, as well as between LA-NC and
LA-VaD. Damage to the superior longitudinal fasciculus
with abnormal FA indicated disturbance in the fron-
toparietal regions which may result in cognitive deficits.>
A prior study has demonstrated a significant association
between the disturbed bilateral superior longitudinal fas-
ciculus integrity and global cognitive decline (Mini-Men-
tal State Examination and Montreal Cognitive
Assessment),”” suggesting that the superior longitudinal
fasciculus FA may be used as a marker to gauge the
severity of cognitive impairments in individuals with LA.
The external capsule contains projection fibers connecting
prefrontal and temporal areas to basal ganglia.”® The
decreased anisotropy of individuals with LA suggested
that forms of cognitive dysfunction may result from the
impairments of the highly interconnected neural circuits
encompassing the remote cortices.”” Although the results
of prior studies have found the difference between indi-
viduals with dementia and those who are cognitive nor-
mal in external capsule,”®* no significant difference was
found between the LA-NC and LA-VCIND groups in our
study. Accordingly, fiber damage in the external capsule
of those with LA may depend more on the severity of
cognitive impairments.

Z. Wang et al.

It has been suggested that the CC is particularly suscep-
tible to impairments in MCI and AD; however, the rela-
tionship between the fiber and topography damage of the
CC and the presence and/or severity of cognitive deficits
is still controversial.**** Prior studies showed that callosal
atrophy is most significant in the splenium of the CC in
individuals with AD compared to the HC,'>*"* as well
as in the genu and the body of the CC.*" Studies on the
white matter microstructure also demonstrated decreasing
FA values in the CC in individuals with AD and MCI
compared to the HC.?’ In addition, the callosal abnor-
mality was found to be an important predictor of global
cognitive impairments in participants with LA.">** Differ-
ential rates of tissue loss in the CC have been observed in
individuals with LA and dementia and those with LA but
not dementia.'® The present study confirmed the loss of
integrity in the CC fibers in the LA sub-groups (i.e., LA-
NC, LA-VCIND, and LA-VaD). In addition, the present
study extended this line of work by demonstrating that
the genu and body of the CC show consistent regional
specificity microstructure deficits that correlate with cog-
nitive statuses among individuals with LA.

Loss of white matter microstructure integrity has been
observed in our study. Specifically, greater white matter
microstructure integrity loss along the anterior-posterior
structure (ACR to the body of the CC) was accompanied
by greater cognitive degradation from LA-VCIND to LA-
VaD and was specifically associated with visual-spatial
impairments. The anterior corona radiata has been recog-
nized as a major white matter fiber connecting the pre-
frontal lobe to deep gray nuclei and constitutes the
frontal-subcortical circuits. The top-down visual process-
ing is primarily mediated by the frontal-striatal cir-
cuits.*** A prior study also highlighted that WMH is
more prominent for individuals with MCI than the HC,
particularly in the corona radiata.** In addition, loss of
white matter tissue composition and integrity has been
associated with greater anterior white matter degradation
caused by microvascular ischemic events.***” Thus, the
anterior corona radiata fiber damage may correlate with
the visual-spatial impairments early in the cognitive dete-
rioration.

A prior study found that the relationship between ante-
rior CC and cognitive performances is mediated by white
matter lesions volume.'” Although less significantly, one
study found a positive correlation between the degree of
cognitive decline assessed by the MMSE and the volume
of the anterior body of the CC.*® The structural connec-
tivity of the CC is composed of the inter-hemispheric
fibers traversing the subcortical white matter, which
mediates the inter-hemispheric function connectivity.'®'?
Thus, the participants with LA who also presented with
CC abnormality may develop a more severe form of
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cognitive impairments. CC mediates the dorsal-ventral
pathway of visual-spatial systems. Longitudinal LA study
showed that the decline in the visually mediated process-
ing speed and motor control scores were significantly
associated with tissue loss in the mid-body of the CC."”*
Although a study on Parkinson’s disease indicated that
volume loss in the posterior CC segments and potentially
altered projections to the parietal-occipital regions may
underlie visuospatial deficits found in dementia,'® the
present study directly demonstrated the association
between the damage of the body of the CC and visual-
spatial deficits in the LA-VaD group. The stable and
extensive FA reduction in the body of the CC in the LA-
VaD participants compared to the HC and LA-VCIND
groups suggested that as patients with LA present with
more severe cognitive decline, CC damage may be
responsible for specific visual-spatial cognitive impairment
and may distinguish LA-VCIND from LA-VaD. Taken
together, such primary white matter disconnections in the
efferent pathways connecting different cortical regions
may be an early marker reflecting the white matter degra-
dation and may be associated with cognitive deficits in
the prodromal stages of dementia. These disconnections
may later lead to interconnection deficits and extend
toward the posterior parts.

The MoCA is a brief cognitive screening tool with high
sensitivity and specificity for distinguishing vascular cog-
nitive impairment of none dementia from normal cogni-
tive aging and dementia. It can assess different cognitive
domains such as attention/working memory, executive
functions, higher-level language abilities, and complex
visuospatial processing.”> Our results showed group dif-
ferences across the cognitive domains assessed except for
the abstraction. One possible explanation was that the
abstraction impairments may signify cortical gray matter
loss and may depend on the severity of white matter
lesions load.”>!

Several potential limitations of our study and directions
for future research should be noted. First, the severity of
LA is typically rated visually according to the Fazekas
scale and our study did not perform such categoriza-
tions.”' Further studies are needed to determine whether
such categorizations are useful in determining the severity
and progression of LA. Second, our study was a cross-sec-
tional study with a small sample. Evaluation of regions of
interest using a longitudinal cohort with a larger and
more heterogeneous sample is warranted to confirm our
hypothesis. Third, inclusion of individuals with AD and
white matter loss and individuals with LA and cognitive
impairments who were at an early stage of cerebral small
vessel disease (e.g., silent lacunar infarcts) and cortical
atrophy should also be considered to increase the general-
izability of the findings. Fourth, other metrics that may
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impact cerebrovascular function such as Body Mass Index
were not assessed in this study and may interfere with the
current findings.”* Finally, amyloid and tau accumulations
were not assessed in this study. Further studies should
investigate whether amyloid and tau accumulations would
impact the FA values in individuals with LA and their
correlation with cognitive performance.”>>*

The present study demonstrated notable fiber damages
occurring in participants with LA compared with healthy
controls. These fiber damages were believed to maintain
stable as the individual progressed to dementia during the
disease course. Specifically, the CC fiber loss exhibited
stability across the spectrum of cognitive function in par-
ticipants with LA, and may be more conducive to charac-
terizing the early changes in dementia with white matter
lesions load. The anterior-posterior microstructure dam-
age associated with cognitive degradation was found to
predict visual-spatial impairments and may indicate a
clinical manifestation of LA-related cognitive impair-
ments.
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