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Clinical effect of white matter network

disruption related to amyloid and small
vessel disease

ABSTRACT

Background: We tested our hypothesis that the white matter network might mediate the effect of
amyloid and small vessel disease (SVD) on cortical thickness and/or cognition.

Methods: We prospectively recruited 232 patients with cognitive impairment. Amyloid was
assessed using Pittsburgh compound B-PET. SVD was quantified as white matter hyperintensity
volume and lacune number. The regional white matter network connectivity was measured as
regional nodal efficiency by applying graph theoretical analysis to diffusion tensor imaging data.
We measured cortical thickness and performed neuropsychological tests.

Results: SVD burden was associated with decreased nodal efficiency in the bilateral frontal,
lateral temporal, lateral parietal, and occipital regions. Path analyses showed that the frontal
nodal efficiency mediated the effect of SVD on the frontal atrophy and frontal-executive dysfunc-
tion. The temporoparietal nodal efficiency mediated the effect of SVD on the temporoparietal
atrophy and memory dysfunction. However, Pittsburgh compound B retention ratio affected cor-
tical atrophy and cognitive impairment without being mediated by nodal efficiency.

Conclusions: We suggest that a disrupted white matter network mediates the effect of SVD, but
not amyloid, on specific patterns of cortical atrophy and/or cognitive impairment. Therefore, our
findings provide insight to better understand how amyloid and SVD burden can give rise to brain
atrophy or cognitive impairment in specific patterns. Neurology® 2015;85:63-70

GLOSSARY

AAL = automated anatomical labeling; AD = Alzheimer disease; aMCl = amnestic mild cognitive impairment; DSM-IV =
Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition); DTI = diffusion tensor imaging; FLAIR = fluid-
attenuated inversion recovery; MNI = Montreal Neurological Institute; PiB = Pittsburgh compound B; SVaD = subcortical
vascular dementia; SVD = small vessel disease; svMCI = subcortical vascular mild cognitive impairment; WM = white matter;
WMH = white matter hyperintensity.

Alzheimer disease (AD) is characterized by accumulation of B-amyloid plaques and temporo-
parietal atrophy, resulting in memory dysfunction."* Subcortical vascular dementia (SVaD) is
typically identified by extensive small vessel disease (SVD) markers and frontal atrophy, resulting
in frontal-executive dysfunction.” However, it remains unknown how atrophy in specific regions
or cognitive impairment in specific domains arises from amyloid and SVD burden, the 2 most
commonly coexisting pathologies in patients with dementia.*”

Graph theoretical analysis using diffusion tensor imaging (DTI) data can facilitate examination of
large-scale white matter (WM) connectivity of the human brain from a network perspective.® There is
increasing evidence that patients with AD and SVD demonstrate a disrupted WM network.”””

*These authors contributed equally to this work.
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However, the clinical effect of WM network dis-
ruption related to amyloid and SVD remains
unknown. With the following evidence, we sug-
gest that the WM network might be a key link
between amyloid/SVD burden and cortical atro-
phy or cognitive impairment: (1) alteration in
the WM network was associated with cognitive
impairment,'® (2) propagation of amyloid fibrils
and progression of brain atrophy occurred along
WM fiber pathways,'" and (3) the topography of
cortical atrophy related to WM hyperintensity
(WMH) was similar to cortical regions con-
nected via WM tracts, suggesting that cortical
regions that are interconnected via the damaged
tracts might become atrophic.'?

We tested the hypothesis that the WM net-
work might be a key link between amyloid/
SVD burden and cortical atrophy or cognitive
impairment. We then performed path analyses
to evaluate whether the WM network mediates
the association between amyloid/SVD burden
and cortical atrophy or cognition.

METHODS Participants. We prospectively recruited 251
participants with cognitive impairment who underwent Pitts-
burgh compound B (PiB)-PET and structural brain MRI, from
July 2007 to July 2011. All participants were clinically diagnosed
at Samsung Medical Center. Patients with amnestic mild cogni-
tive impairment (aMCI, n = 45) and those with subcortical
vascular mild cognitive impairment (svMCI, n = 67) met the
Petersen criteria for mild cognitive impairment with modifica-
tions."? Patients with probable AD dementia (n = 69) met cri-
teria proposed by the National Institute of Neurological and
Communicative Disorders and Stroke and the Alzheimer’s Dis-
ease and Related Disorders Association.'# Patients with SVaD
(n = 70) met the diagnostic criteria for vascular dementia as
determined by the DSM-1V; and also met the imaging criteria
for SVaD proposed by Erkinjuntti et al."> Patients with svMCI
and SVaD had severe WMH on fluid-attenuated inversion
recovery (FLAIR) images, which was defined as periventricular
WMH =10 mm and deep WMH =25 mm, as modified from
the Fazekas ischemia criteria.'® Patients with aMCI and AD were
classified as having minimal (periventricular WMH <5 mm and
deep WMH <5 mm) or moderate WMH (between minimal and
severe WMH). The WMH meets the definition of WMH of
presumed vascular origin, recently proposed by Wardlaw et al."”

Patients with territorial infarctions, WMH due to radiation
injury, leukodystrophy, multiple sclerosis, or vasculitis were
excluded. All patients underwent a clinical interview and neuro-
logic examination. In addition, complete blood count, blood
chemistry, vitamin Bj,/folate level, syphilis serology, thyroid
function, and APOE genotype were tested through blood sample.

Standard protocol approvals, registrations, and patient
consents. This study was approved by the institutional review
board of Samsung Medical Center. We obtained written consent

from each patient.

PiB-PET acquisition and data analysis. All patients com-
pleted an ["'C]PiB-PET scan at Samsung Medical Center or Asan
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Medical Center. All participants completed the same type of PET
scan with a Discovery STe PET/CT scanner (GE Medical Sys-
tems, Milwaukee, WI). When measuring PiB retention, cerebel-
lar gray matter was used as the reference region. We defined the
PiB retention ratio as a continuous variable representing amyloid
burden. The detailed radiochemistry profiles, scanning protocol,
and PiB-PET data analysis are described in appendix e-1 on the
Neurology® Web site at Neurology.org and in a previous study.’

MRI techniques. We acquired standardized T2, 3-dimensional T1
turbo field echo, 3-dimensional FLAIR, and DTIs from all
participants at Samsung Medical Center using the same 3.0T MRI
scanner (Philips 3.0T Achieva; Philips Healthcare, Andover, MA).
Detailed imaging parameters are described in appendix e-2. In
whole-brain DTI-MRI examination, sets of axial diffusion-weighted
single-shot echo-planar images were collected with the following
parameters: 128 X 128 acquisition matrix; 1.72 X 1.72 X 2 mm’
voxel size; 70 axial slices; 22 X 22 cm? field of view; echo time 60
milliseconds, repetition time 7,696 milliseconds; flip angle 90°; slice
gap 0 mmy; b-factor of 600 s/mm?. Diffusion-weighted images were
acquired from 45 different directions using the baseline image without
weighting (0, 0, 0). All axial sections were acquired parallel to the

anterior commissure—posterior commissure line.

Measurement of WMH volume and lacunes. We measured
volume of WMH (in milliliters) on FLAIR images using an auto-
mated method.'® Detailed methods are described in appendix e-3.

A lacune was defined as a lesion =3 mm and =15 mm in
diameter with low signal on T1-weighted images, high signal on
T2-weighted images, and perilesional halo on FLAIR images.
This meets the definition of lacune of presumed vascular origin,
recently proposed by Wardlaw et al.'” Two neurologists manually

counted the number of lacunes, with a k value of 0.78.

Network node definition. We used the automated anatomical
labeling (AAL) atlas" to parcellate the entire cerebral cortex into 78
areas (39 regions in each hemisphere) and to define the nodes of a
brain graph. Individual T1-weighted images were nonlinearly
registered to the ICBM152 T1 template in Montreal Neurological
Institute (MNI) space.”® The AAL atlas was transformed from MNI
space to T1 native space using the inverse transformation with a

nearest-neighbor interpolation method.

Network edge definition. We corrected distortions in DTTs
caused by eddy currents and simple head motions by using the
diffusion toolbox of the FSL (FMRIB’s Software Library) package
(www.fmrib.ox.ac.uk/fsl/fdt). Diffusion tensor models were
estimated, and fractional anisotropy and mean diffusivity were
calculated at each voxel. Whole-brain WM fiber tracts in native
diffusion space for each participant were reconstructed using fiber
assignment by a continuous tracking algorithm®' that is embedded
in the Diffusion Toolkit (trackvis.org).”* Tracking was terminated
when the angle between 2 consecutive orientation vectors was
greater than 45°, or when both ends of the fibers extended
outside of the WM mask that was gencrated by the tissue
segmentation process.”>** A fiber cutoff filter was applied so that
fibers shorter than 20 mm and longer than 200 mm were filtered.

Using the affine registration tool from the FSL package (www.
fmrib.ox.ac.uk/fsl/flirt), we coregistered T'1-weighted images to the
b0 images. Reconstructed whole-brain fiber tracts were inversely
transformed into T1 space and fiber tracts and AAL-based parcel-
lated regions were located in the same space. We assume that 2
nodes (regions) were structurally connected by an edge when at
least the end points of 3 fiber tracts were located in these 2 regions.
We selected a threshold number of fiber tracts to reduce the risk of
false-positive connections due to noise or limitations of determin-

istic tractography.?** In this study, a mean fractional anisotropy
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value along all the fibers connecting a pair of regions was used to
weight the edge. Finally, weighted WM networks represented by

symmetric 78 X 78 matrices were constructed for each individual.

Network analysis. Graph theoretical analyses were performed
on weighted connectivity networks using the Brain Connectivity
Toolbox (www.brain-connectivity-toolbox.net).?* We used nodal
efficiency as a nodal topological characteristic. Nodal efficiency is
defined using the inverse of the weighted shortest path length
between a given node and all other nodes in the network.*® This
metric quantifies the importance of nodes for communication
within the network. Nodal efficiency was measured for each
node, and averaged values of the nodal efficiency (mean nodal
efficiency) in the frontal and temporoparietal regions predefined
in the AAL atlas were used for global analysis.

Of 251 participants, we excluded 6 patients for whom WMH
volume measurement failed because of segmentation errors, and
13 for whom the quality of diffusion image (low signal-to-noise
ratio) was not sufficient to reconstruct reliable fiber tracts. Thus,

network analysis was performed in 232 participants.

Cortical thickness data analysis. T1-weighted images were
processed using the standard MNI anatomical pipeline. Further
image processing for cortical thickness measurements is described
in appendix e-4. In this way, we obtained the mean thickness of

the frontal lobe and temporoparietal lobe.

Neuropsychological tests. Participants underwent neuropsy-
chological tests using a standardized neuropsychological battery.””
Based on the neuropsychological results, we calculated memory and
frontal-executive subdomain scores.” Memory-domain score

(memory score) was calculated by summing scores in orientation,

verbal memory, and visual memory tests. The memory score ranged
from 0 to 150. Frontal-executive-domain score (executive score)
was calculated by summing scores in a category word generation
task, a phonemic word generation task, and the Stroop color
reading test. The executive score ranged from 0 to 55.

Because of missing data in the memory score (n = 10) and
executive score (n = 21), path analysis for the memory score was
performed with data from 222 patients, and path analysis for the

executive score was performed with data from 211 patients.

Statistical analysis. To evaluate the association between neuro-
imaging markers (PiB retention ratio, WMH volume, lacune
number) and nodal efficiency, multiple linear regression analysis
was performed for each node. We entered age, sex, education, PiB
retention ratio, WMH volume, and lacune number to find the
independent effects of each imaging marker. False discovery rate
correction was performed to correct for multiple comparisons in
78 node regions.

To evaluate whether alteration of the WM network mediates
the effects of SVD markers and amyloid burden on cortical thick-
ness and cognition, path analyses were performed after control-
ling for age, sex, and education. Path analysis was used to
simultaneously consider the direct, indirect, and total effects of
predictors on outcomes through mediators. Because our intention
was to focus on frontal-executive and memory function, we
selected nodes or cortical regions that were related to frontal-
executive function (bilateral frontal lobe) when evaluating
frontal-executive function, and selected nodes or cortical regions
that were related to memory (bilateral temporal and parietal lobe)
when evaluating memory function (appendix e-5). Path analysis

using executive score as the outcome was performed using mean

[ Table 1 Demographics of participants

No.
Demographics
Age, y
Sex, female, n (%)

Education, y

Cardiovascular risk factors, n (%)

Hypertension
Diabetes mellitus
Hyperlipidemia
Heart disease

APOE genotype, n (%)*
€2 allele carrier
€4 allele carrier

Small vessel MRI markers
WMH volume, mL
Lacunes, n

Global PiB retention ratio

MMSE score

Total aMClI

232 43

721 (8.1) 701 (7.9)
131 (56.5) 20 (46.5)
10.1 (5.4) 12.4 (4.7)
144 (62.1) 16 (37.2)
47 (20.3) 5(11.6)
68 (29.3) 10 (23.3)
34 (14.7) 7 (16.3)
18/225 (8.0) 3/41 (7.3)
82/225 (36.4) 16/41 (39.0)
229 (22.3) 32(3.2)
6.7 (12.1) 0.6 (2.2)
1.8 (0.5) 1.8(0.5)
22.4 (5.7) 25.4 (4.7)

AD svMClI SVaD

64 59 66

69.7 (9.5) 74.1 (6.6) 73.7 (7.2)
40 (62.5) 34 (57.6) 37 (56.1)
10.4 (5.7) 9.8 (5.4) 8.7 (5.1)
34 (53.1) 43 (72.9) 51 (77.3)
10 (15.6) 16 (27.1) 16 (24.2)
15 (23.4) 18 (30.5) 25 (37.9)
5(7.8) 16 (27.1) 6(9.1)
3/62 (4.8) 7159 (11.9) 5/63 (7.9)
33/62 (53.2) 14/59 (23.7) 19/63 (30.2)
5.1(6.7) 33.8(17.9) 43.2(18.5)
0.3(0.8) 7.5 (8.5) 16.4 (17.0)
2.2(0.4) 1.5(0.4) 1.6 (0.5)
18.5 (5.8) 26.4 (2.8) 20.6 (4.9)

Abbreviations: AD = Alzheimer disease; aMCI| = amnestic mild cognitive impairment; MMSE = Mini-Mental State Examination; PiB = Pittsburgh compound B;
SVaD = subcortical vascular dementia; svMCI = subcortical vascular mild cognitive impairment; WMH = white matter hyperintensities.

Values are expressed as mean (SD) or n (%).

2 APOE genotyping was performed in 225 of 232 participants.
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[ Figure 1 Topography of nodal efficiency related to WMH (A) and lacunes (B) ]

Lateral view

Medial view

Lateral view

Medial view

Statistically significant nodes are colored in red (false discovery rate-corrected p < 0.05). The size of the node sphere
represents a standardized regression coefficient. WMH = white matter hyperintensities.

frontal nodal efficiency and mean frontal thickness as mediators
(path analysis A). Path analysis using memory score as the out-
come was performed using mean temporoparietal nodal efficiency
and mean temporoparietal thickness as mediators (path analysis
B). The pathobiological model of complex relationships between
various factors is shown in figure e-1. We also performed sub-
group analyses in patients with aMCI and AD (appendix e-6,
table e-1, figure e-2). Amos version 18.0 software (SPSS,
Chicago, IL) was used for all path analyses using maximum

likelihood estimation.

RESULTS Demographics. The characteristics of our
study participants are shown in table 1.

Decreased regional nodal efficiency related to SVD or
amyloid burden. Increased WMH volume was associ-
ated with decreased nodal efficiency in the bilateral
frontal, lateral temporal, lateral parietal, and occipital
regions sparing the medial temporal and precuneus
regions (figure 1A, table e-2). Increased number of
lacunes was associated with decreased nodal efficiency
in the left frontal, lateral temporal, and right lateral
parietal regions (figure 1B, table e-2). There were no
regions where PiB retention ratio was associated with
decreased nodal efficiency.

Path analyses. Prediction of frontal-executive function and
frontal cortical thickness. The path analysis for executive
score showed goodness of fit to the data: x> = 14.65,
degrees of freedom = 9, p = 0.101, comparative

Neurology 85 July 7, 2015

fit index = 0.986, and root-mean-square error
of approximation = 0.055 (table 2, figure 2A).
Increased WMH volume and lacunes were associated
with decreased mean frontal nodal efficiency, which
was further associated with decreased mean frontal
thickness that led to decreased executive score.
Decreased mean frontal nodal efficiency was associated
with decreased executive score without being mediated
by frontal thickness. Increased number of lacunes was
associated with decreased executive score without being
mediated by frontal nodal efficiency or thickness.
Increased PiB retention ratio was associated with
decreased executive score without being mediated by
frontal nodal efficiency.
Prediction of y fo
cortical thickness. The path analysis for memory score
showed goodness of fit to the data: x> = 13.93, degrees
of freedom = 10, p = 0.176, comparative fit index =

and temporoparietal

0.991, and root-mean-square error of approximation =
0.042 (table 2, figure 2B). Increased WMH volume
and lacunes were associated with decreased mean tem-
poroparietal nodal efficiency, which in turn was asso-
ciated with decreased mean temporoparietal thickness,
which led to decreased memory score. In contrast to
WMH or lacunes, PiB retention ratio affected memory
score without being mediated by nodal efficiency.
Increased PiB retention ratio was associated with

© 2015 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



Table 2

mediators (mean nodal efficiency and mean cortical thickness)

WMH volume, mL

Lacunes, n

Global PiB retention ratio
Mean frontal nodal efficiency

Mean frontal thickness

WMH volume, mL
Lacunes, n

Global PiB retention ratio

Mean temporoparietal nodal efficiency

Path analysis A

Effects of predictors (WMH volume, number of lacunes, and PiB retention ratio) on frontal-executive and memory function through

Mean frontal nodal efficiency

Mean frontal thickness

Executive score

B SH p Value B SE p Value B SE p Value
-0.374 0.073 0.010 —-0.206 0.102 0.074 0.024 0.075 0.676
-0.206 0.068 0.015 0.074 0.076 0.405 -0.188 0.064 0.024
0.076 0.059 0.224 —-0.080 0.061 0.231 -0.244 0.062 0.010
0.424 0.08 0.010 0.223 0.071 0.010
0.288 0.065 0.010
Path analysis B
Mean temporoparietal nodal
efficiency Mean temporoparietal thickness Memory score
B SE p Value B SE p Value B SE p Value
—-0.359 0.057 0.010 —-0.190 0.082 0.036 0.141 0.067 0.065
-0.237 0.065 0.010 0.044 0.078 0.565 -0.149 0.074 0.087
0.031 0.061 0.669 -0.230 0.067 0.010 -0.420 0.052 0.010
0.326 0.067 0.010 0.044 0.087 0.661
0.350 0.056 0.010

Mean temporoparietal thickness

Abbreviations: B = standardized beta coefficient; PiB = Pittsburgh compound B; SE = standard error; WMH = white matter hyperintensities.
Values shown are the results of path analyses for executive score (path analysis A) and memory score (path analysis B).

decreased mean temporoparietal thickness, which in
turn was associated with decreased memory score.
Increased PiB retention ratio was also associated with
decreased memory score without being mediated by
temporoparietal nodal efficiency or thickness.

We also investigated these relationships using
nodal strength, which is another local measure. The
results were generally similar to those of nodal effi-
ciency (figures e-3 and e-4, table e-3).

DISCUSSION The present study examined the clini-
cal effect of WM network disruption related to amy-
loid and SVD burdens. Our major findings were as
follows: (1) SVD burden was associated with decreased
nodal efficiency in widespread regions sparing medial
temporal and precuneus regions, while there were no
regions where amyloid burden was related to nodal
efficiency; (2) SVD burden resulted in frontal or tem-
poroparietal atrophy and frontal-executive or memory
dysfunction via disruption of the corresponding WM
network; and (3) amyloid burden affected cortical atro-
phy and cognitive impairment without being mediated
by the WM network. Taken together, our findings
suggest that alteration of the WM network mediates
the effects of SVD burden on cortical atrophy and/or
cognitive impairment. Furthermore, our findings pro-
vide insight to better understand how amyloid and
SVD burden can give rise to brain atrophy in specific
patterns or cognitive impairment in specific domains.

Our first major finding was that WMH were asso-
ciated with decreased nodal efficiency in widespread
regions. Several studies have already shown relation-
ships between SVD markers and WM injury.?°
However, to our knowledge, only a few studies have
evaluated these relationships from a regional network
perspective.® Nodal efficiency, one of the network
parameters, quantifies the importance of each node
for communication within a network. As expected,
WMH mostly affected nodal efficiency in the frontal
regions. This is consistent with a previous study,
which showed that WMH were associated with fron-
tal hypometabolism or frontal-executive dysfunction
regardless of their locations.?! In addition to the fron-
tal regions, larger WMH volume was associated with
decreased nodal efficiency in the lateral temporal and
lateral parietal regions. This is supported by a recent
study showing that WMH were associated with
memory, language, and visuospatial dysfunctions as
well as frontal-executive dysfunction.’® Of note, the
topography of decreased nodal efficiency related to
WMH relatively spared the medial temporal or pre-
cuneus regions. Previous studies have shown that the
precuneus is a major hub region in the brain® and is
involved in the early stage of AD.?** However, the
current results might be supported by our previous
study, which showed that patients with svMCI or
SVaD who had profound WMH, but no significant
amyloid burdens, had the entire cortical atrophy with

Neurology 85 July 7, 2015 67
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[ Figure 2 Schematic diagram of the path analyses for executive (A) and memory score (B) ]

b’f‘ Erontal |
N thickness =
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y >| Executive
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Memory
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White matter hyperintensity (WMH) volume, lacune number, and amyloid burden were entered as predictors. Mean nodal
efficiency and mean cortical thickness in specific regions were entered as mediators. Age, sex, and education were entered
as covariates. Numbers on the paths are standardized coefficients that were statistically significant.

the exception of the precuneus.*® Furthermore, re-
gions of decreased nodal efficiency related to WMH
overlapped with regions of cortical atrophy related to
WMH.'? Therefore, it is conceivable that disruption
of the WM network by WMH might be related to the
development of cortical atrophy. Moreover, sparing
of precuneus might be a feature discriminating pa-
tients with pure sYMCI or pure SVaD from those
with AD pathologies.

We found that the regional effects of lacunes on
nodal efficiency were less widespread than those of
WMH. This might be explained by differences in
the regional involvement of the 2 SVD markers. That
is, most lacunes occur focally in subcortical gray mat-
ter, while WMH usually involve widespread WM re-
gions that contain long projection and association
fasciculi connecting various cortical regions.’”

Our second major finding was that SVD burden
was associated with frontal/temporoparietal atrophy
and frontal-executive/memory dysfunctions via disrup-
tion of the corresponding WM network. We have
noted that decreased nodal efficiency and cortical atro-
phy regions related to WMH are similar; this indicates
that the disrupted WM network might be a key link
between SVD burden and cortical atrophy. That is,
cerebral hypoperfusion induced by SVD leads to ische-
mia in WM regions, causing demyelination and axonal
loss of the WM network, which in turn results in

Neurology 85 July 7, 2015

secondary damage to neuronal cell bodies and gray
matter atrophy. It is generally accepted that when brain
axons are injured, degeneration of the neuron occurs
both proximally (dying back) and distally (Wallerian
degeneration).*®* Therefore, our findings suggest that
SVD burden affects the WM network in the frontal
and temporoparietal regions, resulting in correspond-
ing cortical atrophy and eventually cognitive dysfunc-
tion. Alternatively, it is also possible that an ischemic
process that affects gray matter and causes loss of neu-
ronal cell bodies that have high metabolic demands
leads to axonal degeneration, measured as WM net-
work disruption and WMH. The sequential order and
cause-effect relationships between gray matter loss and
WM damage need to be investigated with longitudinal
studies.

We also found that the disrupted frontal WM net-
work affected frontal-executive dysfunction without
mediating frontal atrophy. We previously reported
that WMH independently affected cognitive impair-
ment regardless of cortical atrophy.'> Our findings are
in line with a recent study that showed that distur-
bances in WM connectivity explained a substantial
proportion of the variance in cognitive function on
top of markers of brain atrophy.'® Furthermore, we
found that lacunes affected frontal-executive dysfunc-
tion without mediating the WM network or causing
cortical atrophy in the frontal lobe.



In contrast to SVD burden, amyloid burden
affected cognitive impairment without mediating
the structural WM network. This trend was observed
when we performed path analyses for both memory
score and executive score. Although a previous study
suggested that patients with AD had a disrupted WM
network,” the amyloid burden was not quantified,
thus the results may have been derived from com-
bined WM lesions. Our findings suggest that the
WM network might be unaffected by amyloid when
the SVD burden is thoroughly controlled.

There are several limitations to our study. First, we
used a single diffusion tensor—based deterministic trac-
tography algorithm, which does not detect fiber cross-
ings. For future studies, advanced high angular resolution
diffusion imaging methods® should be used. Second,
because of the cross-sectional nature of the study, we
could only suggest associations. Further longitudinal
studies are needed. Third, PiB-PET may not be suffi-
ciently sensitive to detect soluble amyloid oligomers,
diffuse amyloid plaques, or neurofibrillary tangle-
predominant AD. Fourth, brain nodes related to fron-
tal-executive or memory functions are widely distributed
and parcellating functional areas based on an anatomical
atlas may create some bias. Finally, our path analyses did
not unravel their direct causative sequence. Nevertheless,
our findings have implications for understanding how
abnormalities in WM connectivity underlie the relation-
ship between amyloid/SVD burden and cognition.
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