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Abstract
Background Early-onset Alzheimer’s disease (EOAD) has more domain cognitive de�cits and worse
prognosis than late-onset Alzheimer’s disease (LOAD). However, changes to white matter �ber pathways
subserving the structural networks are still unclear, mainly due to the di�culty of modeling crossing-�ber
populations. Thus, we used the recently established method, �xel-based analysis (FBA), to investigate
�ber-speci�c white matter (WM) reduction patterns in EOAD and LOAD.

Methods We identi�ed 31 EOAD, 45 LOAD, 64 younger and 46 healthy elder controls (YHC/OHC). To
repeat results, we further performed FBA in the ADNI database, including 17 EOAD, 30 LOAD, 31 YHC, and
34 OHC. Each subject underwent diffusion MRI scanning and neuropsychological assessments. Subjects
from the ADNI database additionally underwent �orbetapir and �ortaucipir-PET examination. We
measured the �ber density (FD) and �ber bundle cross-section (FC), then compared patients versus their
counterparts (FWE corrected, P < 0.05). According to �xel-wise results, we further performed the tract of
interest analyses.

Results In the ZJU database, EOAD had decreased FD in the splenium of CC (SCC), limbic tracts,
cingulum bundles, and posterior thalamic radiation (PTR), and decreased FC in the SCC, dorsal cingulum
and PTR. By contrast, LOAD had comparable FD and FC decrease, centered to the SCC, cingulum bundles,
and posterior association tracts. Both EOAD and LOAD had a similar decrease in FDC, mainly involving
the cingulum bundle. Importantly, we found similar trends in the ADNI database. Correlation results
showed that both the FD and FC were related to multiple cognitive performance and disease severity.
Further, FD of fornix column and body and FC of ventral cingulum correlated with composite amyloid (r =
-0.34) and tau level (r = -0.53) re�ected by PET imaging, respectively.

Conclusions Distinct WM damage in EOAD and LOAD might account for different cognitive pictures.
Further, FD and FC might re�ect different pathophysiological processes.

1. Background
Alzheimer’s disease (AD) characterized by amyloid plaques and neuro�brillary tangles (NFTs) [1].
According to the onset age (65 years), we could further divide AD into early- and late-onset Alzheimer’s
disease (EOAD/LOAD) [2]. Not merely dementia occurring at a younger age, EOAD had a shorter survival
time than LOAD, due to its more atypical clinical symptoms and faster clinical course [3]. Apart from
memory de�cit, EOAD also tends to have worse performance in attention, visuospatial skills, and
executive functions [4, 5]. Both EOAD and LOAD share the same neuropathological hallmarks but present
distinct deposition patterns [6, 7]. Topologically, multiple studies have reported that EOAD patients show
higher burdens of amyloid deposition and NFTs than LOAD in frontal and parietal lobes [8–10].

Although core AD pathology mainly involves cortex, WM is not spared. Previous work diffusion tensor
imaging (DTI) work demonstrated that LOAD has altered fractional anisotropy (FA) and mean diffusivity
(MD) in the posterior cingulum, corpus callosum, and temporal lobes; while EOAD had more widespread
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WM damage than LOAD [11]. Combined with the distinct cognitive pro�le of EOAD and LOAD, suggesting
WM microstructure abnormalities serve as a useful imaging AD marker. Recently, the widely accepted
disconnection hypothesis states that AD is featured by altered segmentation or integration relationships
within or between intrinsic brain networks. Both the EOAD and LOAD have comparable changes in the
default mode network (DMN), which is closely related to memory; but EOAD has more disruptions in
networks relating to the executive, language, and visuospatial functions [12–14]. Considering the
correlation between structural and functional connectivity, investigating alterations within speci�c WM
pathways would provide a greater understanding of EOAD.

However, the major drawback of the diffusion model is its insu�cient ability to model crossing-�ber
populations [11]. Accordingly, a novel analytic framework known as �xel-based analysis (FBA) was
proposed, which may improve the speci�city for investigating WM changes by separating the WM
damage in micro- and macrostructural level [15]. FBA metrics comprise the �ber density (FD) and cross-
section (FC), represent the micro- and macrostructural properties of the �ber bundle, respectively.
Considering the different WM damage patterns between EOAD and LOAD, we thus hypothesize that FBA
may disentangle these alterations, improving our understanding of the neuropathological mechanism.
Our study aims include: 1) assess �xel-speci�c WM damage pattern in EOAD and LOAD; 2) determine if
these WM properties are associated with cognitive and neuropathological biomarkers; 3) validate result
reproducibility in two independent databases.

2. Methods
2.1 Participant and neuropsychological assessment

Each participant underwent multi-sequence MRI scanning and comprehensive neuropsychological
evolutions. In the ZJU database, the diagnosis of probable AD was made by an experienced neurologist
according to the NINCDS/ADRDA criteria. Regarding the ADNI database (Supplementary materials 1),
neurologists from multiple cooperation institutes made the AD diagnosis. Consistent with previous
studies, we dichotomized AD patients into early- and late-onset groups (age at onset <65 or ≥ 65 years,
respectively) [9, 11]. Detailed inclusion and exclusion criteria are available in Supplementary materials 2.

 

We grouped controls into younger and older healthy controls (YHC/OHC, age <65 or ≥ 65 years,
respectively). The age, education, and sex of YHC and OHC matched well to their corresponding patient
groups, respectively. Finally, 31 EOAD, 45 LOAD, 64 YHC, and 46 OHC from the ZJU database, as well as
17 EOAD, 30 LOAD, 31 YHC, and 34 OHC from the ADNI database were identi�ed (Table 1 and
Supplementary Table 1).

 

2.2 MR imaging acquisition



Page 5/19

In both databases, researchers used foam padding and earplugs to limit head motion and reduce scanner
noise. Regarding the ZJU database, MRI data were acquired from the 3.0 Tesla scanner (GE Discover
750) using an 8-channel head coil. We acquired the T1-weighted structural images based on the fast-
spoiled gradient-echo sequence with TR = 7.3 ms, TE = 3.0 ms; slice number = 196; FOV=256 ×256; voxel
size=1.02 ×mm ×1.02 ×mm 1.2×mm; �ip angle = 11°; and bandwidth = 244.141 Hz/pix. DWI data were
acquired using a single shot, diffusion-weighted spin-echo echo-planar imaging sequence. Speci�cally,
images were acquired using b = 1,000 s/mm2 in 30 directions; 5 volumes were acquired without diffusion
weighting (b-value = 0 s/mm2). Other parameters of DTI were as follows: TR/TE = 8,000/80.8 ms, �ip
angle = 90°, slice thickness = 2 mm without slice gap, matrix size = 128 × 128, FOV = 256 × 256. More
information of ADNI acquisition in Supplementary material 3.

 

2.3 DWI pre-processing and FBA

The DWI data pre-processing and FBA were performed using MRtrix3 (www.mrtrix.org) [16]. We �rstly
denoised the DWI and then corrected eddy-current, head motion, and bias �eld; then we normalized
intensity across subjects. One experienced radiologist visually inspected the processed images.

 

Before the FBA, an average response function was �rstly generated by averaging all subjects’ single �ber
response function. Then, �ber orientation distributions (FODs) were estimated using constrained
spherical deconvolution (CSD), and we applied multi-shell multi-tissue (MSMT) CSD to obtain more
robust outcomes [17]. From between-group comparisons, we generated a young subjects’ FOD template
based on randomly selected 10 EOAD and 10 YHC. Similarly, we calculated the elder subjects’ FOD
template. Then the �ber orientation distributions in the template were segmented to �xels for generating
the �xel template analysis mask. For spatial correspondence, the FOD image of each subject was
transformed into the corresponding template. Then we used resulting local transformations to segment
and reorient �xels to match the template in each voxel. Finally, we assigned FD, FC, and FDC to �xels in
the template space.

 

To facilitate connectivity-based �xel enhancement (CFE), whole-brain probabilistic tractography was
performed on a group-wised FOD template. A total of 20 million streamlines was generated and �ltered to
2 million for reducing reconstruction biases using the spherical deconvolution informed �ltering of
tractograms (SIFT) algorithm [18].

 

2.4 Tensor based analyses

http://www.mrtrix.org/
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Based on FSLo compare the result differences between the novel and conventional approaches, we
performed the tract-based spatial statistics (TBSS) to re-evaluate the white matter degenerations in the
ZJU database based on FSL (http://www.fmrib.ox.ac.uk/fsl/) [9, 10]. We calculated the commonly used
metrics, fractional anisotropy (FA) and mean diffusivity (MD), then projected them to a target skeleton.
Specially, (1) the FA template was selected as the target image; (2) the nonlinear transformation that
mapped each subjects’ FA to the target image computed using the FMRIB’s non-linear image registration
tool; (3) the same transformation was used to align each subject’s FA to the standard space. A mean FA
image was then created by averaging the aligned individual FA images and thinned to generate an FA
skeleton representing WM tracts common to all subjects. After generating the FA skeleton, we then
performed a voxel-wise comparison by using the threshold-free cluster enhancement to determine group
differences between EOAD and YNC, as well as LOAD and ONC (Threshold-Free Cluster Enhancement,
TFCE corrected, p < 0.05) [11].

 

 

2.5 PET image data

In the ADNI database, 13 out of 17 EOAD (76.5%), 27 out of 30 LOAD (90.0%), 12 out of 31 YHC (38.7%),
and 32 out of 34 OHC (94.1%) had �orbetapir PET data; 6 out of 17 EOAD (35.3%), 18 out of 31 YHC
(58.1%), and 16 out of 34 OHC (47.0%) had �ortaucipir-PET data [19]. Based on prior-de�ned regions of
interest (ROI), standardized update value ratios (SUVRs) were calculated using the mean signal of the
whole cerebellar (�orbetapir) and cerebellar cortex (�ortaucipir) as the reference region. We chose 4 ROI
including the SUVRs of composite amyloid deposition and Tau from Braak stage I/II, III/IV, and V/VI
(Supplementary materials 2) [1].

 

2.6 Statistical analysis

2.6.1 Analysis of demographics

Based on the SPSS (Statistical Product and Service Solutions, Version 23) of the Window system, we
performed statistical analyses of demographic data. Continuous variables were compared using two-
sample T-tests. Group differences in categorical variables were assessed using Fisher’s exact test.

 

2.6.2 Fixel-based analysis

We �rst compared FD, FC, and FDC in the �xel level (FWE corrected, P-values < 0.05, 5000 permutations,
controlling age and sex). We performed connectivity-based smoothing and statistical inference using CFE
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(smoothing = 10 mm full-width at half-maximum, C = 0.5, E = 2, H = 3) [20]. Signi�cant streamlines were
color-coded by the effect size (percentage) relative to their corresponding controls.

 

2.6.3 Tract-based analysis and correlation analysis

Based on �xel-based analysis results, we focused on 12 tracts, including the splenium of corpus
callosum (SCC), fornix column and body, bilateral dorsal and ventral cingulum, inferior longitudinal
fasciculus/inferior frontal-occipital fasciculus (ILF/IFOF), posterior thalamic radiation (PTR), and fornix-
hippocampus (HP). We extracted mean FD, FC, and FDC values from tracts and used two-sample t-tests
to assess the differences of FBA metrics between AD patients and counterpart, controlling for age and
sex (Bonferroni-corrected, P-value < 0.05). Furthermore, we explored the correlation between mean FBA
metrics and cognitive performances, as well as PET biomarkers (P-value < 0.001 uncorrected, controlling
for age and sex).

 

3. Results

3.1 Demographics
Patients and control groups did not signi�cantly differ in age, gender, education. Further, for each
database, no general cognitive score differences were found between EOAD and LOAD, as well as YHC
and OHC (p > 0.05). Further, there is no interaction relationship between the effect of onset age (< 65 or ≥ 
65 years) and disease status (healthy control or AD patients) (p > 0.05). Notably, patients in the ADNI
database (Supplementary Table 1) had milder disease severity and higher education than those patients
in the ZJU database (Table 1).

3.2 Whole-brain FBA results

3.2.1 ZJU database
EOAD had a widespread FD decrease in the SCC, fornix column and body, left fornix-HP, bilateral
dorsal/ventral cingulum, and PTR; additionally, EOAD had FC decrease in the SCC, bilateral dorsal
cingulum, and PTR. Regarding the composite index, EOAD had a widespread FDC decrease in the SCC,
left fornix-HP, bilateral dorsal/ventral cingulum, and PTR relative to YHC. By contrast, we found that LOAD
patients had an FD decrease in the bilateral dorsal/ventral cingulum and left ILF/IFOF and had an FC
decrease in the SCC, bilateral dorsal/ventral cingulum, PTR, and ILF/IFOF relative to OHC. Further, LOAD
had decreased FDC in the SCC, bilateral dorsal/ventral cingulum, ILF/IFOF, and PTR (Fig. 1, left).

3.2.2 ADNI database
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EOAD had decreased FD in the whole CC, fornix column and body, and left ventral cingulum compared to
YHC, but no FC difference between EOAD and YHC existed. EOAD only had FDC decreases in the left
ventral cingulum. By contrast, LOAD had an FD decrease in the SCC, fornix column and body, right fornix
HP, and left ventral cingulum relative to OHC. Further, LOAD had decreased FC in the fornix column and
body and left dorsal cingulum, and FDC decreases in the SCC and left dorsal/ventral cingulum (Fig. 1,
right).

3.3 Tract level analysis

3.3.1 ZJU database
EOAD had decreased mean FD in the SCC, fornix column and body, bilateral dorsal/ventral cingulum,
right PTR, left fornix-HP, as well as decreased mean FC in the SCC, bilateral dorsal cingulum and PTR;
further, EOAD had mean FDC decrease in the SCC, bilateral cingulum bundles and PTR, and left fornix-HP.
On the other side, LOAD had decreased mean FD in the right dorsal cingulum, bilateral ventral cingulum,
left ILF/IFOF, as well as decreased mean FC in the SCC, bilateral ILF/IFOF and PTR. Additionally, LOAD
exhibited mean FDC decreases in the SCC, bilateral cingulum bundles, ILF/IFOF, and PTR (Fig. 2).

3.3.2 ADNI database
EOAD had decreased mean FD in the fornix column and body and left ventral cingulum. However, no
difference in mean FC and FDC between EOAD and YHC existed. On the other side, LOAD had
signi�cantly decreased mean FD in the fornix column and body, bilateral ventral cingulum, as well as
decreased mean FC in the fornix column and body. Further, LOAD patients had decreased FDC in left
cingulum HP.

3.4 Relationship between �xel-based metrics and
cognitive/neuropathologies
Across four groups (EOAD, YHC, LOAD, and OHC), we correlated both the mean FD and FC with the
cognitive score. Concisely, we only displayed the correlation results between mean FBA metrics (i.e., FD
and FC) and MMSE/CDR sum (Supplementary Materials 6/7). Further, within the ADNI database, we
correlated both the mean FD and FC with PET-derived AD neuropathological markers.

3.4.1 ZJU database
We found that MMSE was related with FD in the SCC (r = 0.33), bilateral dorsal cingulum (r = 0.40/0.38,
respectively), left ventral cingulum (r = 0.48), bilateral ILF/IFOF (r = 0.23/0.25, respectively); while CDR
sum was related with FD in the SCC (r = -0.31), bilateral dorsal cingulum (r = -0.28/-0.26, respectively), left
ventral cingulum (r = -0.42). On the other side, we found that MMSE was related with FC in the SCC (r =
-0.35), bilateral dorsal cingulum (r = 0.26/0.33, respectively), ILF/IFOF (r = 0.28/0.25, respectively), and
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PTR (r = 0.39/0.43, respectively); while CDR sum was related with FC in the SCC (r = -0.29), left dorsal
cingulum (r = -0.28), and bilateral PTR (r = -0.32/-0.35, respectively).

3.4.2 ADNI database
We found that MMSE was related with FD in the SCC (r = 0.33), bilateral dorsal cingulum (r = 0.40/0.38,
respectively), left ventral cingulum (r = 0.48), and bilateral ILF/IFOF (r = 0.23/0.25, respectively); while CDR
sum was related with FD in SCC (r = -0.31), bilateral dorsal cingulum (r = -0.28/-0.26, respectively), left
ventral cingulum (r = 0.42). On the other side, MMSE was related with FC in the SCC (r = 0.35), bilateral
dorsal cingulum (r = 0.26/0.33, respectively), ILF/IFOF (r = 0.28/0.25, respectively), PTR (r = 0.39/0.43,
respectively); while CDR sum was related with FC in the SCC (r = -0.29), left dorsal cingulum (r = -0.28),
and bilateral PTR (r = -0.32/-0.35, respectively).

3.4.3 Association between FBA metrics and PET data
Across groups in the ADNI database, FD of fornix column and body correlated with composite amyloid
deposition SUVR (r = -0.34), while right ventral cingulum FC correlated with mean tau retention of Braak I-
II ROI, including the bilateral entorhinal and hippocampus (r = -0.53).

3.5 Repeated analyses after matching sample size of two
databases
To eliminate the differences potentially caused by statistical effects, we matched the sample size of two
databases by reducing the subjects in the ZJU database. However, results were mostly unchanged
(Supplementary materials 5).

4. Discussion
The main �ndings include: (i) WM damage is more widespread in EOAD, but more pronounced and
restricted in LOAD; (ii) in both databases, EOAD is featured by FD decrease rather than FC; (iii) FD and FC
were related to cognitive, disease severity, and different pathological markers. Therefore distinct WM
damage pattern between EOAD and LOAD account for different cognitive pictures and pathological
processes.

4.1 WM damage is more widespread in EOAD, but more
pronounced and restricted in LOAD
WM damage in LOAD was centered on the bilateral dorsal and ventral cingulum and ILF/IFOF across two
databases. Notably, WM impairments of LOAD were more pronounced, though less spatially extensive
than EOAD. This result is consistent with the evidence that AD patients with a younger onset age had less
pathology in the hippocampus but extensive involvement of cortex [21]. Anatomically, the cingulum
bundle connects the anterior medial prefrontal cortex, PCC, and medial temporal lobe, which are the core
regions of DMN [22]. Besides, bilateral ILF/IFOF directly connect angular gyrus with DMN [23]. Our results
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thus suggested that WM tracts subserving DMN are especially susceptible to damage effects. Similarly,
previous functional studies also reported that LOAD patients were featured by restricted DMN
disconnection [12–14]. Our TBSS results also showed that LOAD had a more extensive FA decreased or
MD increased than both the results of FD or FC (Supplementary materials 4).

Importantly, EOAD exhibited additional WM damage in the fornix column and body, left fornix-HP, SCC,
and PTR. Previous work also demonstrated that EOAD had more widespread WM microstructural damage
than LOAD [11, 24]. Our WM results are also supported by previous functional imaging evidence,
documenting that EOAD is featured by various network dysfunction involving executive control,
visuospatial, language, and memory-related networks [12–14]. In detail, fornix-related tracts, as the
structural support of DMN, lie along the HP concavity and prolonged into the parahippocampal gyrus;
SCC accounts for the homotopic connections between the bilateral parietal and posterior cingulate
cortices, comprising the executive-related network [25]; while PTR connects the thalamus with the visual
cortex, acting as the foundation of visuospatial and language function [26]. Combined with correlation
results that mean FBA metrics of fornix-related tracts, SCC, and PTR are related to multi-domain cognitive
performance, we thus inferred that widespread WM loss in EOAD might contribute to cognitive de�cits.

4.2 WM damage of EOAD is featured by reduced FD
In the ZJU database, EOAD showed a decrease in both FD and FC, while FC decrease was more salient
than FD in LOAD. Decreased FD represents decreased volume fraction of restricted water within a voxel;
while decreased FC re�ects a shrink of �ber bundle's cross-sectional area [15]. FD and FC decrease thus
might represent two pathological types. Therefore, EOAD may undergo WM disruption resulting from the
damage effects of amyloid plaques and NFTs; By contrast, NFTs may dominate WM damages in LOAD.
Our hypothesis is supported by results that FD and FC were associated with amyloid deposition and tau
retention, respectively. Our interpretation in line with neuropathological results, documenting that EOAD
had a higher burden of AD neuropathologies than LOAD. Additionally, in both EOAD and LOAD, we noted
that WM tracts showing FD decreases (i.e., fornix-related tracts) were anatomically connected with DMN,
which is the earliest region involved in amyloid pathologies. By contrast, tracts showing FC decrease are
long projection �bers (e.g., PTR) from posterior cortices. This is consistent with the work showed that
parietal WM damage in AD was driven more by NFTs than amyloid plaques [27].

4.3 Discrepant results between databases
Although most results showed same trend, still discrepancies existed between databases, even matching
the sample size of two databases. In the ADNI database, damage range of FD and FC is smaller than
ZJU. Additionally, patients of LOAD in ADNI manifested as salient FD decrease rather than FC, and vice
versa for ZJU. Several reasons may account for the differences: �rst the clinical severity for the ADNI
patients is milder than ZJU patients. Accordingly, WM tracts involved early in the AD continuum had
similar damage degrees across databases, such as cingulum bundles and fornix-related tracts [28].
Second, brain reserve may alleviate WM damage, re�ecting by microstructural WM damage �rst followed
by macrostructural one [29]. Signi�cantly, ADNI subjects had a higher education than ZJU.
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Regarding limitations, �rst, based on the 2018 AD research framework, ATN biological diagnosis criteria
are recommended to diagnose AD patients. Second, although the lower b-value should not in�uence the
FC metric, higher b-value (3000s/mm2) could improve the capability to resolve crossing �ber regions [15].
Conclusively, EOAD had more widespread WM microstructural damage than LOAD, which may contribute
to worse cognitive pro�les. Additionally, FD and FC could re�ect different pathologies of WM loss.

5. Conclusion
We investigate the WM damage pattern difference between EOAD and LOAD. We found that EOAD had
more widespread WM microstructural damage than LOAD, which may contribute to their worse cognitive
pro�les. WM microstructural and macrostructural damage was respectively associated with amyloid and
NFTs, implicating that EOAD patients’ WM are more susceptible to amyloid deposition.

6. List Of Abbreviations
FD, �ber density; FC, �ber bundle cross-section; FDC, �ber density & bundle cross-section; EOAD, early-
onset Alzheimer's disease (EOAD); LOAD, late-onset Alzheimer's disease; YHC, young healthy controls, and
OHC, old healthy controls
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The ZJU database used and analyzed during the present study are available from the corresponding
author on reasonable request. The ADNI is a longitudinal multicenter and open-source study, designed to
develop clinical, imaging, genetic, and biochemical biomarkers for the early detection and tracking of AD.
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Table 1
Table 1. Clinical and demographic data of the ZJU database

         

Groups YHC EOAD OHC LOAD Interaction ANOVA
     F/χ2 P-value F/χ2 P-value

Number 64 31  46 45  / / / /

Age, years 59.7 (2.5) 60.8 (3.3) 72.4 (3.8) 74.3 (4.6) 0.7 0.4 86.9 <0.001
Education, years 10.7 (3.7) 9.4 (2.9) 10.5 (4.1) 10.5 (4.0) 2.6 0.1 0.9  0.4
Sex, F/M 38/26 21/10 22/24 23/22 0.1 0.8 3.7 0.3
GDS 1.9 (2.5) 1.6 (1.5) 1.2 (1.6) 1.4 (1.2 0.7 0.4 1.2 0.3
Disease severity         
     CDR global 0 (0) 1.1 (0.3) 0 (0) 1.0 (0.5) 0.2 0.6 220.9  <0.001
     CDR sum 0 (0) 4.9 (2.1) 0 (0.1) 4.7 (3.6) 0.1 0.7 87.0 <0.001
General cognitive         
     MMSE 28.1 (1.6) 20.6 (3.6) 28.3 (1.5) 20.0 (3.7) 0.7 0.4 140.0 <0.001

Memory         
     LM delay 8.5 (4.3) 0.6 (1.3) 8.6 (3.7) 0.3 (0.7) 0.01 0.9 96.0 <0.001
Executive         
     TMT-B 172.6 (64.3) 223.6 (90.6) 181.5 (69.8) 250.3 (83.4) 0.1 0.7 17.8 <0.001
Language          
     SVF 16.3 (3.9) 11.0 (5.3) 16.0 (4.8) 8.9 (5.0) 3.6 0.1 31.3 <0.001
Attention         
     TMT-A 69.2 (28.2) 98.3 (40.6) 70.8 (29.8) 106.3 (38.0) 0.4 0.6 16.5 <0.001
Visuospatial         
     CDT 4.1 (0.7) 3.2 (0.6) 4.3 (0.6) 3.3 (0.6) 0.2 0.7 33.6 <0.001

   and  represent the significant difference between YHC and OHC, as well as EOAD and LOAD (p<0.05), respectively. Interactive effects

comprise the factors of onset age (<65 or ≥65 years) and disease status (controls or patients). Abbreviations: YHC, young healthy controls; EOAD,

early-onset Alzheimer's disease; OHC, old healthy controls; LOAD, late-onset Alzheimer's disease; CDR global/sum, Clinical Dementia Rating, global

score and sum score of box; MMSE, Mini-Mental State Examination; GDS, Geriatric Depression Scale; LM, Logical Memory; TMT-A/B, Trail Making

Test, part A/B; SVF, Semantic Verbal Fluency
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Figure 1

illustrates the location reference and �ber tract-speci�c reduction in EOAD/LOAD versus controls from
whole-brain FBA.
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Figure 2

illustrates the group difference (patient VS. control) in mean �ber density and cross-section (FDC) based
on the ZJU database.
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Figure 3

illustrates the association between �xel-based analysis metrics and clinical data.
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Figure 4

illustrates the hypothetical model of white matter pathological processes in early-onset Alzheimer’s
disease (EOAD) and late-onset Alzheimer's disease (LOAD).
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