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Research of Alzheimer's disease based on white matter network constructed with diffusion

tensor imaging
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Abstract: Objective To construct white matter structural network with diffusion tensor imaging, and research the abnormalities
of brain microstructure in patients with Alzheimer's disease (AD). Methods The structural brain networks of 19 normal controls
and 20 AD patients were reconstructed. Two-sample 7-test was used to compare the differences in the network topological
parameters of the whole brain and the specific brain region between AD patients and normal controls. Results For the whole
brain, the weighted path length ( L, ) was increased, while the global efficiency ( £, ), network strength (S, ) and local efficiency
(E,..) were decreased in AD patients. The further studies showed that the increases of L, and weighted clustering coefficient
(C,) and the decrease of E, were more obviously in the left hemisphere of AD patient as compared with the right hemisphere.
Precuneus was taken as the region of interest for analyzing the network topological parameters of the specific brain region, and
the results revealed that L, was increased and £, was decreased in bilateral precuneus, and that no significant difference was found
in C,and £, . Conclusion The network topological parameters can be used as indexes to evaluate the abnormalities of brian
microstructure in AD patients, which is of significance in the early diagnosis of AD.
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(D : Nonlinear transformation of the co-registered T,-weighted images to the same stereotactic space as the customized

template image; @), 3 : The inverse transformation was applied to warp the automated anatomical labeling template

from the MNI space to the native DTI space; @ : Estimation of the diffusion tensor to obtain eigenvalues and

eigenvectors for each voxel; (5 : Reconstruction of the whole brain white matter fibers using FACT algorithm; ©) :

Construction of the weighted brain WM network through FN and FA of fiber bundles connecting each pair of brain

regions; (7) : Using the BrainNet Viewer to plot the weighted brain WM network
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Fig.1 Brain network processing
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Tab.1 Difference analysis of the whole brain network topological parameters between AD group and normal control group

GTOUP SP Lp P Eg Elocal o
3.246 89+
AD 124.749 70426.123 74*  0.156 16+0.041 89* 0.019 58+0.006 65 6.758 58+1.456 09* 10.663 18+2.151 47* 0.751 17
3.294 41+
Normal control  152.170 40+33.408 80  0.125 09+0.025 98 0.017 76+0.008 27  8.320 051+1.703 08 12.337 80+2.496 70 A5G
AD: Alzheimer's disease; S, : Network strength; L, : Weighted path length; €, : Weighted clustering coefficient; £, : Global efficiency; k.. : Local efficiency;
*P<0.05
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Fig.2 The whole brain nodes in AD group and normal control group (The marked nodes are hub nodes.)

a: AD group

b: Normal control group
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Fig.3 The whole brain networks in AD group and normal control group
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Tab.2 Difference analysis of hemispherical network topological parameters between

AD group and normal control group

Hemisphere Topological parameter AD group Normal control group
Left L, 0.204 011+0.090 848 0.179 098+0.051 223
C, 0.019 119+0.006 959 0.016 555+0.007 417
E, 6.630 383+1.441 409 8.142 988+1.701 175
Right L, 0.147 555+0.031 010 0.141 339+0.025 770
C, 0.019 770+0.006 587 0.018 775+0.008 990
E 7.026 465+1.434 515 8.484 147+1.642 505
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Tab.3 Difference analysis of precuneus topological parameters between AD group and

normal control group

Precuneus Topological parameter

AD group

Normal control group

Left L,

Right L,

0.136 192+0.049 662*

0.011 376+0.006 421

8.367 489+3.200 465*

7.051 505+3.342 142

0.133 948+0.043 358*

0.011 007+0.005 607

8.345 628+3.139 915*

6.933 470+2.802 151

0.110 415+0.042 507

0.012 153+0.007 486

8.493 995+3.127 366

7.676 472+4.298 817

0.099 963+0.036 448

0.009 364+0.004 333

11.318 340+4.047 456

7.865 644+1.774 116

a: AD group

b: Normal control group
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Fig.4 Local connectivity of precuneus in AD group and normal control group

Red triangles in Fig.4a represent specific connections of AD patients, while black triangles in Fig.4b represent specific connections of normal controls.
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