Ha2E: 10 rh E R AR AR Vol.42 No.10
- 1298 - 20254 104 Chinese Journal of Medical Physics October 2025

DOI:10.3969/.issn.1005-202X.2025.10.006 EF #1832

B T RS0k USRI B /R 3% it BRRE A 82 WA KN R A5 HY T
RE-ZEH TR

/7'63@}14 1,2’ :;J‘:'%H}]g 1,2’ _7%,_&4%,]' 3,4’,;%)‘;2&3%‘3,4’ gﬁ:ﬂ},é&’ ﬁt;}g—l_’]_j 1,2’,?%’:&%"2 1,2”/}%},\%5,6’ ?—k/i‘ls’ ?f\.rgﬂ;{lét’ ;H[';Hﬂ rg;;,: 1,2
LARZRIT R 2y B 5 R e I T R IR E A S0 00 %, 1V 200062 5 2. ARV K 2 PR 2R 5 0 AR F AR ST B,
-7 2000625 3.8 BRI AR BEBE AL N R, i 2013995 4. [R5 7 BE 27 B b [ 5% BE Bt 2 9 BE, I 2000925 5. 11
A R L 2 B T e 4 BEBE O RE, [ 2000255 6. 1 AS I R B 2R B B F R 32 BE . 11 2000255 7. 4 AR T R 2= 0 B Y
INFRRE 22, 11 2000625 8. _E VT T DORS A B AR oty R 200335

[BZE]B R AR LT R K& IE (AD) fe iz Bl fn 55 (MCD 69 k-2 M TR X AL Hikm T fefe B F A EED LA
Wk AR, HikKE31 4 ADEF 48 4 MCIL B & 34 44k 3t BB (HC) 094 8 S5 db Ak L R M \T1 AR 454
1§ Fo IRFTR T BALEIE . AR S AL AR A- M7 (three-way pGICA) , R 5 % B A0 RE AT 5 3038 R 5 B B A &) 1
KA (FA) 09 3 TR X SF 4018 £ 5%, it —F 547 5 245 A RiA kiR 45 A b F R (MoCA B)An B F £ EE 305
(ADL)#AR XM, Z53R : ADA» MCI 897 fit-2 Mk AKX K I : MG K 2 W 2 Fe A M BRABE X P 252 18] 71 2 ik 4
B 5% AN A SMU AT AR T AR 58 T S B AN B A FA AR AR (48 % P<0.001,FDR A& GE ), 5 HC 48483k, AD 4149
# EHEX I 7% (P<0.01, FDRAIE ) ; MCI AL SN 4 S 67 27 »+ A& iy % & 2. 2% F 4 (P<0.05,FDR A& UE) . 5 MCI
ZHABYE , AD 40 2 M) L35 A 0 FAAR R 5 4K (P<0.05, FDR A IE ) . R B3 A2 B 69 .47 B F 5 MoCA_ B4 L B %48
% ,5 ADL 4 2 248 % (P<0.05,FDR4& iE), Zit:ADAMCI# Fat-ZME TR X 5B E A FAEEEIHR A THREL
H M, SEEABA ST ik A I AEMCI A= AD 3k % I8 3k 69 A4 pL | 324 T — AP i iz

[RBIRAT R R BRI 52 RN F 0 L TBEX; SRS AR LR R IR

[E 422 ]R318;R749.16 [ ZEfFRRAD A [xE4211005-202X(2025)10-1298-08

Exploring function-structure covariant patterns in Alzheimer's disease and mild cognitive

impairment based on multimodal magnetic resonance imaging

SHEN Yifan"?, NING Ruipeng"?, LI Renren**, PAN Chenxi**, ZHANG Wei**, LI Zheyu"?, XU Zhihao"?, YU Qiurong™®, YIN
Dazhi”®, LI Yunxia®*, FAN Mingxia'?

1. Shanghai Key Laboratory of Magnetic Resonance, School of Physics and Electronic Science, East China Normal University, Shanghai
200062, China; 2. Institute of Magnetic Resonance and Molecular Imaging in Medicine, East China Normal University, Shanghai 200062,
China; 3. Department of Neurology, Fudan University Pudong Medical Center, Shanghai 201399, China; 4. Department of Neurology, Tongji
Hospital, School of Medicine, Tongji University, Shanghai 200092, China; 5. Department of Radiology, Ruijin Hospital, Shanghai Jiao Tong
University School of Medicine, Shanghai 200025, China; 6. College of Health Science and Technology, Shanghai Jiao Tong University School
of Medicine, Shanghai 200025, China; 7. School of Psychology and Cognitive Science, East China Normal University, Shanghai 200062,
China; 8. Shanghai Changning Mental Health Center, Shanghai 200335, China

Abstract: Objective To explore function-structure covariant patterns in Alzheimer's disease (AD) and mild cognitive
impairment (MCI), and to investigate their associations with cognitive function and activities of daily living. Methods
Resting-state functional magnetic resonance imaging (MRI), T,-weighted structural MRI, and diffusion tensor imaging data

were collected from 31 AD patients, 48 MCI patients, and 34 healthy controls (HC). A multimodal fusion analysis, namely
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three-way parallel group independent component analysis (three-way pGICA), was used to identify the covariant patterns of
resting-state functional MRI temporal data, gray matter density maps, and fractional anisotropy (FA) maps, and the
differences between different groups were compared. Furthermore, the associations of covariant patterns with the Montreal
Cognitive Assessment-Basic (MoCA_ B) Scale scores and Activities of Daily Living Scale scores were analyzed. Results The
function-structure covariant patterns in AD and MCI were characterized by the enhanced negative functional connectivity
between the left posterior salience network and the right default mode network, the decreased gray matter density in the
bilateral dorsolateral prefrontal cortex, and the reduced FA values in the left superior corona radiata (correlations: P<0.001,
FDR corrected). Compared with HC group, AD group showed significant abnormalities in all identified covariant patterns
(P<0.01, FDR corrected), but MCI group only exhibited a significant decrease in gray matter density in the bilateral
dorsolateral prefrontal cortex (P<0.05, FDR corrected). Additionally, AD group had significantly lower FA value in the left
superior corona radiata than MCI group (P<0.05, FDR corrected). The loadings reflecting the degree of covariation were
significantly correlated with the Activities of Daily Living Scale scores (P<0.05, FDR corrected) but not with MoCA B Scale
scores. Conclusion The function-structure covariant patterns in AD and MCI are consistent with the declines in activities of
daily living. The multimodal fusion analysis (three-way pGICA) provides a novel approach to understand the brain damage
mechanisms underlying the covariant evolution of MCI and AD.
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sourceforge.net/) H i % 28 A M I 1 5 rs-fMRI i 37
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(P<0.05, FDR & 1E) # AT H 5 K 5. X FAFF A IE
A AR 0T RLR R A B (U A B ) o, R
FAESEK-W R 80 017 3 4L 0] Fh 3%, 22 5% A 4o it
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Table 1 Comparison of demographic statistics between different groups

» H G5 PAE
PN 7S AD#H (n=31) MCI#(n=48) HCH (n=34) P{H
ADvs HC AD vs MCI MCI vs HC

Ay % 75.61+7.94 74.88+6.14 72.88(4.00)  0.585

I (B /) 16/15 25/23 17/17 0.559 = - -
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I3 BB A5 1) I 22 S 0 28 RN LAA A £ 01 2R Z 53 ki
(B A BRI 28, 22 J5 58 3 I 4% 19 Z 3 50k I
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JI 53 227 FE AN i 2 300 I 245 0 A A SR AR X o 28 2 (1]
RS 4y . GMD IC2 1Y Z 4y Bk fafl, 1%
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Figure 1 Three-modal brain maps of the function—structure covariant pattern in AD and MCI



- 1302 - o B A P A R R 5428

x2 DRe-EaATEAIBREREX

Table 2 Brain regions of the three—modalities in function—structure

covariant pattern
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Figure 2 Correlation between the loadings of pairwise modalities in the covariant pattern
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Figure 3 Inter—group comparisons of the covariant pattern loadings among AD group, MCI group, and HC group
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Figure 4 Correlation between the loadings of the three modalities in the covariant pattern and MoCA_B scores as well as ADL scores in AD

group and MCI group
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