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Abstract

Objective: To compare the functional connectivity (FC) differences between Parkinson’s disease (PD)
and multiple system atrophy-parkinsonism (MSA-P) subtype using resting-state functional magnetic
resonance imaging (rs-fMRI), and to explore potential non-invasive neuroimaging biomarkers for dis-
tinguishing between the two diseases. Methods: A total of 25 PD patients, 15 MSA-P patients, and 20
healthy controls (HC) were enrolled. FC analysis was performed based on the posterior cingulate cortex
(PCC) as the seed region. One-way analysis of variance (ANOVA) and post-hoc tests were used to com-
pare the FC differences across the three groups, and receiver operating characteristic (ROC) curve anal-
ysis was employed to evaluate the diagnostic efficacy of FC. Results: Compared with the HC group, PD
patients showed significantly decreased FC in the right precuneus and left cuneus. In contrast, MSA-P
patients demonstrated increased FC in the right precuneus and left cuneus compared to PD. ROC anal-
ysis showed that the area under the curve (AUC) for distinguishing PD from MSA-P based on the FC of
the right precuneus was 0.760 (sensitivity = 66.7%, specificity = 80.0%), while the AUC for the left
cuneus was 0.787 (sensitivity = 86.7%, specificity = 68.0%). Conclusion: PD is characterized by a sig-
nificant reduction in FC within the posterior cingulate-visual network, whereas MSA-P shows partial
compensation with FC in this network. The combination of the posterior cingulate-visual network in
the right precuneus and left cuneus could serve as a non-invasive imaging biomarker for differentiating
PD from MSA-P.
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1. 5|8

4= A% i (Parkinson’s disease, PD)5 % & 4t 2 4fi(multiple system atrophy, MSA)[FlJ& a-Zfilit% & 197
[1], 15 PD 5 MSA-P {EIGIREIN . JRIT ISR TG J5 A 35 72 5 [2] . LA ARFEREIR A £ 1) MSA-
P&, XN Z ERATT IR AN L 30%; S it R SR FEH PD Pt 3~5 fi%, P39 AR AR A E 4 H 3]
HITMSA-P BRI m S, HokZ R e AR YIbR 8, X AP0 76 I R FT SR SH I 22 2 1k 40%,
Horp MSA-P H #1124 PD [4].
47 PD 5 MSA-P Il R 2550 3= ZEHRIm RIEAR VT AL« BEFLIRBHZE BAAR AR S 25 S R 23 i, (H
X BT VR AE B I BUBE AN R [5]. B8 B AT RERE LR (resting-state functional MRI, rs-fMRI)iE it £ 4 &
fRbr BRI ThRE R 6], Hh D) REE 2 (functional connectivity, FC) I R BRAN I X 2 A5 5 A0 1, *
B T R A RN & X IRE 3015 5 AR G, e Wi X (] B [RIVE F [ 7] B0 0 58 Rl FC BT PD 5
BT IR SRR SARIESF (Y % (8], (HERXT PD 5 MSA-P [¥] FC FRAEXT LA L8> (9], AHIEFE B 7R I
rs-fMRI F AR LG PD 5 MSA-P B3 (1) FC %5, FHRBT B A AR E AR &), I B 38 R AL
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2. EMEFE
2.1. MREMR

RWFFAIN 2022 4F 1 H % 2024 4F 6 AAN], 7522 BRI I JE 1 ) B B oh 28 9 B B S 4H 35 1
25 f PD &A1 15 1 MSA-P 3%, Frfa SEEMS]. F% . UPDRS-II V43 F1 H-Y 45 #1757 T AHVC AL
[ B PE AR O 55 T 20 44 VI AN AR U4 AH TS () £l 525 HE (healthy controls, HC). ZIAbR#E: PD EE 4T
4 2015 E[EH priz s g 27 22 (MDS) il & A 4 #0002 Wibs#E[10]; MSA-P B3 754 2022 4E MDS £ 24;
FARSWIbRUE[11]: HC TP BRSNS, RAAR 5 BRI S5 1 IR o FERRPRME: G 4k R PHEME 4 200 -
RIS AREREAE . WM s HA PR 22 R G000 BORE S ) S . TR AE N AT, R
T0HE 40~80 % . FTH SZiRE Y 75 B2 2 /0 W 44 38 Bl B g L R 48 B} 2R I AR 6 XU VRA -

2.2. BIERE

FT A SR E FBAERAR AT 12 /N F$T PD 254, KA Philips-Ingenia 3.0T fILHR (% R4t 5¢
RRA M. AMGREE: B ESPEE 3D-T1 EUT ], Mg S EN: EENE =82 ms, FJK
A =3.2ms, B4 12°, FEFERST 256 x 256, #EF 240 mm x 240 mm, JZ/E 1.0 mm, JZ[AEFE 0 mm.
Thae UG R AL : BT i KPS (7 AT Hitis R, S8k S WFIR Y 2000 ms, [BIEET ] 35
ms, FHFEEAER 90°, WRIEFE N 64 x 64, FLEFN 240 mm x 240 mm, JZ/FH 4.0 mm, IR 39 2
Bd, SRFFSHCEN 256.

2.3. WIEWALE

f§ ] RESTplus v1.27 T EALX rs-MRI F4i E 47 TACBE[ 12]. BARDIRGFE: HIFRHT 10 AN ] 5 2L
THERIN A AR E A BEE SR T3 UL IR I PL RS AR E FIRER s Sk IEE R >
3mm BiieRE >3 SR E BEHER): 5 T1 SR BCHE AR AR R R R & St o P 2 [a),
KFERE 3 mm x 3 mm x 3 mm KZK; KERIN A F 2% A Friston-24 SkZhZ8. B BANIIGA R
&' 5T EME; 55 M 0.01~0.08 Hz 77 I8 JiE ik DL EBR s M 5 IR B AIRAE 5o FC iH5. BTl
B (U AAL)SE UG $17 [EE R FT s 8O X 35k (seed-based region of interest, seed ROT), #fi {1 4 &L
WA — B . TR XN BT R R PR R F A, S A i LA AR R B (8] R A AT
Pearson FHIC 4T, ARG A R DI REIEREAERE . B )5 1 FH Fisher’s r-z AR Bl AH ¢ REUL I 2 1, wARAT
FREAL 5 (10 Dy Re e 42

24. GFESH

ZARHE WG RO 23T K SPSS 26.0 it #1F . FF A IEAS AR EHE LIS = PRl ZE(X £5)F0R,
A LBCRA t K s AFFA IES 0 A0 FIEE UL A2 2 (00 Rr 50 B M (P25, P75)RoR, 1A LR H
Mann-Whitney U #56. THEUETRIAL IR LU ECR R 7R85, DA (%)RR. MEARLS¥ 0 FC Gt H&
REST 1.8 T HAHT U 200 Ik Ek K. SiitBE e SOh: ERACTHBIME P<0.01, K THRIEP<
0.05 (FIEHHRFAZIE, FWE). SFEHEBINTArdE CH2 #itRk, @it B sk ibe2s i (AAL)FRE 2 57
G IX AR, SR SRR AT TR AR RIARFR(IA R SIEAE (. SWIAE: THE IS 52
& TAERFE I ZE VT Ah FC {EXT PD 5 MSA-P (4 RIakRE, #h2k Ntk isbiEmitt. DLP < 0.05 %
ERCER S -
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3. &R
3.1, E&HR

AT FCINAN ) = AL 52 ARE AE SRRl o0 A 22 7 B St 78 (P> 0.05) . PD 415 MSA-P 4LH IR FE |
BRI REVEA AR bR O B W] e BAER HRZE R MG E (P > 0.05). WK 1.

Table 1. Comparison of general data between the three groups

= 1. ZLHE— R

A PD f(n=25) MSA-ZA(n=15) HC An=20) KI{HE P1H

R, Yts) 65.68 +9.95 64.67+10.59  6520+4.80  0.063a  0.939
MR, 5/%) 12/13 6/9 12/8 1.440b  0.487
FFE(H, Xts) 46 (24~76) 30 (15~58) 1.890b  0.059
UPDRS-IIVESF(4r, X*s) 39.00 + 13.69 4147 +21.86 —0.44c  0.662
Hoehn-Yahr 7} (4>, X+s) 2.36 +1.03 2.57+1.24 —0.571c  0.571
LEDD (g/d) 0.480 + 0.154 0.438 +0.136 0911c  0.369

W a WESTM FAE, b RATKRIN 2 1EH, o BRI tff. MSA-P: £ %1247 P 4!, UPDRS-Il: 4i—1H
SHRFITTERFE =, LEDD: % U HS%HE.

© | (&)

: (a) =4I FC A REZERMMIX . (b)PD Ml HC FINXZER. (c)MSA-P 5 HC MNIX %R . (d)PD 5 MSA-P Hifix
XZF. El@AMmmEERERE =4HNE ANCOVA 7347, MiElb). ()Fd)FHEERRFERIEH tH. TaXE
fR3E FC BE IR X IR, 85 X3k )k 2 JR4R(GRF £ 5 LLEE IE) o

Figure 1. Distribution of brain regions with resting-state functional connectivity (FC) differences among three groups
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3.2. AE] FCER

BT rs-MRI W77 25081 27~, MSA-P. PD 5 HC fEZ MW IXfE7E FC 25, A48 pLH [E] |
e BBl AMEg e, AR, 5 HC AL, PD EEEAMA R E, B EEL A MmEEEEP < 0.001)
FACMAE A A A2 BRI FC 25 PP < 0.001). 5 MSA-P Z1AHLL, PD AAMELFE. B LR, kL
TIE(P = 0.004) f AL E 7] EC B#AK(P = 0.002), HAFESG ¥ ER. WK 1. £2. %3,

Table 2. Brain regions with significant differences in FC values among the three groups

2. ZiE FC BEFEEZEERMX

) IgAE MNT A4 Fr
fili X (AAL) B} NN F 1A
X y z

FrkH

Atk 179 21 -105 3 17.282

Fag

iyt

Ik b 207 =30 -99 3 15.868

Al
VE: ALL: HBHFRICERE, MNIALKER: SRR R AN A0 50T d e NI =4k e L 248, UL AlphaSim K IE,
A& >16, P<0.0l. L TKIERP<001, ZRE%HH%E L.

Table 3. Brain regions with significant FC differences between groups
= 3. 4HiE) FC ZR BEMMEX

\ . VS MINT A b
P4 -5 AAL filiX il NN . , 5 t {8
PD < HC
FRR AR BB 179 21 -105 3 —5.655
Vst v e ssty My i 207 -27 -99 15 —5.483
MSA-P < HC
FRLR AR BB 136 27 -102 6 -1.576
FEkk A 132 132 -30 0 —1.441
PD < MSA-P
FR AR BB 169 51 -78 24 —3.645
Yoty M 177 -6 -99 21 -3.438

3.3. ROC HiZ&

T ROC £ 4 #T, FCAHAEAMBLH R B EE . B R R4 5] PD 5 MSA-P 1) AUC 4 0.760 (95%
CIL: 0.609~0.911, P < 0.05), HUKEN 66.7%, TN 80.0%. MKk I-[Fl FC {A1 AUC &7+ % 0.787
(95% CI: 0.647~0.927, P <0.05), BUKFER 86.7%, FFRfEH 68.0%. W1 2.
4. Vg

AWEFEiE I rs-fMRI ) FC 2041, RELLET T PD. MSA-P K HC 41K 4% % 5. 45 %R, PD 4l

DOI: 10.12677/acm.2026.1662454 2324 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1662454

et %

F BRI J5 07 B - PN LS FC AR Z B, WA ML RIEl 22 B S5 06 X s MSA-P ZH05&
I A A R ZE R b 5] FCAB A AR T & - 523038 ROC #iZk 7 R A, A lLI FC (AUC =0.760)
FUZEMIRE E B FC (AUC =0.787)7E % %] PD 5 MSA-P fh HAG 2 Wik fit . XL RBLATAE N PD 5 MSA-P [
SRR T TEME AR AR EW[13] [14].

1.0
0.8+
()
é 0.6-
2
O 0.4-
(7]
0.2 Cluster] (AUC=0.760)
e Cluster2(AUC=0.787)
0.0-r 1 1 1 1 1
00 02 04 06 08 1.0
1-specificity

Figure 2. ROC curve for differentiating PD from MSA-P based on resting-state functional connectivity (FC)
B 2. EF#275 FC £5] PD 5 MSA-P IR & TIRHHErRZE

AHFFEH, PD 415 MSA-P HfEiE gl k™ E AR R 257 B S Im R e bn T E R34 % %, {3 PD
AEALBE 28 AH SN X FC B R BTN [15]. IX—ILRIEIR, PUBE ML S5 Ak gk & T8 3h Theg
WERS, T A AEAE N HE R B R BO C & RIR[16][17]. BEAEA I FAEGR DA B P E s, M
FC FG5H) 2038 51 B B I 2 B AEAE B Y196 2R [15] [18], X — R I — S0 1 L5 0 48 78 L 45 il Aok
AU R R IEF[16] [19]. BRI RIL PD HBE T FC BRI ET &, X 5 AHF 5t 45 5
W PD ZH TR A R B AR B T i B R BAEAE P G [20], FTRE S RP T A IR . REAE B S i I BLI 2
K

5 PD AN[FE, AW R MSA-P AL AL )2 FC RAUVEMETF . MSA-P H5 48 32 28 B R HIONE
FATE DN B R SR A DX, R ) /N | S AN I M A S A ), X B S R AR B LR S R [21]. 4
/IR - PR — BEORE B R AR IRAR T, R A 2R A T I e 2 mT S ME AL EAT D REE A, RIS
LR 4 [ 30 14 1Y SR B0 A [X D e IEFE s AL, 4ERFIZ BN VMR AD T4 D fe, AT AE Z2 I ARCRE R P S5 I [22] [23] 6
AN I R BT - iy - AN - i - B B EA R SRR R T R IR A i R, BRSOk B A% )
ARG S8 35 R, TR R /N AZ AN B 55 A0 R )=, 3X /N - A B 2 2 T Dy R AR
PO T AR AR [24] . AW TSR] MSA-P AR FC Fhimy, ] BRI BRI 48 Bl A 7148 55 LAl B
A E A 5P EA T, XS AR MSA-P HHL NS H[13][20]. 5 HC 4AHEL, MSA-P ZH7ERLIT
X FC AR EE TS, X AT RS54 W AN R 78 KR B IEH K, BUERR R . FEACR &
MEZE R K. WIRERNLEIAEE, MSA-P [ 3 252 SR B (i [n] /NI S F 5 R o (342, T e AR A /)
Fii = R0 R 2 e AR AR PR A A B A I 28 2 b, IR I REI FC FHiss 10 PD R B AZ O 32 B2A7
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THEJETT - R PUER, AR T R - SCRARIRES, XE/NMIK - U IR R K B SR R, PR PD &
FHRH FC RINPEAR[25] [26], X SAMFLHEE FRART 1 MSA-P I A R AT e it 45 s A2 1) 2
JeT KA s, BRI FC Tha, BEAEELRE I3EiR, FC W T IE[27]. MR TR
B MSA-P JRREHEFEDR, (AR FIILREM FC KT PD,  INIL R IR AU N BN 78 40 [28] [29] -

SRR MERREMIT AR, SCRA - /N 253 E 82 515 /2 MSA-P [ILBYVRRAE, ABF7TiEid FC
3T RE— AR SEALE P 45 7E MSA-P UL H o B B2 (301 MR N B AEERE , 5 B Al
45K MRI 1) FAEECRBRAEA LG, rs-fMRI FC FRFRAT 0 - 813840 S HURK[3 1] ASHIF 58 Bk R 3 I 2%
FC f8b3 RA T EERZ W RRe, ()il it 2 Fifabr i) 8 -S4 THIERA I, AR AT #4 FC. ReHo MARSIHR IR
(amplitude of low-frequency fluctuation, ALFF)5F %2 Z 4 @ 45 G AY,  [R]I 0 ml 47 Ji 31 3 Ath Ty i X 26 DA
AN R X B A UGB Z SRR IAE R MRIL R R AR EEAFIE VBM 3T 2K T
AE - S5 REG 0T, AT B 4 T ) MSA-P HACEENLR] A G0 B AR AL, 2 e 5 S92 W Ak DR T 14 v
Wk,

K FAAFAE R IR E %, HEAER/DN, Hoysduouert, araebRgs REdtt, o, Bz
PV sh A B ER BRI FC 224k BbAh, ImIKIEAS AN 4T, Wt — B AN e e 2 (al fe 70 L) 5
SANFITIREVESY, FEITEFCAR - ImPRAHR R0 M, DAIG o Zs R Im PR AR RS o ARSR AR MY RFEAS &,
TFREZ LRI, a8 R EY[32], #E PD 5 MSA-P iZ Wi &AL

5. &g

PD 5 MSA-P [ FC Z5 EEEF T /5l - i gs, HAg MSA-P M FC FHaml ge 5/
i - Bz R BRI S . A MRL i Fn 22 kL BBl FC 404 v /R N TEOI8 8hn £ 5 Bh — 3 1 B 1 7112
Wro JEEEAER AT RAEZHERIERA, bR %2 Wb

= B

AT FEIRAF 22 BB T} K B J8 1 M = e A BE 2% B AR L 5. A2023026), BB F AT R R
SLP
ELmEB

LB RHET IR IR R A AL T (T H 95 202204295107020063).
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