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PD-NC) B3 F 2042 {2 Bxt € (Healthy Control, HC). RA&EFTHE ZiR#H Mrs-MRIEIE, BT HE SURN
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Abstract

Objective: Cognitive impairment in Parkinson’s disease (PD-CI) significantly impacts patients’ qual-
ity of life, and objective diagnostic biomarkers are currently lacking. This study aimed to investigate
the aberrant patterns of functional connectivity (FC) using resting-state functional magnetic reso-
nance imaging (rs-fMRI) in PD-CI patients and to evaluate their potential for differential diagnosis.
Methods: The study enrolled 23 PD-CI patients, 20 PD patients with normal cognition (PD-NC), and
20 healthy controls (HC). rs-fMRI data were acquired from all participants. Whole-brain FC analysis
was performed based on predefined regions of interest (ROIs). Inter-group differences in FC were
compared. Correlations between FC values in regions showing significant differences and Montreal
Cognitive Assessment (MoCA) scores were analyzed. The receiver operating characteristic (ROC)
curve was employed to assess the efficacy of these FC values in discriminating PD-CI. Results: Com-
pared to the PD-NC group, PD-CI patients exhibited increased FC within the bilateral middle tem-
poral gyri and the left cuneus, alongside decreased FC in the right mid-cingulate cortex. Correlation
analysis revealed significant negative correlations between MoCA scores and FC values in the left
middle temporal gyrus (r = -0.585, P < 0.0001) and the left cuneus (r = -0.529, P = 0.0003). ROC
curve analysis demonstrated that the FC value of the left middle temporal gyrus had the best dis-
criminatory power for PD-CI, with an area under the curve (AUC) of 0.8739. Conclusion: Patients
with PD-Cl display a reorganization of functional networks, characterized notably by enhanced con-
nectivity within the bilateral middle temporal gyri, which is closely associated with cognitive defi-
cits. The functional connectivity strength of the left middle temporal gyrus may serve as a highly
promising neuroimaging biomarker for identifying PD-CI.
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1. 5|

M 4= 7% (Parkinson’s disease, PD) /& — & WL ZIR T M, HAZ OIS s R IE T R £ L% R
PR TCARVE S BUN B2 BT - SUIRMR - Felili - RS B D REPEAST . 2P BRIZBIEIRSL, & H A 2 ki
FIPER (non-motor symptoms, NMS), GIEHEARERS . I\ AIThAEREHS (Parkinson’s disease with cognitive im-
pairment, PD-CI). & B[Ei5 Al [ 3404 D) R g S [ 1]«

TR ZARIBARER A, INFIThREIRTE /& PD BURMEM RN —. HEn, 4 13 (1 PD BEEHL
A B A7 52 B A B RS (mild cognitive impairment, MCI), RIUAEE /1. $#UTIhAEE. B . id 2R asia)
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BE NSNS E . FEERAEIERE, £ 50%f() PD 3% 27 10~15 4E PN MCI KB ¥R [2]-[5].
Uk, TG PD-CI ST FlRy sl e 28 i R kA= A BB PR o

HAT, WENERS 2 I 2O 2 0 B2 B3R, NSRRI VT 5E &% (Montreal Cognitive As-
sessment, MoCA). & 7 ¥ IR A48 2 (Mini-mental State Examination, MMSE)%%, X %65 57 B4 Bl A 5 55
FME R, MELSEIEMIEL . A2 R, WA G ER ARG T AL B . . B R IhEE
BT VP, AT PD AR AN ThAE S 5 1R 5 TR B B N T SRR AR [6] . 7E & RARETTIE
W, DhRERELR BB (functional MRI, fMRI)EAR) 2 B T PD BURMLHIIWE L. 4546 PD B3 IR IRRE
M, # RIS ThRE ISR (resting-state functional MRI, rs-FMRI1) /2 5% F R 98 T B% [ 7]

rs-fMRI & —FiFT % AR A ME SR H AR, T T ERIZELORAS T B R &g s . HIET 4
KPS (Blood Oxygenation Level Dependent, BOLD)#(N., Al 7~ PD 5 #0415 3h 5 ML ifi 5 712
R 2 [8] (R R BK[8] o 2 W SN, PD IR 5 DR 2 B2 e ast S k2> 3 D AH O, T A 40388 Joit 1) A8 A 2 i
— B rs-FMRI BT () KBS 3. IR, R rs-fMRI #R15F PD-CI ()42 3600 O RR 24 BiTAF 72 1A 4
HUGHE[9].

FEMRThRE ST MT 955 T, SR B4R AR U AR 1% (Amplitude of Low Frequency Fluctuation, ALFF)F1 )54
— 3 1% (Regional Homogeneity, ReHo) & F T~ VFfiti 5 52 i X (1) D e A4k, T fii X K& fii DX 4% 1) 1) 7 [) s )
MLk, 5 48 BhTh g i £ (functional connectivity, FC)BEATIR N 38T FC J77% PUB SR [X (ROI) N5 £, 8
PPN AUR] B RGBS AR G, AN X R R D R BRI SR K X 2 J2 THT ) Th RE B 5 5
I3 E[10]. BEAEEL X PD JEAZ BIAEIR 6 i 9 2 BF 78 R I, BT AT B oA A B S5\ 6 5 475 SR A D ki IX A7 AE T
eI H[11] [12].

K FERET PD-Cl 3, ZERMMX IR TS FC J5k, ¥R FUTIRE 7 I X ¥ 73 A7 S Hxt 42
b 2% DX 3 R0 R 2% R 5, DA PD-CIL I WL I AL 5 (0 S A% 4 4

2. MBSRE
2.1. RMR

NI T R BIER =M L E AT AR 43 44 PD B3 & 20 44 DGHL A i FEXT 2 (Healthy
Control, HC).

PD BFWAIRUE: 1) £75& 2015 4 [E friz 3/ %45 Br2x (International Parkinson and Movement Disorder
Society, MDS)iZ Kikr#E[13], 2) Ei% 40~80 %; 3) Hoehn-Yahr (H-Y)4-#ik 1~4 #; 4) WfE <5 F. fi#
FEXTIR(HC)AARHE: 1) 5 PD SBELEFR . Ml EAHITHS; 2) TEMHE R EURE #5% 2; 3)
PD K ; 4) Skl MRI A2 7 b 45 1) 1E 5

JLEHEBR bR dE: 1) JESBIVEIA S AREE G AE (AT VAR EVEIRRST . B i LR AR 1 L B% G 1RSI R 2)
kA 4 AR (0 L8 P e 6 A B2 0 A AR ) 3) BRI  s . I A . AR IR AL/
WML IESRAE R IRE I s 4) T E A O ML W B R % 1 e

BB fF G I NFRAER) PD 38, ARYE AT FFEARN) MoCA 1553 /3 AiREAE, FRATTHA & T 43 4l SHAH LA
KA ZE SR . KA EE D NP4 1) PD-Cl 4l: MoCA<19 4r; 2)PD-NC 41: MoCA=>217%r, H
TLEMNFEYF. HEBR MoCA 195317E 20 7 B F4 e, AR ORI 58 ST Ik

T B E T T B OWA LTS RS el 2 BHE ARG . S — ISR 8%
(Unified Parkinson’s Disease Rating Scale, UPDRS) VAl & IG RAEIR,  HH UPDRS £ =343 (UPDRS-III)
T B EEIZINRER . H-Y 200G B IR R RE . MoCA B3R T 1Tl PD 2 SO BEZH W HRES .
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2.2. MRI BUIEFRE

BT B TERS A AT 12 /N LA B R A DR BUIA SRR 254 A5 FH C R Ingenia 3-Tesla 44 F1
PR Sk LR BB AT R« 2 MENMER G b, K& YiEe . ERMEES, ZlE iR IRFL
i, P LEREG, R SRATAAE B RE. E R A LT 2501 3D T1 W-TFE /7411 R4 T1 AL B -
HERFE(TR)=6.6ms, [EFEH[A(TE)=3ms, B AEFA)=12°, U %HE =170, VIFJEE =1mm,
PIFIEIBE = 1 mm, 3% (FOV) = 240 x 240 mm?, JEFER/N =512 x 512, {AZ K/l =0.5x 0.5 x 1 mmé,
A5 R [0 75 T [0 AR (EP 7 81 (R 2 ] 8 40 Bk AS # EDIRES ThRE MG, S8 : TR=2000ms, TE=
30ms, FA=90°, Vlfi% =33, UIFJEE =35 2K, UIRMEK =07 2K, Mg =224 x 224 ¥ J5%
K, HERER/N =128 x 128, fRZF K/ =1.75x 1.75 x 4.2 ST =K.

2.3. BUEALEER FCHHE

ff ] RESTplus v1.27 X EUIRAS IMRI s 3k 4T FUAL # (AT 7E http://www.restfmri.net/forum/restplus).
AR AL D BREHE: 1) ZHBREWIN 10 DA R, PAB ORI A AL RS € 1 A 2 5 2 R R F A B 11 1
RitEo 2) VIR e IE, A REY) KA E N 2 7. 3) JE I Dy RemS 8] 7 471 =8 0) 55 21 5 — sk Gk
BT EN R IR, AR HE >3 ZKEes >3 WS 5%, 4) 5 T1 4WEGHITRE, K5
AR T Iy AGARAR AT 23 FFE — 4k . B) JHBRES IR P & ey, DLUR SR> MRI & AH K
o 6) JIATHUETHIAZ, B4E Friston-24 BZhZH. AN A BUE S [13]. 7) IR 7 IE I A 8
(0.01~0.08 Hz) ¥H Fa R ATEE F% A AL 2 5y A 75

FC it&.: 1) FETJelo i AR (a0 AAL BEAR) ) i 5 1 [l A1 X 4, it Dy e — B R dEa or
NSRS [E M, VRN AT REIERE 4 E Rl 2) SHEI A FAIHREG, XA ROI A BT A 7R 25 1 I
[ FH AT, AR T RS E N A 3) AHRMETHER, tHR &R 2 E R 5 2kt RN A 7
Y] Pearson AHE REL, AR T A - MR IhREERERE. 4) [ESfLAEE, 8l Fisher’'s r-z A8 # AH ¢
REEA Ty 2, RTPEAR RS, R F 7 5 - R TR

2.4. Gt AT

N E Gt 2 5l R B 20 - 458 1 SPSS #c#4:(1BM SPSS Statistics 27.0.1) 5 GraphPad Prism #:4:(v10.0,
GraphPad Software, USA) BN 1 4t 127 5 Im R K . 2248 528 Shapiro-Wilk &3 1445 IEZ&VE: £55 1
BOAELIIIE + baEERoR, A LLECR A ANOVA (Z4D) s rii A t s (Pidl); EES i
LA A7 (VU 437 181 PR) 2%, SR Mann-Whitney U 856 . 4328748 & DLFIEL(E 4 ) B, SRR TR0 .
B ZEMEKFRN a = 0.05,

g ER S A Z R ESTRERILREWE 1S T H7E REST 1.8 HH5E . Bk, MRl =
YR ) AN D REIERE 2 e, FRATTIHEAT T EE TR R A 3 ANCOVA, KAFES . PRI SZBE FIR . A,
H-Y 2 3 B S5 300k e 22 B 5 it (LEDD)/E N B AR SR N BT SRR, DA )3k S 7 Vi 202 R 30t 4 R P 2
TR = AL B AT 2 LR I, BE R E MR ER P < 0.01, I P <0.05. rEMCEEA L,
Xof S 3 B4R R AT 35 5 9 EL B (PD-CI vs. HC, PD-NC vs. HC, PD-CI vs. PD-NC). T &2 i [X i it
AAL EHEFRIR, Fi0% 3t MNIABKR . R ZH0R I FiefE.

GRS 12N (B S0E : R0 DhRe R 5NN I RERIORHE, M Lok 2 AR P3RBT Y D) e i%
Al 504800 EE T MoCA V43 HE1T Spearman AHIC /4T . b4k, RS2 TAERE i 2 700, oF
iRy € ThREERAA X PD-C1 5 PD-NC (33, Fmid g2k N A& iz Wi e .
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25 LR

1) AN A GEit 2 Fil R AR

AW T I LI PD 3 43 9, FH PD-CI 3% 23 5. PD-NC #£# 20 5], HC20 #l. =& 5%
FEPER 9347 (2 = 1.251, P = 0.535) #F#¢ FoR W4ttt 3% 72 7 (F = 2.984, P = 0.058). PD-CI 415 PD-NC
HAEIZ BREIR ™ B AL E (UPDRS- 343 t = 1.937, P = 0.060)A1%% /0 Wi(H-Y 703 U = 187.000, P =
0.286) FIILHC R4, Joi# 25, A1, PD-CI 4SRRI INATIEAL (MoCA) P4 i ik T PD-NC 4
(U =460.000, P <0.001), FEHMAEFENMINEE FAEMERE DB, 508 E X —H(E 1).

Table 1. Demographic and clinical characteristics

# 1 A0St ESIEREE

NOGeit 251G R A PD-CI 4 (n = 23) PD-NC 4 (n = 20) HC #(n=20)  ,FI/U P i
PRI (B1 %) 10/13 11/9 12/8 1.2512 0.535

W (4F) 65.04 + 7.214 61.05 + 11.166 58.90 + 6.164 2.984P 0.058
UPDRS-IIl 143 33.13 £15.301 25.20 +10.773 - 1.937° 0.060
H&Y 4 2.4 (1.5~4.0) 1.9 (1.5~2.5) - 187.000¢  0.286
MoCA ¥4 12.7 (8.0~17.0) 24.6 (21.0~28.0) - 460.000¢  <0.001

T 2 RITRG; PRRIRTTENT CMSIAEA th T 8 - BARRE U K.

3. eEEIABERTELN
3.1. ZHREMEER(ANOVA &R)

R E T Z Mo, EBLETH (peak MNI A4%%: —24, —51, 6; F=8.98, cluster size = 140). #7
kL 142, —81, 12; F = 11.25, 174). Mk (—6, —93, 30; F = 8.83, 150)A1145 il 1171 [3] v #5(18, —33, 39;

F =9.56, 136)%5 Th HE M 2% 11 A7 AE 8 25 41 1A) 2 57 (GRF R 1E, A RI/KTF P<0.05, HIH/KF P<0.05) (W%
2, K 1@)).

Table 2. Brain regions with significant differences in FC among the three groups
F* 2. ZiHiE FC AEEEFAIMEX

WEAE MNI A8 FR

i [X FRRIN f1E
X Y z
A AR R 140 —24 —51 6 8.9808
A5 A H R 174 42 -81 12 11.2478
e iz 150 ) -93 30 8.8261
e MARRG
e AT 7N 103 -18 ) 36 6.5966
AR H R
g ikl )
ok Einaa el Y 136 18 -33 39 9.5642
AR
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3.2. PD-Cl vs HC ¥ 34 %3

5 HC #itk, PD-CI 4% N: PCC 54 MkLH [E1/kL 1 [8]/55i+ [[1(18, —105, 6; t = -3.91, 138)ThfiEi%
P F5; PCC 547 MIHLH-(9, -87, 24; t = 3.02, 88) A1 A 147 [m] h #15(-9, —36, 42; t = 3.68, 127)ThAEIE LY
58; PCC 5 A2 TH_E /N /B2 R /R H 8] (—18, —60, 36) [X 18034 12 19 38 (t = 3.60, 96) . Hirfr, PCC A7k
(VI8 SR LE = L BAR S AT R TR R A (L3 3, 1] 1(D))s

3.3. PD-NC vs HC 45542038

PD-NC 415 HC th# s 7R: PCC HA ML [l /5 [al/kk 17127, —99, 18; t = —5.33, 174)Fl /il #2 i
(-6,-93, 30; t = —4.46, 87) N fitiE R IR 55 ; PCC 5 A MIFLHTH (-9, —60, 33; t = 2.88, 95)F1A5 Il F1 4[] v
B2 A3 (2] v R AR R (18, 33, 39; t = 4.10, 124) R SR (W% 3, Kl 1(c)).

3.4. PD-CI vs PD-NC EEL B

FHELT PD-NC 4, PD-CI &3 7R : PCC 5 XU [B] 2 25 7 4 1 5 (Ao ] - —42, —60, —3; t=4.35,
115; #fil: 45, —63, 6; t=3.61, 143); PCC 5/ Ml#int(-12, -87, 27; t = 3.97, 136)E I m; PCC 5
A AN (0] R 822 A 0] 358(18, —24, 39)EH2 35 (t = —3.30, 101) (W% 3, K 1(d)).

Table 3. Brain regions with significant differences among groups

%3 HERNEEEREERMRKEX

X . I&4H MNI A8 k5
bl 35 45 B K i X (AAL) NN t14

PD-CI 4 >HC 4

A R 88 9 -87 24 3.0237
a1 0O A N 122X e [ v s el 96 -18 -60 36 3.6002
e AmiF A A A 127 -9 -36 42 3.6828

PD-CI 4 <HCH

A AR ]/ A T A gt e ] 138 18 -105 6 -3.9064
PD-NC4 >HC 4
Je NIRRT 95 -9 -60 33 2.8812
T eI N e e e A 124 18 -33 39 4.1016
PD-NC4 <HCH
A A e A R e [l AL L (A 174 27 -99 18 -5.3321
FE A 87 -6 -93 30 —4.4607
PD-CI 4 >PD-NC 4
Ze AN ] 115 —42 -60 -3 4.346
A [A] 143 45 —63 6 3.6085
Fe A 136 -12 -87 27 3.9716
PD-CI 44 <PD-NC 4
A 0 A [ A s e ] 101 18 —24 39 -3.3033
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GRS TOATERATARA) - I VRs YORATRAY A
\/\Ju/x/yjﬂ”x/\/u/\/\/

/ L8, /2‘!&\ ’i}) )ﬁ«’ﬁ =375 i ym;) 2‘}&\ *}\ yﬂ)(.\
,/6/@u$&-m\\)\/ A Ok

+Z}"(\ ;W\ lo.oo \ ?/(\\ }W\ jf &

/ /Jh /‘gﬁw\ 7’1? m l1_69
\)

A AT A AL

T *ﬁmn\\w\ ™ l:?;tz 7 ;\% .ZW\ » il
§UGUWU*®KU=m\gygg@yi§}b=

/_ . .91 S /,a f

(FEXE 1% 2% -3.72 3 3
reyl crrre
_ _ s, ‘
W A6ROR FCHE, W HARR FC K.

Figure 1. Brain regions with inter-group differences in functional connectivity based on PCC seed points
1. &F PCC MFmpyThaeiEEA a5 M X &

4. THEEEEMENAHER S

ZEA TR R, PD-Cl B 2RO E 2% i 1) JEE R E S BAREAMZ (FETF PCC
P IhREER K EL; 2) PCC 5 XU FLER R e EG s . AHELZ R, PD-NC B3 EERING
TR R A 9% 5S, T PD-CI ZHL7E 1 e X I ) H B 32 e 448 i 5 98 55 10 &2 4 S 4 A

5. hgEEESIGKRIEREE X
5.1. XM

RNERF R ZE SR FCHEMIEREZ X, BATEH S MoCA 43T T A2 M. SR AWM, PCCH
JEMER A [E](r = —0.585, P < 0.0001) &% ZE M2 H(r = —0.529, P = 0.0003)f 350 5 5 % [\ J R BLCE AR 1)
MoCA 11-43) &5 2 fiAl 5% . PCC 545 Mg [a](r = —0.380, P = 0.012) th £l i A a4 . M, PCC 5

XU 10 (B B D BEIE#E 5 MoCA 1F7r B IEAH G H, (EARE B 41t 475 L (r=0.297, P =0.053) (&
*4, H2).
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Table 4. Correlation between functional connectivity and MoCA scores
T+ 4. INEEERESIRIRIEFR MoCA AR X 1E

FC i [ r{H P fH
FC_Clusterl Fe g [E] -0.5852 <0.0001
FC_Cluster2 A g [E] -0.3803 0.0119
FC_Cluster3 e gt -0.5286 0.0003
FC_Cluster4 A5 AR AR R A s ] 0.2973 0.0529

r=-0.5852 r=-0.3803
03 p <0.0001 0.4 p=0.0119
= 019 ; e Q A
2 00 S L B ool i
o] 0 Toe=3 4 Z . 410 200530 40
70‘2 MoCA (4} -0.2 MoCA*(4)*
-0.3 -0.4 '
A B
r=-0.5286 r=0.2973
0.6 . p= 0.0003 0.6 P= 0.0529
. 04 <+ 04
g 02 : 0.2
10 20 30 40 0.0 S .
0-2J MoCA (5}) - J L1002 200 30 40
-0.4 -0.2 MoCA (43)
C D

5.2. SHEETTA

e ER S ILE LA 95% B X 1] .

Figure 2. Correlation between FC values and MoCA scores

[E 2. FC 155 MoCA iE4RyHE &1

HiE— VPG IX e S FC SRS G /1, AT T ROC #hZtr. 458w, 7E PD-Cl 5
PD-NC [ E 2 i b R B 2 3 X FC {1, % PD-CI #H4A — &M% akE . Hh, PCC 5AMEH
5] (r = —0.585, P < 0.0001) & 7= M #2iH-(r = —0.529, P = 0.0003) fj 4 i, 2= 05 o 1] () FC {2 B HE Ao A A 4
WIRRE, HZk N EA(AUC)FIX 0.8739 (LI 3).

100
80 — clusterl (AUC = 0.8739)

X 60 _

by — cluster2 (AUC =0.7174)

B

™ 40+ — cluster3 (AUC = 0.8326)
207 — cluster4 (AUC = 0.7717)

0 — 1 T 1 T 1

0 20 40 60 80 100

Figure 3. ROC curve analysis

[ 3. ROC Bz /> #f
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6. i1ig

AHFFEIET rs-fMRI A, T PD-Cl. PD-NC J HC =ik 75 4w FC X L ER . #5
ZEREIR, PD-CI B3 R I RE I 5 350 5 J2 5 BRI 4% D e i #e & 8L, LA S PCC 5 XUl 5t =] 1)
REERRE T 0 . XS BN BB A N D e B AR A OG, BRI AT REVE NIX 4> PD-CI 5
PD-NC [ EM &AL - A VbR £

AWK IAE PD-Cl v, PCC HXUUEH [Fl D) fe i 30w, Haizd8 i85 MoCA P4 2 %
FUMSE(ZEM: r=-0.585, P<0.0001; £ifll: r=-0.380, P=0.012). i FEI{FEAmgw it 518 il
CHEA T SRR 25, L INRE IR S H 15 v BB St 7 PD-CI B35 TE KN WUV AC b A A2 1 2 20 8
VR TE BN TR [14] 0 ZMCh T B 2 B 10 5 BWL R AE BT IR 0 R 6 JEE D\ e e 1 £ v 4 8 e R T
[15] [16], XFP3Gs@n] ReHFAEDIReRAL IR I, 17— Plos BRI I FE VR B AR ME SR, b B P N 45
ORI T B EE B G E R IE S AT RN, #maiE TN e

KEMFFLCUFSE, PD A NIRRT 5 Ji5 50 5 J2 S BRAASE 2 4% (14 D i % 12 3 L 2% DI AE G [17] [18]
filtn, WEFE—EUKI PD-MCI B3 1E DMN Wi, JLHRM IR, 5407 5258 530 A s B3 0
559[19]. SARFF M RIL—E, FATHEES] PD-CI 38 R AFAE— R 2= 1) “XWEME” #X: 7F PD-CI &
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