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®F-FDG-PET/MR unveils altered features of brain metabolic and functional networks in

early Parkinson’s disease
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[Abstract] Objective: This study aims to establish individual cerebral metabolic networks in Parkinson’ s disease (PD) using
integrated "*F - FDG - PET/MR imaging and Jensen - Shannon similarity estimation (JSSE) and investigate topological alterations in
metabolic networks and their associations with functional networks. Methods: Twenty-eight patients with clinically confirmed PD (16
males and 12 females) who underwent “F-FDG-PET/MR imaging at the Affiliated Nanjing Hospital of Nanjing Medical University from
August 2022 to May 2024 were retrospectively analyzed, and 20 age- and sex-matched normal controls (NC) were included (10 males
and 10 females). Individual brain metabolic networks were constructed using the JSSE method, and Matlah2013b was used to analyze
changes between network topological properties and metabolic connectivity in brain regions using Gretna. Data were analyzed using two
independent samples ¢-test and Mann- Whitney U-test, and the Mantel test analyzed correlations between metabolic and functional
network matrices in the PD group and the NC group. Results: Compared with the NC group, the PD group showed higher assortativity
in terms of global attributes (1=—2.06, P=0.045) ; in terms of nodal attributes, the centrality of nodal degree in the right fusiform gyrus
was significantly reduced (¢=3.32, P < 0.001); 15 key metabolic connectivity parameters were reduced (P < 0.001), with the reduction
in metabolic connectivity between the left caudate nucleus and the left inferotemporal gyrus being the most pronounced. There was a

significant positive correlation between the PD metabolic and functional network matrices (r=0.242, P < 0.05), and the correlation was

[(ReWmBE]  BEEKEARII(2022YFC2406900) ; TL75 4 #1238 3 5 (BE2017612) 5 VL7544 B 7 s £ FH(JSDW202247)
JE{E1E# (Corresponding author) , E-mail: fengwangen@hotmail.com CORCID : 0000-0003-1089-3095)



BASHH M TRk, MR, B %, 45 F-FDG-PET/MR #2785 H M 4 2505 i £ Q5 09 286 71 )y e o9 28 5O R AIE L) .

20258 A

M ERR 2R CH AR R AR) , 2025, 45(8): 1132-1139

°1133-

greater than that in the NC group (r=0.197, P < 0.05). Conclusion: The integrated PET/MR and JSSE framework demonstrates clinical

efficacy in detecting cerebral topological reorganization and metabolic connectivity aberrations in PD. "F-FDG-PET/MR imaging is

useful for the early diagnosis of PD and for exploring changes in the mechanisms of intrinsic remodeling of the brain in PD patients

from the perspective of brain metabolism and function.

[Key words] PET/MR; Jensen-Shannon similarity estimation; metabolic brain network; correlation coefficient; Parkinson”s disease
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Figure 1 The design of this research
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nance imaging, rs-fMRD) K ££ 2 %{(: TR 2 386 ms,
TE 30 ms, FA 80°, 31 4ifi /= £ 42, Ji [ 64x64, FOV
220 mmx220 mm, 782 3.44 mmX 3.44 mmx3.50 mm.
1.2.2 fMRI B 1% 4 32

Tl A4k # 155 3 F Matlah2013b (MathWorks 24 7] ,
5 ED P 4511 2 2 (statistical parametric mapping,
SPM) B A (version12.00 347 . FEED IR : DLk
ISJ 18 552, 530 B A 10 AN IR ) 500 2048 s QN (] R AL IE
DAAEA I 1) AR 4R AR o 8] R AR N 228 R kAT
RRIE: @K IE, 2 B 3 0 A% b gl Sk -1
>3 mm BUE £ >3° I B4« @7 [ A AL & %
2R MRS s © R 0.01~0.10 Hz 77 98 X5 5 31T
SR DAL &, [BHA A RES ARG
5 MR RAE T
1.2.3 PET B 4 32

MRIcroGL # 4 (v1.2.20211006) #4 PET-DICOM

P8 e 45 0 NIETT IR o 78 Matlab2013b 1 &5 FI|
spm FAF LS PET BB AT FUAL B . £ 2D 3R
O3B IE ; @7 (A ARHEAL : 52T i 3D 2544 Bl
f¥) TIWLXS PET BUZBEAT 25 [0 AR AL ; B2 (] P18 -
“FIE1% N 8 mmx8 mmx8 mm. #ASFH|H Python 3.9 11
SRR BRI BOAR HE S IUE (standard
uptake value, SUV), TH 5 A W1 F:

SUV = ‘iﬁ‘@fﬁg(kBq/mL)

PERTIA P (KBq)/ A 7 (g)

1.2.4  AMKJSSE Rt 1 24 32

ARAFTRAL FE 1) SUV IR 5 5 B 505 i X 381
“F-FDG-PET {5 5 X 35k 7] 4% 34 45 5L ) MC, 720K
A FIEOSHR[X (region of interest, ROD H *F-FDG-PET
5 I A A AR, X A i R 2 T TR G R
R SR AL T A% . MR 4R A B T 40 A R HUE )T
VU R A AR AL BE R O ROL 2 TR )3 2 .
K I 2% (130 58 SCRAT — ROLY BB AR R I SUV
W73 2 [A) FARABA: o A5 S HTRIE 72 o S8R F)
T3 R ISSE, BERLR 22 245 BAH LI

D (PIIQ)= %KL(PIIM) + %KL(QIIM)

KL(PIIQ) = [P lg%dx

Horr, P AT Q O ROT X ¢ 5% 5 J52 f) A8 56 3 2 bR
44 (probability density function, PDF) ; M=0.5x (P +
Q) KLCeI+)R/RKLBEE . A8 %% BEAli 11 SUV 1)
AR A T B R, B BoB D,



BASHH M TRk, MR, B %, 45 F-FDG-PET/MR #2785 H M 4 2505 i £ Q5 09 286 71 )y e o9 28 5O R AIE L) .

20258 A

B R R R CH AR , 2025, 45(8): 1132-1139

°1135-

T2 A F B A I T B MLC 58 2 1) 7 > ROL Z [R] )
PDF AR BN, 3 o X3 i A j 22 1] B MC 38 45 2
RIFEHE R4 0SB IC 3R f& AR - 4K (Jensen-Shannon,
JSOHLEE: JSs(PlIQ)=e—D(PIIQ)

JSSE CLJH T i AR A% A g s 2. JSSE
M EBRBEHRA T 1%, ISEEEHE MO,
1), Xof AL B b SE AR . L, IS BUEE A X AR
(1, XA B R 4 ROLZIAIEL R . ] JSHL
JE BRSPS ROLZ TAA QS @ L ) 3R L, JS il
FEAERER, P> ROLZ [R) A BAH BL, MC B 5 .
1, A% ROTZ RS I8 PR 3 B AB A B T 14> 90
90 HIAIAH S AR RE I, o MR 2%
125 MEFCAEMS

Gretna (graph theoretical network analysis) 2.0
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AR T NCAL(P=0.045) , i8] PD P28 Ak,
R R, AHAAR K P 1R ik [X 2 T P 3 4 T R 5



* 1136+ [z

S PN

24555 8 A
202548 A

A: An "F-FDG-PET/MR image of a patient with PD showing rela-

tively elevated glucose metabolism in the pallidum, chiasma nuclei, thal-
amus, cerebellum, cerebral pontine, and sensory-motor cortex, and rela-
tively diminished metabolism in the bilateral frontal and parietal-occipi-
tal cortex. B: An "F-FDG-PET/MR image of an healthy control subject
demonstrating the lateral prefrontal cortex, posterior cingulate cortex,
precuneus, caudate, shell nucleus, thalamus, temporal lobe primary au-
ditory cortex, and occipital lobe primary visual cortex with relatively in-
creased metabolism, and lower metabolism of cerebral white matter and
cerebrospinal fluid.
2 PDEBEMIEEXBE "F-FDG-PET/MR Ef&

“F-FDG-PET/MR images of a PD patient and a

normal control

Figure 2

%, HAh 2 R fatr 2 M ZE R LG % m WP >
0.05,%2).

HT SR bR PD A AR B DCAE BT
NC 41 (1=3.32, P < 0.001) , H 445 ;S48 b K i@ L
FDRAZIE, ZR G178 o
2.3 Roiftha M 4 & A

23 FDR B IEAS 3 15 X4 R B 3 2 7 (P <
0.001) FIFEHAE, B 15 /N EE MC 52 2 T i s
(B35 B aT WL PD £ 3 R AP 48715 S ke
(B F) MC 98/, ToU AT Rt MC 9a2b, LA R A
DA IS i DX TR () MC b o i [X 2 1] MC 2 3 T P 1)
BAARNEHNAR 3.
24 DhAeSE M 25 09 36 A1 & e e AR R AR K
iy

Xof Ty HE WX 48 1 4 Ja) Ja P 15 s B e R AR AT FC 3t
ITHBILR)G , BIAAERA Gt 2 m e .

5T Mantel £ 56 , PD 20 AR 11 - Th 68 ~F- 45 % [ 1]

#1 PDLEFANCEMIGKRELZL SR

Table 1 ~Clinical baseline information between the PD and NC groups

Baseline information NC PD P
Agel years, M(Pas, Prs) ] 61.0(56.5,67.5) 62.5(52.8,73.0) 0.842
Sex(male/female, n/n) 10/10 16/12 0.240
Disease course[ months, M(Pas, Pys) | - 24(9,48) -
Affected side(left/right/both, n/n/n) - 10/8/10 -
UPDRS-II scoresL M (Pas, Prs) ] - 49(27,53) -
H-Y Stage[M(Pys, Pys) ] - 2.0(1.5,2.00 -

UPDRS: unified Parkinson’s disease rating scale; H-Y stage: Hoehn and Yahr stage; —: this indicator did not exist in the NC group.

#R2 PDENCHELFRINEMHEILE

Table 2 Comparison of global topology attributes between

PD and NC groups (x +s)
Global attribute NC PD t P
A, 0.165 +0.025 0.187 £0.028 -2.060 0.045
H, 0.045 +0.019 0.039 £ 0.020 -0.202 0.841
Eutoba 0.232 +0.005 0.233 £ 0.007 -0.480 0.627
Eica 0.353 +£0.006 0.355 +0.007 -0.645 0.522
C, 0.300 £ 0.006 0.301 +0.006 -0.482 0.632
oY 0.960 +0.087 0.912 £0.109 1.555 0.127
N 0.569 +0.012 0.578 £ 0.018 -1.896 0.064
o 0.771 £ 0.060 0.733 +£0.088 1.644 0.107
L, 1.299 £ 0.055 1.320+0.102 -0.854 0.398
S -0.212 £0.117 -0.411 £ 0.511 1.676 0.100

A,: assortativity; Hr: hierarchy; E,ua: global efficiency; Ei.: local
efficiency; C,: clustering coefficient; y: normalized clustering coeffi-
cient; A: normalized characteristic path length; oz small-world property;

L,: characteristic path length; S.: synchronization.

Fe R HMKH 5% R BN 0.242(P < 0.05) , NC ZH 148 151 -
LI REHE ) Jz /R AR 6 R ECH 0.197(P < 0.05) . AR
Wt-ThAEAH 5% 205 UPDRS- IT3F2 A3 Bz K 2k 2%
ZHN0337(P > 0.05), 5 H-Y 4 B 37 7 2R 2 A1
K ZHCN0.030(P > 0.05),

304 i’

AT FEA FH *F-FDG-PET/MR B A% 352 A 3R B
Ao AR ) AN Th e A S, 18 I JSSE J7 4 Mk
ARG 9 2%, IR R FR bR T &R A A8
PE ) 25 57 DL S MC B R A2 I e 2%, fe e 0 i 7 AR
W 28 5 T 6 I 2% 2 18] FR AR 5

PD H2 35 i X 285 B A L B /) thE 5 e, 3R A 3
TR AR I 4 5 0 41 ) 1R B A 2, LRy 0 ) 4%
HARE R % . PD AR KRB NC H & E T
11> BN X 265 08 3k 39 5 7] 28 i X A 4R A A 18
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A': Fifteen inter-brain connections with significantly reduced metabolism in the PD group. 90 AAL ROIs are represented by squares made up of
coloured blocks, with significantly reduced metabolic connectivity indicated by a blue line. B: A three-dimensional display with the bars representing

T-value changes. L: left; R: right.
3 BERKRYEE MCE
Figure 3 Significantly reduced intergroup MC values

#*3  PDAHREERAY 15 M E MC
Table 3 The 15 significantly reduced MC between brain regions in the PD group

Metabolic connectivity” Brain region 1 Brain region 2 P
1 CAU.L(Caudate nucleus) ITG.L(Inferior temporal gyrus) 0.001
2 FFG.L(Fusiform gyrus) CAU.L(Caudate nucleus) 0.001
3 CAU.R(Caudate nucleus) ITG.L(Inferior temporal gyrus) 0.001
4 PAL.R (Lenticular nucleus, pallidum) ITG.L(Inferior temporal gyrus) 0.001
5 LING.R (Lingual gyrus) CAU.L(Caudate nucleus) 0.001
6 PreCG.R (Precental gyrus) ROL.R (Rolandic operculum) 0.001
7 MOG.L(Middle occipital gyrus) CAU.L(Caudate nucleus) 0.001
8 ROL.L(Rolandic operculum) STG.L(Superior temporal gyrus) 0.001
9 ROL.R (Rolandic operculum) SMG.R (Supramarginal gyrus) 0.001
10 CAU.L(Caudate nucleus) MTG.L(Middle temporal gyrus) 0.001
11 ROL.L(Rolandic operculum) INS.L(Insula) 0.001
12 ORBinf.R (Inferior frontal gyrus, orbital part) ROL.L(Rolandic operculum) 0.001
13 SOG.L(Superior occipital gyrus) SPG.R (Superior parietal gyrus) 0.001
14 ORBinf.R (Inferior frontal gyrus, orbital part) FFG.R(Fusiform gyrus) 0.001
15 ORBinf.R (Inferior frontal gyrus, orbital part) ~ CAL.R(Calcarine fissure and surrounding cortex)  0.001

"The metabolic connectivity is between brain region 1 and brain region 2.
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