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Abstract

Objective: It is unclear that how the brain functional network of coronary heart disease (CHD) pa-
tients changes. To explore the alternation of brain network attributes in patients with CHD by
resting-state functional magnetic resonance imaging. Material: 3T-resting-state functional mag-
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netic resonance scanning was performed on 50 patients with CHD and 50 healthy controls (HCs)
matched by gender, age and years of education from our hospital, the correlation coefficient was
calculated after image preprocessing to construct a functional connection network, and the topo-
logical properties (small-worldness, local efficiency, global efficiency) were analyzed by graph
theory. A node was set a hub if its betweenness centrality was more than two standard deviations
comparing with the mean nodal centrality. Two-sample t-test was used to compare the differences
in network topologies between the two groups. Results: No significant difference can be seen in
terms of local efficiency, global efficiency, and small-world between the CHD and HCs (P > 0.05).
The hub nodes of the patients with CHD were right supplementary motor area and bilateral pre-
cuneus, whereas those for the HCs were right superior frontal gyrus, right supplementary motor
area, left precuneus and middle temporal gyrus. Conclusion: The topological properties of the
brain network CHD patients have changed significantly, and resting functional magnetic reson-
ance provides a new insight for exploring the cardio-brain axis.
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1. 5]

jeb.CoJpi (coronary heart disease, CHD)#& et bk 2l fik P BEEE BSs e Co L AR I S8 LS, & —Fh R & WL
O T . WHO Hids 7 CHD & 4 H F7 Vi il 4 R v ZEEOAE R 3R [ 1] 5% B 42 i AT o0 it 35
B, K% 1820 75 N2 CHD [2]. IANAIDIReE04ESRHL. AbBE . B AV A B — RIS wED), W
RKEZATIHWN: R B 8i2 . HEFRRE DD ) PR R R I A . KR — N E R AR,
F B TR HAT A SRS S BT 7T G SR B CHD A KN Th BE454% 501 2R 2[RI A#H 5% [3] [4], CHD
BFINEI RN & [5] [6], BFEILIZ A RS EPATIHRERIUTG[6] [7]. —FifERE 2 CHD T3
R0 1 A R, 33K 245347 i 41 L ik v sz e A N T RE[8] [9] [10]e 3 — PR 2 jed CoJo A 453495 2 (1]
AFAE—Se L [R F A B TR 25, 81 vy I 8 JAR e R v IR IO 2 38 Il en A iR AU [ 11« 64, AHIEdE R
A A 5 O SO O B B R 2 1, W R (IR B ARSIt o A b 2 A 4 Ak
MI[12]c [FIR, IXeA 3 ST A B T 5 i K M U, PR e AR B I A PR P A K [12] 0 2
CHD FIRA AR R R ZRERM, 7525 2 RHEFT 78 50 B AR X LU o

¥ B ThRE WL (resting-state functional MRI, rs-fMRI)J& — il & KGR ML G AR, A
BATATREEAESS SO fERBGIE Y, 5% RHEMERRMMCE, HRRERA[13]. Bk,
rs-FMRI =5 200 2 1 587K P A 85t R ATUIR 3 15 5 (BOLD) 33 A& — i 5 i X 0L Y0 480 5 o P o v o
Rs-fMRI = ZH TR 7 A RN X 2 (W I ThREIG 3, X Syl sh s SR Ao B BB ThREM 4% . H1 T rs-fMRI
T RATES 5HEPATIES, TERTRERT R 2 NI [14] [15] [16]. K2 p AH FdEz i i X 21
B, BARRMITHREG ML o 1KLL ) 28 PEAR 2 N AN Th e R A 2 AR T o i DR 265 1) — A B 2B g 2
TR ME, mRERBORIAHE, RRATINIX 2 [0 B S E . R — 2 B A% 0T
(Hubs), 7EASFEITHREMIZS PE NEEE T s R IEVER -

Jingchen Zhang 25 AN7E— T 51 — X FEA S0 FIR rs-FMRI 4347 768 0o 5838 IR sl A8 4k o 22 70 45 1
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BoR, — S X KR 3% (low-frequency fluctuation) {4 /%, H 58RI FITES L [17]. — Tl
Ann-Marie G 25 N5 T4 [E N g A, 32 B2 H (02 TR0 2 A5 Il AP A0 A R R 2R, 45 R EoR
rs-fMRI A S T AERA T, I BB D Re U & 58RO AN 251 8 A 06 [18]. (RIth, ANHF 78 F
FIH rs-FMRI $R F0 70 000 J B I 28 284k, SRR IE AT A0 22 2R G0 i 8] PR 5% SRR PEREAR 22 KA

2. Fk
21 MIRMR

AW FEGIN CHD 535 50 1] S f FExt 8 50 45135k 1 75 & K5 B I M 5 i 588 10 2= Bt o AT 98 3R 154
SRR PG B2 ot . kiS5 2022-74.

CHD HNFifE: 1) BFEA O LS SO IETF AR s 2) CTA BoR— 3k % 3 ko 2
FRE>50% [19], H O BFE KPP, £F6 2018 fEHh AR o kAT e LR 12 Wife s 3) AAITF: 4) 4
% >50 % H CHD 2 Wil [t 1 45 5) 115> %>60%; 6) JCEAT . K& &i4iay7 5.

CHD ZHHERRbRE: 1) JaReE NIRRT, 2) AR L OBORE . IR RS,
3) HHLT HUAS AT BT (i 45 4 R (MR . BERPBURTARKEAE); 4) WESLIRAS A 2E 23 . o PR RV IERE &
5) MHE I M INE S ARG 6) N TR A S AR . BRI . BEIRE . R
i BER. F IR

NS IRGIAFE . TR ZZCEFREEARVLEC R A2 W CHD X R4, Frf 2 55 5% 8 Mk H
1.

22. EXIEFER

£k CHD 215 HCs ARG H(BMI). 6. WRH(ELHS DART MBI E) . 2B E AR Ml
BRI S iU e R IALE -

2.3. BIERE

fii == Philips Ingenia 3.0T MR I LLREFTA 2 5 &5 AR ILIREE . BARMSHwT. 8
i 50/ [7] 334 Fsf 5] (repetition time/echo time, TR/TE) = 2000 ms/30 ms, % ffi(flip angle) = 90°, JZ%i(slice
number) = 36, 1% (field of vision, FOV) = 224 mm x 224 mm, JZ ) (slice thickness) = 3 mm, #H R4 (matrix) =
64 x 64, —XFI4H 240 W, FAREITIA) Dy 480 b [N RS AU S 3D-T1 A Flair LLHERR A B & 1Y)
I G5 ) S

2.4. BARALTRFIFIIEPLE

2T MATLAB & HIHE 2 Hr 4 44 (Data Processing Assistant for Resting-State fMRI, DPARSF), X} i
GEAEIAT I N AR 1) RBRAT 10 MR AT 2) BFEIRRIE. SkahRIE; 3) EEE—1k; 4) ThEgEE
PrfELL; 5) 6 mm 455 m T 6) I JEDR(0.01~0.08 Hz) LA K T4 M5 5 [B1A,  [Bl VI35 K (A 55
T WG T 24 BUEKIIE S S8, HFRAE SO G SR, 9) RN .

K18 /9 2% 23 1 49 1 (Graph Theoretical Network Analysis, Gretna) [T+ 22 % Ll 6 09 48 A1 /9 2 45 +1 @
SN AR B SRR LB (AAL), KK 2 90 AN B 2RI )2 R X, AN o X AR R W 28w 1) —
AN R PR SRR X T YRR A, SRS P 2 [A13E4T Pearson AHSGPE > #T, £35]—A> 90 x
90 [ AH P o (] B o 322 42 4 B0 0 s i FEE A Dl 8 o AL, 6 RO i P2 RDSE FEL 1 0.1~0.34, 2P K 0.01,
PR H R P Th RSB M 2% o TS 28 AT S B PEAE 2 REE B R 28 N TR, A MBI &

el
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AR AR FL AT R
2.5. Giitath

K SPSS23.0 B A — Ml IR BB HEAT it o b o tHETORVH RO RIS HEAT E s MR 32 24
BRI R E IR BCRA RN DO REVE A5 & IR0 A, KA MO T A58, FIME + brEZE(X£s)
TR T PR A BRI E T, FoA 1R I T Gretna B IS BEAS T 465 . Benjamini-Hochberg
false discovery rate (FDR)#AT 2 B LA IE. &fa, Fid. BMI. ZHE FEE LA E IR E NI &,
%} CHD & A gt 242 S M i@ S S A IR vE4r, KA Pearson M SPEEAT Gt 22 0 HT
P<0.05 NZERA G FE X,
3. &R
3.1. EXIGEKRER

Fegh N 50 B CHD &3 s . M0 K 2205 MHULHEC AT 50 %1 HCs, MRS =l E . = A8 MAE 7 1
ZRTGFE (P > 0.05), BARNENE 1.

Table 1. Clinical information of two groups
= 1. FAREXIRRE SR

fabr 6 0955 (N = 50) STHEZH (N = 50) P {H
FRR(D) 58.90 + 9.09 58.34 + 6.65 0.40
T (5i1%) 24 (26) 28 (22) 0.42
ZHHFIR(E) 11.52 +3.92 10.84 + 3.74 0.58
W PR Ip 41(9) 43 (7) 0.59
e L& 27 (23) 28 (22) 0.84
e i IfAE 33(17) 39 (11) 0.18
BMI 25.74+3.35 26.15 + 3.16 0.55
e R RHEEEWR EEIREOCE S RBEE DIIE £ FREE(X s )RR

32. Aot

CHD 5 HCs 1E AT BUA TG A R I /M SR M (o > 1), FHH /MRN8 1 2 R A B2
(El 1)
33. RLPRER

CHD #H Hubs f145: A3 l%h 78323 [X (right supplementary motor area, SMA.R)FIXUNHLR{ - (bilateral
precuneus, PCUN.Bil). %A1, HC 41 Hubs f4&: A {Ul%i I [=l(right superior frontal gyrus, SFG.R), £ifll%h

7828 [X (right supplementary motor area, SMA.R), Z&I#Z7GH-(left precuneus, PCUN.L)FIA: 35+ [=]
(middle temporal gyrus, MTG.L) (5] 2).

4. T1ig
AT T DA D REMEILIR UG &5 & R T AW I CHD AH SR RN D RE AL . ERA LT L

AN 1) R/ AR MEF R, 2) 37 R0UKF: SRR R4, CHD 4 Hubs A
kb 7838 B X AKX LRI PEEE CHD FH R IV Th B8 K i 4 41 1R SO B 8t 18 L A
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Figure 1. Differences in small-world network between CHD and HC. Eg:
global efficiency; Eloc: local efficiency; Sigma (o = y/1); CHD: coronary
heart disease; HC: healthy controls
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Figure 2. Hubsnodes based on nodal centrality in CHD and HC. CHD: co-
ronary heart disease; HC: healthy controls, SMA.R: right supplementary
motor area, PCUN.L: left precuneus, PCUN.R: right precuneus, SFG.R:
right superior frontal gyrus, MTG.L: middle temporal gyrus

2. mbmEXRAZR LT RREE. CHD: &iL; HC: f@RXIER;
SMAR: B FEZEFNX; PCUN.L: ZMHEZFIT; PCUN.R: AMIHZE]
it; SFG.R: A& L[E; MTG.L: ZMFH[E

/N TR AR IR W 48 SRR R B e, AR TOAR L 2 8] B T RR[20] o A BE RO NG X 2 18] ) 5 L B A

REMS 1L K28 ARSI AN A R [21] o /T @ PEAE 2 A RIS RE A AR R, LA [ X 2 (e A5 2 A%
RS TN K. Eg SMUAR &R 212 18] (45 A% R [ JR A5 2 /2 B 0L - Eloc [R5 4 1 25 1
PRI R JRARAE B A5 7K. CHD 5 HCs il 2535 2 Bt /It SR M, I B2 e N 440 b g 1 2%

FIHARE. K0T

N =)
He &

AR R TE L i CHD B I 2% 25 - ThEER &R .

PN N BTGB, DHREMI AT R . KR IO FURLIZ S, & 2R3

Hubs J& B A e LR A5 PRI M 2% D RERE & 5 0 B R b R HE BB/ R T, JCHLARE T A
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P AZE PO G (X 2 ) AT BRI A5 A 33 R RE BT FE[22] . Hubs S W28 R 22 26 B SR AR I 28 S A, L1 A
B, wTAEHNE B Acit. HATHE LRI, B A KN Hubs 3 ZETE =y 2L\ HIAH DGR I X 4%
YEF, 1A Bl AN AT A [23] Hubs (KM T A P3R85%, B2 55 52 BB 500 i A AR o3 B3l B .
AW SR HC ZHH Hubs 52 Bl (BT 7045 SR [24]. BT, 16755 35 A (s BAL T L, MTG X%
JBRAS BAREBUR[25] [26]. k4L, MTG S5 B4R, JLHEMSN A CBUt A MAT A H K, WimHR
TR ASIE. SR CHD 5 HC P4l Hubs A H & £ 7. HET 7524 42 5FH A7 —IiKIL 19 4
AR E R, S 585 FIE SCERTES CHD MG, iZAF R, CHD i slkK, & S
RIPAK[27]. ZEFT A CHD &, A& MTG.R A2 Hub, 1fii PCUN.R & —N# ) Hub. PCUN
& B JE AR 2R X 2 ) B R B 2L Hub. (AR /2, PCUN s2(Default-Mode Network, DMN)
P CHENG X, H R BEEMSEMAR R ). 1 eis HIIE AR 7 R E(EH[27]. 75 CHD &3,
#r Hub AT R —FHAMENLH], 8 I BUE S 2 0 FARA A i 1 /25 . SMALR F1 PCUNLL A&7
AL Hubs, IXLEHKX 52 GG MR DIReSEIH & E M AT 7T & — 801 [24]. Z AR FE R, X
Befix X 3 S5 ZRYUE B g, AN X 2 F01E B k4% = 2 AE 28]

AT LG — L/ R 25—, RFFFEARERD, WEARMSSY KEARS: B, W)
BE 26 ANHE S it CHD AHIC I B 2 S5 MR AE, AR 45 & 2 B8 7 (B a0 DTI. VBM)Z24 4 B i
FEIhRE - S5 R.

5. &g

A T BERES IR 45 & B T i - 00F T e s J8 3 il D REIERAR AN PR AR 4k . BT AL, CHD
BEMMEERR . T RIGERKCE B R AR X Ih @ VA B T BAR O IE R 22 2R G500
Z 8] AR AR LA o
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