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AR RCONS SR IERFRIAE R . Wit LogisticE M @ IME EX HEREE, 232K
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Abstract

Objective: To explore whether the serum CCN5 levels associated with atrial fibrosis can predict LVZ
in patients with atrial fibrillation. Methods: In this study, 79 patients with sinus rhythm (control
group) and 114 patients with atrial fibrillation (atrial fibrillation group) who received radiofre-
quency cardiac ablation for the first time in Yantai Yuhuangding Hospital between June 2023 and
January 2024 were enrolled. General data, biochemistry, electrocardiogram, cardiac ultrasound
and other clinical data were collected. Left atrial stroma voltage mapping was performed in patients
with atrial fibrillation and LVZ area ratio was calculated. Patients were divided into group A (LVZ <
6%) and group B (LVZ = 6%) according to whether LVZ was greater than 6%. The expression level
of CCN5 in peripheral blood was measured by enzyme-linked immunosorbent assay. T test was used
to compare the CCN5 expression level between the control group and the atrial fibrillation group.
Pearson or Spearman correlation analysis was used to explore the correlation between CCN5 and
clinical data. Binary Logistic regression analysis was used to determine the risk factors affecting the
LVZ, and receiver operating characteristic (ROC) analysis was down to determine the cut-off value
of CCN5 to predict LVZ. Results: The level of CCN5 in patients with atrial fibrillation was lower than
in control group (32.43 * 6.15 vs. 25.46 £ 4.97, P < 0.001). For atrial fibrillation patients with LVZ <
6%, blood CCN5 expression levels were lower in patients with LVZ 2 6% (30.10 * 6.75 vs. 24.75 %
3.49, P < 0.001). In patients with atrial fibrillation, CCN5 was negatively correlated with BNP level,
left atrial diameter and left atrial low-voltage area ratio (P < 0.05). Logistic regression analysis sug-
gested that blood CCN5 level was an independent risk factor for LVZ. ROC curve showed that in pa-
tients with atrial fibrillation, the optimal blood concentration of CCN5 to predict LVZ 2 6% was 27.22
ng/ml, sensitivity was 0.707, specificity was 0.773, and area under the curve was 0.785 [P < 0.001,
CI: (0.696, 0.873)]. Conclusion: Serum CCN5 can independently predict the proportion of left atrial
low-voltage area in patients with atrial fibrillation.
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1. 5l

O 5 B AN (atrial fibrillation, AF) A2 IR FH W POERL AR E (L], Hok R s tF: B O s A 44 Fl
O L5 S5, AT OIS b5 BRF 2R A7 AR 1) BE Al [2] o o053 Rl R (Radiofrequency catheter ablation,
RFCA)Z H e IR 1 55 B — 287697 FBE[3], A s 22 Jo b 45 211 72 55 1K # % [X (low-voltage zone,
LVZ) AN 7E B AR A B AR [4]-[6]. H RTIEERAVERB TN A 55 LVZ R = B R A TG E R A
AR SR o B A T PR O U A A B SR AR R (MR AE — @ R BE B DU LVZ [7], (HERIEE
B, GUTAE . FTLLRAIFET . AR ED bR EY ROV EZE HAR. CCN5 J& CCN KIEANMEAZ —,
BRI = B 2 1 Db 2R (PR R i B T PP A TR AR [8] . CiIE CCNS A HT e 4eb i, HERiAK-F 5.0

ik
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YA FERE UM 9%, CCN5 A LUl TGF-beta-SMAD {553 B A1 3341 i #1356 J5 1T AR A R 2T 4 4 e 4
FIE N BRI O AR AE R FNEFGEAR[9], 805 50 R JH 0 J 32 5 /0N BRUIKL O IR £T 440 [10] . AATH 50 S5 Ik L
X FIAH SPE M TR FE o AN 50 SR A T 5 B0 — DA b5 21 4EAX s BSR40 A 7 S A
55 8 R 3% FR CCNG (RIA KT, FHFEE M 7 CCNS 5 8iE#H LVZ FEERRR. XN LVZ M
RAWhR DR R B At B R .

2. NRERE
2.1 WREMR

AHIF TR B 49 5 BRI 7, JESRANN T 2023 4 6 A & 2024 4F 1 A ukis TM 4§ b 0 B (0 4
W >18 Z B 193 il H ARSI b5 B 1 RS2 O I S0 bR (RFCA) I 8 35 (P B4l 114 51, [
— IR} BT B (1) S o L TE S B S ) R (R IR ) 79 . B EAE NG bR (1) NI BT B B A A 0
HLIEIER 24 /NI S O B SRR B EUR AR (2) DR BT AR R e 3 1) 2 AT Lo I SR AT AR o Sk BRZHN
HEARAE: (1) O HEEEAS O BRSO RE O (2) BEA TR B, N S RO RS . HER bR
(1) G IO Je R OIFRER TR (2) A0 3MNH WO EE: 3) &
FEAA IR s e BEPEAR T KRR ) B35 (4) AEAEM™ B S DhRe A 2 (VLEHE FR 2/ T 60 ml/min/1.73m?
AR E KT IR E LR 3 ) EE .

AHIEFE CARAFMH 5 B B T0T 12 B A0 2% D 2 (MR 2= 40 BE B [2024-255] 5 ) It . BT B Y CL A8 &
EED=SEE
22. FE

2.2.1. HRERE
RYE (2020 ESC -0 R EishiZ Wi A HIR ) » FHEWSWONARER) 12 S50 B B B S GO L
EFF>30 HLARAIEE P I LALAHIN RR (811, QRS LA EH IEH .

2.2.2. ImPRBRIBEE

Wb S —TTRE, s, SRER = ARAR . O TRRR . — RETRMEAR RS . M. AR BTdE 2 (body
mass index, BMI). 3 S ALFE I 5« BEAT sk (i He St BB RS 52) MR st i sk I R K R AL
175 (angiotensin-converting enzyme inhibitors, ACEIFIIfLE S5k 2 11 524445 #7175 (angiotensin I receptor
blocker, ARB)AR FH 5 . 5256 & FR b BLHE 1] X R IR B L 5 2 i (aspartate transaminase, AST). IfiL LT (serum
creatinine, Scr). Z* IR I H% (glucose, GLU). st JIH [ /% (total cholesterol, TC). {H % % I 2% H (low-density lipo-
protein, LDL). B Z4fixi4AJik (brain natriuretic peptide, BNP). % 18 75 0o 2 [ 2 i /0 00 55 )5 Bk JEL i (left
ventricular posterior wall thickness, LVPW). = [i] % J& & (interventricular septal thickness, IVS). 7= % 4 ifi. 5>
H(left ventricular ejection fraction, LVEF). 7c .02 /5 B 1% (left atrial diameter, LAD)#1 E/E’ LEAH .

2.2.3. Il CCN5 JUE

TESHARE BOARHT, BB IE B R AL B3 E R S I K L 3~5 ml TR&EE H, BONLE L 20 4
Bl HE3dECh 3000 #50y, HULIEWIAAET-80°C, HEMLENT. KABEE AR ILIE(ELISA V)M 5E &
F 1 CCN5 7K

2.2.4. FAFEFRIFN AR S IHREAR

B TR 2 R R RR A7 B Bk 2 o 0 B e IR SR A, P I OO s R S B R A T A O B
A ke, BN Swarts 85, ZEHEEREG, 1%\ PENTARY HIHAI STSF A 2K #EE AL S8, 1755
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R ERRN . £ CARTO $55 FLL43°C. 40~45 W il L IEAT il ik ol L i i Bk B 5 o AR 1T 50 70 3 A1
LR TR 5 B (LVZ)

2.25. GHESH

KH SPSS25.0 MEATHHE /4. IER/ A INES AL ERIRZ NV IIME + br#EZ(X£SD), JEIERH AR
AR B RN A E(QL, Q3). X T IES /s, RAMSIFEAR t &5, XTI mtdE, KM
Mann-Whitney U #5:56:, T4 IRFIME I LLE . TR IR0 Lo o KA & . A SGME M AT IEAS 73 A R H
Pearson M550 #7, AFIEA/MAT R Spearman AHeE/3 M. K —7¢ Logistic [\ V43 H7#f & MR X
fakikE. PRSI P < 0.1 AR Z R Z it — D e X 45 RS2 . Yanfang Wu 45
NI FE[11]13R B LVZ > 6%37R 76 5 B2 (AT AR T . TRIE AT 7 4% LVZ B KT 6% B il
A H(LVZ <6%)F1 B 4H(LVZ>6%), LMET /04T CCN5 5 LVZ 1k & . il 2528 T/EEHE(ROC)
i 2 R RE AR B &5 R B TN, FIIT CCNS X P B LVZ > 6% 2k . I tu{E L (OR) %I LA
95% {5 X [AI(CI)45 i, P {E<0.05 i) N EAT Giit 24 2 1k

3. &R
3.1. XTERLEF EEILE S & RGP B RAFE

HFe 1 AT UL, AHFFEIEGN 193 BIREA, HApxtHidl 79 fl, e 114 6. SXTHRAM L, g
AR IEECENL, BNP K FHE &, EHEEFEKR, ZFA50015 5 X (P<0.05). 1fiH 4 & EFR
PER. BMIL MRS, Al sy v s s RO S S BRI . MULEF. SPHEEE. REEREEA. B
A AR ACEIARB IR A L3 EIFEFR(LVPW, IVS, EDV, SV, EF, E/E)J5 T, %574t
1T (P > 0.05),

Table 1. Comparison of baseline data between control group and atrial fibrillation group
= 1. XRBMBEEERELBERILER

A5 X4 (n = 79) FHEA(n = 114) t/Z1* 18 P{E
() 59.49 + 10.74 62.37 £ 9.60 —1.948 0.053
T (%) 39 (49.4) 69 (60.5) 2.358P 0.125

BMI (Kg/m?) 26.90 + 3.66 25.33 +3.96 —2.744 0.007"
4 1M (%) 34 (43) 63 (55.3) 2.790P 0.095
T PRI (%) 7(8.9) 19 (16.7) 2.439P 0.118
T (%) 10 (12.7) 23(20.2) 1.860° 0.173
R (%) 7(8.9) 21 (18.4) 3.439P 0.064
GLU (mmol/L) 5.60 (5.17, 5.93) 5.66 (5.18, 6.49) —0.869° 0.385
Scr (ummol/L) 65.27 + 14.35 65.53 + 14.99 -0.120 0.905
TC (mmol/L) 4.42+133 454+1.11 -0.699 0.486
LDL (mmol/L) 2.69+0.91 2.65 +0.94 0.245 0.807
AST (U/L) 21.00 (17.00, 26.00) 2.00 (18.00, 25.25) -1.083° 0.279
BNP (pg/ml) 14.29 (10.00, 34.75) 100.29 (41.25, 173.80) —8.369° <0.001**
ACEI/ARB (%) 17 (21.5) 28 (24.6) 0.242b 0.623
LVPW (mm) 9.08 +1.02 9.19 £ 1.07 -0.698 0.486
IVS (mm) 10.78 + 1.44 10.79 + 2.40 -0.029 0.977
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EDV (ml) 120.05 + 30.26 11470 £ 31.76 1.172 0.243
SV (ml) 72.67 +21.02 73.01 +20.60 —-0.113 0.910
LAD (mm) 33.93+4.21 40.62 £5.98 —8.577 <0.001""
EF (%) 64.89 + 3.56 63.77 £ 4.51 1.834 0.068

E/E’ 8.32 +3.06 65.27 + 14.35 —0.463 0.644

E: P<0.05 BREFHGIFFR N, "FK/RP<001, ™KK P <0001, BMI = 5%, GLU= =g, Scr
= MALEF, TC= HJHFERE, LDL= RFENEEH, AST= AR ILHHEE, BNP=B B4k, ACElI= M4
KRBT, ARB = M EIKE I 2T, LVPW = E=/GEEERE, IVS = =[REERE, EDV = §F
ARWIER, Ssv= S#HEE, LAD= AFER, EF= Hifmo%, a®m ZE, bERAH.

3.2. MREMFWLALE M CCNS FRikKF

HHE LA, X RAAREL, B3 EZH i I CCNS k7K~ 51K, 34.82 + 5.76 Lt 29.07 + 6.59 ng/ml,
ZR HA SR X (t=6.267, P <0.001).

60 Kk ok
1

H
T

N
o
1

CCN5(ng/ml)

X{BE FELA
Figure 1. Serum CCNS5 levels in control group and atrial fibrillation group
1. XTERLAFIFSENLAME CCN5 7K
3.3. EEIEEM CCN5 SHEIRKIEHRAIMEX M4
2 Al L, FEEUE I CCN5 5 BNP /KF(r = —0.306, P = 0.001). /A J5 Ef%(r = —0.487, P < 0.001)
A AR R AR 5 B (r =—0.374, P < 0.001) 2.3 i AHOC, TS5 4FEES . PRI, BMIL 23 IR . o I A i |
RERARER . AN M2 K.

Table 2. Correlation analysis between serum CCNS5 level and various clinical indicators

% 2. IMi& CCN5 K5 &ImAIEFRAIE X E DT

Il PR A AR MR RE P1i
e -0.087 0.357
P51 -0.054 0.570
BMI -0.175 0.063

7 A A -0.075 0.426

SR ] -0.001 0.995

K& ERREA -0.097 0.907
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B L -0.029 0.758
i AL -0.075 0.323
B A fixi gk -0.306 0.001*
LAD —0.487 <0.001™
LVZ -0.374 <0.001***
e P<0.05 FRERAGITFEN, "RKRP<0.01, ™K P<0.001, BMI= #F48%; LAD= ZpERE, LVZ
= FE AR ETER S .

3.4. AE LvZ EEERENIERFFIEELE

N T EFHIZMHT CONS 5 LVZ 9% &, ¥ LVZ 408 A 4H(LVZ < 6%)F1 B 4L(LVZ > 6%). H1# 3 7]
DL, AR A2 AR R AR 7 Ee bR, AN 114 5 S5 835 43 A H(LVZ < 6%)Fil B 4H(LVZ > 6%)-
ER L [X <6%I1 5 B 2 AH EL, A1 X >6% (58 1) BMI %51 26.53 +3.33 tE 28.19+3.77, (P = 0.043),
BNP 7K°F- 5 75 93.03 (31.15, 158.57) Lt 156.22 (88.34, 208.79), (P =0.015). F#%. PEA. mIES . BEIR
SR WM SR s, ARG IRE . UULEE . SR KR EARE A B AN EF AR LVZ A
Z A ZE RIS (P > 0.05).

Table 3. Comparison of data between groups with different LVZ levels
3. AR LVZ K FBEAEEZRELR

ZH ) A 4l(n=92) B #l(n =22) /21214 P{E
() 61.62+9.95 65.50 + 7.31 -1.718 0.088

B (%) 57 (62.0) 12 (54.5) 0.408° 0.523
BMI (Kg/m?) 26.53 + 3.33 28.19 £3.77 —2.051 0.043"
5 1M1 (%) 47 (51.1) 16 (72.7) 3.363" 0.067

W PRI (%) 14 (15.2) 5(22.7) 0.282° 0.596
W A (%) 21 (22.8) 2(9.1) 1.314P 0.252
TR (%) 16 (17.4) 5(22.7) 0.075° 0.784
GLU (mmol/L) 5.68 (5.19, 6.44) 5.55 (4.95, 6.75) —0.266° 0.790
Scr (ummol/L) 64.00 (57.00, 73.75) 60.50 (56.00, 73.75) —0.2412 0.810
TC (mmol/L) 455 +1.10 448+1.18 0.283 0.778
LDL (mmol/L) 2.55 (1.98, 3.12) 2.77 (2.11, 3.53) 0.455° 0.455
AST (U/L) 22.00 (18.00, 26.00) 23.05 (18.00, 25.00) —0.4572 0.648
BNP (pg/ml) 93.03 (31.15, 158.57) 156.22 (88.34, 208.79) —2.4442 0.015"
EF (%) 63.87 + 4.58 63.36 + 4.32 0.470 0.639

VE: P<0.05 FRZEREGI¥EN, "F#xP<0.05 BMI= &FifE%k, GLU= =MEMkE, Scr= MALEF, TC= &
JHEEEE, LDL = ¥ EREA, AST= [AXHARIIEFHEN, BNP =B Rk, EF= Sifa%, aRnRZ{E, b
TR P 1E

3.5. [ LVZ ¢AIN CCN5 FRiAKFER LVZ BlEEH 55

FH P 2 W] L, 50 H R X <6% 114 55 B 3 (A ZH) M L, I LR (X >6% 1) £ 35 (B 4H) Il CCN5 7K P A%,
30.10+6.75 th 24.75+3.49, (t=3.602,P <0.001). H# 4 "] UL, #R4EFR S1 FIRK R Hr4s R, LL CCNS,
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BNP. 4E#%. BMI. HIILE S A EA R, LVZ FEE(LVZ <6% =0,LVZ>6% = 1) AH 2 & 47 7t Logistic
B 5307 o 45 R B oR A2 fE IR & b, RS CCNS5 X LVZ (52 m 45 % X, CCN5 (OR = 0.866, Cl: 0.782~0.958,
P = 0.005)/K Ftifk, LVZ > 6% XU

60— % %k %k

40

CCN5(ng/ml)
S
1

T T
AZH B4R

Figure 2. Serum CCNS5 levels in different LVZ groups
B 2. TR LVZ A% CCN5 K F

Table 4. Logistic regression analysis of risk factors of left atrial low voltage area

4. EREEBERRARKRERA Logistic EY353#7

B B SE Wlad 21 P {H OR & 95% Cl
CCN5 -0.144 0.052 7.789 0.005™ 0.866 0.782~0.958
BMI 0.143 0.077 3.459 0.063 1.154 0.992~1.341
i ML 52 0.524 0.581 0.815 0.367 1.690 0.541~5.275
BNP 0.003 0.003 1.226 0.268 1.003 0.998~1.009
ERY 0.039 0.031 1.593 0.207 1.039 0.979~1.104

E: P<0.05 FREFRAGUFENL, "R P <001, BMI= {KJ5ifE4, BNP =B RiHjk.

3.6. EEEEM CCN5 7KFEX LVZ > 6% BT

Wi 3 fios, 3Bt 24 ROC #h4k, A€ CCNS FT- Tl LVZ > 6% i tE ik £ N 27.22 ng/ml,
REEHR 0.707, FeRfAEH 0.773, gk FHA A 0.785 [P < 0.001, CI: (0.696, 0.873)].

100
80

60

REE%

40

20

0 T T T T 1
0 20 40 60 80 100

100%-$5 2 E%

Figure 3. ROC curve of CCNS5 in predicting LVZ > 6% in patients with atrial fibrillation
3. CCNS5 Tl EEiE & LVZ > 6%#) ROC #h%k
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4. W1ig

TEARB T, PrBUEE I CCNS /KPR K T o ps B X R4 . f7 BUE 3 1 I CCNS 7K~F- 1] LAt
SETRZE AR R TR A7 B . ROC 2R 2041 CCNS Fill LVZ > 6% LI FHE A 27.22 ng/ml (REE
N 0.707, $55RERN 0.773), HhLk FHEIAA 0.659 (P < 0.001).

Oy BB (R S5 A T T R O AT A [12] 0 £F LA 750 5 4 2 AR A5 AT . AHUN, T 5 T
FSC 5 P9 B LA BRRE RS, (2t 5 B 2 AR AN [13] o T LML HER, BT B — B TR AR &
VUSRI D5 i W fiayy, R ER AR RN AR OC R [14]. H AT, BRFFCIESE S b5 B O Rl a1
AR TFEALAE KR g (TGF-p) [15]. IR A[16]-[19]. fMkI S0t 2 (ST2) [20]-[22]. Galectin-3 (—7F -
FFUPERSE AR R) [23]. WIS A[24]. FIENEE[25]. B TEER F(BMPs) [26]%5. LR DHFF& 1 10 s 8
TR RIFERZFI, P EMIE S HACRE R A K. SR1T, I L8R AR e A e R VB AE s
B B WS S T T EAA BR . Horh TGF-p 12X b5 UK A 2 g (1) 25 SR ik R AFAE T JE I [27]-[29]
CCN5 2 — PPl A o, I8 /M NG R I 2 A rE A O8], A Bk 75 )=
PR BT RE, EEEEE H, CCNS Rk T 5 O 5 AR ML 4 FE % PIAH . CCNS /KPR
I EBUNR O E R QAR B, O s NI e R AG, SRR ARG B AT 4R g5/ &
HL[10] [30] o ixXHegh i 35 E )4 S0 S A S50 R A 2 1, A FUE— 2D TE b BUR K IHIE T B
WA, HA BT AN R T R A R AR N, M A A 45 R B AR M. CCNG 7E 5 B
S R PRI KT 22 57 0T RESR R JLAE 7 B2 R 4 B R RV AR, RERE NI R IZ T H2 LA 41

77 [ FUS AR B HE BLAKG P PR TR AR ILAE A FH AR s BLRR 3 7 Dy AR R AEFE BE ) B AR [5] [6], & a3
T B R R . Yangfang Wu [11158 AR FE, fE2 AR E 7 HiBIH a8, LALVZ >6%HLh
B[ E(HR) 2.315, 95%H {7 [X [H](Cl) 1.048~5.114; P =0.038]F1%% K 1) AF #¢&LHF [A] (HR 1.008, 95% Cl
1.002~1.014; P = 0.006) & AA 5K (R SL TN PR 6 o AHH 58 1 FEIR A 43 4t CCNS % LVZ T30l A7 {F
L 6% Ml FHEIE o8 2 o i . OO URESE . O ) FESR DL R 4 S 1 AT LU I O ILEF 4R L S 800 by
(= AR 7 = Y 1t T AR A B = ;S e s s S 1S 2 R A AR I I (s I & eV 7 S
RE TR i, BMI ZEFR R, JRE Qg B S /RTE 5 BiUE S F CCNS 32 LVZ BT [l R 3,
HER SR UL AR R 2K . ML 7 T 5 FE, CCNS [ N Vi AT At O s 2 2L 4T i fb . ri AR T 3L 20 2 1) 422
M LVZ T . @i HE7s CCNS 5 LVZ ZEIHISCHE, A B TIRANRR BRI A, AARKRINRST
FEWE SR I T7

BEAEIRTS LVZ BMES iR R N . R O I IR B S M LIRS A [7] [310% EB 3 B iR dR A
N, AR A HARER & DARAS B 2A 2 (LG a7 7R LN ), IR FH 52 B PR . PR TF
ESEAEDbR ) — B AR E IR ABEFSE RS 5 BUE#F hIfil CCNS 5 LVZ fiAlE, [RI
AT DABRST IO ™ B FRE . CCNG A B A T s B8 72 5 LVZ F2 B I AEIbR £, X0k Bh T3F
ity S5 PR 1 7 B BE AT

5 A&

AR TS — TR A S NS MERRF 7T, TE4RZ CCNB X725 LVZ F2FE R T M B B iR ik e ) —
fio [, AHEFUE I CCNS 5 55 Bl 38 S R AR S5 RO IIARSGIE i, BT DA I 8] (R A 5 B 15 A %
TREWTIITTI, WRBATEAEMIN .

6. &it
AWFRAEH, FBEUEA L CCN5 KT EE . BYHEA M CCN5 /K2 LVZ > 6% G
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