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Elevated high-sensitivity C-reactive protein predicts end-stage heart failure risk in arrhythmogenic cardiomyopathy
Aiyasiding Xiahenazi '>*° | CHEN Zhong-li'”**” | CHEN Liang’”"*". 'Center of Arrhythmia, Fuwai Hospital, Chinese
Academy of Medical Sciences, Beijing 100037, China; > Department of Cardiac Surgery, Fuwai Hospital, Chinese Academy of
Medical Sciences, Beijing 100037, China; ° Peking Union Medical College, Beijing 100037, China; *National Center for
Cardiovascular Diseases, Beijing 100037, China; ’ State Key Laboratory of Cardiovascular Diseases, Beijing 100037, China
Corresponding author: CHEN Zhong-li, E-mail: zhonglichen555@ 126. com

Abstract Objective: To investigate the association between serum high-sensitivity C-reactive protein (hsCRP) levels
and the clinical outcomes in arrhythmogenic cardiomyopathy ( ACM ), and to evaluate the predictive value of hsCRP for
end-stage heart failure (ESHF) events. Methods: A total of 328 patients with borderline or definite ACM were retrospectively
enrolled. Patients were categorized into low-level ( <3 mg/L, n =251) and high-level ( >3 mg/L, n =77) groups based on
baseline hsCRP levels. Clinical data were collected and compared. Spearman correlation, receiver operating characteristic
(ROC) curve analysis, Kaplan-Meier survival analysis, and Cox proportional hazards models were employed to assess the
association between hsCRP, cardiac function, and ESHF risk. Results; Among 328 patients (68. 9% male), 44. 8%
carried pathogenic/likely pathogenic gene variants. The high hsCRP group showed worse cardiac NYHA class, lower left
ventricular ejection fraction (LVEF), greater right ventricular enlargement, and significantly higher N-terminal pro-B-type
natriuretic peptide (NT-proBNP) levels, but there was no statistically significant difference in incidence of previous malig-
nant ventricular arrhythmias (P > 0.05). The hsCRP was correlated negatively with LVEF (r= -0.257, P< 0.001) and
positively with NT-proBNP (r =0. 307, P <0.001) and right ventricular diameter (r =0. 115, P =0.039). The hsCRP
levels were not influenced by positive gene states, but varied across structural involvement patterns, with higher levels in
biventricular involvement (trend P =0.005). ROC curve analysis indicated modest discriminatory ability for predicting
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ESHF at 1st, 3rd, and 5th year [ areas under the curve (AUCs) of 0. 640, 0.662, and 0. 654 ]. Kaplan-Meier analysis
demonstrated significantly reduced ESHF-free survival in the high hsCRP group ( mean survival 97.2 vs. 150.5 months, P <
0.001). Multivariable Cox regression showed that hsCRP remained significantly associated with ESHF risk independent of
traditional ventricular structural and heart failure indices ( LVEF, right ventricular dilatation, and NT-proBNP), whether
analyzed as a continuous or categorical variable (both P <0.05). After adjustment for age, sex, NT-proBNP and right-ven-
tricular dilatation, hsCRP remained independently associated with ESHF risk ( continuous parameter HR: 1. 071, 95 % CI;
1.011 - 1.135, P = 0.020; categorical parameter HR: 1. 833, 95%CI. 1. 115 -3.014, P =0.017). Conclusion: Elevat-
ed serum hsCRP levels are closely associated with heart failure and adverse outcomes in patients with ACM, suggesting its
potential role as a biomarker for predicting the risk of future ESHF events in this population.

Key words High-sensitivity C-reactive protein; Arrhythmogenic cardiomyopathy; End stage heart failure; N-terminal
pro-B-type natriuretic peptide; Left ventricular ejection fraction

Fro AR H M0 JLR (arrhythmogenic cardiomy-
opathy , ACM ) s — 7 J5 & P 35t 1% PO U , BB 36
20709 1:5000" | B A0 IILET 2 Hig s 4 1 s J3E W
AFENE B O IRPERESE S 2R M0 7 398 (end
stage heart failure, ESHF) XU &5 &1 n'>* . ACM
S EE, SO E Y B O RN R, B
B ) T (FIAR O ) RUREIRAMAE |
ATRELLO R N R H = AR, IFH S B EE
T KLU EFS A (heart transplantation, HTx) O
AL 52 2% HL v R 58 42 B B, B0 72 S #5702 1]
T AN SE A 58 It 35 R A 2 S R AR st
LN AT RES 5 ACM LAY, BF58 8%, 1LY
SO 530 5O 100 A8 R 9 A s MLk 85 DDA O, A
ACM il R4 o B RS Z AR A
PR N RO LG AL, 8 23 A 0 28 TP B4 A v
PRLAH A FNAE 20 Y B o3 B A AT 3P AT 1l A 1
FASZBR' o A 8 1 40 i PRt T il e g AR
BHRUSAR S o T I8 R T A TG A ik
FHF W00 o 4 8 KPSy e B2 R R
( C-reactive protein , CRP) J&—F fy JT W& 5 1) 21
BIGRE R T T I A S KR T
i, g C A (hsCRP) T 5.0 IUEESE 25
H SO I A S U 8 I AR O AR B
FEFRVT hsCRP 7E ACM 3 0 A P AN (B

RARETE

L AWFFER G AR WFFE AR I T Hon A R4
O U 42 [ 2 H O EEHDF ST ( ChinaCORE ACM) |, 44
A 2010 48 11 H-2022 4% 4 A fe [ B e Rl e B
HMEE Be AT Be 16 97 B9 8, ARG 2010 4R BT Task
Force #7 # ( Task Force Criteria )" ffj 12 5% &¢ &
ACM, 76 % %2 200 1 8% T 2RI 2020 4 Padua
Frafe A G R b o AR A B A W g A O
FEICEER b [R] i HEBR A BE i ik = hsCRP A6 LA K
LPERYUR S H . MR hsCRP /K- 1Y S5 56 25 4

22 X [] #8534 hsCRP AR /K P20 ( <3 mg/L,
251 ], 76. 5% ) F1 hsCRP & /K4 ( > 3 mg/L,
77 41,23.5% ) o AWFFEL R BEACIZE 51 2t ifE (it
5:2023-2078) .,

2. BRI A B T E IR AR (FEL) I
BN FFTORE IR G s 12 I H TR 2
LB 24 h B0 o B AR A F5 B A 2 B Il IR
Tkl dERra = 0 3 1 3 (non-sustained ven-
tricular tachycardia, NSVT) & X NiELE =3 MEMH
3 A3 > 100 K/ min HEFZEIT ] <30 s, Zc.0
FY IR AN BB Ry o3 A i BV R A ROR
H] N 182 (left ventricular end-diastolic diameter,
LVEDD) >58 mm, %k >52 mm, f7.0FP k432
B o« 0 55 4K U T A O = R E N AR =
29 mm( AL MR IE =16 mm/m®) | 5 j 5 55 44
B D) TRT A o 2 A T P A =32 mm (2 AR TR
E=18 mm/m’) . RAE B HILLE T hsCRP: (B H 1
R 3 2 AR AT, T o o JDk i S i Dk o R
IAER I hsCRP, R 48 H gk b AT 2

3. B G ESHF A4 4% HTx 8.0 oL
T

4. B0 % IBM SPSS Statistics 31. 0 4¢
T AFE RS AT R BRI (2 £ 5) 2R,
8] LR T ST FEAS ¢ K B0 507 22 5345 FRIE AR
AR SR AM (Q1, Q3 ) 2R , 21 ] LR
Wilcoxonfk Fll gl Kruskal-Wallis #5536 ; TH50 B UL
SR % ) F2om IR FLBER T X B Fisher K 3R
Ky ; 22 Kaplan-Meier £ 77 I £8, H4 hsCRP 5
MK -HAEBE VT I N ESHE [y 2L 4 R 25 R
1 Log-Rank K55 H 45 A A7 #H26. R H] Spearman #f]
KA IEAE hsCRP 7K V-5 76 % 57 1l 43 %% (left ven-
tricular ejection fraction, LVEF) | £7.0> & N 1% (right
ventricular diameter, RVD) | & 3K v B U F] 44 B Hif
{& ( N-terminal pro-B-type natriuretic peptide, NT-
proBNP) AR o SR FHIBR PR 3R 2 1] T i e ¥ A



528

WNAR . A PEAG hsCRP I BIRE S, R A %2l &
TAESFAE (receiver operating characteristic, ROC ) i
0T, I A a2 M FR (area under the curve,
AUC) K FH 95% & {Z [X |A] ( confidence interval, CI) ,
8 FH 2848 B0 o T . 78 Cox PRSI RURS: [ 5 43
Breb, X BEAE B RGE A 5 ACM O U AT BEAR 54 Y
I RS AT BRI R A0 . SR R A e it
R B Rlm IR B A A SO 7 (TN AE R M)
it R 2 A R I A 73 A, 4R35 hsCRP X 15 1Y
Tz R 32 XS b (hazard ratio, HR) K 95% CI ,
%% LVEF 5 NT-proBNP — 35 [l f7 7E L2 Pk, #ioxf
ZHEMATEIE . HIRR AR 2 Schoenfeld 5k
ZRig, LA P<0.05 AEFAGIEE L

# R

Ll PRIEL TR A I LA A 328 fii] 183
Hrp 55 226 4] (68.9% ) , Zc 102 4 (31. 1% ) . SGilE
T 98.5% o A R DRAS I B A1 Sy S50 1 18]
FORPESE D S AZ 1Y R 147 191 (44. 8% ) o ABEIY
AR AL 5 015 (68% , Horh 29% FEAT =R ) (I
W PRIXE (37. 9% ) M fe] (53% ) . hsCRP & AIK/KF
ZH AR EREAR (P PRI 7K i A BB AR ) (A 240
2= 02 BE ( New York Heart Association, NYHA )
SR AL EY K A D % E BB B R L LVEF
LVEF <50% LAl 0o e 4540 52 B2 A VI-V3 FHk
Epsilon JH1 NT-proBNP 4L, 22 5 A1 Gi it L (P
9 <0.05, JLRFFER 1, 3940 SCAT — 20 A 7 4230 S i
1) , #2755 hsCRP K V- W] REAE — o B B b 5 50 ™
HFEEAHC

2. hsCRPs K- 5 iifi K [N & 1) < Bk ; Spearman
AT 7, hsCRP 5 LVEF 2 fiAH5¢, 5 RVD
FIEMR(P 1 <0.05) , #&75 2 AE K THE 5450
FEY KX LVEF 3K 4HH 5% ; hsCRP 5 NT-proBNP &
BEEMIK(P <0.001) 4278 RAE K- T 503
PRSI Ig m A OG, DA 1, 489 2O/ A BEBUR
FE P57 PHAE H 19 hsCRP JKSF 5 R 4B R AR &
M, 2R IEgeit B (P =0.738) , WA 1A, 42
7R hsCRP 7K 554807 Hol/ ml G820 i N AR 35
ToKo PASZ RO MESE SR 7 4 hsCRP JKP-AEA
i) Lo 2 A0 52 R ) AT B 25 5% (F =3.263,P =
0.0217) ,fETCHE M % R-I2 B = R EZ R
B F 4 AR TR (GEHR L P =0.005) 3L
O REH hsCRP KB, WA 1B, f&7RTEA
[F) R AL MESZ B SR A AR 25 57, RAEIK

WRHSETEEAE 2025 4 31 % 6

-] R S R s R AR A G
# 1 hsCRP 5 lfs R 447 ] Spearman 48 % 47

hsCRP LVEF -0.257 <0.001
hsCRP RVD 0.115 0.039
hsCRP NT-proBNP 0.307 <0.001
4 g P=0.021, &% P=0.005
P=0.738
—_— 3_ e i i
% g6
E £
a 2 : 4
S &
2, 2, H
0 T T 0 T T T T
& X oF 5 5 oF
& &5 W& 6F oF &
¥ ¥ % ,3,@ ’b@ & B

A1 hsCRP A5 EFXERARCRE ML R LB LR (L
ANRREERAE4AF bsCRP AF:B 4 FROBER R XD
## 418 hsCRP A )

3. JEZE hsCRP /K5 ACM H & BT ESHF X
W K -2 Bt 17 89. 72 A~ A )5 ,89 il (27. 1% ) i
# KA ESHF 54 24 S Fi i (Horh HTx 73 3], o0 3
BET: 16 {5]) o I [a] 4 P ROC i 28 43 #7327,
hsCRP #iijl| 1.3 J 5 4 ESHF FH {1 AUC 435 K
0.640 0. 662 0. 654 , {4 fe KA EARBOTE w1
AR BT (E 1. 49 mg/L (UKL 67. 6% , F5 51
63.4% ) ,3 A XU BB E A 0. 815 mg/L (/s B
84% ,HE 5 46.2% ) |5 4E KU AT M0. 77 mg/L
(FBURRE 85.2% K 46.2% ) . DL 2, Kaplan-
Meier A 77 43 7 75, 457 B 17 15 6] R 93. 0 4~ A
(95% CI . 84.78 ~101.23) ., hsCRP & /KP4 %
[ JC ESHF A 77 2R i 2 Il T hsCRP fik /K °F- 41,
hsCRP I 7K - 41 3 #5 A 77 1 1] fy 150. 46 4~ A
(95% CI. 139.74 ~161. 17) ,hsCRP &5 /K E4H1 N
97.23 N H(95% CI: 78.75 ~115.72) , d {3 = 77 Bt
[8)24103.0 4~ H o Log-rank ;45 2 2 E 772k HLAL,
ZRA G E X (X =13.578,P <0.001), L
3.2, hsCRP JH&E 5 ACM B H HlUG A R %)
K PRI ZE Cox HAI RS [m1H /3 AT $2 7% L & 9
RIS PER LVEF A0 5K & NT-proBNP /K75
ESHF XU 2. 35 A0 5 , 1M #8545 00/ 1T e S0 %5 K3 1
P T A BE R 2 O HE 2R B9 S L0 L] epsilon
W 54k R SR W3 A R 2 A8 i hsCRP 4



WRHEEEREAE 2025 48 531 % A6

ThEr AN, A R 25 R B 6 2 9. 8% (HR =
1.098,95% CI. 1.043 ~1.157,P <0.001) , .3 3,
TR K2 AU AR K -4 Y 2.3 /% (HR = 2. 312,
95%CI: 1.456 ~3.670,P <0.001), £ % Cox I
5 RS 1 01 48 73s , hsCRP 4331t 37 4% Gt 0 Z 45 4
Rt EAg bR (AL LVEF A7 .0 %= §7 5K & NT-proB-
NP) 5 ESHF X[ 5 3 4 ¢, 785 1E 4 i 1 51
NT-proBNP \LVEF <50% K A7 0% 9 ik J5 , % KB
IHSE % (HR = 1. 833,95% CI. 1. 115 ~3.014,P =
0.017) , $&/R RAEAKF-TH & ACM (% ESHF Fif4f
ST fERR R 2, W3 4.

=

@
=]

BB
06

0.4
1

0.2

= Y1-AUC 0.640 (0.549~0.731)
= Y3-AUC 0.662(0.584~0.741)
Y5-AUC 0.654(0.579~0.729)

= T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

o 2233

2 hsCRP # Il ACM £ # 1.3 % 5 4 % % ESHF & 5 ROC
ECELEHEN I EREFN, e dsh3 FRRFAN,
fedsns FRRTN)

Kaplan-Meier 477 4MHf 4R

FESHPA A7 %

100
dArrtf ()

K3 F[F hsCRP &P &4 T ESHF 224y Kaplan-Meier 4 7 i 4
o

BEAOCT ACM S fa e N R it 2 4 T
BB ¢ O LRSS L 3000 B A= s i
Y1, AWFFEE, I hsCRP K SE7E ACM B H 5
LIIREFE A5\ LVEF . RVD & NT-proBNP I 3 A 3¢,
FEXF A 1.3 & 5 4F ESHF = {4 B A 150 E.
hsCRP E7K (>3 mg/L) 41 3% TG ESHF AEfE%
TR, HILSAE A S TN A 22 R AR 0 5
Febr S BY 9K PR RIERES T RES 5 ACM Fi

529

R 584

ACM AR —Fp ke 1600 LSS , LA S0 B AT o 0
AT TE R AT PR = O AW B S AT RO &
BURAE T R R A T B i AR A
AT RESZ IR ACM 9 A LA o 7 015 B2 F 50 UL
ZL3), 2 60% B0 A H A 30 WL (arrhythmo-
genic right ventricular cardiomyopathy, ARVC ) .(» i A]
TLBEFR 4P 4 ACM R RS 0
JLAE (A5 bk 20 A 1 0 PR 20 B e ), BRI — 3 el R
T EREEML . F B EOR A R RS K
SN L A 391 JE 20 72 S 1) A8 5 240 H B2 Bl
PR SR A B AN A | S 8 4 3 A
KRNI FE AT RERL A ACM A9 fish 2 R 2, ik 9 119
IR . 2B IREE , £ 5> ACM %
BT “ 44817 (hot phases) /1, 52 2.0 L Z A 4 1
2 e k2 SR A, REE T I R0 LR 1 I DR R
ik, e VLRSS e 0 F T S O U A
% 2 B0 WL AR R AR 2 S AT RS AL
LA 3, i & e 35t A% DR o 1Y) S 2T 4R 5 18 5 A
¥, HRTHANE A JAE ST B ACM (14 3= B 80
BILHR 3 A 5T 6 PR 52 728 i 00 LA U T2 A 4k
g REAERE TSI G IR ] R B KT,
ACM B LA R I — SE 3L [FRRAE , b A0 45 41
NIRRT S R R N o5 A = I SR ] 1 I DN S = o
RPN 7 . A& ARVC O WUREAR S e e £
RN, A R (TL) -17 b R 58 A o
(TNF-o) i L MLFEIA KPR IRAL B £ T R
B e R I 7, ACM B8 27 LT v 2 AR 4% 4 i
T (A3 45 1L-6 24K | 1L-8 kb EA 1.5
W s MR 1 TNF-ol F TNF-aR2) 7K P T,
MR IL-1R2 /KF- W AR . H AT, i TCHF
FURHE B0 40 i DR 70K - 5 ESHF S5 44 17 R Bk
Bonny % e I PRAFF 5T #8177 CRP KF- 7t
5 ACM B 3 & M0 3l ok o (%30 AR G
ACM £ 35 CRP /K- 3% & T9F ACM & #H{H1E
ACM B NS, R A= W 5K kA4 CRP K-
TwFEERD . A LB ERE T CRP K
FHREADAR W S W 5, SRR R
B, DMEWTIEIIESE , 2 9E 2 5 R 20 L5 PR
() 2B > o ASBRSEE RAE T P ACM AR Hh 4
RGN I hsCRP JKF- 5 85 Aok ESHF F4E XU H
A 2 ORHK SRR G R S AE AT AE TS PEAS T B
— S I R

W% BT 2 2540 (AnIL-6 0 il 55 \IL-1 8 84 53 B bt



530 WA AMEERESE 2025 4F 315 Fo

%2 A6 hsCRP K -F ACM £ # ESHF Z 4 R & [ (%) ]
R4 77 B 4] 0/ A 50 A~ A 100 4~ A 150 A~ A 200 A A
hsCRP 251 (100) 146 (58) 69 (27) 27 (11) 0 (0)
hsCRP 77 (100) 38 (49) 10 (13) 3 (4) 0 (0)

%3 ACM &% ESHF Z¢Hi 2 [H & Cox Wil U [ H 4 &

% HR 95% CI P1a

A Fa 1.032 0.663 ~1.608 0.888
Sk AEH 0.743 0.182 ~3.027 0.678
P&k 0.982 0.965 ~1.000 0.047
B RIA L 1.043 0.649 ~1.676 0.862
Bk 0.596 0.379 ~0.937 0.025
V1-V3 epsilon & 1.487 0.879 ~2.515 0.139
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ECEY R 7.172 3.299 ~15.593 <0.001
A EERBHFF 4.938 2.742 ~8.892 <0.001
hsCRP (44 % %) 1.098 1.043 ~1.157 <0.001
hsCRP %48 (hsCRP >3 mg/L) 2.312 1.456 ~3.670 <0.001
NT-proBNP( # 100 pg/mL) 1.001 1.0002 ~1.0012 0.006
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¥+ i NT-proBNP 1.081 1.022 ~1.144 0.007 2.075 1.267 ~3. 400 0. 004
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M E A5 B H IR 1.085 1,029 ~1. 144 0.003 2.031 1.275 ~3.235 0.003
M E L8 4 MR 4+ 1.071 1.011 ~1.135 0.020 1.833 1.115 ~3.014 0.017
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