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Abstract: Objective To explore the correlation between the changes in serum angiopoietin-like protein 3 (ANGPTL3), coil-coil
domain protein 80 (CCDC80), and serine protease inhibitor A3 (SERPINA3) levels in patients with myocardial infarction treated with
ticagrelor and the occurrence of heart failure (HF). Methods A prospective cohort study was conducted. A total of 323 patients with
myocardial infarction admitted between January 2021 and December 2023 were enrolled as participants. All patients underwent
standardized ticagrelor-based therapy with an 18-month follow-up period. Participants were categorized into HF group (79 cases) and
non-HF group (244 cases) based on HF occurrence during follow-up. Serum ANGPTL3, CCDC80, and SERPINA3 levels at baseline
and post-treatment time points were compared between groups. Univariate and multivariate Cox proportional hazards regression
analyses were performed to identify independent risk factors for HF in myocardial infarction patients. Receiver operating characteristic
(ROC) curve analysis was employed to evaluate the predictive value of individual and combined serum ANGPTL3, CCDC80, and
SERPINA3 levels, while Spearman rank correlation coefficient was used to explore associations between each biomarker and HF.
Results During the 18-month follow-up of 323 patients, 79 developed HF (HF group), and 244 did not develop HF (non-HF group).
Baseline clinical data comparison revealed that the HF group exhibited significantly higher age, hypertension history proportion,
left ventricular end-diastolic diameter (LVEDD), left ventricular end-systolic diameter (LVESD), and N-terminal pro-B-type
natriuretic peptide (NT-proBNP) levels, along with significantly lower left ventricular ejection fraction (LVEF) compared to the
non-HF group (P < 0.05). At baseline, ANGPTL3 and SERPINA3 levels were significantly elevated in the HF group, whereas coil-
coil domain protein 80 (CCDCB80) level was significantly reduced compared to the non-HF group (P < 0.05). At 6, 12, and 18 months’
post-treatment, the HF group demonstrated progressive increases in serum ANGPTL3 and SERPINA3 levels accompanied by decreases
in CCDCS0 levels, with significant intergroup differences observed at each time point (P < 0.05). Multivariate Cox regression analysis
revealed that patients aged > 65 years (HR = 2.356, 95% CI: 1.123-4.945, P = 0.023) exhibited a significantly elevated risk of HF.
Elevated NT-proBNP (HR = 2.876, 95% CI: 1.389-5.956, P = 0.005) indicates that ventricular wall stress-related biomarkers are
independently associated with increased HF risk. Baseline ANGPTL3 elevation (HR = 3.568, 95% CI: 1.789-7.116, P < 0.001)
represents an independent risk factor, while elevated baseline SERPINA3 (HR = 3.012, 95% CI: 1.506-6.024, P = 0.002) with high
baseline levels independently predicting increased HF incidence. Receiver operating characteristic (ROC) curve analysis showed that
The area under the curve (AUC) for predicting HF by the single indicators of baseline serum ANGPTL3, CCDC80, SERPINA3, age,
LVEF, and NT-proBNP were 0.928, 0.907, 0.956, 0.537, 0.736, and 0.798, respectively. The AUC of the combined detection reached
0.998, which was significantly higher than that of the single indicator, and the sensitivity (86.49%) and specificity (83.19%) were both
the best (P < 0.05). Correlation analysis revealed positive associations between baseline ANGPTL3 (» = 0.699, P < 0.001) and
SERPINA3 [Spearman’s rank correlation coefficient (rs) = 0.717, P < 0.001] levels with HF occurrence, while baseline CCDC80
exhibited a negative correlation (rs = —0.625, P < 0.001). Conclusion In patients with myocardial infarction treated with ticagrelor,
elevated levels of serum ANGPTL3 and SERPINA3, as well as decreased levels of CCDC80, are closely related to the occurrence of
HF. The combined detection of the three has a high predictive value for the occurrence of HF and can provide a reference for early
clinical intervention.
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Table 1 Comparison of baseline clinical data between two groups
fabw DM (n=179) LR E (n=244)  th/Z P

R 65.321+7.85 60.15+8.23 4907 <0.001**
T (5 L /%) 60 (75.95) 160 (65.57) 2.958 0.085
e I P 95 52 /48 (o5 EE /%) 54 (68.35) 108 (44.26) 13.856  <<0.001**
BRI 52490 (& B /%) 39 (49.37) 95 (38.93) 2.676 0.102
W R s /4810 (o EE/ %) 45 (56.96) 132 (54.09) 0.198 0.657
TC/(mmol-L") 4.86+0.92 4.72+0.88 1.215 0.225
TG/(mmol-L™) 1.75+0.63 1.68+0.59 0.901 0.368
LDL-C/(mmol-L™) 2.98+0.75 2.86+0.72 1274 0203
FPG/(mmol-L ™) 6.58+1.32 6.35+1.28 1.378 0.169
LVEDD/mm 55.36+4.28 50.24+3.85 9.991 <<0.001*
LVESD/mm 40.18+3.95 36.52+3.62 7.636  <<0.001**
LVEF/% 45234516 55.68+6.23 13482  <<0.001*
NT-proBNP/(pg-mL ") 895.62 (562.31,1245.78)  325.46 (189.57, 512.63) 7.234  <0.001*
KRR A Aty T 28450 (o5 /%) 22 (27.85) 48 (19.67) 2.350 0.125
KA ACEVARB ZR254)/91( 5 EL/%) 19 (24.05) 41 (16.80) 2.072 0.150

Hpo g tss: " P<0.01.

**P <0.01 vs non-heart failure group

=2

i 4E B 8T S AN EIRTE S 155 ANGPTL3. CCDC80. SERPINA3 7K FLELE:

Table 2 Comparison of serum levels of ANGPTL3, CCDC80, and SERPINA3 at different time points after treatment in two

groups of patients

febr 21 5 FHLk WWITIE 6 NH WRITIE 12 M H IRIT A 18 AN A F P
ANGPTL3/ 01353 185.63+25.36 218.45+30.12 256.78+35.62 298.56+40.23 F ww/P wn=89.652 <0.001™
(ng'mL™") B0 fJ3E0E 142.35+20.18 156.89+2256 168.45+25.32 175.68+28.45 F /P mn=126.385 <0.001

F sipei/P wimenin=45.217
CCDC80/ 2 }1%%3% 653241025 58.454+9.63 50184876  42.35+7.89  F uw/P uu=76.391 <0.001"*
(ng'mL7") dF0 5EWR  89.65+12.36 85.32+11.89  80.45+10.62  75.68+9.87  F uw/P un=112.573 <0.001
F winxeai/P wimxnin=38.642
SERPINA3/ 0»77%Ed  285.631+35.42 336.781+40.15 389.45+45.62 442.35+50.28 F wiw/P win=138.461 <0.001™
(ng'mL™") B0 fJ3E0E 215.35+30.18 236.89+3256 258.45+35.32 275.68+38.45 F yw/P nn=138.461 <0.001
F wixai/P wimxam=51.389
ey hEEmA R *P<0.01.
**P <0.01 vs non-heart failure group
24 DAFBEERNZEZR COX BANH ®3 TEMWE
Sk A AR 8] 2 B L 2R e Bl A 45 R Table 3 Variable assignment
P, SHEREZR M (P<<0.05) [ 9 TidEhr CFEHS. : E% Gty : Wﬁ?ﬁ
{8 [ 52 LVEDD. LVESD. LVEF. NT-proBNP, ~ %H ;;‘;;E”’% i ié%i;g 7;%;: .
HE LI ANGPTL3 . JE I CCDC80. 4k £k I HA R BILER § X2 F=0; H=1
SERPINA3) #4777 ZIZMKH ¥ (VIF) 5, 455 LVEDD X3
7%, LVEDD (VIF=6.82). LVESD (VIF=7.15), LVESD X4 '
BMLER 2 (VIF=533) [ VIF /T 5~10, 1775 LVEF X JIRARL
CRESLAME, R (R ] NT-proBNP X6 JRAHARI
RN HA 6 Iifals (4F#¥. LVEF. NT. HAER ANGPTLS X7 JUSHUEIN
proBNP. ANGPTL3. CCDC80. SERPINA3) ] VIF HEL CCDC80 X8 HUAHRAA
33N 1.85. 2.13. 2.56. 3.02. 2.87. 3.15, ¥J<5, JELCH SERPINA3 X9 JF#A¥i A
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TR E LM, TS VIF <5 (1) 6 Tidktr (4F
# . LVEF. NT-proBNP. ANGPTL3. CCDCS80.

SERPINA3) #4172 KK, ZHE COX [Hl)H5p
B, SRR, fGRFRAFEFE. NT-proBNP F+

i BRI ANGPTL3 Jti. ZEZKIE SERPINA3 Jt
mrs ORY R 3R A4S LVEF FHi, JE2RET CCDCSO F+
w,  LIRAR AR R O UREAE B e B R B VR T
Ja KA O SRS R R . WK 4.

F4 LhRBELKENERER. ZEER COX BANH
Table 4 Univariate and multivariate COX regression analysis of heart failure occurrence
s BRI EASENN

- B SE 4 HR (95%CI) P1{H B SE 2 HR (95%CI) P1{i
R 0.825 0.213 14.968 2.282 (1.536~3.398) <<0.001 0.857 0.352 5.8932.356 (1.123~4.945)  0.023
Sk -0.321 0.256 1.558 0.725(0.453~1.164) 0212 — - = — —
e IR 7 52 0.658 0.208 10.125 1.930 (1.315~2.836)  0.001 — N — — —
B BRI S 0.342 0.221 2.386 1.407 (0.912~2.168)  0.123 — N — — —
W A 52 0.098 0.215 0.2111.103 (0.725~1.678)  0.646 — R — — —
TC 0.156 0.189 0.685 1.169 (0.805~1.698)  0.408 — - — —
TG 0.123 0.201 0.374 1.131 (0.765~1.674)  0.541 — B — — —
LDL-C 0.189 0.195 0.938 1.208 (0.832~1.752)  0.333 — - — — —
FPG 0.145 0.178 0.668 1.156 (0.812~1.643)  0.413 — - — — —
LVEDD 0.923 0.231 15.982 2.517 (1.689~3.754) <0.001 — - — — —
LVESD 0.876 0.225 15.018 2.399 (1.598~3.605) <0.001 — - — — —
LVEF —0.965 0.242 15.963 0.381 (0.255~0.568) <<0.001 —0.942 0.305 9.5680.390 (0.198~0.769)  0.002
NT-proBNP 1.058 0.283 13.896 2.882 (1.756~4.732) <<0.001 1.057 0.356 8.7622.876 (1.389~5.956)  0.005
FLRIF ANGPTL3  1.273 0315 16.452 3.571 (2.108~6.052) <<0.001 1.269 0.328 15.2363.568 (1.789~7.116) <<0.001
LRI CCDC80  —1.145 0.302 14.458 0.318 (0.192~0.526) <<0.001 —1.176 0.335 12.3890.308 (0.154~0.616)  0.001
LRI SERPINA3  1.098 0.296 13.685 2.997 (1.795~5.012) <<0.001 1.103 0.342 10.563 3.012 (1.506~6.024)  0.002

2.5
Xl DRI TN B

HLZATMEF ANGPTL3.CCDC80,SERPINA3

I 28 T ANGPTL3. CCDC80. SERPINA3 4%

KPR L R Logistic [0 AR, 15 [E] )5 F2:
logit(P) = 5.236 + ANGPTL3 X 1.269 — CCDC80 X
1.176+SERPINA3 X 1.103+ 4E# X 0.825 — LVEF X
0.965+NT-proBNP X 1.058, il A4 ROC Hh
28, 115 AUC. ROC HiZe/r#riion, JEZRA I

ANGPTL3. CCDC80. SERPINA3. & #%. LVEF.
NT-proBNP i — 45 b5 S A A I f O JUUARE 2E 2
HO N EE KA NN E. K, G
K ) AUC #¢ K (0.998), &% = T 5 — 8k ks
M (Z=20.676. 17.619. 27.470. 5.595. 8.485.
138.333, P<<0.05), HRBE N 86.49%, Fr
N 83.19%. E#Y AUC<C0.6, [Kl I ASTE B R 31
ks K 1.

k5 HZFIME ANGPTL3, CCDC80. SERPINA3 %t JIRIEHITUMN &
Table 5 Predictive value of serum ANGPTL3, CCDC80, and SERPINAS3 for heart failure at baseline
EZL2D AUC (95% CI) RN E REE %  FERE % VA P
FLR I ANGPTL3 0.928 (0.875~0.946) 168.45 ng'mL™! 82.28 89.34 20676  <<0.001
LRI CCDC80 0.907 (0.849~0.948) 75.32 ng'mL™! 80.00 87.70 17.619  <0.001
43I} SERPINA3 0.956 (0.910~0.983) 256.78 ng-mL™! 84.81 91.39 24470  <0.001
W 0.537 (0.454~0.619) 65 % 67.57 46.90 0.690 0.490
LVEF 0.736 (0.658~0.805) 50% 81.08 57.52 5595  <<0.001
NT-proBNP 0.798 (0.725~0.859) 586.32 pg-mL™! 89.63 62.83 8.485  <<0.001
il 0.998 (0.971~1.000) — 86.49 83.19 138.333  <0.001
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Fig.1 ROC curve diagram of predictive value of serum
ANGPTL3, CCDC80, and SERPINAS3 for heart failure at baseline

2.6 FE A% ANGPTL3,.CCDC80,SERPINA3
51 EBHEX ST

FELRI 3% ANGPTL3. SERPINA3 /K- 5.0 1)
Fu KA R IEAHK K RE () 40h14 0.699.
0.717, ¥ P<<0.001], FEZE 113 CCDC80 7KF-5 0> 7
TR KA R (1s=-0.625, P<<0.001). W% 6.

#* 6 EIZLATME ANGPTL3, CCDC80, SERPINA3 5
L HRIBRIHE KM T
Table 6 Correlation analysis of serum ANGPTL3,
CCDC80, and SERPINA3 with heart failure at baseline
T By BRI RN
ANGPTL3 CCDC80 SERPINA3
D JIEEE 1.000 — — —
LRI 0.699 1.000 — —
ANGPTL3
LRI
CCDC80
LRI 0.717 0.426
SERPINA3

3 g

MAEFIHLEZH 48T, ANGPTL3 {E i g
AR R A AR e P O 1, HERIBKP I |
THAE O IV B J5 /0 7 %2 9 119 7 973 3k 2 v 43 9 O
f . 1z TR s A IR R, BRAS
TG MIEH R, HEme AR 57E i BRIl
SELAR BN KA REAL R e s 5 b IR BF, B AT 0 I
BN R GH R A DS SR, b — AR AR

—0.625 —0.349 1.000 —

—0.485 1.000

R, WIS MR K IR, &4 FECONULREEEA
SO, AR IR, O IR R E IR R
I7 5 R8N TE) Y S B ANGPTL3 /KF O RR4E
EFt, ZRERENASS T E— 0 0E S AT XU A
¥ (HR=3.568, P<<0.001), iX ANGPTL3 Jilf#lLs
A5 i 0o WL AS) B3 BE LA AH 7 ——ANGPTL3 ¢
G R IS IO JOE R BLARDCIE S, R SR AT
K+ (TNF) -o. HAEANZ (L) -6 T2 5K 1
PRI I CoONVAR M8 T F (R SR AT Ak bR, sfdi e
OB INRERR, 251 R0 132,
CCDC80 1M H & K Re 1t 5 O WUR P Tl e
AWy, HRIEKE R B 0 73298 K X
W PR3 A7 AE S35 ORI . 2 Tl S AE K
K7 ZARAMHSE A, H0HLO LA 4 AE A5 5 I8
(BT, 9800 B S 4 I A Co LR B (A, gk i 4
PO SUERI ) 5E e shah, HOEvT s M
PN R 2 PR PR MG B 5 T R VS B, (R B X e if A
HARE, AL R HE IR B34, AR FL &5
IR, O 13 B 1) CCDC80 JE4L K4k
O I I B RRE, HAEWRIT IR h RRFEE T %
B (P<0.001), 2K ZEIHD 455 EonH 2
SRR (HR=0.308, P=0.001). FHEMZEL
WURESE R A Ja i 20 2 f ot i Ssfe 2R A5 T REAI 1
VLIRS IE N 4 CCDC80 [k Je &
B R, PR AR IR0, Bk R R
B A R I AR SR AR I G e RS Bk LA, R
KAgiE: CCDC80 Rk MRS, XATREHF 0
LR AR IR, B8Rm0 /580 1) R AR Rl
SERPINA3 5 J& T 22 & IR B 11 B4 il 77 50k
HARIEKFT 3 5 O WUFESE J5 O 77 3 8 1) R BRATL
il A R I B A R G 2R A AR A ] 2 AN 2
THT [ B o 1% 7030 I 1) S 0T 4 2R R (MMPs)
TR YEREAN M A L AR AR RS, (EAE U AL
HZAMF R, SERPINA3 [FH mRIASTTHE MMPs
S R0 E] () Sh AP, i R 5 BRI R s,
MR FE O LS R AR 2 D7) Ak, SERPINA3 IR Af
I 2 PR SRS S E s, s LA e T
HRE, RGNS, AR R TR, 0
w2l SERPINA3 /K-F 2H74E FFHEH(P<0.001),
HE5 O3 R AR ZEIEML (r=0.692, P<
0.001), X —&E R T Eid/E ML & ——
SERPINA3 Jt o idt— 2 I #E O UBEAE 5 1) 2o 0 =
# ), FH N LVEDD Ml LVESD 4k . LVEF F %,
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