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Abstract Objective To investigate the predictive value of PCSK9 gene rs562556 polymorphism for major adverse cardiovascular
events (MACE) after percutaneous coronary intervention (PCI) in patients with type 2 diabetes mellitus (T2DM) complicated by acute
myocardial infarction (AMI). Methods A total of 97 patients were involved in this study with T2DM complicated by AMI, who underwent
PCI at The Third Affiliated Hospital of Qigihar Medical University between January 2019 and December 2021. Based on MACE occurrence
during a 2-year follow-up period, patients were divided into non-MACE group and MACE group (n = 57 and 40, respectively). Clinical
biochemical parameters,including blood glucose and lipid levels, were recorded. Plasma PCSK9 levels were assessed using enzyme-
linked immunosorbent assay. Plasma PCSK9 gene rs562556 polymorphism was detected through sequencing. Kaplan-Meier curve analysis
was performed to assess how rs562556 polymorphism impacts MACE incidence post-PCIL. Multivariate logistic regression was applied to
identify independent MACE-associated risk factors. ROC curve analysis was performed to evaluate the predictive value of rs562556 poly-
morphism and key clinical variables for MACE occurrence post-PCI. Results Compared to the non-MACE group, patients in the MACE
group exhibited significantly higher age, heart rate, creatinine, NT-proBNP, LDL-C, and plasma PCSK9 levels,along with higher hyper-
tension and coronary atherosclerotic heart disease prevalence , and lower diastolic blood pressure (all P < 0.05). In patients with T2DM and

AMLI, the rs562556 genotype AA of the PCSK9 gene positively correlated with plasma PSCK9 levels (r = 0.61,P < 0.000 1). The frequen-
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cies of the 1s562556 genotype AA and allele A were significantly higher in the MACE compared to the non-MACE group (P < 0.05). The
AA genotype of the PCSK9 gene rs562556 was associated with an increased risk of MACE during follow-up in patients with T2DM and
AMI (P < 0.05). After adjusting for other confounding variables,advanced age, increased NT-proBNP and PCSK9 levels , and the 1s562556
AA genotype were identified as independent risk factors for MACE post-PCl in this patient population. Combined analysis of these factors

demonstrated superior predictive value for MACE occurrence compared to individual markers. Conclusion The PCSK9 gene rs562556

genotype AA is associated with a significantly increased risk of MACE within two years post-PCI in patients with T2DM and AMI, sug-

gesting that it could serve as a promising predictive biomarker for post-PCI MACE in the given population.

Keywords type 2 diabetes mellitus; acute myocardial infarction; gene polymorphism; percutaneous coronary intervention; major

adverse cardiovascular event

2O HUFESE (acute myocardial infarction, AMI)
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(type 2 diabetes mellitus, T2DM) re AL ] P I RE L
L RIAF 26 . AMI 3 BE3AYT ) %2 221 el
RB KA AT (percutaneous coronary intervention,
PCD)' {HAET2DME # & 4 AR 52 R M E A
KO L% 2 4 (major adverse cardiovascular event,
MACE) i Xe i 7 g™ R B, S 2 51
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PEH20194F 1 H 20214712 H 55 55 W IR 15 2 ¢
B I 55 — 5 B 2 32 PCIAY T2DM A T AMLE #9711
TP AR IYS53 (45~79) 2, b 54901, Zea8 i A AR
WA (At IUESES I RA T R ) 2 ks
HE, 5112 HAMUT AAE W49 B 5 45 & WHOT & (1)
T2DMi2 Wikrifi , B 25 18 il B# (fasting plasma glucose,
FPG) =7.0 mmol/LE4& 52 hIfivh = 11.1 mmol/L , 4
I LT 1 =6.5% , HEAMUEE R 2 A B[] < 12
h; 5 1<80% 5 10 H N AR I BB 25 25 40 5 A piotk

AR BEIE H 5 I R GOREFIBE DT Ok 5 HE
BRARE : 1 TRDBE RO G W PR o K Al P 73 I
T 5 S B 24 e PR R 5 AF <18 5 TH AL R G ¥R
I T ZIRE S R 5 S D RE S 5 S A
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MR 24 BT ]2 15 & A MACE , 97491 2 %
53 A AEMACEZ (n = 57) FIMACEZL (n = 40) . 4k
SR — R GORE, AR AR P R E AR (body
mass index, BMID). /& Il 95 52 I i 5 5 Bk ok
AR S ok R A A o JUE S (T R e ) i B TR
R LA D SR E ABES W [ST Bedfrim 8.0 U SE
(ST-segment elevation myocardial infarction, STEMI ) &%,
1E ST Bt AL IURESE (non-STEMI, NSTEMI) ], H
AN G JRENINE: SN L 6 L2 SN E R e N
FEE AT FF I AR PR Be it e o — PR Be PR fe B
Z oLl H S O GF) (84 [2021] 1005 T
BEEENENES.
1.2 ik
121 AEARFEARAGIN - A B 5 252K 0 IR Al U
23 W ERIK IS mL, SR HI4x A 3 2R AU IEPG | L
BT . ELHE [ B (total cholesterol, TC). H ¥ = B8 (iri-
glyceride, TG). /& % F£ 5 &5 11 I [# i (high-density
lipoprotein cholesterol , HDL-C) FIX % B i 25 11 IH
fiE (low-density lipoprotein cholesterol , LDL-C) 7K ~F-
FHARIZEA ST L kA IR B C S 0 2 1 (hypersensi-
tivity C reactive protein,hs-CRP) 7K~ L {b 27 %
B VA 1 S L3 N i i #4 BR 44 (N-terminal
pro-brain natriuretic peptide , NT-proBNP) 7K -, F L
27 A6 s w A I i 3 O LVLAS 22 9T (cardiac
troponin T, c¢TnT) /K-
122 BEDIAGIN - 388 3o A 28k D5 20 11-40) 9 32t (http://
grch37.ensembl.org/) 25 i) AJEPCSK9 5 15562556
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KGR 2 A (single nucleotide polymorphism , SNP)
P75 B o PCSK9%E [H rs 5625561 25 i 5L [H 1
G/, Fe/INERLFE AT (minor allele frequencies, MAF)
MO.13 AR 57 KPR G/A , FE R 43 AT 43 kg B 1
RIGG A RAERICARN 4l & 5 AF BIAA , 38t (5 A5 1
Ao AR (AA vs. GG+AG) FIRRTERIRL (GG
vs. AA+AG) .

ABEJG 552K 0 Rl U 3 25 IR K LS mL,
3 000 r/min{5 0> 10 min, B I 94 TPCSK9KE [FISNPE:
I 0] FH 56 A 4 DN A B G 6 (52 [l Sigma-Aldrich
O A $EBUREAR IIDNA, FH 48 4043 6 0% BB 36 1 a2
DNAZ[ | FHPCRIEF7PCSK9FE [N 1 1 . PCRIZ [/
4 1F:94 °C 3 min,94 °C205.56 °C 305,72 C 30s,
6 FR40UK . PCSK93E [Frs5625565 | 4 75 41 41 °F « 1
[]5”-AATCACGCTCCCCTTTGGAAGTGCTC-3" , J2 []
5’-GCCGATGAGCTCACAGGCACATGTC-3" , #PCR
FEYE E AR T A TR () Bedn G BR 2 w7
LAY
1.2.3 13K PCSKOATRM : A B J5 552K 3 R AL
HBEASEEIK IS mLL, 3 000 t/minB5.0>10 min)i B L
i o % FHuman Proprotein Convertase 9/PCSK9 ELISA
A (BUMIRFAE YR B A7 FRZA #)) A6 1
K PCSKOAK- AR FEHRE RN Ze 315 1 3 PCSKOAK Y-
1.2.4 BV B V50 5 B EPCIR 5240 N & 4
MACERIEHL . MACERYE RO MAEFET AL I
R IR ZE it i 6 30 0 o 45 e e !

1.3 Geitoir

K FHSPSS 23.0F1SPSSAUAK 4 #F 17 48 1143 #7 o
FFAFIAFE A IE AR TR X £ sFIM
(Pys~Ps5) 7 , 2241 LR HIStudent” s th 50 5 A S 4L
FRANR I THECTORHA R I (%) FoR , AR LR
FH x K 56 . SR FHSHEsis7F 2k 43 1 8K #F (http : //analy-
sis.bio-x.cn/) #17Hardy-Weinberg (H-W) - i £ 55 ,
P> 0.05IA 3 A5 A H-WPA7 , %0 T AR
HA R >R HSpearmantf] 5 K 56 43 HTPCSK9
H s 5625563 (K 71 5 1l 3K PCSK9ZK - 19 56 2 o R
HKaplan-Meier [t £/ HTPCSK9%E K 1s562556 2 25k
XFT2DMA H-AMIER ZPCIAR S5 24 N & HEMACE Y52
i) o FH 22 Bl Flogistic 7] 19 43 BT 5% NAMA CE ) f& [
K Z IR E BAERHE (receiver operator characteris-
tic, ROC) 4243 Hrrs562556 2 54 F = FE Il IR P %%
XIT2DMA FAMUE & PCIAR J& % A= MACE R T 0 4/
Ho P<0.05h2 R A7 L.
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59EMACE4] £ 44 L3, MACEZH (8 5 4% 0
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T 5, A v IR S S A0 el O S Y R I B &2

H &5k R E R, 2 R A R ¥R L3P <

0.05), W31,

2.2 24 H FHPCSK9HE Frs 5625563 K Al 15 45 i K&
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Tab.1 Comparison of general clinical data between the two groups
Item Non-MACE group (n = 57) MACE group (n = 40) ZIx I P
Age (year) 49.0 (47-52) 67.5(58-76) 7.765 <0.001
Male [n (%) | 29(51) 20(50) 0.007 0.932
BMI (kg/m®) 23.5+2.6 239425 0.864 0.390
STEMI [n (%) | 42(73.7) 30(75.0) 0.023 0.878
SBP (mmHg) 129 (105-140) 128 (111-147) 0.850 0.395
DBP (mmHg) 76.0(72.0-83.0) 68.5(61.5-75.5) 4.885 <0.001
Heart rate (heats/min) 80(73-87) 95 (75-104) 3.567 <0.001
Hypertension [n (%) ] 30(52.6) 29(72.5) 3.894 0.048
Dyslipidemia[n (%) ] 25(43.9) 16 (40.0) 0.143 0.705
CHD[n (%) ] 10(17.5) 16 (40.0) 6.042 0.014
Smoking[n (%) | 30(52.6) 19(47.5) 0.248 0.619
Number of stents =2 [n (%) ] 17(29.8) 10(25.0) 0.272 0.602
Stent diameter (mm) 3(2-4) 3(2-4) 0.746 0.456
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(Z:R)
Ttem Non-MACE group (n = 57) MACE group (n = 40) ZIx P
TC (mmol/L) 391+0.24 3.92+0.25 0.054 0.957
TG (mmol/L) 1.59+0.26 1.51+0.26 1.442 0.153
HDL-C (mmol/L) 1.01+£0.19 1.07 + 031 1.101 0.274
LDL-C (mmol/L) 273+ 0.50 320+ 0.64 4.042 <0.001
sCr (umol/L) 80.61 + 15.59 11032+ 12.79 9.929 <0.001
FPG (mmol./L) 9.61 + 0.55 9.48 +0.57 1.152 0.252
¢TnT (ng/mL) 2.60(1.41-3.62) 2.48(1.60-3.64) 0.011 0.991
hs-CRP (mg/dL) 17.92(13.14-21.13) 15.56 (11.02-22.92) 0.048 0.962
NT-proBNP (pg/mL) 1006 (662.65-1 302.65) 2204.82 (1 510.95-3 168.50) 6.390 <0.001
PCSK9 (ng/mL) 0.30(0.27-0.32) 0.37(0.31-0.42) 4.997 <0.001

BMI, body mass index; STEMI, ST-segment elevation myocardial infarction; SBP, systolic blood pressure; DBP, diastolic blood pressure; CHD, coronary

heart disease;TC,total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol ; LDL-C, low-density lipoprotein cholesterol ;sCr,serum

creatinine ; FPG, fasting plasma glucose; ¢TnT, cardiac troponin T;hs-CRP, hypersensitivity C reactive protein; NT-proBNP, N-terminal pro-brain natriu-

retic peptide ; PCSK9, proprotein converase subtilisin/keexin type 9.
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JEMACEZH FIMACEZ 1 PCSK 93 [Flrs562556. 5
PR R AT 52 5 H-Wgh % 747 (% * =5.981,P = 0.051;
x> =5.879,P =0.053) .5IEMACE4] H.4%, MACEZ]

HE B PCSK9HE [Frs 5625563 K I A A5 25437 L [ A S
BRI, ZRA G FE L (P<0.05) L&
2,

2.3 PCSK93E [Frs5625563 [K 1Y 5 [fil 3 PCSK97K -

F2 2{HPCSKIEErs5625565 F R 5 &M ERE S5 MHFHEXT L [n (%) ]
Tab.2 PCSK9 gene rs562556 genotype and allele distribution comparison between the two groups [n (%) ]

Genotype Allele
Group
AA AG GG A G
Non-MACE (n = 57) 29(50.9) 23(40.4) 5(8.7) 81(71.1) 33(28.9)
MACE (n = 40) 30(75.0) 9(22.5) 1(2.5) 69(86.2) 11(13.8)
X’ 6.270 6.483
P 0.043 0.011
AISGAR 1.0

Spearmantf J 43T 45 5 /R, T2DM A FEAMIER
H PCSK 9 [Flrs562556 1 [ A A 55 1 3 PSCK97K -
EIEHME (r=0.61,P<0.0001)
2.4  Kaplan-Meier [l & 5345 H

PCSK93E [Frs562556 3 [H 7 S AART2DM A I
AMUE E FEPCIA 5 245 Bl 17 19 (8] & AEMACE Y XUBS:
i FE N (P <0.05), WIE1,
2.5 T2DM&EIFAMIEEPCIR G & AMACER G K
S

PAPCIARJG A= MACER RAZ £, LAAERE 0%
S0 B R IR B L& TR e UL ANT-proBNP
LDL-C . PCSK97K - Fllrs5625563 [K RIA A 17 £

0.8

0.6

0.4

0.2 _m Non-AA genotype

- AA genotype

Cumulative survival analysis

0.0

0.00 500 1000 1500 20.00 25.00
Time/month
E1 Kaplan-Meierii 2 54 T2DM& FEAMI & # rs562556 5 F E
(AA vs. AG+GG) TE2FEHEIF A Z EMACEM £ R
Fig.1 Kaplan-Meier curve analysis of the rs562556 genotype
(AA vs. AG+GG) in patients with T2DM and AMI indica-
ting MACE-related differences during the 2-year follow-up
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Klogistic[BH T, 455 WoR , 7EHF IEA G 2

J5 ey NT-proBNPHIPCSK9/K - T8 M rs562556 5L

RIAAZET2DM G I AMIE EPCIR G & 4= MACEF)

IS faks HE L WLER3,

2.6 ROCHHTZE /3 Frrs562556 K [H £ 251 X T2DM A

JEAMIE # PCIAR G & A= MACE R TN i
FHROCHH 26 53 #7145 f& B [ 2 X T2DMA - AMI

A PCIAR 24 & AEMACERY FUI 0 i, 45 3 o
7N, T 1 NT-proBNPHIPCSK9/K - T} 155 F2rs562556
BE N £ Sk (AABD) XFPCIA J5 24 & AEMACE AT
R AP0 (A  FEPCIAR 5 24 BT N |, 15562556
JE R I A ABK 5 15 #2 FINT-proBNP  PCSK9 5 7K SF- Xif
MACER T A B S G e 1) 50000 11 {1 5 75 o L
EI2F14,

*3 K EZlogisticEFSHT2DME HAMIBEPCIRE4 £EMACER B E &
Tab.3 Multivariate logistic regression analysis to assess the risk factors of MACE in patients with T2DM and AMI post-PCI

Variable B SE Wald x OR 95%CI P
Age 0.019 0.003 46.391 1.019 1.013-1.024 <0.000 1
NT-proBNP 0.006 0.001 39.742 1.006 1.004-1.008 <0.000 1
PCSK9 0.010 0.002 38.491 1.110 1.007-1.263 <0.000 1
rs562556 genotype AA 0.521 0.114 21.042 1.684 1.348-2.104 <0.000 1
10 2 5 BN SRR IAE T e TR
1 TGAMERHDL-C7K -2 12 Wi O 1L A8 950 1Y) B 2EA
08 AR RELDL-CI: % 28 0 LA 9 1 T fe B [
£ 06 F RN T AR SEEAR BB 15 2 o
E BRI ™ BRI R, 8 T B B
# 04 . LT 25 Y347 5 PCSKOM B FU S REFE I 16 %
021 e LU HELDL-CoK - T ELX 95 55 3410 1
= gt AT . PCSKOE A il i W ARLDLZ fh i
0.0

0.0 0.2 0.4 0.6 0.8 1.0
1—specificity

El2 ROCHIZ& 5 1rs562556 & EEAAX T2DM & FFAMIEEPCI
RIE%EEMACERTNMNE
Fig.2 ROC curve analysis of rs562556 genotype AA for MACE
prediction post-PCl in patients with T2DM and AMI
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HA R, PCSKORETH T A I 52 A RL Jpei %
FRBT AT | S A 5 1 27 {HPCSKOSE 7R 5
T2DM & FAMIE & PCIAR 5 & HEMACEA 56 i AN Vi
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TEAN A A b B0 22 S, W] S A BRAR 2o A,
M 51 % M6 B WF 92 % B, PCSK9JE [H] %8 25
HLDL-C/K - A8 Ak A ¢ v R CHE HPCSK 95
E670GZ A1k -5 0 LA B 1) R e A 2 SR T
E670GZ 2 1, PCSK9HE [Flrs5625567% 5 1 J& — Ff
IREIRIE AR, 1s562556 G4 KL 5 T AEJEH M
H AR AN, PCSKOR % R L5 5 ¥
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DA B AR BRI SY  Hk, A BF5E
PRI T1s562556 5L K 2 & M 5T2DM A FFAMIE &
PCIR J&5 & HEMACERY 3¢ £, 45 R & B, PCSK9%E
rs562556 5L R R A A T2DM A H: AMIER 2 7EPCIA
J524F N & HE MACE B XU S 3 386 T = #% A NT-pro-
BNPFIPCSKO/K - T} 1 Fers 5625563 K I AA ZET2DM
BIFAMIE EPCIAR G & AEMACE 1 il 57 15 6 A

&, IFWPCIR G & AMACEE A K & i #0018,
PCSK9KLF FAANSNPAT 15 15562556 1 2557 PR ASFi %
S B R PCIR G & AEMACER AR 3 5 . H Al
CL A Z FIPCSKOH i 51 T IR, 78 FEAIRLDL-C X
/DU LA A 7 T R Y AR, 1 e T
X AS[RPCSK93E R 2 25 P AR IGIT I o Aok
FEPH 43 AU T XU 40 2 R 3 PCSK ORI il 57 1
R (A AR — R R

F4  rs562556E EBAAMIGKREEFZXT2DMAE HAMIEEPCIAREE EMACER TRNZLAE L1
Tab.4 rs562556 genotype AA and clinical primary factor comparison for MACE prediction post-PCl in patients with T2DM and AMI

Indicator AUC 95%C1 Sensitivity (%) Specificity (%) Youden index
1562556 genotype AA 0.675 0.563-0.787 52.5 82.5 0.350
Advanced age 0.845 0.757-0.932 67.5 94.7 0.622
Elevated NT-proBNP 0.882 0.802-0.963 75.0 98.2 0.732
Elevated PCSK9 0.798 0.701-0.896 60.0 93.0 0.530
Combination 0.969 0.938-1.000 90.0 96.5 0.865

25 TR, AW 58 3 i bR [RIAMIER 45 4b
JA 1 PCSK9ZK Y- 1l i 7K~ M PCSK 9% Hrs562556 2%
B, 2 HT2DM A IR AMIER # 1l 3 PCSK97K *F-
i FH 8, Hrs5625563% R A ARY (2 FPCIA Ji5 % A=
MACER) XU 5 =, &5 % NT-proBNPFIPCSK97K
T LA Fers5625563 [ A AXFPCIAR J524F N & 4
MACEEA B 47 i Tl A0 18, ki R 401 T F6E o7
T2DM A& FAMLE ZHPCIR JEMACER & A $ 44t 1 n]
FEMS%

SHE 3k
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