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Abstract

Aim: To investigate whether the combination of widely recommended risk scores with cardiovas-
cular biomarkers could better predict MACE occurrence in patients with acute myocardial infarc-
tion. Methods: Patients diagnosed with acute myocardial infarction who consecutively treated at
the Emergency Department of the Affiliated Hospital of Qingdao University from October 2018 to
October 2019 were enrolled. Retrospective study was performed among these enrolled patients.
The outcome was major adverse cardiac events (MACE). Medical history, multiple laboratory bio-
markers and risk scores were collected and calculated after admission. Patients were followed up
and the incidence of MACE was assessed. The patients were divided into event group and
non-event group according to whether MACE occurred or not, and the differences between base-
line data were compared. Cox proportional hazards regression was used to evaluate the indepen-
dent significant risk factors for MACE. Receiver operating curve (ROC) analysis was performed to
analyze the predictive value. Risk scores and their predictive values in combination with other
biomarkers were compared by calculating area under receiver operating characteristic curves
(AUCs). Results: Among the 399 patients included, the incidence of MACE was 24.6% (n = 98). Ac-
cording to Cox proportional hazards regression analysis, Ln (NT-proBNP), GRACE scoreand TIMI
score were all independent predictors of MACE. And according to receiver operating characteristic
analysis, Ln (NT-proBNP) (AUC, 0.790; 95% CI, 0.738~0.843; P < 0.001), GRACE score (AUC, 0.801;
95% CI, 0.749~0.853; P < 0.001) and TIMI score (AUC, 0.743; 95% CI, 0.688~0.799; P < 0.001) all
exhibited good performance on predicting MACE. In addition, the area under the ROC curve (AUC)
increased significantly when they were used in combination (AUC, 0.854; 95% CI, 0.824~0.901; P <
0.001). Conclusions: The current risk scores: GRACE and TIMI all have good predictive value for
the occurrence of MACE. While their combined use and combination with NT-proBNP increased
the accuracy of the prediction.
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1. 518

O I B (Cardiovascular disease, CVD)fE A BRFET 1 22 i K 2 — ™ 8 fa 3 N RMERE[L] [2]. &
PEONUEZE R CVDs Wi e E 2Rk, RAEFER v AdE ST Bida i B0 U 4E (non-ST-segment ele-
vation myocardial infarction, NSTEMI)F1 ST Bt 84 & L U ZE( ST-segment elevation myocardial infarction,
STEMI) [3] [4] [5], FEHZE SV CHUEIER R ARMIX[6]. AT 4 H 5 ar il 8 25 75 1077245 5 48

DOI: 10.12677/acm.2021.1111770 5214 Il R 125 23k i


https://doi.org/10.12677/acm.2021.1111770
http://creativecommons.org/licenses/by/4.0/

T, BEAFAER T V2 R4 2 D7 A AR Y o Fodh 4 R 2 et ik 473 1 (Global Registry of
Acute Coronary Events, GRACE)i¥-4r[7] [8] [9]F1.CrJLEEZE S # (Thrombolysis in myocardial infarction,
TIMDIFS[10] [11] [12] [13]:23EH 24 R TES, e 2 HT Sk ik £x & Ak 5 XU 40 )2
GRACE W tudfi: Killip 7740, Wik O3, e, MiENIEREE . AR OIEERIT . ST B o
WEbR ST S fa e R R, FEH TERUHE &S 6 AN H LT XS B . 111 TIMI 353X T STEMI
E A NSTEMI B#H HAARIKFaR MG, AT K T 1A AT o 33X P RS P43 3 1 BR
PNFE R HERE FH T RS PRAY , SR T BR R0 TR LA, 12 2k O NUBIAE R 38 i I e & KA R 15,
WILEE FERCESE . ARSLIGHERE T F O MEA R 244 (Major cardiovascular adverse events, MACE){E N Wi
MR, Ba8 TERET. HAREMOSIFEC JIE s B ER . EBUEHEE RO, BRI
ARSRK LIS AR FFAE, FEARSEI AT 7 GRACE 1#73 5 TIMI $F73 4 K 3] MACE I Tl
il BLAb, SEAT — eI P IR P73 B AT A0 25 1) FLAth XURS: AR b 0Pl e 2 FAT B m I FTEuAe, 40
N-A 3 B BN IKAT A (NT-proBNP). D- 284K, (OAVIESE | (cTnl)5E, L4 RVF 2 S8R 1 e
5105 A S [14]-[22] o ARSREG HFRATHE7E T NT-proBNP BE4S GRACE 140 F1 TIMI P-4 (1 T R R
DLER FT KA I FH 6 0 i ) 5 0

2. 75
2.1 HRAR

FAE BT T 2018 4F 10 H % 2019 4F 10 A/EH B ¥ MEER 2i2kmtis, I hatk
OIS E S ZI0IT I 431 Bl . T BEYOSFAERED, AR AREZ T Rk
T, MRYE O R RITER 2N S O URESE23] [24]. M STEMI BRFE LI briE N : AL
Fr S LES B 1 B CK-MB 7K -85 15 /K7 _EIR 99%, OH B S 5 ST BAR(VI~V3 SESH HI 5
JE ST Bedfiimr, #iRiE >0.2mV, sHAbFEC ST Bdfim HARME > 0.1 mV), £EFLIMERZ —: JE
Fre: 30 min DAL, WHEREESS A RRESEMR; B DA B R T B =B s R RS R .
NSTEMI [Fi2Widnife . O N Ax SV 8 A SV EREEE R T8 (CK-MB) /K-8 it 1F % /K F LR
99%, FHAEAH L FED—FEL: RN O EIERIUHT KR ST BURMKEL T BACF. HE; &
AR B RS A R TRBIGE R . RATNIEFR KT 18 % BSOS E#, A
A EBE LT TRIRSIIKIER . HERARHER SR 1) B I Em AT O, W . SRR K
AR OB  OIUR;: 2) A EIFE IS, 3) FRAT ™ EE VRSO . R L 7 E I VR B
RAEVEDN: 4) RUTEAROCRK ERIEHE . N> B g B, THAR e bR . e, R
N SRR ARHE, ARETT R BE IR N T 399 9 (297 B Bk, AERE: 22~90 ¥).

2.2. BRWEE

B NG ST AR TEORE PRM A 2 SO S5 E . AR TR B . AR, WO, OB O, iR
R BRI OF. Sm. AE, GERFEREBMI). LA O B L. AT 1
iz w ., EARBIAKS A . O M KRR R wE i SR RS O R LA
DA B S 27 A F A 1O o

A Bt 576 = 25 B A A bk A DU AH 5S4 Ak 48 A5 . 101 NT-proBNP. LEF. hs-CRP. & IH[E EE(TC)
HM=EE(TG). =% MR 8 R[S BE(HDL-C).\ I35 5 iR 25 1 IH [E| BE(LDL-C). i C 38 [ (hs-CRP)
OISR A BB RRE AL 2T 8 5548 bR . 2B AL FEFRER R F 5 e v A A AR M Ik if Hh e
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T 76 IR 2 ik i 5 iR BT A N 28 S5 R AT 0 U 5 R R Ty B 1) R A 0 B B A AT o VA O A I
(LVEF)KF fE B FH I 22 e i 47O B B 2, AR O B B () 3R 0K 58 40 9 STEMIL B NSTEMI.
XA HERAE SRR JG AN R, S bR UHE DT VE AT RS KIS SR A, I S A8 I R e A4 7 B
FREE

2.3. HERBTFESY

GRACE 1¥/r AT A A 8 Mighr: Killip 7390, Wik, 0F. FRE . MISNERREZ . AR OIE
BAFEOL. ST B PR RO IRET =, BRI RN F K553, KT 130 AR NI 45 2 ) GRACE ¥
1 o R N e IS W B (1 2 AR B, 45 OCER TR 55 GRACE $F 23 [25] TIMI $F 23 £E STEMI & 3% R NSTEMI
BHEPREVEAF[L0] [11]. XFT STEMI 3, fRFrEAEFEE . BRI s R B0 S0 Killip 702
Ve s 0o REE, HITEE ST BUf sl R R SR SR RUAAEIR (8] > 4 /N T NSTEMI 3% 1)
bR tds: i >65 2. 23 MEOHGERIFER. CARE RS >50%). ST BAE >0.5 mm.
%240 A > 2 LEUREME % 7 RAEABTEIITAR. RSP, FIREREA R bR RLA R A
gy, ARAETEr 4N AINASH TIMI 3E)

2.4. WML p3 B BETT

AW TR 05 2 BE /b MACE FIRAE .. BATX BEREYT 2 45, id3 MACE KERTE], Wit tss i
AR &4 MACE, WHESBEVS5 RS E . MACE 6. &RAET:. BARRE O S E 0 /732 55 FAE B
EBOEEE KOS, B8 RIS @M, W& R TSR Ao B 3 TR

25. BIRGT

FAEH IBM SPSS Statistics (fiAs 26.0)0 #m 247 Sttt X TiELAR &, AHFIE + bRk
Z(SD)FK IR, M TR, MHAMR(E S H)ER. BT NT-proBNP (1504 S m IR, FATx Hk
T T X . 1 5K A Kolmogorov-Smirnov £ 56 1E 240 & i IE A0 i o G RESAS & 8 T IEA 01,
DU P ARST R A ¢ A6 L B S i 2 R 1 22 57, AR IEZS /A WIS F Mann-Whitney U f546 . 7238 2
I [1) 22 S LU R F Pearson < 7 A B8R Fisher ¥k de . 183 Cox [ JH 734 LA € MACE F 7 Tl ]
Fo SKRHSZARE TARRHER 28 R AR VPG 245 )5 T i v . ZERTA Zobreh, P{E < 0.05 A A
GuitFmE e

3. 4R
3.1 EARZHELE

PRAEHEBRARHEHEBR IR/ B 5, FRATFENA 399 Bl f3E . WA ABERRE BRI ILZE 1, 7EIX 399 43
B, 74% N B PE(n = 297). FIERS 61.89 £ 11.83 ¥ . GRACE I TIMI fIEIEE2 23 51 127.49 FI
3.39. fF 2 AV LU 22 3] 98 £1(24.5%) MACE Hifl. % 1 i ER T RAEMAKRAE MACE 4L #H2
B SR PR 22 5 o WAL T O LR RO, MACE 4IP3 4E 8 45K (67.88 £ 11.42 vs. 59.94 + 11.32, P <
0.001), MACE 4 =y Ifi He« H% R 955 FH AT 6k F 0 52 (19 N BE 2 (4951 P = 0.001. P =0.009. P =0.001).
ItAh, MACE 4% 1) Killip 47 2%(P < 0.001). UA 7K-¥+(357.53 + 114.81 vs. 330.23 + 90.20, P = 0.015).
D- 3R 1A7K T (438.98 + 464.65 vs. 256.11 + 181.89, P < 0.001). Ln (NT-proBNP)/KF*(7.37 + 1.32 vs. 5.87 +
1.42, P <0.001).GRACE #¥45(153.54 + 32.42 vs. 119.00 # 27.63, P < 0.001) 1 TIMI $£43(4.60 + 1.73 vs. 3.00
+ 1.31, P < 0.001) 57 MACE #AHEL ¥ . 17 MACE S/ TG /K F(1.41 + 1.02 vs. 1.85 + 1.95, P =
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0.008)#1 LVEF (49.81 + 10.13 vs. 56.27 + 5.96, P < 0.001)EbF MACE 41k, & MFahrtdE: R K.
BMI. WRARECE]. R M bl BEAR R 2. 25500, O URESESRAL. hs-CRP. LAWUSE A &R
B A SCHSE, "A G52 (P > 0.05).

Table 1. Baseline data of patients

=1 BEARERIXIE

B ¥ N SRk MACE #4 4 MACE 41 Statistic P
PE5 3.431 0.082
2, n (%) 102 (25.6) 32 (32.7) 70 (23.3)
FE, n (%) 297 (74.4) 66 (67.3) 231 (76.7)
(D) 61.89 +11.83 67.88 £ 11.42 59.94 + 11.32 -5.730  <0.001
BMI (kg/m?) 25.18 + 3.35 25.38 + 3.64 25.12 + 3.26 -0.663  0.508

fEREE, n (%)

W A 150 (37.6) 44 (44.9) 106 (35.2) 2.954 0.086
o I 232 (58.1) 68 (69.4) 164 (54.5) 6.747 0.009
BRI 94 (23.6) 35(35.7) 59 (19.6) 10.658 0.001
e I HLRE 129 (32.3) 28 (28.6) 101 (33.6) 0.839 0.360
RN E S 125 (31.3) 44 (44.9) 81 (26.9) 11.12 0.001
AL S, n (%)
BE4E PCI B CABG T-A i 44 (11.0) 15 (15.3) 29 (9.6) 2.424 0.120
BEAE O 5 B 68 (17.0) 21 (21.4) 47 (15.6) 1.768 0.784
LVEF (%) 54 .68+ 7.71 49.81 +10.13 56.27 + 5.96 -6.078  <0.001
Killip class, n (%) 71.080 <0.001
Class | 310 (77.7) 46 (46.9) 264 (87.7)
Class Il 66 (16.5) 39 (39.8) 27 (9.0)
Class 1l 13 (3.3) 7(7.1) 6 (2.0)
Class IV 10 (2.5) 6 (6.1) 4(1.3)
A MAEHL n (%) 5.806 0.055
1 63 (15.8) 12 (12.2) 51 (16.9)
2 150 (37.6) 30 (30.6) 120 (39.9)
3 186 (46.6) 56 (57.1) 130 (43.2)

HZE0L, n (%)
WPTIRTT 384 (96.2) 93 (94.9) 291 (96.7) 0.647 0.540
MITIRIT 381 (95.5) 93 (94.9) 288 (95.7) 0.105 0.780
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Continued
IERIZW, n (%) 3.114 0.078
STEMI 126 (31.6) 38 (38.8) 88 (29.2)
NSTEMI 273 (68.4) 60 (61.2) 213 (70.8)
A AR
TC (mmol/L) 468+ 1.20 470+1.22 461+1.12 1.074 0.283
TG (mmol/L) 1.74+1.78 1.41+1.02 1.85+1.95 -2.638  0.008
LDL-C (mmol/L) 2.82 +£0.99 2.85+0.99 2.71+0.98 1.821 0.069
HDL-C (mmol/L) 1.18 +0.35 1.21+0.35 1.17 £0.35 -0.611  0.541
UA (mmol/L) 337.02 + 97.44 357.53 + 114.81 330.23 +90.20 -2.433  0.015
NT-proBNP (pg/mL) 1451.49 + 3137.78  3537.76 £ 5617.22  777.24 + 987.42 -8.099  <0.001
Ln (NT-proBNP) (pg/ml) 6.24 £1.54 7.37+1.32 5.87+1.42 —8.099 <0.001
EESEE T (ug/l) 2.40 +2.94 3.00 +3.50 2.21+2.73 -0.622  0.534
hs-CRP (mg/L) 1.83 +0.60 1.86 +0.64 1.82 +0.59 -1.771  0.077
D —%{A(ng/mL) 301.36 + 290.06 438.98 + 464.65 256.11+181.89  -5.744  <0.001
A AIIRARE 4 S| 12.63 +4.03 13.24 + 4.47 12.43 +3.87 -1.970 0.056
ARG T 53
GRACE ¥4} 127.49 + 32.45 153.54 + 32.42 119.00 + 27.63 -8.953  <0.001
TIMI 45> 3.39+1.58 4.60+1.73 3.00+£131 ~7.242  <0.001

3.2. 5 MACE xRN KEE RS

7 2 @it Cox [EIVA4FHT 45 T MACE [T K 25 . AR¥E HL D 3R Cox [BIA 4T, BRI e O K
s, F#. LVEF. Ln (NT-proBNP). D- %k, GRACE T4 & TIMI 4333 55 = 1) MACE JXU%:
BEK ., KRR Z R Cox [mH5 41, FATAR IR (HR = 1.850; 95% CI, 1.118~3.062, P
=0.017), Ln (NT-proBNP) (HR = 1.342; 95% Cl, 1.044~1.72, P = 0.021), GRACE -4} (HR = 1.016; 95%
Cl, 1.006~1.028, P = 0.003)#1 TIMI $¥4>(HR = 1.274; 95% Cl, 1.070~1.455, P = 0.005)/& MACE [ 37 7

M

Table 2. Cox proportional hazard regression analyses for MACE
& 2. ¥F MACE # Cox [E1J3 434

i S ENET AR EAPSENEVER iy
HR (95%Cl) P HR (95%Cl) P
R 1.056 (1.037~1.076) <0.001
L& 1.538 (0.996~2.378) 0.052
ST 2.446 (1.608~3.722) <0.001 1.850 (1.118~3.062) 0.017
Pyl 2.011 (1.348~3.001) 0.001
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Continued
LVEF 0.945 (0.927~0.963) <0.001
Killip

TG 0.795 (0.632~1.001) 0.051

UA 1.002 (1.000~1.004) 0.061
Ln (NT-proBNP) 1.857 (1.600~2.156) <0.001 1.342 (1.044~1.725) 0.021

D =&k 1.001 (1.000~1.001) <0.001
GRACE ¥4 1.021 (1.016~1.025) <0.001 1.016 (1.006~1.028) 0.003
TIMI 34> 1.447 (1.324~1.581) <0.001 1.274 (1.070~1.455) 0.005

HR, hazards ratio, KF&EL; Cl, confidence interval, B1{ZX[H.

3.3. ROC HiZ& 5 #h

JHE ROC 433X Ln (NT-proBNP). GRACE 145+ TIMI VP73 FVE A TR & Tl ag J3 347 43 #r .
1 fiizs, Ln (NT-proBNP) (AUC, 0.790; 95% ClI, 0.738~0.843; P < 0.001). GRACE #4>(AUC, 0.801; 95%
Cl, 0.749~0.853; P < 0.001) 1 TIMI $£4>(AUC, 0.743; 95% Cl, 0.688~0.799; P < 0.001)¥) 2 Hil ! K 47 ) Fit
PEBE. FFH Ln (NT-proBNP). GRACE 1147 TIMI vF4r & B 2. 2 2 iy 1 Pl 2% (AUC, 0.854; 95%
Cl, 0.824~0.901; P < 0.001), UL.F&l 2. 14 FH 298 F6 506 & B A3 U 5] 25 9 11 5 250 Ln (NT-proBNP). GRACE
PEI3 AT TIMI PP R4 T B % 20 5 48 50R KME 43l 9 7.5807. 140.5 #11 3.5,

ROC Curve
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Figure 1. ROC curve analysis of GRACE score, TIMI score, and In (NT-ProBNP) on MACE
1. GRACE 4y, TIMI 34 #1 In (NT-ProBNP)X MACE E A7 ROC HhZ 5 #h
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Figure 2. ROC analysis of MACE by the combination of GRACE score, TIMI score, and In (NT-ProBNP)
2. GRACE #4. TIMI iE4#1 In (NT-ProBNP)BX & 1EF X% MACE B ROC 43 #f

4. g

O I 595 (Cardiovascular disease, CVD){E N4 BRFET 1) 15 Z K], 28 fa 5 NI, DR e a0
R E T, B )R, DO, A R IR SR TR AUAS RO U A R AR
WETL[26] [27] [28]. fEAWIFCH, FATTOHT T NBERIE 2 R AR EY . GRS F1 MACE
Z AN AR S o FRAT TSI T AR bR S 2 B T e 77 - NT-proBNP AT 2 FAx it JE 1 XU B 23 : GRACE
A TIML V4. AR SLIR 45 R, A X S48 b5 vl 2488 =Xk MACE 1 90l g
NT-proBNP F1iX £8 UG D773 LE G R S B AR 25 5 3RAF, 3 A JH: e oAy 77 8 R S F P ol 811

GRACE VF43F TIMI P43 & 55 T A BRAURE 1) K AL AT BE PRI RIS )V R 45, F A&
PR UBESE B35 1) XU [29] . ST GRACE AU P43 3 22 FH T il St se R B ik 25 S AiE(ACS) J Bt
HAIRIZE T 26 o AR SRl A VF 2 W 5 S HAE B I ] N 48 5 2 T ARSI K 2% B AR (ACS) 7312 AV B TR SR 1)
A [9] [25] [30]. TIMI V¥4t GRACE Vo —#f, 2 —FiE R TED REG, S8 & H T 1l
JEHATUG[10] [11] [31]. ARSEBUTIRE @ WCENIH T EH TG H M A A0 BEARMRH, &
ATiE$E MACE 1E N4 i, T HAL QMR REF4E, nd j3f iz B, sAEKE s BA
BRI FE AN fE RS 7 2 i S ARG A 25 S ) Tt A 4

— B FE A AR B T RESR AR A KBS R A A R B BRI, AT 2 A T LA
3 R 0 A A= bR SR N KU R I TR E /g . —SERE R R, AEWkR BT : NT-proBNP. CRP.
D AR, mBUIAS 05 T Re 2 B i R VPAY R 77 [14] [18] [19] [21] [32] [33] [34]. NT-proBNP 7K-F-5&
OO H A E A B e br, WA T2 abh0 /15, BOLImtREN, e S0 i AR A4
[RIBET 2 1) v AR A 9 [15] [35]- ‘B M A TE DA I3 2078 () L J PP e o ok B AR o X SR AE bR
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HEWIHILH A AT B = XU TR A6

AR, BATE %M T MACE 4 R1HE MACE 412 [7] 2 F A Wbr A A GE o0 10 2 57,
W T HAS R AR, ERER: MACE 4 FH4ER . Killip 202 UA KF. D-BAEAKF
Ln (NT-proBNP)/KF-. TG 7K°F-. GRACE ¥4 TIMI ¥/ 8im: MACE 40« BRI . m L E X
R %, 1 MACE 40 LVEF 8% SR 5 AT COX [al A%} 4720 #r . 45 B 7R NT-proBNP. GRACE
P TIMI BR2r T M7 1 MACE ()% 4. GRACE TE43 A1 TIMI $£43 ) AUC 43124 0.801 A1 0.743,
UEBA 7 H AN RO ML ST 45 R 1R BE 77 . AUC 45 SRR BT W R - 43 (6 T 6 1A 8k — 20 e i 2 1) o
il NT-proBNP {FA—Fi |12 HEZEI 0 77 32 v br S LE 3 (R 90 Fh R ARARGE XN AMI 35 I PR 25 )
HA TN xR —8, AFFFEHERE T NT-proBNP B A5 R HIEE 71, 3 AUC 5 0.790.
16 RS PE43 FR 8 I NT-proBNP,  AUC B4 7115 0.854 (95% Cl, 0.824~0.901), iEHH NT-proBNP 17 f XU
PP LA PT LA 5 3 b XURS: V23 T3l 2 4 MACE I Rg
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