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Abstract

Objective: To investigate the risk factors for heart failure during hospitalization in elderly patients
with acute ST-segment elevation myocardial infarction (STEMI), providing evidence-based insights
for early identification of high-risk individuals and optimization of clinical management strategies.
Methods: A retrospective analysis was conducted on clinical data of 235 elderly patients with inferior
wall STEMI who underwent percutaneous coronary intervention (PCI) at the Third Division General
Hospital of Xinjiang Production and Construction Corps from January 2020 to January 2025. Patients
were divided into an observation group (71 cases, with heart failure) and a control group (164 cases,
without heart failure) based on hospital incidence of heart failure. Clinical indicators were collected
and analyzed using univariate analysis. Statistically significant indicators were included in multivar-
iate logistic regression analysis to screen independent risk factors, and the predictive efficacy of indi-
vidual indicators and combined models was evaluated through ROC curve analysis. Results: Univari-
ate analysis revealed statistically significant differences between the two groups in multiple parame-
ters including age, NT-proBNP, and serum creatinine (P < 0.05). Multivariate logistic regression anal-
ysis confirmed that age, NT-proBNP, left ventricular ejection fraction (LVEF), left ventricular end-di-
astolic volume (LVEDV), time from onset to hospital admission, and Killip classification = 3 at admis-
sion were independent risk factors for in-hospital heart failure in elderly STEMI patients (P < 0.05).
ROC curve analysis demonstrated that LVEF exhibited the highest predictive efficacy among single in-
dicators (AUC = 0.845), while the combined multi-indicator model showed significantly improved pre-
dictive performance (AUC = 0.931). The optimal cutoff value of 0.416 achieved a sensitivity of 88.7%
and specificity of 85.4%. Conclusion: The occurrence of in-hospital heart failure in elderly STEMI pa-
tients is influenced by multiple factors, with age, NT-proBNP, and LVEF being independent risk factors.
A multi-index combined model demonstrates high predictive value for in-hospital heart failure, ena-
bling early identification of high-risk patients and implementation of targeted interventions to im-
prove short-term prognosis.
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1. BY

BEAE NATAEE AT RISGE, NPT HAR AW R R, OISR R R NSRS 2, H
H RO U ST L 0 ) S 0 2 o LRS00 PP BT 2R AL e (R, T T 98 3 W St D LB BB T 45 0 )
oy, SeO UL E IR T R R 2 —[1]. 2k ST Bodh s 1 0 JULEE(ST-segment elevation myocar-
dial infarction, STEMI) & 0o UILEEZE 1 —Ff 23 B4, 2 5O UREEBE R 25% [2] [3]. EHTOURBEZER AL . R AL R
Aoy FREVETT A0, IS WThRdE . Bl TS I K B R RO 2 e S R R IR, ANE AT FEARGE ) STEMI S 3T
R I R AR F 2 e YO FEIAE 10% % 45%2 [F][4] [5].

ROE A 2 [ i AR BN KA NVG ST R o — e s 250 & fg . STEMI G0 JJ 328 I Tl iE & ek
&, (AR T RN EAE R R E A R[6]. thak, RARIE BB G KA BB 0 0 7756 8 95 151

ik
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MRZH(7], HRERZZ K GERSIIA NIGITH STEMI S35 B 9 FE T3 ¥ 3 2 5 57 [8]. (Rl
PUN AT REAE STEMI 5 KA O S e NRF R R 2.

PRI, ASHIT ST [ B 23 & 4 STEMI R IR PR BB, PR AT Be i) A A0 T3 i i fa fe R &K
B SR e A DA RS B SR SR AR IR AR, DU — P ik ZAE Sk ST B m ALl
RESE R HE TS -

2. ‘P EH*E
21, — AR

s AR e B B =M R ZE B 2020 4F 1 H & 2025 4 1 H 22 UA 1 235 64T 4 % w IR B kA
NVGIT I T BE STEMI B FAE AT XS B, BB 2 A7 S5 IR PR D Bk, RS ) i e 5%, R
A0 D3 () R (T BIAE ISR AL, W R R AR O T 3 9 1) B3 (164 B PE b R ZH o ARIRNIE#H T &
SRS IS bR HE[9], B A7 AE ST B J5 B BT R ZUPE R, HRRSERS ] > 10~20 min, £8.0 L[]
REERBFIL UL aVF SR 200 2 S SECHE IR EE Q 3. HERRFE#E . LW M. H
R Je RSSO )32 12 W T 6 38 B0 T 22 2 0T o bR HE[10]

22. MIRF*

ANAJEWEELL N IRIRS 4 (1) BARERE, GFFEE. il 45 = %(Body Mass Index, BMI). 1
SO FEES A B N AR 1 DA B BEAE 995 5 (R L« BRI (2) WSCEE PR AE FR 3 NPt Kiillip «Co B BE 73 S FHEE 75 o
B[ 0 % §F 7K K 2585 (Ieft ventricular end-diastolic volume, LVEDV). /2.0 5 i 45 A 25 F4 (left ventricular
end-systolic volume, LVESV). 7c 0= 5 I3 % (left ventricular ejection fraction, LVEF)); (3) #ill{: ¢ 24
NEF P B N K B BRI E AT A (NT-proBNP) i JIH[E i (Total cholesterol, TC). I AILEF(Scr) #A#L
C J W 2 1 (CRP) J JD 1 2 % 52 45 I 8 R A5 A A i b DL AR 28 N PR B[] o

2.3. Hh

NHERA VPG ZAE STEMI AR B PO 1 38 8 IR R A O, A 90 R R I 38 FH (0 25 B VP Al b . 222
Wbl Killip O INAEGdAT H5E, BAEBE A B Killip 20100 200 UL E g SUR R AEBER O 588, A
RN i 38 1 % 5 51 BN T BOK T 7 114 5006  HH IR = 00 85 55 h et L it ot s /K b 1) X ZRAE %
T H A P A R R S [11] o [FIEF, 54 RSB R BN B (1 R IR ¥ i A P S5 s AR IR 5 AR A
WL s iss R, JHHLE B BAIKBNP)EL N K B ZF 83k 5T /4 (NT-proBNP) /K T [ 2. 2 Ft
i DAKGER 75 0 B R BT 7S B A o0 35 B 1ML 43 B (LVEF) B4k 3 B 32 Bl 7 % 25 45 W Th BE DR HEAT 42 B A
KR TIGRARRER . ARIE . AR EMbR SV 2 4R R, Reig AT, I R e 4 B3 R b
RN O 138 ARG L, AT ST (1 25 Jy FeAm ) i $ L vl Sk 4%

24. GHFEH*

I geit 3 38R F SPSS 26.0 [tk 5E . 1IEZS 43 Aiiidid Kolmogorov-Smirnov #4683 47 PE Al . 2
B AARESLAZEDIE £ WEERR, JEIES AR RS 8N LA 2 (WAL iR) . fR ¥ I
ARG, SRAMOIAEA t #2560 A Wilcoxon W 58 17E 47 4H [T & 4508 Lh . 7 R DIE kR, 8
it 2B Fisher ¥5HAAG 0BT LB . 2278 & logistic [FJH 73 #7153 H LB EL(OR) M2 BAS X [A](C1) . PAARE:
ST PAE < 0.05 BB EW M AN EA SRR, AT logistic B4 41 DA e 5 7 F500 51
(2=0.05), i@id 52k TAERHE(ROC) B 2k 20 T K i 28 1 T AR (AUC) T 55 45 55 38 b 37 F0 8] -7 6 A A i
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14 % T 3B o
3. &R
3.1. BEARZFRSHT

HEAT R, OB ER (635115 % vs.57.1+£10.7 ¥, t=3.96, P<0.001). ABiff NT-
proBNP 7K°F-(443.21 + 39.24 pg/ml vs. 253.29 + 27.66 pg/ml, t = 35.07, P < 0.001). Ifi&MLEF(115.3 + 57.3
pmol/L vs. 71.2 + 17.1 pmol/L, t = 6.44, P <0.001). ## C x5 F(16.39 + 7.19 mg/L vs. 4.17 +5.66 mg/L,
t=1261, P <0.001). Bt#E C (1.5+0.9 mg/L vs. 1.0 £ 0.1 mg/L, t = 4.85, P < 0.001). 7 Lr=E &Pk KZE
(171.7 £ 9.5 ml vs. 119.3 + 7.6 ml, t = 40.17, P < 0.001) LA Jz &I = NPl (4.7 £ 1.4 hvs. 21+ 1.1 h, t =
13.92, P < 0.001)) 3 i TR0 a2 4 s T 38 2H 1) 7 o0 25 5 I 23 B0 35 T4 0 2 4.(43.6% + 4.9% vs.
61.7% * 9.2%, t = —17.19, P < 0.001). WL EE WA E 2. S HE R & 7 O BWA R B 2 R L5t
7 (P 4 > 0.05).

SYRARRTT, OEAF Killip 288 >3 )5 e 22 & TR0 3 2H(50.7% vs. 9.8%, 2 = 46.45,
P <0.001). P44 AEE S WRCAR S o P 58 | e I Sk RRE B 52 07 TR 22 e A o g vk (P 33 > 0.05).
DA RAR RS P < 0.05 MR B AN G 221K 2 A 3 logistic [BA 404, LA — Bk 24 STEMI &
R A BT N O S (RS fE R R 3R (2 1)

Table 1. Univariate analysis of in-hospital heart failure in elderly STEMI patients

F 1 24 STEMI BEFELERALHRBIEE RS

L7 DFEHAMN=71) FEOFEA(n = 164) tly? P

FER (D) 635115 57.1+10.7 3.96 <0.001
P51/ 5 (%) 53 (74.6%) 122 (74.4%) 0.00 0.975
BMI (kg/m2) 21.78 £2.17 22.03+2.33 -0.77 0.444
WK 582 (%) 33 (46.5%) 91 (55.5%) 1.62 0.203
TR 52 (%) 10 (14.1%) 17 (10.4%) 0.65 0.420

i I 5 (%) 38 (53.5%) 80 (48.8%) 0.44 0.506

R IR 95 (%) 21 (29.6%) 32 (19.5%) 2.87 0.090
L2IRE Killip > 3 24(%) 36 (50.7%) 16 (9.8%) 46.45 <0.001
NT-proBNP (pg/ml) 443.21 +39.24 253.29 + 27.66 35.07 <0.001
TC 4.33+0.59 4.44 +0.62 -1.26 0.209

Scr 115.3 +57.3 712+17.1 6.44 <0.001

CRP 16.39 +7.19 4.17 +5.66 12.61 <0.001
&S 15409 1.0+0.1 4.85 <0.001
LVEF (%) 436+4.9 61.7+9.2 -17.19 <0.001
LVEDV (ml) 171.7+95 119.3+76 40.17 <0.001
LVESV (ml) 70.7 £8.1 727+8.7 -1.66 0.098
oA ERNCA (D) 47+14 21+1.1 13.92 <0.001
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3.2. #FE84 STEMI RALREBREZES

FERAS BT AEAE ., B P < 0.05 (AR EGIANZ HIE logistic [ ARAY (M HTE %), DRI E
STEMI & RABE N O\ ek F &, SR NE 2. ZHEE logistic [FIHHT B, 4. NT-
proBNP. 7o Z G- E(LVEF) 2O B EFIK AR B F(LVEDV) K B 8] LL R A BEi Killip 43 2%
> 3 I NFAE STEMI B R AEBE PO 5238 BT G D R (P < 0.05). Hirfr, SFEIMEFIINL %, BEW
o FE KUK 1 8.4% (OR = 1.084, 95% ClI: 1.018~1.155, P = 0.011); NT-proBNP %71 50 pg/ml, B 405
XK 38 11 36.6% (OR = 1.366, 95% Cl: 1.152~1.621, P < 0.001); LVEF &FF#1% 1%, B P08 RS IE 1 13.7%
(OR =0.863, 95% ClI: 0.797~0.935, P < 0.001); LVEDV %840 1 ml, B 02 X0 9.3% (OR = 1.093,
95% ClI: 1.035~1.154, P = 0.001); A&Ji & AFelf A EELEH 1 /N, B O3 KU i 88.5% (OR = 1.885,
95% Cl: 1.317~2.698, P < 0.001); Killip 732 >3 Z 3 KA B WO =R X2 Killip 774k < 3 ZLBE 1
8.203 1i%(95% Cl: 3.196~21.054, P < 0.001).

Table 2. Multivariate logistic regression analysis of in-hospital heart failure incidence in elderly STEMI patients

2. 24 STEMI BELERAL NHRIBAIZE R logistic EYA5 1

TE BE PR Wald y2 OR (95% Cl) P {4

FER(%) 0.081 0.032 6.41 1.084 (1.018~1.155) 0.011
NT-proBNP (4311 50 pg/ml) 0.312 0.087 12.86 1.366 (1.152~1.621) <0.001
LVEF (%) -0.147 0.041 12.86 0.863 (0.797~0.935) <0.001

LVEDV (ml) 0.089 0.028 10.11 1.093 (1.035~1.154) 0.001
A ERNSEE() 0.634 0.183 12.00 1.885 (1.317~2.698) <0.001
Killip 734% >3 % 2.104 0.481 19.14 8.203 (3.196~21.054)  <0.001
W —8.356 1.727 23.42 - <0.001

3.3. EFAY STEMI RALRREERERE ROC HhZ&k N1

ROC Wik /s Riman, SMArfEk R KA BN Z44 STEMI B R AR MO 1 =i A
R P ¥ < 0.001). f—38krd, LVEF fBhZE iR (AUC) i K, N 0.845 (95% CI:
0.790~0.900), I fEMMIE N 52.4%, X[ REE N 85.9%, F¢5FE N 76.8%; NT-proBNP ) AUC N
0.812 (95% Cl: 0.751~0.873), fih:#kir{E Jy 342.6 pg/ml, REKE 83.1%, H757/¥ 74.4%; LVEDV ) AUC
79 0.779 (95% Cl: 0.710~0.848), ik A 148.3ml, REUE 77.5%, H5:5E 70.1%; K% ZE N BE A
(1) AUC 4 0.753 (95% CI: 0.679~0.827), EH:AMI{E N 3.2 /M, RELE 74.6%, 57 68.3%; Killip 7
2 > 3 21 AUC K 0.703 (95% CI: 0.623~0.783), RHEE 50.7%, FF57FE 90.2%; 4Fi#H) AUC K 0.684
(95% CI: 0.612~0.756), fEBIKIE A 61.5 &, REUE 71.8%, FiiE 61.0%. FKAHA(Z K logistic
5] U5 T M 22) ) AUC ik 0.931 (95% ClI: 0.894~0.968), &%= T4 —H—+545(DeLong 6%, Py <
0.05), IfEEWIE Y 0.416 B, REELN 88.7%, Fim il 85.4%, HE/REXGHEAIXTZ4 STEMI B
PO 773 35 HA R R DX 43 e 0 (3 3).

Table 3. ROC curve analysis of in-hospital heart failure incidence in elderly STEMI patients
3. 24 STEMI BE LKL AL NHRIBAY ROC BIZ 51T

g AUC iR 95% Cl P fH BEENE @ REE(%) 55 (%)
EXED) 0.684 0.037 0.612~0.756  <0.001 61.5 71.8 61.0
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NT-proBNP (pg/ml)  0.812  0.031  0.751~0.873  <0.001 342.6 83.1 74.4
LVEF (%) 0.845 0.028  0.790~0.900  <0.001 52.4 85.9 76.8
LVEDV (ml) 0.779  0.035  0.710~0.848  <0.001 148.3 775 70.1
RIWENFERTE (M) 0753 0.038  0.679~0.827  <0.001 3.2 74.6 68.3
Killip /7%% >34 0703 0.041  0.623~0.783  <0.001 - 50.7 90.2
ey i) 0931 0.019  0.894~0.968  <0.001 0.416 88.7 85.4

4. g

AR, B [ TR B0 Bk ol A B A A o U975 (o9 ) S5 3 AN W48 22, Lo AR AT 2 R 3 R T 1) 32 B R A
FHAEFET: ABZ 100 73, T2 g N 2528 dr i FE[12] . OBE 5 088, ToiB 2 B B 1A R AR 38 2t B JS
KA, B3 G TS A AR . GRACE BFFt K II[13], R 038 2 15 B 3 1a] oA £ 2 B0 T XU
Whn 2.2 5. ik, WIS S STEMI BB IR A 26 O B2 HAE O A I R Al A B 22

AR FTIEIEXT 235 Hil4T 4 B AR BB A NIRTT IIEAE T BE STEMI J8 2011 PR BRI [P T, B
TS NT-proBNP. LVEF. LVEDV. & Z A\BEhf ] X ABTRT Killip 7324 >3 2 IR B 5 K AR A
O IEEE BT AR R R, H 2 AR A A6 B Y O 22 1 T R RE 2 A0 T s — 48 hR, X —45 1Nk
PRSI e B3 s e AT TR s S A 1 2 O UE A B

SRR AT TR SE ST B R &, H 524 STEMI B B PO 58 25 XU (0 IEAR DG, SR
BEAERIE 5T 4510 R FE — 8 [14]. ABFFCBonF RN 1 %5, BEN-ORRREIIIN 8.4%, X —45R AR Ik
BT ZAE NFEAE B RS . B R, O BB AT R, O WL SR S T Ak Th R A AT
TEAEFRPEDROR, H 24 B S AP M N B ThRet s« sl IR0 ik o A A A0 P P o S 55 1) @, 7E STEMI R
A JE, SZAREOHUGTER BUREE B L B AR R ThRe B 105, HEIM 58 5 5] R0 J) 380 . X IR IRIRTEIZYT
AREF, 6T 615 & R UL BRI STEMI B, ORI A ARG A O3 1 e fa B, St B8 7™ 2 (R 155 e
b

NT-proBNP {E Ao IL G tef 5 454 (05 S M AR b i, (EARHIE ¢ o e IR AR e U, Tt
i1 50 pg/ml, Bt O RS 36.6%, HA EAUWTE 342.6 pg/ml B} R L 83.1%. R 74.4%.
NT-proBNP 3= %2 H 0o 2 JLZH B £E 75 5 A A Al 0 S ar 5 Ny & 5 B8 8G. STEMIE AT, O ILER LR FE
SHEFBOOLERER S TR, FIE NT-proBNP K&, HAKCFAEL AT RFIG R O RRER L, o
STV JULA53 0 R B A0 00 3 2 XK () B B AR [15] 0 X — &5 SRR, AR Puist kG il NT-proBNP LA
342.6 pg/ml il FE, FTAG RORE H O s B R, o T TR A 00 == k4

et E I B (LVER) A O B B SR BB (LVED V)R O S B /0 3 25 R AT D E (1 % Lo FiE AR [16]
FEARW T AL R 2, B LVEF 52 5—$a by T 25 6 i = 1 F8 AR (AUC = 0.845). A 75t K B
LVEF 1K 1%, B 403 S HEIN 13.7%, fe FE AR IBTE 52.4% 0 R 850 ARy 5 B 35 55 i, iX /& R A LVEF
BRI D E WG T RE, STEMI SRR OIUAIE 2 B Q4G 7), LVEF FFERWE L =R M
DhResz 4, O EAL, B 5K IEFRFIAIEIR M, K& FEC ). 1l LVEDV &30 1 ml,
OV FE KU I 9.3%, e AEARITE 148.3 ml, $i7r STEMI JG 20 B AT IR AR B B K, W 10 ERK
RWPRAE, OREHEMSH—DMEONAR, FRCBEER, B & A KK . XHRIGK T EE
ALK T, % LVEF<52.4%. LVEDV >148.3ml ()83, M KBNS O S ER. Bomolikds 7
T ToUHE it -
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R FE NI TR AT 50 A RS B T B 5 R R FE R TR 2, AR K 1 /N, 5 PO 3 IXURS: 384
88.5%, FxfEHWIE 3.2 /M. X —45 M E T STEMI KA “Hf IRt Co L, Bl 2R 7 k%O R
W, STEMI KAEJG, ARSI ZE S SECONFFLEBMLIATE, SR R, RIERC LA, O
WLIhRedn (ki ™ &, RIS 5 24T PCI RSCELINE Fd, CHIERCIIETCEWRE Thae, O Ui dsfiE7 ik
T RE AIAS AT 10453 0 2 KM 38 IO 2 R A AR, o ARBIT ST O 3 R BB 6] F393% 4.7 /N, B3
FARL T 2.0 NI, FORIGR T3 g STEMI 28R IRRYE, AL X s 4k, 4% B
RARZFENBE S a], RS B, D OSBRI 0 3 AR AU

ABERE Killip 774% > 3 210 B R AEBE O3 FIRE R g < 3 REH T 8.203 £, AT+ R,
6 LU AR B e ST S R 2 o Kiillip 73 202 2 T I RAEIR AR TE X STEMI &3 G D RE RIS PEAL, Killip
e > 3 AR B NBEI CAFTE B S R L K i FE 2 YR AR B, S O LA 497 08 3 e 7™
FERE, DINREAL T RAVELIRES, Ja 4R ARG ORISR AR KIETR[17] [18]. X —45 1R, X
FBER Killip 234% >3 HRIWE4F STEMI B3, FLRUEZOEHER T HRE, RIGRG . FlR. 3§
A SFE XV TT, RIS A A A AE W, 7 b i 3 — 20 Ak

AWFFH) ROC HIZR 0T Bos, B—f5h5h LVEF W RBERAE, T2 IEmBES AN AUC ik
0.931, RHESE 88.7%. i 85.4%, REMTAE—H—Fabs. X—45RKY], Z9 STEMI EEBA O
FHRAE R Z R EILEEH ISR, Bo—IRbe 0 RE R IIE — J7 T A B AR BRAR AL, B AE IS B 108
Frv DIIREFEAR . RUAKTHSEZ JEFEFa bR, RERE AT WEARHL VPN BCE MR, $Rm0 I m i A
WU A HERA I o X BRI IR AT 2 T AR SR B A I Y, 57 2 4F STEMI R B 1O 3 KPP R R, 5
DX B TR oy R, 0 e AR BB 3 S AR A O B T T, I XU R AT L, ARk
JYUHIRICE, FRTHIEIRISYT AR

K FAAAE— W BRI, Ho—, AT A RIBERE T, B 700 SACA H a8 A = g s s 4]
IR R BRI B N BE STEMI B, Hb3slo A9 451 288 284 (1% =) PR T R 5 B0t 9 45 SR AN HEVE 2 B, Tk
A FEI IR A FEFE AL AL E S STEMI B BN O R R als H 2, AR FERMEH PCI R
JERTF 200, M FRIERCR . ARG ARESE R Z B AT IR AT, IX B PR 25t ] BB B P 4o 38 19 R A 7
AEREIR, R BEGNNAIE T AR AL AT B 5 E0H 2 f B IR 3R 1 T8

L LR, 24T EE STEMI BFH BN OERI KA ZER . NT-proBNP. LVEF. LVEDV. KJEEAN
Bei ) & Killip 73905 2 R LT, A7 a0 23 B — @ IR TN A, 17 2 Fa b Bk 45
BT RCRESE A . WG PR S e, mT i I A AR DG HR AR PPk O DR AR I [R],  FH R0 5 5 f 2R
o SREUAR R ] SO O E EA . S E KT SR X T U i, R BT 2 4R bR
A IR VPG 1R 2, SEBL Y 2 HE, AT FEARE4F STEMI BE B OB R B3R, ot g in i iUs
JEEER R R Z Rt ATREVERE TS, SINARFERESEERAL. B2 IR IghR, St PREAR R R, wEE
A STEMI JE B P9 O 22 1) f B DR 3R VP Al AT oA &R

= A
AN I S S B R T, OB 7 R B R R R BRI ZR R L
S5
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