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Abstract:
tumorigenicity 2 (sST-2), high-sensitivity C-reactive protein (hs-CRP), N-terminal pro-B-type natriuretic peptide
(NT-proBNP), and insulin-like growth factor-1 (IGF-1) with the severity of chronic heart failure (CHF). Methods
A total of 73 patients with CHF admitted to Dezhou Hospital of Qilu Hospital, Shandong University, from January

Objective To investigate the correlation between the levels of soluble suppression of

2023 to June 2024, were selected as the heart failure group, while 80 healthy individuals undergoing physical
examinations were selected as the control group. Serum levels of sST-2, hs-CRP, NT-proBNP and IGF-1 were
compared between the two groups. The CHF group was further divided into three subgroups based on left ventricular
ejection fraction (LVEF): heart failure with reduced ejection fraction (HFrEF), heart failure with mildly reduced
ejection fraction (HFmrEF), and heart failure with preserved ejection fraction (HFpEF). The serum levels of IGF-1,
sST-2, and hs-CRP among the three subgroups were compared. The correlation between serum levels of sST-2, hs-
CRP, NT-proBNP, and CHF severity, as well as their diagnostic value for CHF severity, was analyzed. Multivariate
stepwise Logistic regression was used to analyze the influencing factors of heart failure. Spearman correlation
analysis was performed to assess the relationship between serum sST-2, hs-CRP, and NT-proBNP levels and the
severity of heart failure. Receiver operating characteristic (ROC) curves were plotted to evaluate the diagnostic value
of serum sST-2, hs-CRP, NT-proBNP levels, and their combined assessment for the severity of heart failure.
Results Serum levels of sST-2, hs-CRP, and NT-proBNP in the CHF group were significantly higher than those in
the control group (P < 0.05), while IGF-1 levels were lower (P < 0.05). The HFrEF subgroup exhibited significantly
higher serum levels of sST-2, hs-CRP, and NT-proBNP compared to the HFmrEF and HFpEF subgroups (P < 0.05),
and the HFmrEF subgroup showed higher levels than the HFpEF subgroup (P < 0.05). Spearman correlation analysis
indicated that sST-2, hs-CRP, and NT-proBNP levels were negatively correlated with LVEF and positively correlated
with left ventricular end-diastolic diameter (LVEDD) and LVEF grading (P < 0.05). The results of the multivariate
stepwise logistic regression analysis showed that LVEF [OAR =0.679 (95% CI: 0.514, 0.897) ] was a protective factor
(P < 0.05), while LVEDD [OAR =1.224 (95% CI: 1.053, 1.422) ], sST-2 [OAR =1.175 (95% CI: 1.007, 1.372) ], hs-
CRP [OAR = 1.428 (95% CI: 1.021, 1.998) ], and NT-proBNP [OAR =1.001 (95% CI: 1.000, 1.002) ] were all risk
factors for the severity of heart failure (P < 0.05). The results of the ROC curve analysis showed that the areas under
the curve for sST-2, hs-CRP, and NT-proBNP were 0.774, 0.770, and 0.689, respectively. The area under the curve
for the combined detection of the three indicators was 0.883, which had a higher diagnostic value than any single
indicator. Conclusion Serum levels of sST-2, hs-CRP, and NT-proBNP are positively correlated with the severity of
CHEF, increasing with the progression of the disease. The combined diagnostic value of sST-2, hs-CRP, and NT-
proBNP is higher than that of any single biomarker, providing high diagnostic specificity and offering a novel
approach for assessing CHF severity.
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121 —faA e RN FER DR H

MR HE PR 55 o R A AR AR B 45 LT | 1M 21 88
M . (= % B lg 25 1 I [ B (high density lipoprotein
cholesterol, HDL-C) . & % g &5 1 JH & B2 (low
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122 sST—2, hs—CRP., NT—proBNP, IGF-1 K -F
Foml U A BF N GG R A IR R KL 4 mL, &

R 2R (ethylenediaminetetra—acetic acid, EDTA)
PrifE, 4 °C .3 000 r/min 0> 5 min, B3 K -80 C
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B0 53 TR FH SPSS 27.0 G H A . AR A IESS
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2.1

<15 -
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F1 MNRAMORAMIRKRFHILER

papiisE) 80  65.50(58.00,73.00)  47/33 74(66,82) 138(124,151) 80.38 + 10.49 53(66.25)  33(41.25)
DRE 73 69.00(60.00,73.00)  40/33 81(63,92) 130(114,152) 78.56 + 14.60 49(67.12)  39(53.42)
7 HE -1.192 0.243 -1.906 -1.741 0.875 0.013 2.271
P{E 0.233 0.622 0.570 0.820 0.383 0.909 0.132

X HRZH 21(26.25) 28(35.00) 67.00(56.00,73.00)  137.13 +15.81 1.11(0.97,1.38) 2.85+0.72 60.00(57.25,63.00)
DR 25(34.25) 28(38.36) 71.00(57.50,78.00)  132.21+20.26 1.16(0.95,1.34) 2.46 +0.93 53.00(40.00,58.00)
2l 1.161 0.185 -1.886 1.682 -0.237 2.827 -7.019
P{H 0.281 0.667 0.059 0.950 0.812 0.005 0.000

paiises| 47.00(44.25,50.00)  8.85(8.00,9.43)  13.75(10.73,19.90)  0.91(0.32,1.99) 138.60(91.91,249.11) 162.42 + 37.56
DR 50.00(47.00,55.00)  9.00(8.00,9.55)  24.00(17.60,37.00) 4.85(1.34,12.70) 2419.60(733.95,4513.65) 125.40 +46.20
Z I HE -3.919 -0.634 -6.146 -6.287 -9.990 5.457
PH 0.000 0.526 0.000 0.000 0.000 0.000

LVEDD . sST-2, hs—CRP . NT-proBNP 7K - #J /& T HFmrEF 41 Fl HFpEF 41 (P <0.05) . WL 2.

R2 ARSI ES Rl N RBBE IR E R

HFrEFZ4] 21 72.00(53.50,74.00) 11/10  84.00(71.00,90.00) 125.00(106.00,133.50) 78.00(70.00,87.00) 12(57.10) 12(57.10)
HFmrEFZH 12 72.00(66.75,77.75)  8/4  82.00(60.00,97.50) 134.00(127.75,157.25) 80.00(68.00,93.50) 10(83.30) 8(66.70)
HFpEF4 40 67.50(59.25,72.75) 21/19  75.50(62.00,90.00) 133.00(115.00,153.00) 78.00(70.00,88.75) 27(67.50) 19(47.50)
ZIME 4339 0.817 1.258 4311 0.320 2379 1.527
P{H 0.114 0.665 0.533 0.116 0.852 0.304 0.466

HFEF4]  8(38.10)  6(28.60) 65.00(57.50,77.00) 134.00(120.50,143.50) 1.22(0.97,1.33) 2.92(1.71,3.42) 35.00(33.00,39.00)
HFmrEF 4] 6(50.00)  4(33.30)  74.50(66.50,81.50) 141.00(125.00,147.75) 1.14(0.85,1.36)  1.90(1.45,2.52) 44.50(43.00,46.75)
HFpEFZ]  11(27.50) 18(45.00) 72.00(56.00,78.00) 132.50(124.00,139.00) 1.16(0.96,1.35) 2.36(1.92,3.20) 57.50(55.00,60.00)
VA 2.269 1.725 1.457 0.875 0.310 3.372 58.257
PE 0.322 0.422 0.483 0.646 0.856 0.185 0.000

HFEFZ  57.00(50.50,59.00) 8.10(8.00,9.00) 46.90(23.95,74.10) 16.78(5.02,31.74) 6 025.49(1 738.55,13 021.76) 113.40(81.30,137.20)
HFmrEFZH 51.00(49.25,56.25) 9.35(8.13,10.00) 22.25(17.90,37.98) 5.68(0.90,12.32) 2 666.35(539.25,4944.64) 123.10(72.73,134.08)
HFpEFZl  48.50(45.25,51.75) 9.00(8.13,9.70) 21.50(15.80,29.63) 1.97(1.05,7.51)  1509.72(662.70,3 279.76) 128.25(97.08,170.68)
Z I E 19.640 5.839 13.566 19.751 14.852 1.859
P1H 0.000 0.054 0.001 0.000 0.000 0.395
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23 FRELVEFHH O HZEHEZEZES  LVEF [OR =0.679(95% CI1:0.514,0.897) 90> J1 5534
Logistic B3 4347 7 7 FE B 434 B % s LVEDD [OR =1.224(95% CI:
DICs 77 B8 08 7 A R R O AR B (RAFE =0, il 1.053, 1.422)]. sST-2 [O R =1.175 (95% CI: 1.007,
Ji£ =1) , Bl LVEF. LVEDD. sST-2. hs—CRP. NT—  1.372)].hs—CRP [OR =1.428 (95% CI: 1.021, 1.998)]
proBNP Wy [ 25 &k (1 W 52l H) , 47 Z M Z % 45 B NT-proBNP [OR =1.001(95% CI:1.000, 1.002) ¥4
Logistic [l 19 43 T (a , =0.05, &0 ,=0.10) , Z5 S o . DIl B ERER N R (P<0.05). W3,

R3  REICBEST IS #5 Sois HRIBH £ B RZE S Logistic B3 5347

LVEF -0.387 0.142 7.455 0.006 0.679 0.514 0.897
LVEDD 0.202 0.076 6.959 0.008 1.224 1.053 1.422
sST-2 0.161 0.079 4.185 0.041 1.175 1.007 1.372
hs-CRP 0.356 0.171 4.326 0.038 1.428 1.021 1.998
NT-proBNP 0.001 0.000 3.907 0.048 1.001 1.000 1.002

24 A LVEF 9% 1Fi8EE MiE sST-2, JKF 5 LVEF & 1 A1 54 (P <0.05) , 5 LVEDD . LVEF
hs—CRP.NT-proBNP 7k 51 TheFesragE X 1% IR EIEME (P<0.05), W4,
0> 1 58 H 1ML T sST-2  hs—CRP . NT-proBNP

R4 FELVEFHFOHFiBEEMTEsST-2.hs—CRP .NT-proBNP 7K T 5.0 I REFe R AU 2 45 47

sST-2 -0.397 0.000 0.376 0.001 0.480 0.000
hs-CRP -0.447 0.000 0.268 0.022 0.450 0.000
NT-proBNP -0.340 0.003 0.252 0.031 0.349 0.002

2.5 IMi&EsST-2.hs—CRP NT—proBNP 7K FEX$:0y  0.831, 0.994) . 95.0% (95% CI: 0.831, 0.994) . 85.0%
NRIBEEREZENISEHNE (95% CI:0.702, 0.943) , i1 £k '~ I B 43 51 2 0.774

1ML 7 sST—2 . hs—CRP . NT—proBNP £i.— K I 412 (95% CI: 0.659, 0.890) . 0.770 (95% CI: 0.657,
0T 7 8 8 1 BBV 43 ) R 54.5% (95% C1:0.364,  0.883) .0.689(95% CI:0.560,0.819) ,0.883 (95% CI :
0.719) .57.6%(95% CI:0.392,0.745) .48.5%(95% Cl:  0.793,0.972) ., = WA K i S0k 34 & T 2048 b
0.308,0.665) . 84.8% (95% CI:0.681,0.949) , %¢ 5Pk Al , HIBC G A6 I xof .0 I % 385 1 12 W o 1 58 5 o
53 97.5% (95% C1:0.868,0.999) .95.0%(95% C1: WL 5 FIK 1.

5 [iEsST-2.hs-CRP.NT-proBNP 7k 3t J1 3= 18 = E 12 E B B i B

sST-2 45.00 0.774 0.659 0.890 54.5 0.364 0.719 97.5 0.86.8 0.999 0.000
hs-CRP 10.725 0.770 0.657 0.883 57.6 0.392 0.745 95.0 0.83.1 0.994 0.000
NT-proBNP 5193.56 0.689 0.560 0.819 48.5 0.308 0.665 95.0 0.831 0.994 0.006
=HBE - 0.883 0.793 0.972 84.8 0.681 0.949 85.0 0.702 0.943 0.000
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IR, X ERWIGH-1 25 T L®E
8 B 300 s B0 A A AR A AR BIL R A — 3 43 LA
Xt Pt C WLAS 45 F0 D) B B i o SR L B 5 0 1 0 R
Z O] FE B A0 s B B, O 5 2% R B I R A
P2 N G WA L ARE N B R - Il R K R -
T2 [T ] 2R 4 1) A8 Ak, T BB 35 s HRTH T IGF-1 RAE
LI W O B N 12 AN = Dl o £ 0
AR TR S BV AR AR IS PR A T AR I
2, W AT RE S M IGF-1 () R B AR IR A5 R %k
W1, N6 LVEF 43 9% .0 77 32 o f8 35 103 sST-2 ., hs—
CRP . NT-proBNP /K V- f7 7 ik 3 25 5, H X S 4 )
Pt 7/ R R NI N (R R I I P (B Ui e A (U 7
K & Logistic [B1 1343 #1 , & #L LVEF ,LVEDD ,sST-2 .
hs—CRP , NT-proBNP ¥4 J2 52 i 18 4:.0> 77 5 v /™ 5 7%
FE G I & o Bt 4h, sST-2 . hs—CRP , NT—proBNP
K5 LVEF 2 i M 56, 5 LVEDD 2 1E M ¢, #2758

X6 A ) b 7 A NS 0 T O 1 I TR A R
Je W 5L A ) I AR A

NT-proBNP 1E g 18 ¥ .0 77 %2 38 1Y 25 312 W7
TG AV FR &Y, © BRSO I 23 45 v R
T8 M0 T 5 U 19 A R PE A5, BNP R NT-
proBNP Y B¢ it 3 22 52 .0 JUURE 5K J7 38 i i 52 o,
IR T v AT 7R A2 0 5 B A 8 B o0 a5 E R
AW 5T 45 3 Bow , HREF B () NT—proBNP 7K - &
T HFmrEF A1 HFpEF & %, H NT-proBNP /K V- 5
LVEF & i 4] 3¢, 5 LVEDD & 1E 4 56 , #F — - 3IE 52
T NT-proBNP 7E 12 P .0 J7 5 v f8 0 D R PAh
I E . AH WS TR R W], NT-proBNP AN AT H T
18 M0 ) 32 8 (112 W, KO 28 b i RE B B R
XEYRIT 0 RO, I TS B o [ Ah— 35 KR
5 BA B B 58 8 718, NT—proBNP 7K F- T &5 B 18 4 .0 3
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