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Abstract

Objective: To evaluate the discriminatory value of the sST2 x NT-proBNP product index for identi-
fying NYHA class III~IV functional status in patients hospitalized with heart failure, and to explore
the association between the sST2/NT-proBNP ratio and LVEF = 50% related phenotype. Methods:
We retrospectively included 111 hospitalized patients with heart failure. According to NYHA func-
tional class, the patients were divided into NYHA class Il and class III~IV groups, with the latter serv-
ing as the primary outcome for cardiac functional severity. LVEF = 50% was used as an operational
definition of a preserved-ejection-fraction related phenotype, and hs-CRP = 10 mg/L as an exploratory
inflammatory phenotype. The sST2 x NT-proBNP product, In[sST2 x NT-proBNP], and In[sST2/NT-
proBNP] were constructed. Associations with NYHA class III~IV and related phenotypes were eval-
uated using ROC curve analysis, logistic regression, restricted cubic spline analyses, stratified anal-
yses, and sensitivity analyses. Models were adjusted for age, sex, and creatinine. In the renal-func-
tion sensitivity analysis, creatinine was replaced by eGFR calculated using the 2021 CKD-EPI equa-
tion. Results: Of 111 patients, 30 had NYHA class Il and 81 had NYHA class III~IV. The AUCs of sST2,
NT-proBNP, and sST2 x NT-proBNP for identifying NYHA class III~IV were 0.776 (95% CI: 0.688~0.864),
0.874 (95% CI: 0.811~0.938), and 0.895 (95% CI: 0.838~0.953), respectively. The product index
outperformed sST2 (DeLong P < 0.001), but not NT-proBNP (P = 0.430). After adjustment for age,
sex, and creatinine, each SD increase in In[sST2 x NT-proBNP] was associated with NYHA class III~IV
(odds ratio, 10.83; 95% CI: 3.981~29.44; P < 0.001); the association remained stable after substitu-
tion of eGFR for creatinine (odds ratio, 10.68; 95% CI: 3.948~28.87; P < 0.001). The bootstrap-cor-
rected AUC was 0.869. Higher In[sST2 /NT-proBNP] was associated with the LVEF = 50% related phe-
notype (odds ratio, 1.839; 95% CI: 1.142~2.962; P = 0.012) but was inversely associated with NYHA
class III~IV.In 107 complete cases, adding In[sST2 x NT-proBNP] to the clinical model yielded a con-
tinuous NRI of 1.176 (95% CI: 0.802~1.683) and IDI of 0.403 (95% CI: 0.232~0.600); adding sST2 to
a model already containing NT-proBNP yielded a continuous NRI of 0.025 (95% Cl: -0.543~1.238)
and IDI of 0.019 (95% CI: -0.001~0.123). Conclusion: The sST2 x NT-proBNP product showed ex-
ploratory discriminatory value for NYHA class III~1V functional status and outperformed sST2,
but did not provide a significant AUC gain over NT-proBNP. The sST2/NT-proBNP ratio was not
a positive marker of functional severity, but may reflect a biomarker pattern characterized by
relatively higher sST2 in patients with an LVEF = 50% related phenotype. NRI/IDI supported in-
cremental discrimination of the product beyond the clinical model, but showed limited addi-
tional improvement of sST2 beyond NT-proBNP. Larger external cohorts are required for valida-
tion.
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1. 53|

O SIS PO A BRI R LRI B, 1297 WA AR AR SRS A Wbs E AT 2
Wi[1] [2]. 15 PN 45 R A 58 LU O 7 80 1) B RU3) S R B3] [4]. 3T W4 me it — 2D B
T Wi RNGRYTT SRS [5] [6]. /0> 71 2200 HIBI0 F4H K 43 HITAH DG AU CL7E B B g v R0 Hp BN BEOF 90 Hh 75 B4R
[7][8]. AF P IR ™ EAR LA S B EME S A A K, W2 AR BL OLEF 4R fo = B
M7 [9]o NYHA I BE 5 2@ PPl AR G ams FO9E Zhiid &= 00 B TR, (R —& F W, F—o%E#H
(R L3R 5 0 2 RS A ) 2 T AT TT B AEAE 22 R [1] [9]. BRI, 3-SR A 8 b 78 I S 40 2 1) 25 WL AE Wb 64
A HA PR

NT-proBNP F: % e uCoJLEESK /) LKA B AR ) fifer, (O FETRA . 12Wr, 7= B BERI IS VPA
FJZ[10] [11]. HE I FR R R T 0B 2, M E AR TS VR[] [3]. (HHKPZ
RS B IhRE . 055 B AR A R ZR M, S P XE DATE 3 S M SE « 2T AL AN O 2 B B [ 10] [11]

SST2 /& IL-33/ST2 IEEKH I A VEMESZ AR, SHIMNI. RAEEE . RN LF4EM AL = HAA
K[12][13]. BRAEWFTEHETN, sST2 n] Ao M 43 JE AN TS VPAL R 4P 7815 B [14] [15]. HiT sST2 5 NT-
proBNP s BRI BELE BE AN R], 8 — H B G B B A BPE[16] [17].

TR B S Wy A AS [ 5] (R 06 15 . . sST2 x NT-proBNP i i P 295 BRAS 5 5] I T i A€ e 1 s A
fige, PRI AT RS5O D RE ™ AR AH ¢, sST2/NT-proBNP I 2k sST2 AT NT-proBNP [ X} 58 Hi 2
[E, BERRESREE RBANDG, MARUE SN EREIER . LVEF R B NT-proBNP /KFikn] 52
RS Dhfe s TEREAT TR HORAS T2, HOREIR 57 78 5 P Bl 8 RE  2F 4k X 2 Fh & IFRE[18] [19] - KT
T FFURIT LU ARL Ik 7 by 7 5 37 0o 3 RE 3 TP i RESH LT R PR A B, A1k = BB PR R A IE 3

BT kR, AWFTHE sST2 x NT-proBNP. In[sST2 x NT-proBNP] /2 In[sST2/NT-proBNP]. %4}
HraffEbR 5 NYHA N~V 00 INREIRAS OB B LA RIRLRE, X AT LA TEFR S LVEF > 50%4H 5%
AL, hs-CRP FHei e NYHA PP ERRE T MRIR R, DIREBFECA 7 A O B E R FIGIR & .

2. ZPEH*E
2.1. FAEHR

AT g 1B B WS VAT T, A O GO T IR T B — N RSER Bt (2 B8 I R K 27 B T8 B ) 2 Bt
2024 fF 1 % 2026 4 7 AWUAIERD G /i BEE, SRaIN 111 ;. mAHTBAFIH NYHA 11 4% 30
B, NYHA 111 2% 66 6. NYHA IV 22 15 5, KW NYHA | G551 . O I FEE 2 Wik i b L0 /) 5808
CWANGITIRRS 2024) [1], 456 ORISR A/ERIE . S O o) B R B OIS M E TR i, DA
NT-proBNP Z&FI BN ARG I 25 S AL BE AR 8 B 58 « INBRHE: 1) S > 18 ;5 2) fFH L Jisis
FrdEs 3) APt 24 h N5ERE NYHA O IhREr 2 4) APBE 48 h IW5EK sST2 A1 NT-proBNP il . HEBRFR
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#E: 1) SRR A A /BRI 2) A — B AR, ORE H kB Bt 3) S EIE G
IEAVEBIEIRE . RGN B B S SOAEVE SO S T HE 2 T sST2 5l NT-proBNP iR L 4) 4K
VB 2B T T B DRSS B YR s 5) W SR N R IR B A A B .

22. e ETEE X

FIrAA RS FE AR B E AN BE 48 h PIAE 22 BB R 27 Bt Ja8 Th 5 e A B0k 5 J i) i s i 45 51 sST2 K
JH Pt 165 4 735 W% B4 25 (Enzyme-Linked Immunosorbent Assay, ELISA)K I, NT-proBNP % H 14k 2% & 6 4 s
43 i (Electrochemiluminescence Immunoassay, ECLIA)KE M. NYHA O IIRED 2T ABE 24 h WoEhk. X
FEAEMZERHEE, sST2 Al NT-proBNP T Bt 5 1 4> 3 &,

AT EEREAFEhR N sST2 x NT-proBNP, Bl sST2 (ng/mL)5 NT-proBNP (pg/mL)[{Fefi. % F
AR A A, HE— B In[sST2 x NT-proBNP] = In(sST2) + In(NT-proBNP), {E A4 [H 5451 RCS 43 #t
R EESAE, NG —EN, EIERE A sST2 (ng/mL) x 1000/NT-proBNP (pg/mL); HxtHE A H
In[sST2 x 1000/NT-proBNP]. HiT In(1000) % ¥, ROC HEF K [B 44K 5 In(sST2) — In(NT-proBNP)5¢
A8, WEEAEE R EE R R . IR ARG FE § 00 sST2. NT-proBNP Al NT-proBNP/sST2. NT-
proBNP (1115 PR 12 Wt 1348 A~ FH - ASHIF 2 10099 181 1431 B B2 e v 704

EELERN NYHA HI-IV ZEDIEEIRA, NYHA I S8, RER R 45585 LVEF > 50%#H
KEA, hs-CRP > 10 mg/L I NYHA HI~IV Zf 7 mvEx . B T-Hh b e BT sk Dhae . g5 M 1Ok A
G IR VR kL, LVEF > 50%{XAF J9 {8 4 1 2 O SR B R EPE 8 L, LVEF < 50% & NS
H[9] [18]. hs-CRP > 10 mg/L H-F hs-CRP Jt 143 = FIBUEE 7341 WLEF4% pmol/L 4b#, >RFA CKD-EPI
2021 WLEF A0, RS FIVERITT5E eGFR, T 5 Dh e B AU B i fud 4 1 [20]

23. G FER*

AL R L. M (P25, P75)3K, 41 ELECK FH Mann-Whitney U K46 ; 73278 5 DUGIEL(F 43 EE)
FoR. KF ROC HHZEPEAL - Fa bR iH0 NYHA N~V Ziskfe, FFl5 AUC, 95% CI. s . B
FERVER SRR, T S A BRI BT 5 — J5 sST2/NT-proBNP LLAE, 1Nk AUC K Jilal, Ak itk
M. K logistic [EIJA3EAE In[sST2 x NT-proBNP] 5 NYHA HI-IV 28k, LAETHE 1 AMRiEZ ) OR
% 95% Cl Fomo HA 1 AUAEE; RBIAY 2 JRBAE RS AR A A5 3 3k — D BT AR 4 7 LVEF 8%
Joa 5 ik — 0 R % LVEF.

K H Delong #6556 LB & TE bR 5 B AR AR Y AUC o J9HR A SRt 7Y (R 18 B 00 4, 20 U AE 4R
P R ILET R A RS AL NN In(sST2)« In(NT-proBNP). In[sST2 x NT-proBNP]&k In(sST2) + In(NT-
proBNP), LUHEA AUC. AIC AR LRI 25 3 A B EE P A SRR LRSS P 70 Ak . KA
Bootstrap F#li#¥: 500 AT WFEEIE, THERU AUC. IR IEE ML IESE AUC,

K FH B i) 14 577 R 25 VFAil In[sST2 x NT-proBNP]5 NYHA HI~IV A3 LIS RN R, 45 8%
% 5. 35, 65 M1 95 Horhr, LA AIECAZ IR, #— il r =M. 2T ROC S fE#AH sST2 5
NT-proBNP PURER />4, LLEYER]. 4§, LVEF >50%M 5% %, eGFR Al hs-CRP W.4H /0 #r. LLAE /0 #r
K F Mann-Whitney U #5568 EL iR R R BL4L1 In[sST2/NT-proBNP], 3% logistic [Al VA3t 1L 5 LVEF
>50%- hs-CRP >10 mg/L J2 NYHA I~V e oCHk, VAR YERIFILEF . Bk o8 FE DL eGFR
BACHUET . LVEF 52895 . CRP 52895451 %15 hs-CRP > 10 mg/L K5 BRBE A Fabrtldm i . XU P <
0.05 AZERAGIFE L. BRBIEAFATER: FRMES L &AL E LR HEEHE, BE. T4
S LEAB 43 SR AR R 5 50 B0 ] o D VP AN 1Y B F AN (B, A A o M AR UL IR 2L RS 1 i PR S Rt A AR
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PA S itk — 255 In(NT-proBNP) AR S HERIEAY ;73 AN In[sST2 x NT-proBNP]EL In(sST2), LA
¥ EL 73 2535 % (Net Reclassification Improvement, NRI)F14E & ) 51 24 3% 45 % (Integrated Discrimination Im-
provement, IDD) P REAI 2535, 95% CI % 2000 ¥/ Bootstrap EEfliFE$k1E .

3. &R
3.1. BEERIFE

e N 111 B, Horh NYHA I 2% 30 . NYHA -1V 2% 81 . &% HIELLFEILE 1. 5 NYHA
I ZHAHEE, NYHA NI~V 40 sST2. NT-proBNP /% sST2 x NT-proBNP 7K 34145 &

Table 1. Comparison of baseline data of patients by different NYHA functional classes

F 1. NENYHA DIEESHRBE B L FRIEEE

R (A N) RN NYHA Il 41 NYHA -1V 41 P 1

PEH(n = 111) % 58 (52.3) 5 15 (50.0) % 43 (53.1) 0.772
RS, n=111) 71.00 (63.00, 77.50)  69.50 (55.25, 72.75) 72.00 (65.00,79.00)  0.017
LVEF (%, n = 100) 53.00 (41.00, 60.00)  53.50 (43.25, 61.50) 52.50 (40.25,59.75)  0.320
LVEF > 50%H] 5<% (n = 100) LVEF >50% 56 (56.0) LVEF >50% 17 (65.4) LVEF >50% 39 (52.7)  0.262
20 i E(x 10971, n = 109) 6.760 (5.520, 8.540) 6.535 (5.452, 7.868) 6.770 (5.675, 8.546) 0.576
M4 & E(g/L, n = 109) 132.0 (120.0, 144.0)  129.0 (118.2, 141.5) 133.0 (122.0,1445) 0513
& F(g/L, n = 106) 40.40 (36.82,43.63)  41.71(40.19,45.10)  39.60 (35.90,43.28)  0.024
JLEF(umol/L, n = 107) 85.40 (69.60,108.7)  73.20 (57.00, 94.00) 91.10 (70.62,114.0)  0.013
nff/fnr‘:n(/cl:'égm'ipr'] iofolh 76.68 (49.23,92.09)  87.43 (74.72, 95.92) 71.96 (46.77,89.31)  0.017

JR 2 (mmol/L, n = 107) 6.736 (5.500,10.19)  6.620 (5.500, 8.767) 7.400 (5.600,11.57)  0.174
JREZ(umol/L, n = 107) 376.0 (296.0, 454.4)  368.0 (291.0, 410.0) 387.1(301.6,477.1)  0.398
hs-CRP (mg/L, n = 51) 4.820 (3.183,34.43)  3.850 (3.106, 5.030) 5.480 (3.414,35.20)  0.266
cTNI (ng/mL, n = 103) 0.660 (0.270,1.139)  0.870(0.302,1.203)  0.539 (0.268, 1.042)  0.154
sST2 (ng/mL, n = 111) 20.30 (12.30,37.75)  11.65 (8.000, 21.15) 26.70 (15.80,49.30)  <0.001
NT-proBNP (pg/mL, n=111)  2346.6 (1416.0, 4031.4) 887.0 (286.0, 1424.9) 2767.1 (1952.9, 4944.2) <0.001
sST2 x NT-proBNP (n =111) 50,054 (17459, 132345) 9143.0 (4094.5, 19452) 83,264 (34486, 187741) <0.001
In[sST2 x NT-proBNP] (n = 111)  10.82(9.768,11.79)  9.121 (8.260, 9.874) 11.33 (10.45,12.14)  <0.001

3.2. ROC &

sST2 x NT-proBNP 5] NYHA 111~V Z#) AUC 4 0.895 (95% CI: 0.838~0.953); H.flt sST2 Fl NT-
proBNP [f] AUC 43724 0.776 (95% ClI: 0.688~0.864) F1 0.874 (95% Cl: 0.811~0.938). In ¥ A AL Fa b5 (1
Her, 3 AUC 5 UG R FN — 5. B 4t — 5 sST2/NT-proBNP EL{E ) AUC 4 0.305 (95% Cl: 0.189~0.422),
FeR S NYHA NIV H A7) ARE iz fER ) ROC s i (L& 1 M1 2).
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ROC curves for NYHA class llI-IV
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Figure 1. ROC curves of markers for identifying NYHA class 111~V functional status
1. FHEARIRAI NYHA N~V L ThERIRTSH ROC fhzk

Table 2. ROC analyses and DeLong tests for AUC differences
% 2. ROC 4 & DeLong % AUC ZRiale

i A AR N AUC (95% CI) BUSIEE  BUREIZE RREPHE
sST2 111 0.776 (0.688, 0.864) 26.30 0.519 0.933
NT-proBNP 111 0.874(0.811, 0.938) 1455.5 0.926 0.767
sST2 x NT-proBNP 111 0.895 (0.838, 0.953) 21205 0.901 0.800
In[sST2 x NT-proBNP] 111 0.895 (0.838, 0.953) 9.962 0.901 0.800

g — )5 sST2/INT-proBNP* 111  0.305(0.189,0.422) AR SAEFSS -

NT-proBNP/sST2 111 0.695 (0.592, 0.798) 86.34 0.728 0.600
SST2 x NT-proBNP vs sST2 111 0.895 vs 0.776 0.119 3.357 <0.001
sST2 x NT-proBNP vs NT-proBNP 111 0.895 vs 0.874 0.021 0.790 0.430
In[sST2 x NT-proBNP] vs sST2 111 0.895 vs 0.776 0.119 3.357 <0.001
In[sST2 x NT-proBNP] vs NT-proBNP 111 0.895vs 0.874 0.021 0.790 0.430

T CBAfIG—JE A = sST2 (ng/mL) x 1000/NT-proBNP (pg/mL). iZ3&#55 NYHA NI~V 05 MR, AR S
ROC Hy 7 i SR fdd ey,

DeLong &4 &7, sST2 x NT-proBNP 5 sST2 1) AUC ZER A4t %= X (P < 0.001), 15 NT-
proBNP ] AUC Z 5 o4t i % & X (P = 0.430).
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3.3. Logistic [EY3, #EEMESPIERLEIE

KHEERAIG, In[sST2 x NT-proBNP]5 NYHA 1~V 2 5%(OR = 10.65, 95% CI: 4.093~27.72, P <
0.001). TABEAERS. MERIANIET S, Z%RBA5477E(OR = 10.83, 95% ClI: 3.981~29.44, P < 0.001). 7E LVEF
SERIE I — DU LVEF 5, REBT MORFE— 83 3).

Table 3. Logistic regression and incremental-value model comparisons
%= 3. Logistic [E)AREEMEERELE

- &Y OR - BEM LR K
7y AR l W
F N AUC AIC (95% CI) FrEYEE P AE BB LR P
- . 10.65
71, z
R 1. RIE 111 0.895 81.43 (4,003, 27.72) <0.001
" . 10.92
0. A
PR 2. AR, M 111 0.893 83.86 (4.139, 28.84) <0.001
\ 10.83
13 i AL TER . . .
M 3. HEEAERS. M. UIEF 107 0.892 84.06 (3.981, 29.44) <0.001
. , . 10.09
14, 5
M 4. FE—iR%E LVEF 98 0.885 80.79 (3.672,27.73) <0.001
R EES + MR + UIEF 107 0.667 126.2
- 2.734
1
FERBAEAY + sST2 107 0.784 113.9 (1533, 4.877) <0.001 1438  <0.001
- 20.70
1 -
FEEHAET + NT-proBNP 107 0.883 82.93 (4598, 93.15) <0.001 4531  <0.001
" 10.83
1] ~
FEREAETY + In[sST2 x NT-proBNP] 107 0.892 84.06 (3.981. 29.44) <0.001 4418  <0.001
sST2 =0.082;

AR + sST2 + NT-proBNP 107 0.895 81.61 48.63 <0.001

NT-proBNP < 0.001

LA CKD-EPI 2021 eGFR #ACHLET)S, In[sST2 x NT-proBNP]5 NYHA I~V Z& i) BT 477E (OR =
10.68, 95% Cl: 3.948~28.87, P < 0.001), 7% AUC }y 0.890. Spearman </ #1 {78, NT-proBNP 54§
(r=0.397, P < 0.001) FILEF(r = 0.342, P < 0.001) £ IEAZE, 5 eGFR £ fiAl2(r =—0.418, P <0.001).

FEAEWS o PR BRULET R 2 A AR AL i in N In[sST2 x NT-proBNP]J, #7%! AUC JH . AIC &R (7
3); {HiZfEA AUC A 0.892, U&= TN In(NT-proBNP)ELE!f¥) 0.883, HJRLAFEA 5 NT-proBNP K
DeLong ELEARIE G127 5 30, WA H B LT NT-proBNP (17 & P 14 & . Bootstrap 55 1IE i
PRI R IE 5 AUC 4 0.869.

7 107 BI4EES . PR3] WLEF. sST2 A1 NT-proBNP kL 5E4E# h, Sl REERMERLAHLL, I In[sST2
x NT-proBNP]J5 %455 NRI A 1.176 (95% Cl: 0.802~1.683), IDI Jy 0.403 (95% CI: 0.232~0.600). 7£+
IN(NT-proBNP) ISRl AL H BRI In(sST2) )5, 48 NRI A4 0.025 (95% CI: —0.543~1.238), IDI 2§ 0.019
(95% CI: —0.001~0.123). Hi—ELA[) 95% Cl £#5 0, J5—ELH A 95% CI #4150, FERaefifabatist Tl
PRAS B FLAT B8 FI BB, T sST2 7E NT-proBNP il b (4484 25 i A B B (0 36 4, 4] 2).
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Table 4. Continuous NRI and IDI for incremental-value analyses
4. ELR NRIF0 DI EENE S

pUZ it IDI
e LS yRRA NRI (95% CI) (95% CI)
Il R S Rty 72 . N+ PR+ DLEF 1.176 0.403
I FAR IR bR il + PR + A +In[sST2 x NT-proBNP] (0.802, 1.683) (0.232, 0.600)
NT-proBNP &l 4Ei#s + ¥ + LR SR+ MR+ DB 0.025 0.019
BRI I sST2 +In(NT-proBNP) +In(NT-proBNP) + In(sST2) ~ (-0.543,1.238)  (-0.001, 0.123)

VE: NRICNIESRNFE /3 I85, 1D NS & HIHGE RS 95% CI R 2000 ¥k Bootstrap EEfFEAS . P4l LLEE
BN 107 Bl 52 ZIHBIINYHA N~1V 2% 78 5. NYHA 11 2% 29 i),

Incremental value and bootstrap validation

0.95 0.95

I Apparent AUC [T Corrected AUC

0.895 0.8950.899

0.883 0.892 0.892
0.85 0.85
0.784 0.7760.778
0.75 0.75
0.667
0.65 0.65
0.55 0.55
Base +sST2 +NT-proBNP  +Product +Both sST2 NT-proBNP  Product  Adjproduct Adjboth
(@) Incremental model AUC (b) Bootstrap validation

Note: Adjusted models include age, sex, and creatinine; bootstrap resampling = 500.

Figure 2. Incremental-value models and Bootstrap internal validation
& 2. #E=MERES Bootstrap FIERIEIE

34.RCSHIBRMXH

RCS 731 E7~, In[sST2 x NT-proBNP] 5 NYHA NI~V 214 35 b sk 8 ETbéds . Lg% 10.82
NZI, AELMERLS P =0.937, AR IHBRIAEL M CBAETE (L 3).

35. ZA SR RIREME ST

2 In[sST2 x NT-proBNP] =020 415, NYHA NI~V 2% et d T1 411 35.1% (13/37) 7+ 2 T2 411
89.2% (33/37)F1 T3 4] 94.6% (35/37), &KL P < 0.001. L T1 4N, T2 41F1 T3 415 NYHA
I~V 21 OR 4359 15.23 (95% Cl: 4.417~52.52)F1 32.31 (95% Cl: 6.676~156.3), #J P <0.001. #% ROC
AR S AT VO R R 4> 4H )5, sST2 iK/NT-proBNP {41 .sST2 {&/NT-proBNP = ZH AIXUE 4 1 NYHA N~V
2 L5153 51 15.4% (4/26) 85.4% (35/41)F1 97.6% (40/41). sST2 f=i/NT-proBNP 1K4HAX 3 ], AHIE4E 5
AMERE AR (LI 4).
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Restricted cubic spline: In(sST2 x NT-proBNP) and NYHA llI-IV

Odds ratio
32
16
8
4
2
1 T
0.5
0.25
7.492 9.7|68 10.‘82 11.I79 13.;11
Reference: median 10.82; P for nonlinearity = 0.937

In(sST2 x NT-proBNP)

Figure 3. Restricted cubic spline for In[sST2 x NT-proBNP] and NYHA class I11~1V functional status
[ 3. In[sST2 x NT-proBNP]5 NYHA 1I~1V S INEERZS HIBRBIME S #2470

Exploratory distribution of NYHA class llI-IV across product-index groups

% %
10 94.6 100 97.6
89.2
85.4
80 80
66.7
60 60
40 35.1 40
2 20 15.4
° 0 L L High High
T T2 K] ow ow 9 9
- - _ Low High Low High
(=37) n=3n) {n=37) (n=26) (n=41) (n=3) (n=41)
P for trend <0.001
(a) Tertiles of In(sST2 x NT-proBNP) (b) ROC-cutpoint quadrants

Note: High/low categories were defined using ROC-derived cut points. The high sST2/low NT-proBNP group was small (n=3).

Figure 4. Proportions of patients with NYHA class 11~V in tertile groups of the sST2 x NT-proBNP product and quadrant

groups defined by sST2 and NT-proBNP
4.In[sST2 x NT-proBNP]=43iL % sST2 1 NT-proBNP OS5 BRLE A NYHA I~V 2% 28 & Lk 4l

3.6. WEH T

FEPES . AERY . LVEF > 50%AH5¢ %% . eGFR 1 hs-CRP 4321, In[sST2 x NT-proBNP] 5 NYHA I~V
W RBETT o fh—3 . SRR RS, Mo WA EE X R, &R ERR ALK 5).
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Subgroup analysis: In(sST2 x NT-proBNP) and NYHA IlI-IV

Subgroup N / events OR (95% CI)
Sex: Male 58 / 43 (74.1) ‘ —_— 5.98 (2.19, 16.35)
Sex: Female 53/38(71.7) @ 40.44 (5.17, 316.00)
Age: <71.00 y 50/ 31 (62.0) ’ < 12.17 (2.75, 53.74)
Age: >=71.00y 61/ 50 (82.0) @ 7.37 (2.29, 23.71)
LVEF >=50% 56 / 39 (69.6) ’ g 14.29 (3.27, 62.49)
LVEF phenotype: LVEF<50% 44 / 35 (79.5) < 4.71 (1.44,15.37)
eGFR: >= 60 mL/min/1.73 m2 71/ 48 (67.6) ’ *- 12.94 (3.50, 47.74)
eGFR: <60 mL/min/1.73 m? 36 /30 (83.3) e 6.11 (1.52, 24.58)
hs-CRP: <10 mg/L 34/ 27 (79.4) ’ < 8.53 (1.66, 43.75)
hs-CRP: >= 10 mg/L 17 /15 (88.2) * 3.89 (0.65, 23.29)

0.5 1 2 5 10 20 50

OR (log scale)

Figure 5. Subgroup analyses for In[sST2 x NT-proBNP] and NYHA class 111~V functional status
[& 5. In[sST2 x NT-proBNP]5 NYHA U~V L ThEERASHI T LR 5547

37. BB SHREEN

PL eGFR BAVULET 5, In[sST2 x NT-proBNP]5 NYHA I~V 215 B: 5 /Z4E(OR = 10.68, 95% CI:
3.948~28.87, P < 0.001). f£ LVEF 5% 55 it — % LVEF J5(OR = 10.09, 95% CI: 3.672~27.73, P <
0.001). fE hs-CRP 5¢ B3 5] it — 51 % hs-CRP Ji5(OR = 17.41, 95% CI: 2.037~148.9, P = 0.009), LAz
BREES TR FT 1%H1 9996 4% 31 J5 (OR = 8.480, 95% ClI: 3.399~21.16, P < 0.001), Bt J7 {4 —5. CRP<
10 mg/L [ 5ERm BN 32 B, AhiHFAFE (P = 0.097), AMERNFEURHE. HFtE 1N H B, 18 41
AR sST2 H 25 HH 12.95 (8.35, 26.83) ng/mL 7%y 15.20 (9.76, 20.30) ng/mL, % 5 L4t i3 (P = 0.862);
37 151 &34 Y NT-proBNP 37 % 1 2471.5 (1580.5, 3625.3) pg/mL [% % 1471.3 (712.4, 3349.2) pg/mL (P <0.001).
A 10 451 £ [ B e P TR AR L, M sh A S AU ERAR IR /A (WK 6 FIE] 7).

Sensitivity analyses for In(sST2 x NT-proBNP) and NYHA class IllI-IV

Model N OR (95% Cl) P value
eGFR replacing creatinine 107 | ——— ——— 10.68 (3.948, 28.87) <0.001
LVEF-complete cases, adjusted for LVEF 98 I { 10.09 (3.672, 27.73) <0.001
hs-CRP-complete cases, adjusted for hs-CRP 49 | | 17.41 (2.037, 148.90) 0.009
Excluding 1st/99th percentile extremes 103 | ———— 8.48 (3.399, 21.16) <0.001
T T T T T T 1
1 2 5 10 20 50 100 200

Odds ratio (log scale)

Note: The CRP<10 mg/L analysis (n=32) is not shown because of its highly imprecise estimate; it is retained in Supplementary Table S1.

Figure 6. Forest plot of sensitivity analyses evaluating the association between In[sST2 x NT-proBNP] and NYHA class
Hni~1v

[& 6. In[sST2 x NT-proBNP]5 NYHA I~V & £ BX A SR M 4> 47 ZR K B
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Exploratory paired changes in sST2 and NT-proBNP

pg/mL

30000

10000

3000

1000

300

100

ng/mL
100
L]
81
L ]
62
[
43
° L ]
24 s [ ]
. '
Mediag 12.95 Media® 15.20
5 ! ]
Baseline Follow-up

n=18; paired Wilcoxon P=0.862

Note: Follow-up measurements were obtained 1 month after discharge.
Paired samples were available for 18 patients for sST2 and 37 patients for NT-proBNP; only 11 patients had both biomarkers remeasured.

i
Median@471.50 l
Mediang|471.30
s g
s
‘ ®
®
Baseline Follow-up
n=37; paired Wilcoxon P=<0.001

(b) NT-proBNP

Figure 7. Paired changes in sST2 and NT-proBNP from admission to 1 month after discharge
[ 7. sST2 5 NT-proBNP ARt & HibifE 1 B RIBLxT Tk

3.8.sST2/NT-proBNP Et{E5 LVEF > 50% X RE 4

VERIRBEIRENE M1, LVEF > 50%2H 1) In[sST2/NT-proBNP] = T LVEF < 50%41(P = 0.049), iff#%4¢
Wy PERFNLEF S5, In[sST2/NT-proBNP]JH =155 LVEF > 50%#4H < (OR = 1.839, 95% Cl: 1.142~2.962, P =

0.012) (L% 5)s

Table 5. Association of the SST2/NT-proBNP ratio with the LVEF > 50% related phenotype
2 5. sST2/NT-proBNP EL{ES LVEF > 50%M X RER KX FR

AR . - HiE  WHEOR HE EA kS
ZHRY A "
e ZIALIn LA HRRALINEEE o osscly P AUC B NI
LVEF>50%  LVEF <50%, n = 44: LVEF > 50%, n = 56: 1.839
HIER  —4.840 (-5.616,-4483) 4748 (-5.182,-3630) 049 (1,142, 2.06) 0-012 0685 98155

hs-CRP>10 hs-CRP <10 mg/L, n = 34:

mg/L ~4.904 (-5.609, —4.485)
NYHA NYHA II, n = 30:
ni~1v ~4.343 (~4.920, —2.957)

hs-CRP > 10 mg/L, n = 17:
—4.843 (-5.192, —4.555)

NYHA 1I~IV, n = 81:
~4.843 (-5.459, —4.334)

1.538

(0.789, 2.997) 0.206 0.658  49/17

0.472

0.435

(0.258, 0.732) 0-002 0729 107/78

0.002

In[sST2/NT-proBNP]5 hs-CRP > 10 mg/L HIRERAE R Seit 7= L ()5 OR = 1.538, 95% Cl:
0.789~2.997, P =0.206). % {5 NYHA NI~V ¢ 2 & A B (% f5 OR = 0.435, 95% ClI: 0.258~0.732,

P =0.002).

VUG BRA it — 4 7, ST2 mi/BNP R4 LVEF > 50% 451 &2 NYHA NI~V b B — 58 5
E5, HZAEARREER, MIess B F 2 T U0 L E febr A R A& (LK 8).

4. ¥

AWFTEM “CBARER G g AL “ RS ERR SR P f 22542 sST2 15 NT-proBNP Ik & 15 2.
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sST2 / NT-proBNP ratio and LVEF >=50% related phenotype

(a) Ratio distribution (b) Associations per SD increase
LVEF >=50% P=0.049 CRP P=0.472 Outcome N/events OR (95% Cl)
2
LVEF >=50% 98/55 l P 1.84 (1.14, 2.96)
P=0012
3 hs-CRP210 mg/L  49/17 —_—— 1.54 (0.79, 3.00)
P=0.206
NYHA III-IV 107/78 —_— 043 (0.26, 0.73)
4 P=0.002
025 05 1 2 4
-5 OR (log scale)
6 ‘ |
7
LVEF <50% LVEF >=50% CRP<10  CRP>=10
n=44 n=56 n=34 n=17

In(sST2 / NT-proBNP)

(c) Quadrant phenotype profile (median cutoffs) [ LVEF >=50% [ hs-CRP >=10 I NYHA NIV

100 95
75
50

25

Low/Low ST2 high/BNP low ST2 low/BNP high High/High
n=38 n=17 n=17 n=39

Note: Ratio=sST2 (ng/mL) x1000 / NT-proBNP (pg/mL); adjusted models include age, sex, and creatinine.

Figure 8. Analysis of the SST2/NT-proBNP ratio with the LVEF > 50% related phenotype
[ 8. sSST2/NT-proBNP tL{ES LVEF > 50%t8XR B 534

FERIN: sST2 x NT-proBNP 5 NYHA I~V o0 IhEERASHHE, HIEEM AUC =T sST2; {HY
NT-proBNP #Htl, FKE/RHSHH2EEER AUC . 55— 51, In[sST2/NT-proBNP]5 LVEF > 50%#H
K, HE NYHA N~V 2 AR, SRR LU AR LE AR 7T 2R 3045 B A A ]

MIRER A P2 P2, NT-proBNP 32 2 s e JUEESK ) J 25 & 8% /) 47 [10] [11]. sST2 BH 2 KHk
IL-33/ST2 i@ #. SREWAE . F4EAb AL 2 BEA[12] [13]. 0% ™ EFE R b 22 Rl B RE L R vk
REAEBI T 7R 47 sST2 5 RN IR I A I ] #h 78 B — b BRI IR 15 J2.[21] [22] - K17, sST2 5 NT-proBNP
[ B v A2 ERAE FR] S BB = (RIS BT, XN TRARAR B AR RS2k 1 Ak

NT-proBNP [ £ 5 7K - 52 4F- % F1 B Dy e 52 e 2 FL I PR AR RE I B ZE 00 57 [10] [11]. ARHTRIF, NT-
proBNP S4EIFIWLEF 2 IEASE, 5 eGFR 2 GG, MR MR BB 5, Fefifatr s
NYHA 1~V BRI Pl eGFR BAUILE 5 45 RN EE . XL IR, ZKREA RS2l
Ffix — B — ' D ReFRbn i Re, (B AT REAZ B BDIRAS . A FRE SR 2 F R (2

FOAB TR AR SR YE A SUAdRE . BEAT A JE - ZECTE sST2 5 NT-proBNP G R, T8 —
B ELAALIE R AR[16] [17]. BUAB SR IE B AR 5 AR KN, S IR bR T+ w205 20 BERAE BLAE
T T B ) 55 0 S A I B e IR I o R, ARBIFFEH sST2/NT-proBNP 5 NYHA -1V 2 5 % 7] KX,
HASCHRRR HAE Ry ek IR (™ R A

EAR BV AE A A1 S AT BEAE T AR R A2 . In[sST2/NT-proBNP]J i 5 LVEF > 50%4H5¢, $27Hn]
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RES A sST2 AHXS T NT-proBNP 558 tH A s S . LVEF fRE B3 W FEE7 sk DhRebnG . R %
fiE AR 2 PG IFRE[18] [19]. NT-proBNP XRJSZ AR, AR F1'E Dy Aesmi[10] [11]. BEAEAFFEi8R
SST2 LRIBAIKIE & R0l o] 4 78 7o 8 R ANET 5K T BE U VPAR [22] [23]. [RIth, ZREXANRESE[F T RGERL, &
F R EG HFpEF (2 WTiEds, R AE1EN LVEF > 50%AH R ER b R R

RCS iR K I B AE L I I, SZ40 In[sST2 x NT-proBNPIE J 4L A8 B gy AR, 2 REA
RG], AEMAKHE ROC #Hm S ImRiZW BAE; FHRE ST E R R H S % .

7£ LVEF B2, In[sST2 x NT-proBNP]5 NYHA I~V 2% K57 [A) Bk —3, (HE4 2
fliTH i BAE X 98 . LVEF OB B IR G ] 52 87 Ik DO RERRAG . B RIS RERAE . B DhRefn
G IFIERZ 18] [19]. sST2 #h 78 SRAE LT HEALAERE , W] ReAT BT B AR 12 28 S0 8 1) ™ A FE A A [12] [13]
T8/ 58 B HFpEF 12 W7 52 6L BMIL 5 B KR R 7514645 B, AR FEAS e b A g LU AE a7 U5 HFpEF

hs-CRP MR HTHE7R, RIETS St ] BERSIA sST2 MG IRARRE . sST2 JFIRCoEdy et Fabr, YL, 4
PEWOE . B A R Gt RE R AT BE S BT E[12] [13]. hs-CRP 7R 50 % UG A0 F Jm K 5 [24] [25] .
FHREEIR IR, RAEAR G O3 b IR NS5 5 I PR SO AR A e B4 [26] [27]. DRIL, ASHIEFUKs
hs-CRP AH2K 73 #1 L2 51 % hs-CRP > 10 mg/L J& 45 RAE A stiiEdE . 1T hs-CRP SR KRHELZ, AHIREE R A
YEREZLER .

AWFFE )y sST2 5 NT-proBNP A FFR (it 7 — Mt S R R e e 77 :0. BEAEWE T O R
TR AT 0 RS 4y JE AT VPG SR AN AR AE R [16] [17]. HIEEMEE T AR M IEREAR NT-
proBNP Il PR AR« 1T AR TR bR & Hom UM NT-proBNP ()22 AUC B35, BLM BOAS BB A0 ik
SERIR R RSE T B RRFEZ HOBAFI P& A FAERE . SETE0 ) 3 i B SR 4 1, i — D0
ML TR B AN PRI 25 . 47 NRINDI 3t —20 BoR, FFFRFR IR« A 5 AL # 15 F0 i R A
T J5 ] e RS 2 2 HAE S48 NT-proBNP B H I sST2 BF, NRI A1 1DI (1] Bootstrap 95%
Cl ¥ 0. DKL, &5 RSCRPRFAE il RIS RS AL I /b 78405, T AN SCHFH R S m) B e &
% NT-proBNP.

ARG TR 55—, FEAER/NH NYHA NI~V L6l s, Rt T ge A fas . 56—,
FELE TN NYHA 73 9%, AEAE T B AR e S 28 5. 25 =, sST2 F1 NT-proBNP E MBI %A R, Joik
KRS SBAAE N E B M. 550U, hs-CRP F1 LVEF fEfEEJe, HEVbHEE. BMIL HZ5. EARK.
ARERSHBEYRESEBER AR R eGFR HNIEFAXMEH, Nee B e G w2 vk, S,
LVEF > 50%{X 9 £ B 5 1173 B0 SR BURER AR e S, oD Se BERT ke D« 45 R4 14 0 I R I AR PP 40 %
Blo N, ABFFARBAT SNSRI UE AR AE TP AL, SRR R ASBER AN T30 E R i PR T30 T

5. &g
SST2 x NT-proBNP iR 50 /7535 2 NYHA NN~V 20 IhEOIR A B — SR RZ R B e, HH

BREBEN T 8k sST2, (HAR TR AR NT-proBNP (1) AUC 125, sST2/NT-proBNP ELIEAEAE N
NYHA 0Ihfe™ ERRE R IE A A488r, HIHE LVEF > 50%H <R RSBt n, 1% AE nl fE S
“sST2 AHXF NT-proBNP " VbR SR, FiRGE RATHE A KFEA AN SR UG, % S:
A NRUIDI 3275 1% AR Tl R BRI A7 AE 1S B H 0B, {H sST2 ££ NT-proBNP E:fili I &Sk g

HATH.
= EA

KT 175 — A R BR R 26 % R ot (I F L. (2026168 [ZEM] 4(86) ), I
B I

DOI: 10.12677/acm.2026.1693050 327 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1693050

LI A

SE
[1] B L LIS 2, S E BT 20 YR TS &, TP E BT 20 B L B, . o

(2]

(3]

(4]

(5]
(6]
(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

ELC Sy sd 2 WA T R R 2024 [J]. AR LAk, 2024, 52(3): 235-275.

FE SO0 ME R o, BEZOMEREXE RO E Ry, hEEMpa ORI G s, 5
E %0 )3 TR T 2023 (FEfIAR) [0]. * EfE3A 2R &, 2023, 38(12): 1207-1238.

HARER Sy, BRI G, TIRER R SRIE Y a2, L PEL DR R 12YT S R (2024 ) [J].
rpAE AR ik &, 2024, 23(6): 545-574.

HEEZFEERYFSOHE S LIRSS, PEOEROHKBEREN S, PREES (PHREREMAE) fiiE
g, 013 BT 5 — TR E L R I (2024 4F) [J]. FAEARIEITZE, 2024, 23(1): 7-18.

HE, 5k478.  CPEOFEBISHIANGIT IR 2024) B ARERD]. PhRIE 2%, 2024, 15(4): 801-806.
PFTST, Rak.  CPEOFE WA R 2024) ML), IRPR M 44 3%, 2024, 40(6): 437-439.
Bozkurt, B., Ahmad, T., Alexander, K., Baker, W.L., Bosak, K., Breathett, K., et al. (2025) HF STATS 2024: Heart
Failure Epidemiology and Outcomes Statistics an Updated 2024 Report from the Heart Failure Society of America.
Journal of Cardiac Failure, 31, 66-116. https://doi.org/10.1016/j.cardfail.2024.07.001

Zheng, C., Cai, A., Wang, X., Qiu, J., Song, Q., Gu, R., et al. (2024) Prognostic Implications of Heart Failure Stages

among Chinese Community Populations: Insight from a Nationwide Population-Based Study. The Lancet Regional
Health—Western Pacific, 46, Article ID: 101072. https://doi.org/10.1016/j.lanwpc.2024.101072

McDonagh, T.A., Metra, M., Adamo, M., Gardner, R.S., Baumbach, A., Béhm, M., et al. (2023) 2023 Focused Update
of the 2021 ESC Guidelines for the Diagnosis and Treatment of Acute and Chronic Heart Failure. European Heart
Journal, 44, 3627-3639. https://doi.org/10.1093/eurheartj/ehad195

Tsutsui, H., Albert, N.M., Coats, A.J.S., Anker, S.D., Bayes-Genis, A., Butler, J., et al. (2023) Natriuretic Peptides: Role
in the Diagnosis and Management of Heart Failure: A Scientific Statement from the Heart Failure Association of the
European Society of Cardiology, Heart Failure Society of America and Japanese Heart Failure Society. European Jour-
nal of Heart Failure, 25, 616-631. https://doi.org/10.1002/ejhf.2848

Celik, A., Oztiirk, G.Z., Cavusoglu, Y., Ardig, C., Nalbantgil, S., Arica, S., et al. (2025) Guideline for the Use of Natri-
uretic Peptides in the Early Diagnosis and Management of Heart Failure in Primary Care (Joint Consensus Report by the
Eurasian Society of Heart Failure and the Turkish Association of Family Medicine). Balkan Medical Journal, 42, 94-
107. https://doi.org/10.4274/balkanmedj.galenos.2025.2024-12-110

Riccardi, M., Myhre, P.L., Zelniker, T.A., Metra, M., Januzzi, J.L. and Inciardi, R.M. (2023) Soluble ST2 in Heart Failure:
A Clinical Role Beyond B-Type Natriuretic Peptide. Journal of Cardiovascular Development and Disease, 10, Article
No. 468. https://doi.org/10.3390/jcdd10110468

Sciatti, E., Merlo, A., Scangiuzzi, C., Limonta, R., Gori, M., D’Elia, E., et al. (2023) Prognostic Value of sST2 in Heart
Failure. Journal of Clinical Medicine, 12, Article No. 3970. https://doi.org/10.3390/jcm12123970

Zhang, Y., Liu, Y., Yang, Y., Peng, L., Zhong, P. and Jiang, X. (2026) The Prognostic Value of Circulating Soluble ST2
in Patients with Chronic Heart Failure. Journal of International Medical Research, 54.
https://doi.org/10.1177/03000605251406969

X— M, e, EA, SR ATATEAE KRR IA R 2 B ExT a0 s A b A TS PRI E]. P eESE
HAELR 224 E (HTh), 2023, 16(1): 13-19.

T35, MPE, REk % DR B LE NT-proBNP 5 A% ST2 BEA M AXERAET: & 1 2 EFET-M1E
SAHTLI]. o EEEC T R 4 7, 2024, 16(7): 789-792.

GJkfE, RELE, BRE. MiE NT-proBNP. sST2 K GDF-15 A ISt St F758358 B 2 WUR IR R A A 72 [J].
[ BRAG56 P2 2 4% 75, 2025, 46(4): 475-479.
Kittleson, M.M., Panjrath, G.S., Amancherla, K., Davis, L.L., Deswal, A., Dixon, D.L., et al. (2023) 2023 ACC Expert

Consensus Decision Pathway on Management of Heart Failure with Preserved Ejection Fraction. Journal of the American
College of Cardiology, 81, 1835-1878. https://doi.org/10.1016/j.jacc.2023.03.393

Borlaug, B.A., Sharma, K., Shah, S.J. and Ho, J.E. (2023) Heart Failure with Preserved Ejection Fraction: JACC Scien-
tific Statement. Journal of the American College of Cardiology, 81, 1810-1834.
https://doi.org/10.1016/j.jacc.2023.01.049

Inker, L.A., Eneanya, N.D., Coresh, J., Tighiouart, H., Wang, D., Sang, Y., et al. (2021) New Creatinine- and Cystatin
C-Based Equations to Estimate GFR without Race. New England Journal of Medicine, 385, 1737-1749.
https://doi.org/10.1056/nejmoa2102953

DOI: 10.12677/acm.2026.1693050 328 Il R 125 23k i


https://doi.org/10.12677/acm.2026.1693050
https://doi.org/10.1016/j.cardfail.2024.07.001
https://doi.org/10.1016/j.lanwpc.2024.101072
https://doi.org/10.1093/eurheartj/ehad195
https://doi.org/10.1002/ejhf.2848
https://doi.org/10.4274/balkanmedj.galenos.2025.2024-12-110
https://doi.org/10.3390/jcdd10110468
https://doi.org/10.3390/jcm12123970
https://doi.org/10.1177/03000605251406969
https://doi.org/10.1016/j.jacc.2023.03.393
https://doi.org/10.1016/j.jacc.2023.01.049
https://doi.org/10.1056/nejmoa2102953

LI A

[21]

[22]

[23]

[24]

[25]

[26]
[27]

Lazar-Poloczek, E., Romuk, E., Jacheé, W., Wrébel-Nowicka, K., Swictek, A. and Wojciechowska, C. (2024) Associa-
tion of proBNP and sST2 with Left Ventricular Ejection Fraction and Oxidative Stress in Patients with Stable Dilated
Cardiomyopathy. Biomedicines, 12, Article No. 707. https://doi.org/10.3390/biomedicines12040707

Calburean, P.A., Lupu, S., Hutanu, A., Oprica, M., Opris, D.R., Stan, A., et al. (2024) Natriuretic Peptides and Soluble
ST2 Improves Echocardiographic Diagnosis of Elevated Left VVentricular Filling Pressures. Scientific Reports, 14, Article
No. 22171. https://doi.org/10.1038/s41598-024-73349-0

Suciu, H., Calburean, P., Hutanu, A., Oprica, M., Opris, D.R., Scurtu, A., et al. (2025) Natriuretic Peptides and Soluble
ST2 Improve Echocardiographic and Invasive Long-Term Survival Prediction in Patients Evaluated for Diastolic Dys-
function. International Journal of Molecular Sciences, 26, Article No. 3713. https://doi.org/10.3390/ijms26083713

Santas, E., Villar, S., Palau, P., Llacer, P., de la Espriella, R., Mifiana, G., et al. (2024) High-Sensitivity C-Reactive
Protein and Risk of Clinical Outcomes in Patients with Acute Heart Failure. Scientific Reports, 14, Article No. 21672.
https://doi.org/10.1038/s41598-024-72137-0

Burger, P.M., Koudstaal, S., Mosterd, A., Fiolet, A.T.L., Teraa, M., van der Meer, M.G., et al. (2023) C-Reactive Protein
and Risk of Incident Heart Failure in Patients with Cardiovascular Disease. Journal of the American College of Cardi-
ology, 82, 414-426. https://doi.org/10.1016/j.jacc.2023.05.035

XA, BRFL H7 8 5 REAR S A AT TE O 77 320 h I Ak R [3]. PR O 9 2k 6, 2026, 42(1): 7-12.

Kurt, B., Rex, K., Reugels, M., Fordyce, C.B., Fudim, M., Sharma, A., et al. (2025) Inflammatory Biomarkers in Heart
Failure: Clinical Perspectives on hsCRP, IL-6 and Emerging Candidates. Current Heart Failure Reports, 22, Article No.
35. https://doi.org/10.1007/s11897-025-00710-3

DOI: 10.12677/acm.2026.1693050 329 Il R 125 23k i


https://doi.org/10.12677/acm.2026.1693050
https://doi.org/10.3390/biomedicines12040707
https://doi.org/10.1038/s41598-024-73349-0
https://doi.org/10.3390/ijms26083713
https://doi.org/10.1038/s41598-024-72137-0
https://doi.org/10.1016/j.jacc.2023.05.035
https://doi.org/10.1007/s11897-025-00710-3

	sST2与NT-proBNP乘积及比值指标与心力衰竭患者NYHA心功能分级和LVEF ≥ 50%相关表型的关联分析
	摘  要
	关键词
	Association Analysis of Product and Ratio Indices Derived from sST2 and NT-proBNP with NYHA Functional Class and Phenotypes Related to LVEF ≥ 50% in Patients with Heart Failure 
	Abstract
	Keywords
	1. 引言
	2. 资料与方法
	2.1. 研究对象
	2.2. 指标检测与变量定义
	2.3. 统计学方法

	3. 结果
	3.1. 基线特征
	3.2. ROC曲线分析
	3.3. Logistic回归、增量价值与内部验证
	3.4. RCS剂量反应关系
	3.5. 三分位与四象限探索性分析
	3.6. 亚组分析
	3.7. 敏感性分析与复测
	3.8. sST2/NT-proBNP比值与LVEF ≥ 50%相关表型分析

	4. 讨论
	5. 结论
	声  明
	参考文献

