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Objective: To identify biomarkers with independent prognostic value and investigate the prognostic value of multiple biomarkers in
combination in patients hospitalized with heart failure.

Methods: A total of 884 consecutive patients hospitalized with heart failure from 2015 to 2017 were enrolled. Twelve biomarkers
were measured on admission, and the relationships between biomarkers and outcomes were assessed.

Results: During the median follow-up of 913 days, 291 patients (32.9%) suffered from primary endpoint events. Soluble suppression
of tumorigenicity-2 (sST2) (per log [unit] increase, adjusted HR [95% CI]: 1.39 [1.13,1.72], P = 0.002) and big endothelin-1 (big ET-
1) (per log [unit] increase, adjusted HR [95% CI]: 1.56 [1.23,1.97], P < 0.001) remained independent predictors of primary endpoint
event after adjusting for other predictors including N-terminal pro-B-type natriuretic peptide (NT-proBNP) and high-sensitivity cardiac
troponin T (hs-cTnT). Both sST2 (C-statistic: 0.810 vs 0.801, P = 0.005, and 0.832 vs 0.826, P = 0.024, respectively) and big ET-1
(C-statistic: 0.829 vs 0.801, P = 0.001, and 0.843 vs 0.826, P < 0.001, respectively) significantly improved the predictive value for
primary endpoint event at 1 year and 3 years. However, only big ET-1 (C-statistic: 0.852 vs 0.846, P = 0.014) significantly improved
the predictive value at 3 months when added to clinical predictors and known biomarkers. According to the number of elevated
biomarkers (including NT-proBNP, hs-cTnT, sST2, and big ET-1), patients with three or more elevated biomarkers had a higher risk of
primary endpoint event compared to those with two elevated biomarkers (P = 0.001), as well as in patients with two elevated
biomarkers compared to those with one elevated biomarker (P = 0.004). However, the risk of primary endpoint event was comparable
between patients with one elevated biomarker and those with no elevated biomarker (P = 0.582).

Conclusion: Multiple biomarkers in combination could provide a better prognostic value than a single biomarker. sST2 and big ET-1
could act as alternatives of multi-biomarkers strategies for prognosis evaluation beyond NT-proBNP and hs-cTnT in patients
hospitalized with heart failure.
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Introduction

Heart failure is a rapidly growing public health issue, associated with worse quality of life and increased mortality.
Approximately 64.3 million people present with heart failure worldwide.' One meta-analysis reported that 1-year, 2-year,
5-year, and 10-year survival rates of heart failure were 86.5%, 72.6%, 56.7%, and 34.9%, respectively.2 Risk stratifica-
tion is advocated to help guide treatment and follow-up in patients with heart failure, possibly contributing to a better

quality of life and longer survival time. Clinical predictors are still fundamental for predicting adverse events in patients
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with heart failure. Meanwhile, the majority of biomarkers are associated with the pathophysiological mechanisms of
heart failure, including neurohumoral activation, myocardial stretch, myocyte injury, matrix remodeling, inflammation,
oxidative stress, and renal dysfunction,3 with the advantages of being low-risk, low-cost, quick, accurate, and repeatable,
which have become one of the most promising risk stratification and prognosis evaluation tools in patients with heart
failure.

Up to now, natriuretic peptide and cardiac troponin have the most supportive evidence, which have been recom-
mended to apply for prognosis evaluation in patients with heart failure.* ® Other biomarkers have also shown prognostic
value for heart failure.” ' However, whether these biomarkers remain independent predictors of adverse events in
patients with heart failure after adjusting for clinical predictors and known biomarkers (including natriuretic peptide and
cardiac troponin) is unknown. Notably, this is one reason why these biomarkers are not recommended for routine clinical
application. Combining multiple biomarkers may provide a better predictive value for risk stratification and prognosis
evaluation in patients with heart failure compared to a single biomarker.'''* However, the optimal biomarkers for
candidates of multiple biomarkers in combination are still under investigation. Thus, there is much room for improve-
ment in prognosis in patients with heart failure.

Studies on the independent prognostic value of novel biomarkers and the association of multiple biomarkers in
combination with heart failure are scarce. This retrospective study aimed to identify related biomarkers with independent
prognostic value beyond other predictors, including N-terminal pro-B-type natriuretic peptide (NT-proBNP) and high-
sensitivity cardiac troponin T (hs-cTnT). Additionally, we aimed to investigate the prognostic value of multiple
biomarkers in combination in patients hospitalized with heart failure.

Methods
Study Population

Consecutive patients hospitalized with heart failure in the heart failure center of Fuwai Hospital (Beijing, China) from
July 2015 to December 2017 were enrolled. The diagnosis of heart failure included typical symptoms (eg, breathlessness,
reduced exercise tolerance, and ankle edema) and/or specific signs (eg, pulmonary crackles, elevated jugular venous
pressure, and displaced apical impulse), objective evidence of cardiac structural and/or functional abnormalities (eg,
ventricular hypertrophy, cardiac chamber enlargement, or reduced left ventricular ejection fraction [LVEF]), and
exclusion of other non-heart failure factors, which two cardiac specialists confirmed according to Chinese heart failure
management guideline.* Exclusion criteria included (1) patients with non-heart failure; (2) lacking stored blood samples;
(3) lost to follow-up. Patients were classified into controls (patients without adverse events) and cases (patients with
adverse events) according to whether the patients suffered from primary endpoint events.

Clinical characteristics were collected for every patient. These included age, sex, body mass index (BMI), heart rate,
systolic blood pressure (SBP), diastolic blood pressure (DBP), hospitalization duration, hypertension, diabetes mellitus,
atrial fibrillation, aetiology of heart failure (including ischemic heart disease, dilated cardiomyopathy, valvular heart
disease, hypertensive heart disease, and other reasons), classification of heart failure (including heart failure with reduced
ejection fraction [HFrEF], heart failure with mildly reduced ejection fraction [HFmrEF], and heart failure with preserved
ejection fraction [HFpEF]), NYHA functional class, echocardiographic data (including left atrial diameter [LAD], left
ventricular end-diastolic diameter [LVEDD], and LVEF), laboratory data (including white blood cell, hemoglobin,
albumin, alanine aminotransferase, sodium, potassium, triglyceride, total cholesterol, low-density lipoprotein cholesterol
[LDL-C], D-dimer, estimated glomerular filtration rate [eGFR], creatinine, blood urea nitrogen [BUN], neutrophil
gelatinase-associated lipocalin [NGAL], NT-proBNP, hs-cTnT, high-sensitivity cardiac troponin I [hs-cTnl], heart-type
fatty acid-binding protein [H-FABP], soluble suppression of tumorigenicity-2 [sST2], big endothelin-1 [big ET-1], uric
acid, serum amyloid A [SAA], and C-reactive protein [CRP]), and prescribed medication (including angiotensin
converting enzyme inhibitor [ACEI]/angiotensin receptor blocker [ARB], beta blocker, mineralocorticoid receptor

antagonist [MRA], diuretic, and digoxin).
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Follow-Up and Primary Endpoint Event

After patients were discharged from hospital, clinical visits or telephone interviews were performed for every patient at
3-month, 6-month, 1-year, and every 6-month interval after that. Primary endpoint event was the composite of all-cause
death, heart transplantation, or left ventricular assist device (LVAD). Follow-up time was calculated from admission time
to the time of the primary endpoint event or the last follow-up time.

Biomarkers Analyses

Altogether 12 biomarkers were analyzed, including reflecting myocardial stretch (NT-proBNP [Roche Diagnostics]),
myocyte injury (hs-cTnT [Vazyme], hs-cTnl [Vazyme], and H-FABP [Upper]), matrix remodeling (sST2 [Boditech]),
neurohumoral activation (big ET-1 [Biomedica]), oxidative stress (uric acid [Chemclin]), inflammation (CRP [Orion
Diagnostica] and SAA [Boditech]), and renal dysfunction (creatinine [BioSino], BUN [BioSino], and NGAL [Vazyme]).
All blood samples were collected within 24h after patients were admitted to the heart failure center. Biomarkers were
either measured on admission at the clinical laboratory of Fuwai Hospital (including NT-proBNP, big ET-1, uric acid,
CRP, creatinine, and BUN) or measured on the stored serum samples at —80°C (including hs-cTnT, hs-cTnl, H-FABP,
sST2, SAA, and NGAL).

Statistical Analysis

Data were presented with mean and standard deviation or median and interquartile range (IQR) for continuous variables
and n and percentage for categorical variables. Independent sample #-tests were performed for comparisons of normal
distributed data. Comparisons for non-normal distributed data were performed with Mann—Whitney U-tests. Categorical
data were compared with Chi-Square tests. Associations between different biomarkers were assessed with Spearman
correlation analyses and presented as a heatmap. Adjusted analyses for the primary endpoint event were performed with
multivariate Cox regression analyses. Restricted cubic spline curves based on Cox proportional hazards models were
performed to assess the relationships between biomarkers and primary endpoint event with 5 knots at the 5th, 35th, 50th,
65th, and 95th percentiles of biomarkers. C-statistic, net reclassification improvement (NRI), and integrated discrimina-
tion improvement (IDI) were calculated to assess whether the prognostic value for patients hospitalized with heart failure
would improve after adding biomarkers into the base model, including clinical predictors and known biomarkers
(including NT-proBNP and hs-cTnT). For time-to-event data, the relationships of biomarkers with primary endpoint
event were performed using Kaplan—Meier analyses and Log rank tests. The cut-off value of elevated NT-proBNP level

14716 and the cut-off value of elevated hs-cTnT level was set as 14 ng/

was set as 1000 ng/L according to previous studies,
L according to previous studies.'”'* P values of less than 0.05 were considered statistically significant. All analyses were

performed with SPSS version 25.0 and R version 4.2.1.

Results

From July 2015 to December 2017, 884 consecutive patients hospitalized with heart failure in the heart failure center of
Fuwai Hospital were enrolled. During the median follow-up duration of 913 days (IQR: 4051183 days), 291 patients
(32.9%) suffered from primary endpoint events, including 251 all-cause deaths, 38 heart transplantations, and 2 LVADs,
and 593 patients did not suffer from primary endpoint event. Among the case group, 18 patients suffered from all-cause
deaths, and 10 patients underwent heart transplantations during hospitalization. (Figure 1)

Compared to those without adverse events, patients with adverse events were older and had more atrial fibrillation
and ischemic heart disease, less hypertension, lower BMI, heart rate, SBP, and DBP, and longer hospitalization duration.
HFrEF and NYHA functional class IV were more common in patients with adverse events than those without. On
echocardiographic characteristics, patients with adverse events had larger LAD and LVEDD and lower LVEF than those
without adverse events. On laboratory characteristics, patients with adverse events had lower levels of hemoglobin,
albumin, alanine aminotransferase, sodium, triglyceride, total cholesterol, LDL-C, and eGFR, and higher levels of
potassium, D-dimer, creatinine, BUN, NGAL, NT-proBNP, hs-cTnT, hs-cTnl, H-FABP, sST2, big ET-1, uric acid,
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1370 patients hospitalized in heart failure center
from July 2015 to December 2017

486 patients excluded:

96 patients hospitalized with non-heart
— | failure
270 patients lacked stored blood sample
120 patients lost to follow-up

v

884 patients with heart failure

| |

593 patients without adverse events 291 patients with adverse events

v

251 patients suffered from all-cause death
38 patients underwent heart transplantation
2 patients underwent LVAD

Figure | Study flow diagram. This chart showed patients flow regarding enrollment and clinical outcomes assessed for the study.

SAA, and CRP compared to those without adverse events. Furthermore, on prescribed medication, patients with adverse
events had a lower rate of ACEI/ARB than those without adverse events. (Table 1)

Correlations Between Different Biomarkers

Spearman correlation analyses showed that other biomarkers were positively correlated except that sST2 and big ET-1
were not correlated with NGAL. The correlations between different biomarkers were presented as a heatmap, and the
correlation values between different biomarkers were presented with color depth. (Figure 2)

sST2 and Big ET-1 as Independent Predictors of Adverse Events

Adjusted for age, sex, BMI, hypertension, diabetes mellitus, ischemic heart disease, NYHA functional class, LVEF,
ACEI/ARB, beta blocker, NT-proBNP, and hs-cTnT, multivariate Cox regression analyses showed that sST2 (per log
[unit] increase, adjusted HR [95% CI]: 1.39 [1.13,1.72], P = 0.002) and big ET-1 (per log [unit] increase, adjusted HR
[95% CI]: 1.56 [1.23,1.97], P < 0.001) were independent predictors of primary endpoint event in patients hospitalized
with heart failure (Table 2).

Restricted cubic spline curve showed that the risk of primary endpoint event increased significantly with the increase
of sST2 levels when sST2 concentrations were more than 22 ng/mL after adjusting for age, sex, BMI, hypertension,
diabetes mellitus, ischemic heart disease, NYHA functional class, LVEF, ACEI/ARB, beta blocker, NT-proBNP, and hs-
c¢TnT (Figure 3A). The risk of primary endpoint event increased significantly with the increase of big ET-1 levels when
big ET-1 concentrations were more than 0.5 pmol/L after adjusting for the above covariates (Figure 3B).

According to the cut-off value of sST2 in restricted cubic spline curve, patients were divided into high sST2 group
(>22.0 ng/mL) and low sST2 group (<22.0 ng/mL). Kaplan—Meier analysis further demonstrated that patients with high

5006 "o International Journal of General Medicine 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Chen et al
Table | Baseline Clinical Characteristics of the Study Population
Variables Patients without Adverse | Patients with Adverse P-value
Events (n = 593) Events (n = 291)

Age (years) 54.2x16.1 58.9%15.6 <0.001
Male n (%) 430(72.5%) 214(73.5%) 0.747
BMI (kg/m?) 25.2(22.7,28.4) 22.8(20.5,25.6) <0.001
Heart rate (bpm) 81.3x18.1 78.8x16.1 0.047
SBP (mmHg) 123.3£20.6 112.8£19.6 <0.001
DBP (mmHg) 74.7+14.2 68.8+13.1 <0.001
Hospitalization duration (days) 9(7,14) 11(8,15) 0.001
Hypertension n (%) 303(51.1%) 113(38.8%) 0.001
Diabetes mellitus n (%) 175(29.5%) 100(34.4%) 0.143
Atrial fibrillation n (%) 192(32.4%) 122(41.9%) 0.005
Aetiology of heart failure 0.001
Ischemic heart disease n (%) 148(25.0%) 90(30.9%)
Dilated cardiomyopathy n (%) 225(37.9%) 101(34.7%)
Valvular heart disease n (%) 85(14.3%) 45(15.5%)
Hypertensive heart disease n (%) 65(11.0%) 10(3.4%)
Other n (%) 70(11.8%) 45(15.5%)
Classification of heart failure 0.001
HFrEF n (%) 352(59.4%) 208(71.5%)
HFmrEF n (%) 74(12.5%) 19(6.5%)
HFpEF n (%) 167(28.2%) 64(22.0%)
Medication
ACEI/ARB n (%) 418(70.5%) 118(40.5%) <0.001
Beta blocker n (%) 548(92.4%) 259(89.0%) 0.091
MRA n (%) 435(73.4%) 206(70.8%) 0.422
Diuretic* n (%) 465(78.4%) 223(76.6%) 0.549
Digoxin n (%) 330(55.6%) 158(54.3%) 0.704
NYHA functional class n (%) <0.001

| 31(5.3%) 1(0.4%)

I 178(30.6%) 22(7.9%)

n 287(49.3%) 133(47.8%)

v 86(14.8%) 122(43.9%)
Echocardiographic measurements
LAD (mm) 45.349.1 48.7+10.2 <0.001
LVEDD (mm) 62.0(54.0,69.0) 63.0(54.0,74.0) 0.012
LVEF (%) 40.0£14.5 35.1£14.5 <0.001
Laboratory measurements
White blood cell (¥10™°/L) 7.0(5.7,8.6) 7.0(5.4,8.7) 0.764
Hemoglobin (g/L) 141.6£22.2 135.0£23.9 <0.001
Albumin (g/L) 40.9+54 38.5+5.5 <0.001
Alanine aminotransferase (U/L) 25.0(16.0,40.0) 20.0(12.0,38.0) <0.001
Potassium (mmol/L) 3.9(3.74.3) 4.0(3.7,4.4) 0.008
Sodium (mmol/L) 138.9(136.9,141.0) 137.0(134.0,139.8) <0.001
Triglyceride (mmol/L) 1.3(1.0,1.8) 1.0(0.8,1.5) <0.001
Total cholesterol (mmol/L) 4.0+1.0 3.7%1.1 <0.001
LDL-C (mmol/L) 2.5+0.9 2.3+0.9 <0.001
D-dimer (mg/L) 0.5(0.3,1.2) 1.0(0.5,2.4) <0.001
eGFR (mL/min/1.73m?) 76.3+30.2 64.3+26.2 <0.001
Creatinine (umol/L) 86.7(74.3,106.1) 99.8(82.4,128.0) <0.001
BUN (mmol/L) 7.1(5.5,9.3) 8.6(6.5,13.4) <0.001
NGAL (ng/mL) 98.7(57.6,148.5) 109.1(70.7,170.0) 0.014

(Continued)
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Table | (Continued).

Variables Patients without Adverse | Patients with Adverse P-value
Events (n = 593) Events (n = 291)
NT-proBNP (ng/L) 1851.0(592.0,4752.2) 6426.0(2514.6,12,551.5) <0.001
hs-cTnT (ng/L) 14.9(8.6,27.3) 32.1(18.2,72.4) <0.001
hs-cTnl (ng/L) 20.0(20.0,27.0) 25.0(20.0,71.0) <0.001
H-FABP (ng/mL) 4.5(3.2,6.8) 7.8(4.9,10.8) <0.001
sST2 (ng/mL) 18.3(13.1,29.2) 32.7(21.2,56.4) <0.001
Big ET-1 (pmol/L) 0.4(0.2,0.7) 0.8(0.5,1.4) <0.001
Uric acid (umol/L) 459.4(365.3,580.8) 525.2(408.1,659.9) <0.001
SAA (mg/L) 5.0(5.0,6.5) 5.0(5.0,15.9) <0.001
CRP (mg/L) 3.6(2.1,8.3) 6.3(3.3,13.5) <0.001

Note: *MRA was excluded.

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HFrEF, heart failure with reduced
ejection fraction; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction;
ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; MRA, mineralocorticoid receptor antagonist;
NYHA, New York Heart Association; LAD, left atrial diameter; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular
ejection fraction; LDL-C, low-density lipoprotein cholesterol; eGFR, estimated glomerular filtration rate; BUN, blood urea nitrogen;
NGAL, neutrophil gelatinase-associated lipocalin; NT-proBNP, N-terminal pro-B type natriuretic peptide; hs-cTnT, high-sensitivity
cardiac troponin T; hs-cTnl, high-sensitivity cardiac troponin |; H-FABP, heart-type fatty acid-binding protein; sST2, soluble suppres-
sion of tumorigenicity-2; big ET-1, big endothelin-1; SAA, serum amyloid A; CRP, C-reactive protein.

sST2 levels had a higher rate of primary endpoint event than those with low sST2 levels (P < 0.001) (Figure 4A).
According to the cut-off value of big ET-1 in restricted cubic spline curve, patients were divided into high big ET-1 group
(>0.5 pmol/L) and low big ET-1 group (<0.5 pmol/L). Kaplan—Meier analysis further demonstrated that patients with
high big ET-1 levels had a higher rate of primary endpoint event than those with low big ET-1 levels (P < 0.001)
(Figure 4B).

Additional Predictive Value of sST2 and Big ET-1 for Adverse Events

The rates of primary endpoint event were 9.2% at 3 months, 18.6% at 1 year, and 31.1% at 3 years, respectively.
Based on the base model including age, sex, BMI, hypertension, diabetes mellitus, ischemic heart disease, NYHA
functional class, LVEF, ACEI/ARB, beta blocker, NT-proBNP, and hs-cTnT, adding sST2 did not improve the
predictive value for primary endpoint event at 3 months in patients hospitalized with heart failure (C-statistic:
0.847 vs 0.846, P = 0.252). Adding sST2 did not improve NRI (=0.052, P = 0.062) and IDI (0.004, P = 0.344) for
prognostic value at 3 months, either. However, adding sST2 significantly improved the predictive value for primary
endpoint event at both 1 year (C-statistic: 0.810 vs 0.801, P = 0.005) and 3 years (C-statistic: 0.832 vs 0.826, P =
0.024). Adding sST2 also improved NRI (0.064, P = 0.020, and 0.068, P = 0.006, respectively) and IDI (0.011, P =
0.049, and 0.008, P = 0.055, respectively) for prognostic value at 1 year and 3 years. However, the discrimination of
IDI for prognostic value at 3 years only reached borderline significance. All models had good calibrations (all
Hosmer—Lemeshow P > 0.05).

Based on the above base model, adding big ET-1 significantly improved the predictive value for primary endpoint
event at 3 months (C-statistic: 0.852 vs 0.846, P = 0.014), 1 year (C-statistic: 0.829 vs 0.801, P = 0.001), and 3 years
(C-statistic: 0.843 vs 0.826, P < 0.001). Adding big ET-1 also significantly improved NRI (0.051, P = 0.022, and 0.109,
P =0.014, respectively) and IDI (0.018, P = 0.024, and 0.048, P < 0.001, respectively) for prognostic value at 1 year and
3 years. Furthermore, adding big ET-1 improved NRI (0.065, P = 0.096) and IDI (0.021, P = 0.053) for prognostic value
at 3 months. However, they only reached borderline significance. All models had good calibrations (all Hosmer—
Lemeshow P > 0.05). (Table 3)
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NT-proBNP
hs-cTnT
hs-cTnl

H-FABP

sST2
Big ET-1
Uric acid

SAA

CRP
Creatinine
BUN

NGAL

Figure 2 Correlations between different biomarkers. The heatmap showed the correlations between different biomarkers (other biomarkers were positively correlated
except that sST2 and big ET-1 were not correlated with NGAL), and the color depth represented the correlation values between different biomarkers.

Multiple Biomarkers in Combination and Prognostic Value

According to the number of elevated biomarkers (including NT-proBNP >1000 ng/L, hs-cTnT >14 ng/L, sST2 >22 ng/
mL, and big ET-1 >0.5 pmol/L), patients with heart failure were classified into patients with no elevated biomarker,
patients with one elevated biomarker, patients with two elevated biomarkers, and patients with three or more elevated
biomarkers. Kaplan—Meier analysis showed that the rate of primary endpoint event increased significantly with increas-
ing numbers of elevated biomarkers (P < 0.001). The rate of primary endpoint event was comparable between patients
with one elevated biomarker and those with no elevated biomarker (HR [95% CI]: 3.19 [0.92,11.11], P = 0.121).
However, patients with two elevated biomarkers had a higher rate of primary endpoint event than those with one elevated
biomarker (HR [95% CI]: 3.36 [1.75,6.47], P = 0.001), and patients with three or more elevated biomarkers had a higher
rate of primary endpoint event than those with two elevated biomarkers (HR [95% CI]: 2.78 [2.09,3.70], P < 0.001).
(Figure 4C) Adjusted for age, sex, BMI, hypertension, diabetes mellitus, ischemic heart disease, NYHA functional class,
LVEF, ACEI/ARB, and beta blocker, multivariate Cox regression analyses showed that patients with three or more
elevated biomarkers had a higher risk of primary endpoint event compared to those with two elevated biomarkers
(adjusted HR [95% CI]: 2.51 [1.45,4.34], P = 0.001). Likewise, patients with two elevated biomarkers had a higher risk
of primary endpoint event compared to those with one elevated biomarker (adjusted HR [95% CI]: 3.73 [1.54,9.04], P =
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Table 2 Multivariate Cox Regression Analyses for Primary Endpoint Event
in Patients Hospitalized with Heart Failure

Biomarkers Unadjusted Adjusted*
HR(95% CI) P-value HR(95% CI) P-value

NT-proBNP 1.56(1.45,1.67) <0.001 - -
hs-cTnT 1.32(1.26,1.39) <0.001 - -
hs-cTnl 1.22(1.15,1.30) <0.001 1.01(0.83,1.24) 0.920
H-FABP 1.79(1.60,1.99) <0.001 1.15(0.88,1.51) 0.299
sST2 1.75(1.59,1.94) <0.001 1.39(1.13,1.72) 0.002
Big ET-1 1.78(1.60,1.97) <0.001 1.56(1.23,1.97) <0.001
Uric acid 2.01(1.56,2.59) <0.001 1.01(0.69,1.50) 0.946
SAA 1.20(1.11,1.29) <0.001 0.99(0.84,1.16) 0.892
CRP 1.25(1.17,1.34) <0.001 0.86(0.73,1.01) 0.058
Creatinine 1.81(1.49,2.19) <0.001 1.17(0.75,1.82) 0.496
BUN 2.10(1.78,2.47) <0.001 1.30(0.95,1.78) 0.104
NGAL 1.22(1.06,1.40) 0.005 0.99(0.77,1.26) 0.932

Notes: All biomarkers were log,-transformed. *Adjusted for age, sex, BMI, hypertension, diabetes
mellitus, ischemic heart disease, NYHA functional class, LVEF, ACEI/ARB, beta blocker, NT-
proBNP, and hs-cTnT.

Abbreviations: NT-proBNP, N-terminal pro-B type natriuretic peptide; hs-cTnT, high-sensitivity
cardiac troponin T; hs-cTnl, high-sensitivity cardiac troponin I; H-FABP, heart-type fatty acid-
binding protein; sST2, soluble suppression of tumorigenicity-2; big ET-1, big endothelin-1; SAA,
serum amyloid A; CRP, C-reactive protein; BUN, blood urea nitrogen; NGAL, neutrophil gelati-
nase-associated lipocalin; BMI, body mass index; NYHA, New York Heart Association; LVEF, left
ventricular ejection fraction; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin
receptor blocker; HR, hazard ratio; Cl, confidence interval.

0.004). However, the risk of primary endpoint event was comparable between patients with one elevated biomarker and
those with no elevated biomarker (adjusted HR [95% CI]: 1.96 [0.18,21.26], P = 0.582). (Table 4)

Discussion
The main findings of this study are as follows: (1) both baseline sST2 and baseline big ET-1 remained independent
predictors of adverse events in patients hospitalized with heart failure after adjusting for other predictors, including NT-
proBNP and hs-cTnT; (2) baseline sST2 could provide incremental long-term prognostic value for patients hospitalized
with heart failure when added to clinical predictors and known biomarkers (including NT-proBNP and hs-cTnT); (3)
baseline big ET-1 could provide incremental short-term prognostic value, and could provide incremental long-term
prognostic value for patients hospitalized with heart failure when added to clinical predictors and known biomarkers; (4)
multiple biomarkers in combination could provide a better prognostic value for patients hospitalized with heart failure
compared to a single biomarker. Furthermore, the risk of adverse events increased with increasing numbers of elevated
biomarkers.

sST2 is a biomarker reflecting myocardial fibrosis and cardiac hypertrophy, associated with the development and
progress of heart failure.” Studies reported that sST2 remained an independent predictor of heart failure rehospitalization,
all-cause death, and cardiovascular death in patients with chronic heart failure after adjusting for other predictors,
including NT-proBNP and hs-cTnT.?**! However, the prognostic value of sST2 in patients hospitalized with heart failure
has not been evaluated in a model including natriuretic peptide and cardiac troponin. To our knowledge, this study is the
first to show that baseline sST2 remained an independent predictor of all-cause death, heart transplantation, or LVAD in
patients hospitalized with heart failure after adjusting for other predictors, including NT-proBNP and hs-¢TnT. And
baseline sST2 significantly improved the long-term prognostic value for patients hospitalized with heart failure when
added to the base model, including clinical variables, NT-proBNP, and hs-cTnT. However, baseline sST2 did not
significantly improve the short-term prognostic value for patients hospitalized with heart failure when added to the
base model, which may be associated with different pathophysiological mechanisms of sST2, NT-proBNP, and hs-cTnT
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Figure 3 Association between baseline biomarkers and risk of all-cause death, heart transplantation, or LVAD. (A) Association between baseline sST2 concentrations and
risk of all-cause death, heart transplantation, or LVAD using a restricted cubic spline curve based on multivariate Cox proportional hazards models. (B) Association between
baseline big ET-1 concentrations and risk of all-cause death, heart transplantation, or LVAD using a restricted cubic spline curve based on multivariate Cox proportional
hazards models. Adjusted for age, sex, BMI, hypertension, diabetes mellitus, ischemic heart disease, NYHA functional class, LVEF, ACEI/ARB, beta blocker, NT-proBNP, and
hs-cTnT.

in heart failure. Further study is needed to clarify the association between sST2 and clinical outcomes of patients
hospitalized with heart failure based on other predictors, including natriuretic peptide and cardiac troponin.

The international ST2 consensus panel recommended 35 ng/mL as the cut-off value of sST2 for risk
stratification and prognosis evaluation in patients with acute heart failure.””> However, the best cut-off value of
sST2 for prognosis evaluation in patients with heart failure remains controversial. Pascual-Figal et al reported that
65 ng/mL was the cut-off value of sST2 for predicting adverse events in patients with acute heart failure.”
Another study reported that high sST2 concentration (>17.3 ng/mL) was associated with adverse prognosis in
patients with acute heart failure.”* Our study showed that the risk of primary endpoint event increased signifi-
cantly with the increase of sST2 levels when sST2 concentrations were more than 22 ng/mL, which may be
associated with adjusting for more predictors in our study. Interestingly, the cut-off value of sST2 for prognosis
evaluation in Chinese patients with heart failure may be lower than the value recommended in the international
ST2 consensus panel.?” Further study is needed to verify the best cut-off value of sST2 for risk stratification and
prognosis evaluation in patients with heart failure.

Big ET-1 is a biomarker reflecting neurohumoral activation, produced by vascular endothelium in response to shear
stress, neuronal stimulation, and inflammation, associated with vasoconstriction, proinflammation, prooxidative action,
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Figure 4 Rates of free from all-cause death, heart transplantation, or LVAD in different groups. (A) Kaplan—Meier curves of all-cause death, heart transplantation, or LVAD
between low sST2 group and high sST2 group. (B) Kaplan—Meier curves of all-cause death, heart transplantation, or LVAD between low big ET-1 group and high big ET-1
group. (C) Kaplan—Meier curves of all-cause death, heart transplantation, or LVAD in patients with no elevated biomarker, patients with one elevated biomarker, patients
with two elevated biomarkers, and patients with three or more elevated biomarkers.

and cardiac remodeling.'® Studies reported that baseline big ET-1 was an independent predictor of adverse events in
patients with acute heart failure and provided additional prognostic value when combined with NT-proBNP. >~
However, studies on the association between big ET-1 and clinical outcomes of patients hospitalized with heart failure
are scarce. Additionally, the prognostic value of big ET-1 in patients hospitalized with heart failure has not been
evaluated in a model including natriuretic peptide and cardiac troponin. To our knowledge, this study is the first to
show that baseline big ET-1 remained an independent predictor of all-cause death, heart transplantation, or LVAD in
patients hospitalized with heart failure after adjusting for other predictors, including NT-proBNP and hs-cTnT. Big ET-1
significantly improved the short-term and long-term prognostic value for patients hospitalized with heart failure when
added to the base model, including clinical variables, NT-proBNP, and hs-cTnT. The improvement in big ET-1 was
greater than in sST2 regardless of short-term and long-term prognosis, which may be associated with different
pathophysiological mechanisms of big ET-1 and sST2, and most patients (73.9%) with reduced LVEF in our study.
Further study is needed to clarify the association between big ET-1 and clinical outcomes of patients hospitalized with
heart failure based on other predictors, including natriuretic peptide and cardiac troponin.
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Table 3 Evaluation of Predictive Models for Primary Endpoint Event in Patients Hospitalized with Heart Failure

Models C-Statistic P-value NRI (95% CI) | P-value | IDI (95% CI) | P-value Hosmer-Lemeshow
(95% CI) P-value

Three months

Base model 0.846 Reference Reference Reference 0.237
(0.800,0.892)

Base model + sST2 0.847 0.252 —0.052 0.062 0.004 0.344 0.635
(0.802,0.892) (—0.107,0.003) (—0.004,0.012)

Base model + Big ET-1 0.852 0.014 0.065 0.096 0.021 0.053 0.201
(0.800,0.903) (—0.012,0.141) (—0.000,0.041)

One year

Base model 0.801 Reference Reference Reference 0.274
(0.762,0.839)

Base model + sST2 0.810 0.005 0.064 0.020 0.011 0.049 0.087
(0.772,0.848) (0.010,0.118) (0.000,0.022)

Base model + Big ET-1 0.829 0.001 0.051 0.022 0.018 0.024 0.504
(0.785,0.873) (0.007,0.094) (0.002,0.033)

Three years

Base model 0.826 Reference Reference Reference 0.354
(0.790,0.861)

Base model + sST2 0.832 0.024 0.068 0.006 0.008 0.055 0.705
(0.797,0.866) (0.019,0.116) (—0.000,0.015)

Base model + Big ET-1 0.843 <0.001 0.109 0.014 0.048 <0.001 0.482
(0.806,0.880) (0.022,0.197) (0.027,0.070)

Note: Base model: age, sex, BMI, hypertension, diabetes mellitus, ischemic heart disease, NYHA functional class, LVEF, ACEI/ARB, beta blocker; NT-proBNP, and hs-cTnT.
Abbreviations: sST2, soluble suppression of tumorigenicity-2; big ET-1, big endothelin-1; NT-proBNP, N-terminal pro-B type natriuretic peptide; hs-cTnT, high-sensitivity
cardiac troponin T; BMI, body mass index; NYHA, New York Heart Association; LVEF, left ventricular ejection fraction; ACEI, angiotensin converting enzyme inhibitor; ARB,

angiotensin receptor blocker; NRI, net reclassification improvement; IDI, integrated discrimination improvement; Cl, confidence interval.

Table 4 Associations of Different Numbers of Elevated Biomarkers with Primary

Endpoint Event in Patients Hospitalized with Heart Failure

Elevated Biomarkers Unadjusted Adjusted*

HR (95% CI) P-value HR (95% CI) P-value
One vs no 3.19(0.92,11.11) 0.121 1.96(0.18,21.26) 0.582
Two vs one 3.36(1.75,6.47) 0.001 3.73(1.54,9.04) 0.004
Three or more vs two 2.78(2.09,3.70) <0.001 2.51(1.45,4.34) 0.001

Note: *Adjusted for age, sex, BMI, hypertension, diabetes mellitus, ischemic heart disease, NYHA

functional class, LVEF, ACEI/ARB, and beta blocker.

Abbreviations: BMI, body mass index; NYHA, New York Heart Association; LVEF, left ventricular

ejection fraction; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; HR,
hazard ratio; Cl, confidence interval.

The development and progress of heart failure usually involves several pathophysiological mechanisms simulta-

neously. Combining multiple non-strongly correlated biomarkers from different pathophysiological mechanisms may

provide superior prognostic value for patients with heart failure compared to a single biomarker. Studies reported that

multiple biomarkers in combination could provide superior prognostic value for patients with acute heart failure, and the

risk of adverse events increased significantly with increasing numbers of elevated biomarkers.**”** Our study also

demonstrated that multiple biomarkers in combination improved the prognostic value for patients hospitalized with heart

failure. Furthermore, we found that the risk of adverse events increased significantly with increasing numbers of elevated

biomarkers, which was consistent with previous studies. However, the risk of adverse events was comparable between
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patients with one elevated biomarker and patients with no elevated biomarker in our study, which may be associated with
small sample, short follow-up duration, and low rate of adverse events (Supplementary Table 1). It should be evaluated

appropriately before recommending a novel biomarker into a multi-biomarkers approach. However, most biomarkers
only use simple discrimination analysis in previous studies, which do not analyze the inter-biomarker correlations,
include the statistical analyses of NRI and IDI calculation, and adjust for clinical predictors and known biomarkers
(including natriuretic peptide and cardiac troponin). Thus, proper evaluation of a novel biomarker or multiple biomarkers
in combination is required in future investigations.

There are several limitations to our study. First, most of the data were complete, and only missing data of big ET-1
were more than 10%. However, the main clinical characteristics were comparable between patients with big ET-1 and
patients without big ET-1 (Supplementary Table 2). Furthermore, the analyzed numbers of big ET-1 were not too small,

and the analysis in this study was rigorous, which would not significantly influence the conclusion. Second, only baseline
biomarkers were available in this study. Longitudinal monitoring of these biomarkers may provide better prognostic
value. Third, the comparisons of different combination patterns of elevated biomarkers were lacking in this study,
because the samples of different categories of elevated biomarkers were too small. Additionally, patients who lacked
stored blood samples or were lost to follow-up were excluded from this study, leading to a selection bias. Finally, this is
a retrospective and single-center study, which may decrease the confidence of the conclusion. These findings remain to be
tested with prospective, multi-center, and large sample trials.

Conclusion

Multiple biomarkers in combination could provide a better prognostic value than a single biomarker. sST2 and big ET-1
could act as alternatives of multi-biomarkers strategies for prognosis evaluation beyond NT-proBNP and hs-cTnT in
patients hospitalized with heart failure.
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