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Abstract
The association of the soluble suppression of tumorigenicity 2 (sST2) and the prognosis of heart failure have been well evalu-
ated. However, little is known about the prediction of sST2 for left ventricular (LV) remodeling in acute coronary syndrome 
(ACS). We investigated the ability of sST2 to predict LV remodeling following the revascularization of ACS. From May 2019 
to December 2020, 95 patients with LV ejection fraction (EF) < 50% who underwent coronary revascularization for ACS 
(unstable angina, non-ST-elevation myocardial infarction, ST-elevation myocardial infarction) were enrolled. Echocardiog-
raphy and sST2 were performed at baseline and at a 3-month follow-up. The association between LV remodeling, using the 
end-diastolic volume index, and sST2 at baseline and at the 3-month follow-up, and the difference between each value was 
explored. During follow-up, 41 patients showed LV adverse remodeling. The baseline sST2 increased in patients without 
adverse remodeling (32.05 ng/mL vs. 23.5 ng/mL, p < 0.001), although clinical characteristics were similar between the two 
groups. During the mean follow-up of 3 months, a significant correlation was found in the changes between sST2 and LV 
end-diastolic/systolic volume index (r = 0.649; p < 0.001, r = 0.618; p < 0.001, respectively), but not in the changes of LVEF 
(r = − 0.132, p = 0.204). The use of angiotensin-converting enzyme 2 inhibitors/receptor blockers was higher (90.7% vs. 
53.7%, p < 0.001) and sST2 decreased more predominantly in patients without adverse remodeling (23.18 ng/mL vs 26.40 ng/
mL, p = 0.003). However, the changes in sST2 and LV volume were not different according to the ACS types (p > 0.05, for 
all). Estimates of the odds ratio (OR) for remodeling according to the sST2 difference increased substantially with a negative 
increase in the sST2 difference. Multivariable analysis found that, the difference between the baseline and 3-month sST2 was 
the most important determinant of LV remodeling following the revascularization of ACS (OR 1.24; 95% confidence inter-
val: 1.09 to 1.41; p = 0.001). In conclusion, an increase in sST2 during follow-up was a useful predictor of LV remodeling.
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Introduction

Acute coronary syndrome (ACS) has been recognized as 
one of the leading causes of cardiovascular (CV) death in 
recent years, and its frequency increases with age and ath-
erosclerosis-related diseases. Hence, as the prevalence of 
ACS increases, treatment and prevention strategies are being 
developed to reduce the incidence of associated CV events. 
However, despite these advances, the occurrence of left 

ventricular (LV) dysfunction and heart failure (HF) which 
are frequent complications of ACS, significantly impact CV 
prognosis.

Decreased LV systolic function can be complicated early 
or late, even when coronary revascularization is appropri-
ately performed. This can be commonly related to the timing 
and extent of coronary reperfusion and the inflammatory 
status associated with ischemic heart disease. Moreover, 
after acute phase treatment, it is critical to accurately predict 
the presence and degree of complications related to cardiac 
dysfunction and to treat it appropriately and preventively. 
Recently, the soluble suppression of tumorigenicity 2 (sST2) 
has been recommended as a cardiac biomarker that is able 
to predict CV prognosis associated with ACS in the current 
guidelines for HF [1–3]. ST2 exists in two forms as a type 
of interleukin (IL)-1 receptor, of which sST2 endorsed as 
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a class IIb recommendation is involved in CV remodeling, 
atherosclerosis, hypertension, and the progression of fibrosis 
[1, 2].

However, in real-world clinical practice, despite the 
appropriate coronary reperfusion for ACS, cardiac systolic 
dysfunction observed in the early stage had not yet improved 
during long-term follow-up and could be progressively 
worsened, thus resulting in an exacerbation of HF: yet, the 
prognostic implications of sST2 over time in ACS are not 
clearly understood. Furthermore, data regarding the role of 
sST2 even in cases of complete coronary revascularization 
are limited. Therefore, during a short-term follow-up of 
3 months, we aimed to evaluate the relationship between 
the concentration of sST2 and the extent of LV remodeling 
in patients with cardiac dysfunction that persisted after com-
plete percutaneous coronary intervention (PCI) for ACS.

Methods

Study patients

From May 2019 to December 2020, this prospective obser-
vational study was conducted, and we screened consecutive 
enrollment patients who had been referred to the emergency 
department for coronary PCI at the Keimyung University 
Dongsan Medical Center. Inclusion criteria for the patients 
comprised of the following: (1) age older than 18 years; (2) 
ACS manifested: unstable angina, non-ST-elevation myo-
cardial infarction (NSTEMI), or ST-elevation myocardial 
infarction (STEMI); (3) successful coronary revasculariza-
tion of culprit vessel; and (4) LVEF < 50% with regional 
wall motion abnormality (+) on echocardiography. For the 
treatment of ACS, PCI was performed based on the current 
guidelines; specific medications for ischemic heart disease 
were left to the discretion of the physicians. The patients’ 
medical history regarding hypertension, diabetes mellitus, 
ischemic heart disease, stroke, and dyslipidemia was deter-
mined. More specifically, their diagnosis of pulmonary dis-
orders, including chronic obstructive pulmonary disease, 
asthma, and pulmonary fibrosis, was evaluated. According 
to the present study protocol, patients were regularly fol-
lowed up in outpatient clinic for 3 months after discharge.

Exclusion criteria for the participating patients com-
prised the following: (1) the absence of baseline or follow-up 
results of sST2 or echocardiography; (2) more than moderate 
severity of valvular disorders; (3) poor image or window of 
echocardiography; (4) malignancy, severe active infection, 
or inflammation; and (5) chronic renal replacement therapy, 
such as dialysis or transplantation. This study was approved 
by the institutional review board of Keimyung University 
Dongsan Medical Center (Reference No. 2018-11-024), 
was registered with ClinicalTrials.gov (NCT03841214), 

and conformed to the ethical guidelines of the 1975 Decla-
ration of Helsinki. Informed consent was obtained from all 
recruited patients prior to participation.

Cardiac biomarkers

Baseline sST2 was obtained at the time of study registration 
before performing PCI and repeated at the 3-month follow-
up (± 14 days) in an outpatient clinic. After collecting the 
patient’s blood, plasma was separated through a centrifuge 
for 15 min, frozen at − 20 °C to − 80 °C and stored frozen 
for assays; subsequently, the Critical Diagnostics Presage® 
ST2 Assay Kits (Critical Diagnostics, San Diego, CA, USA) 
were applied to measure the sST2 concentration by specific 
enzyme-linked immunosorbent assay in a 76-well microtiter 
plate format, as previously described, and the range of the 
sST2 was 3.1–200.0 ng/mL, with a cutoff level < 35 ng/mL 
[4–6]. In addition, N-terminal pro-B-type natriuretic peptide 
(NT-ProBNP), creatine kinase-MB (CK-MB), and troponin-I 
as cardiomyocyte biomarkers and C-reactive protein (CRP) 
as an inflammatory marker were obtained at the time of ACS 
diagnosis in the emergency department.

Echocardiography

In all patients, echocardiography was performed at the time 
of study registry before PCI and at the 3-month follow-up 
in the outpatient clinic. According to the current guidelines, 
conventional 2-dimensional imaging, color Doppler, and 
tissue Doppler were obtained with the patient in the lat-
eral decubitus position. Specifically, the LV end-diastolic 
(LVEDV)/-systolic volume (LVESV) and LVEF were meas-
ured by the modified biplane Simpson’s method, and left 
atrial volume was measured by the area-length method. The 
ratio of early diastolic mitral inflow to septal mitral tissue 
Doppler velocity (E/e’) was calculated. LV adverse remode-
ling was defined as an increase in LVEDV index at 3 months 
from baseline. Study patients were classified according to 
the presence of LV remodeling.

Primary and secondary endpoint

For the primary endpoint, we investigated the correlation 
between sST2 measurement and changes in LV volume. 
For the secondary endpoint, we investigated the correlation 
between sST2 and changes in LV function and sST2’s ability 
to predict the occurrence of CV events. Clinical CV events 
were defined as a primary composite of the occurrence of 
coronary artery revascularization, hospitalization for wors-
ening HF, and CV mortality.
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Sample size calculation

The sample size calculation was based on published data 
in two respects. First, the prior study of Baur et al. [7]. 
demonstrated that the patient with LV adverse remodeling 
showed an average increase in the LVEDV of 8 ± 3 ml/m2 or 
12 ± 6 ml/m2 for three weeks or one year, respectively. Thus, 
we hypothesized that the LVEDV index would increase from 
baseline to 3 months > 20% compared with patients with LV 
reverse remodeling. An estimated sample size of 76 patients 
(38 per group) would be required to detect the difference 
with a statistical power > 80% and a two-sided alpha level 
of 0.05. Second, the prior study of Kercheva et al. [8] dem-
onstrated that the myocardial infarction patient without 
LV remodeling showed an average decrease of 48–50% in 
sST2 concentration change (from 42 ng/mL to 25 ng/mL) 
for 3–14 days (up to 6 months). Thus, we hypothesized that 
the sST2 concentration related to LV adverse remodeling 
would approach the normal range (< 35 ng/mL, a reduction 
over 20%) from baseline to 3 months compared to that in 
patients with LV reverse remodeling. An estimated sample 
size of 90 patients (45 per group) would be required to detect 
the difference with a statistical power > 80% and a two-sided 
alpha level of 0.05. Overall, we decided that more than 90 
patients should be required in this study.

Statistics

Continuous variables with normal distribution are pre-
sented as the mean ± standard deviation, or as the median 
(interquartile range: IQR) when showing a nonnormal dis-
tribution. Discrete variables are shown by frequency and 
percentage. Variables were compared using Student’s t test 
for continuous variables with a normal distribution, the 
Mann–Whitney U test for continuous variables with a non-
normal distribution, and analysis of variance (ANOVA) for 
continuous variables of three groups. A Chi-square test 
was used for discrete variables. A linear correlation analy-
sis was performed for the changes in sST2 and LV vol-
ume. Logistic regression analysis was used to determine 
factors that might contribute to changes in LV volume. 
Multicollinearity among covariates was checked before 
performing multivariable logistic regression; to avoid mul-
ticollinearity, the reciprocal of the tolerance between the 
variables was defined as a variance inflation factor > 3.0. 
A receiver operating characteristic (ROC) curve analysis 
was carried out to confirm the predictive validity of sST2 
on LV remodeling according to the time of sST2 collec-
tion. Comparisons were suggested using odds ratio (OR) 
for LV adverse remodeling according to the differences in 
sST2 at baseline and the 3-month follow-up. All analyses 
were performed using the Statistical Package for Social 
Science version 13.0 (SPSS Inc, Chicago, Illinois, USA) 

and STATA version 10.0 (StataCorp LP, College Station, 
Texas, USA). A p value < 0.05 was considered significant.

Results

Baseline clinical characteristics according to left 
ventricular remodeling

At the beginning of recruitment, 121 of 174 screened 
patients were enrolled. After excluding cases with poor 
echocardiographic imaging (n = 7) and those with an 
absence of follow-up data (n = 19), a total of 95 patients 
(mean age: 62.5 ± 11.5 years, 80 males) were entered into 
the final analysis (Fig. 1). During the study period, 41 
patients showed LV adverse remodeling and 54 patients 
revealed no/reverse remodeling. Baseline clinical char-
acteristics according to LV remodeling are presented in 
Table 1. There were no differences in terms of baseline 
clinical characteristics, previous medical illness (including 
ischemic heart disease and pulmonary disorders), or the 
manifestation of ACS at the time of study registry between 
the two groups. Patients without adverse remodeling 
showed significantly higher concentrations of CK-MB, 
troponin-I, NT-proBNP, and CRP than those with adverse 
remodeling. Interestingly, the use of angiotensin-con-
verting enzyme 2 inhibitors (ACEIs) or receptor blockers 
(ARBs) was more frequently observed in patients without 
adverse remodeling than in those with adverse remodeling 
(90.7% vs. 53.7%, p < 0.001). Although the sST2 concen-
tration was significantly higher at baseline, a decrease to 
normal level was confirmed at the 3-month follow-up in 
patients without adverse remodeling. However, the sST2 
concentration significantly either remained or increased at 
the 3-month follow-up, rather than at baseline, in patients 
with adverse remodeling.

Echocardiographic features according to left 
ventricular remodeling

There were no differences in terms of LV volume, E/e’ 
ratio, LVEF, or LA volume at the time of initial enroll-
ment between the two groups. Both LVESV and LVEDV 
increased in the patients undergoing adverse remodeling 
during follow-up, but the changes in LVEF showed no sig-
nificant difference between the patients with or without 
adverse remodeling. The difference in sST2 concentration 
did not have a significant correlation with the change in the 
LVEF (r = − 0.132, p = 0.204), yet it showed a significant 
correlation with the change in the LVESV-/LVEDV index 
(r = 0.649; p < 0.001, r = 0.618; p < 0.001, respectively).
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Comparison of left ventricular volume changes 
stratified by acute coronary syndrome

A comparison of brief characteristics of study patients 
stratified by the index diagnosis of ACS is presented in 
Table 2 including the differences in important medica-
tions, cardiac biomarkers, and echocardiographic param-
eters. As expected, patients with NSTEMI and STEMI 
had higher CK-MB and troponin-I levels compared to 
those of UA patients. However, the groups were similar 
for cardiac medications and sST2 concentrations at base-
line and follow-up; hence, the changes in sST2 levels of 
all groups were not different according to the ACS types. 
The manifestation of index ACS did not show a difference 
in relation to LV volume changes from baseline to the 
follow-up period (p > 0.05, for all). In contrast, an increase 
in LVEF during follow-up resulted in small but signifi-
cant changes in UA and NSTEMI patients compared with 
STEMI patients; as of yet, LV remodeling could not be 
differentiated between the three groups.

Predictor of left ventricular remodeling

Univariable logistic regression analysis, which was per-
formed to determine LV remodeling, revealed that the use 
of ACEIs/ARBs, CRP level, both baseline and follow-up 
sST2 concentration, and their differences (i.e., the follow-up 
minus initial sST2) were significant variables (Table 3). On 
multivariable analysis, after considering the multicollinear-
ity between the follow-up sST2 and the follow-up minus 
initial sST2, the use of ACEIs/ARBs and the difference in 
sST2 concentration between baseline and 3-month follow-
up were significant independent factors for determining LV 
remodeling. When constructing an ROC curve to confirm 
the validity of a change in sST2 over time for predicting 
LV remodeling, the difference between sST2 at baseline and 
follow-up was the most predictive and valid (AUC = 0.891, 
p < 0.001) (Fig. 2). Based on these findings, the adjusted OR 
for LV remodeling was estimated according to the change 
in sST2 concentration difference. Figure 3 shows that the 
greater the sST2 concentration difference was reversed (the 

Fig. 1   Study flow chart. ACS acute coronary syndrome, MI myocar-
dial infarction, PCI percutaneous coronary intervention, LVEF left 
ventricular ejection fraction, RWMA regional wall motion abnormal-

ity, sST2 soluble suppression of tumorigenicity 2, LV left ventricle, 
CV cardiovascular, HF heart failure
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Table 1   Baseline clinical 
characteristics of the study 
patients according to left 
ventricular remodeling

LV Remodeling (−) (n = 54) LV Remodeling (+) (n = 41) p value

Age (years) 62.83 ± 12.20 62.07 ± 10.55 0.751
Male 43 (79.6%) 37 (90.2%) 0.256
Height (cm) 166.2 ± 8.51 167.1 ± 6.28 0.553
Weight (kg) 68.10 ± 10.99 67.81 ± 8.54 0.991
Systolic BP (mmHg) 134.35 ± 21.86 130.63 ± 23.95 0.433
Diastolic BP (mmHg) 80.65 ± 14.11 81.07 ± 14.78 0.887
Heart rate (beats/min) 79.06 ± 17.36 76.56 ± 14.93 0.464
Smoking 27 (50.0%) 26 (63.4%) 0.216
Index PCI 0.974
 Unstable angina 6 (11.1%) 4 (9.8%) 1.000
 NSTEMI 32 (59.3%) 25 (61.0%) 1.000
 STEMI 16 (29.6%) 12 (29.3%) 1.000

Index infarct-related artery
 LAD 39 (72.2%) 29 (70.7%) 1.000
 LCX 14 (25.9%) 18 (43.9%) 0.082
 RCA​ 19 (35.2%) 12 (29.3%) 0.660
  > 2-vessel disease 17 (31.5%) 15 (36.6%) 0.664

Medical history
 Hypertension 29 (53.7%) 20 (48.8%) 0.682
 Diabetes mellitus 18(33.3%) 15 (36.6%) 0.829
 Ischemic heart disease 7 (13.0%) 7 (17.1%) 0.576
 Stroke 5 (9.3%) 5 (12.2%) 0.741
 Dyslipidemia 19 (35.2%) 10 (24.4%) 0.369

Pulmonary disorders
 COPD 4 (7.4%) 3 (7.3%) 1.000
 Asthma 0 0 –
 Pulmonary fibrosis 0 0 –

Serologic lab
 Hemoglobin (g/dL) 14.05 ± 1.96 14.17 ± 1.84 0.769
 Blood urea nitrogen (mg/dL) 18.46 ± 9.43 16.05 ± 5.18 0.143
 CK-MB (IU/L) 9.27 [4.16, 64.3] 5.20 [1.78, 17.35] 0.011
 Troponin-I (ng/mL) 1.22 [0.21, 11.9] 0.50 [0.16, 21.35] 0.036
 eGFR (mL/min/1.73m2) 81.99 ± 27.11 86.53 ± 19.95 0.370
 NT-ProBNP (pg/mL) 349.5 [117.0, 1785] 216.0 [35.5, 629.0] 0.036
 CRP (mg/L) 0.75 [0.10, 4.23] 0.20 [0.10, 1.05] 0.028

Medications
 Antiplatelets 54 (100%) 41 (100%) 1.000
 Beta blocker 42 (77.8%) 28 (68.3%) 0.351
 Calcium blocker 10 (18.5%) 6 (14.6%) 0.783
 ACEIs/ARBs 49 (90.7%) 22 (53.7%)  < 0.001
 Statin 53 (98.1%) 41 (100%) 1.000
 Spironolactone 5 (9.3%) 3 (7.3%) 1.000
 Diuretics 6 (11.1%) 1 (2.4%) 0.136

sST2 level
 Baseline (ng/mL) 32.05 [25.93, 43.63] 23.50 [19.85, 26.16]  < 0.001
 Follow-up (ng/mL) 23.18 [18.38, 26.45] 26.40 [23.00, 29.65] 0.003
 ∆sST2 (ng/mL) 8.23 [3.33, 21.02] − 3.70 [− 7.81, − 1.21]  < 0.001

Initial manifestation
 LVEDVI (mL/m2) 55.07 ± 12.51 53.11 ± 10.66 0.229
 LVESVI (mL/m2) 29.52 ± 9.87 26.88 ± 8.51 0.174
 LVEF (%) 44.59 ± 4.44 44.27 ± 4.86 0.736
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more sST2 concentration was increased at the time of fol-
low-up), the more LV adverse remodeling progression was 
observed.

Clinical outcomes

With respect to the clinical outcomes related to sST2, CV 
death and coronary revascularization occurred on days 72 
and 102 in two patients, respectively. Compared to the con-
centration of baseline sST2, the 3-month follow-up sST2 
increased from 31.4 ng/mL to 47.2 ng/mL, and 26.4 ng/mL 
to 28.1 ng/mL. Although progression of LV adverse remode-
ling appeared in these two patients, no statistical significance 
could be found for the association with sST2 concentration 
because of the low incidence of CV events.

Discussion

In this study, we showed a correlation between the differ-
ence in sST2 and the extent of LV remodeling in patients 
with persistent cardiac dysfunction following successful PCI 
for ACS.

Production of sST2

ST2, an IL-1 receptor family member, has two forms, 
namely, the ST2 transmembrane receptor ligand (ST2L) 
located in the cell membrane and the soluble recep-
tor (sST2) [9]. While the binding of IL-33 and ST2L 
enhances its CV protective role, sST2, which is gener-
ated in cardiomyocytes, binds with IL-33 and inhibits the 
effect of IL-33/ST2L when exposed to stimuli, such as 
inflammation, fibrosis, or stress [10, 11]. In particular, 
sST2 is known to be expressed at least five times more 
in myocardial fibroblasts than in myocardial cells [11, 
12]. Therefore, sST2 plays the role of a stress hormone 
involved in LV remodeling; by interacting with IL-33, it 
can influence the development of cardiomyocyte inflam-
mation and vascular atherosclerosis [4]. However, sST2 
could be increased in pulmonary diseases (asthma, pulmo-
nary fibrosis), autoimmune diseases (rheumatic arthritis), 
collagen vascular disease, and sepsis in addition to CV 
disorders [4, 12].

Based on these findings, sST2 is believed to be use-
ful for predicting CV prognosis, including CV death and 
rehospitalization, primarily in patients with HF [1]. Since 
sST2 production is mainly affected by myocardial tension 
(stretch), fibrosis, and inflammation, it can be helpful for 
providing information on chronic progressive CV disor-
ders (e.g., chronic HF), rather than ischemic coronary 

Values are expressed as n (%), mean ± SD, or median (interquartile range)
LV left ventricle, BP blood pressure, PCI percutaneous coronary intervention, NSTEMI non-ST-elevation 
myocardial infarction, STEMI ST-elevation myocardial infarction, LAD left anterior descending artery, 
LCX left circumferential artery, RCA​ right coronary artery, COPD chronic obstructive pulmonary disease, 
CK-MB creatine kinase-MB, eGFR estimated glomerular filtration rate, NT -ProBNP N-terminal pro-B-
type natriuretic peptide, CRP C-reactive protein, ACEIs/ARBs angiotensin-converting enzyme 2 inhibitors/
angiotensin receptor blockers, sST2 soluble suppression of tumorigenicity 2, LVEDVI left ventricular end-
diastolic volume index, LVESVI left ventricular end-systolic volume index, LVEF left ventricular ejection 
fraction, E/e’ ratio of early diastolic mitral inflow to septal mitral tissue Doppler velocity, LAVI left atrial 
volume index

Table 1   (continued) LV Remodeling (−) (n = 54) LV Remodeling (+) (n = 41) p value

 E/e’ 12.06 ± 4.16 10.71 ± 3.82 0.112
 LAVI (mL/m2) 37.35 ± 11.51 34.27 ± 10.03 0.175

Follow-up
 LVEDVI (mL/m2) 48.03 ± 10.61 59.80 ± 12.28  < 0.001
 LVESVI (mL/m2) 21.64 ± 8.13 32.01 ± 10.15  < 0.001
 LVEF (%) 51.59 ± 9.48 49.73 ± 8.69 0.329
 E/e’ 9.83 ± 3.85 9.01 ± 2.18 0.243
 LAVI (mL/m2) 42.81 ± 14.33 38.97 ± 11.31 0.174

Changes of LV chamber
 ∆LVEDVI (mL/m2) 8.04 ± 7.27 − 6.68 ± 6.12  < 0.001
 ∆LVESVI (mL/m2) 7.89 ± 8.70 − 5.13 ± 7.36  < 0.001
 ∆LVEF (%) 7.00 ± 8.59 5.46 ± 7.10 0.355
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artery disease (CAD) [13]. These findings serve as evi-
dence supporting the concept that the treatment guideline 
of HF recommends measuring sST2 to predict prognosis 
rather than the diagnosis of HF [1–3].

Basis for sST2 to predict left ventricular volume 
changes in remodeling

In animal experimental studies, IL-33/sST2 plays a role 
in LV remodeling of myocardial infarction by controlling 
the Yin-Yang 1 transcription factor [14]; clinically, sST2 

Table 2   Left ventricular 
remodeling according to 
the type of acute coronary 
syndrome

Values are expressed as n (%), mean ± SD, or median (interquartile range)
UN unstable angina, NSTEMI non-ST-elevation myocardial infarction, STEMI ST-elevation myocardial 
infarction, CK-MB creatine kinase-MB, NT -ProBNP N-terminal pro-B-type natriuretic peptide, CRP 
C-reactive protein, ACEIs/ARBs angiotensin-converting enzyme 2 inhibitors/angiotensin receptor blockers, 
sST2 soluble suppression of tumorigenicity 2, LVEDVI left ventricular end-diastolic volume index, LVESVI 
left ventricular end-systolic volume index, LVEF left ventricular ejection fraction, E/e’ ratio of early dias-
tolic mitral inflow to septal mitral tissue Doppler velocity, LAVI left atrial volume index
* P < 0.05 versus UA
† P < 0.05 versus NSTEMI

UA (n = 10) NSTEMI (n = 57) STEMI (n = 28) p value

Age (years) 62.90 ± 9.97 63.14 ± 12.39 61.07 ± 10.14 0.736
Serologic lab
 CK-MB (IU/L) 1.54 [1.50, 2.19] 10.1 [5.60, 25.7]* 6.67 [2.41, 103.5]*† 0.027
 Troponin-I (ng/mL) 0.16 [0.16, 0.18] 0.58 [0.16, 2.87]* 1.4 [0.49, 5.01]*† 0.035
 NT-ProBNP (pg/mL) 187 [34, 606] 116 [33, 380] 509 [149, 1269]† 0.207
 CRP (mg/L) 0.25 [0.03, 0.85] 0.20 [0.10, 1.05] 0.60 [0.10, 4.65]† 0.109

Medications
 Antiplatelets 10 (100%) 57 (100%) 28 (100%) 1.000
 Beta blocker 7 (70.0%) 41 (71.9%) 22 (78.6%) 0.351
 Calcium blocker 2 (20.0%) 8 (14.0%) 6 (21.4%) 0.666
 ACEIs/ARBs 7(70.0%) 46 (80.7%) 18 (64.3%) 0.245
 Statin 10 (100%) 56 (98.2%) 28 (100%) 0.714
 Spironolactone 1 (10.0%) 4 (7.0%) 3 (10.7%) 0.832
 Diuretics 1 (10.0%) 5 (8.8%) 1 (3.6%) 0.651

sST2 level
 Baseline (ng/mL) 25.75 [18.42, 31.73] 25.9 [21.2, 35.64] 30.16 [23.15, 36.75] 0.410
 Follow-up (ng/mL) 24.02 [18.51, 28.42] 24.6 [19.34, 27.84] 25.5 [20.27, 28.79] 0.883
 ∆sST2 (ng/mL) − 0.98 [− 5.35, 3.31] 2.80 [− 4.20, 12.23] 6.00 [− 1.61, 11.75] 0.305

Initial manifestation
 LVEDVI (mL/m2) 50.63 ± 11.01 55.21 ± 12.72 55.44 ± 10.00 0.500
 LVESVI (mL/m2) 26.00 ± 6.98 27.97 ± 9.86 30.08 ± 9.00 0.436
 LVEF (%) 47.10 ± 1.37 44.39 ± 5.14 43.64 ± 3.89 0.124
 E/e’ 11.76 ± 4.77 11.74 ± 4.51 10.83 ± 2.65 0.611
 LAVI (mL/m2) 42.79 ± 16.64 37.05 ± 10.55 31.51 ± 7.35* 0.009

Follow-up
 LVEDVI (mL/m2) 47.31 ± 13.01 53.50 ± 13.68 54.37 ± 10.25 0.304
 LVESVI (mL/m2) 23.98 ± 14.43 26.17 ± 10.23 26.76 ± 9.31 0.771
 LVEF (%) 57.10 ± 10.03 51.58 ± 9.72 46.92 ± 5.50*† 0.005
 E/e’ 9.04 ± 2.11 9.37 ± 3.63 9.81 ± 2.79 0.774
 LAVI (mL/m2) 45.12 ± 14.26 40.23 ± 13.98 41.22 ± 11.05 0.591

Changes of LV chamber
 ∆LVEDVI (mL/m2) 3.31 ± 9.37 1.71 ± 9.58 1.06 ± 10.2 0.833
 ∆LVESVI (mL/m2) 2.02 ± 10.03 1.79 ± 9.74 3.32 ± 10.66 0.816
 ∆LVEF (%) 10.06 ± 9.57 7.19 ± 8.42 3.29 ± 5.27*† 0.031
 Remodeling (+) 4 (40%) 25 (43.9%) 12 (42.9%) 0.974
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measured in the early stage of acute myocardial infarction 
has shown a better correlation with LV remodeling than 
NT-ProBNP [8]. This is because an increased sST2 in the 
early stage of acute myocardial infarction (within 7 days of 
diagnosis or at the time of discharge) is produced mainly by 
fibroblasts. In general, since the main process of LV remod-
eling depends on myocardial fibroblasts or fibrosis, the 
explosive production of sST2, a biomarker that reflects fibro-
blast activation, can be considered a more useful index than 

NT-ProBNP, which responds to hemodynamic stress in a 
viable myocardium [15]. In addition, sST2 in the acute stage 
is also known to better predict LV remodeling in 3 months 
[16]. Thus, sST2 concentration in the acute phase may pro-
vide more important information about LV remodeling than 
at the chronic phase over several months [15, 17, 18]. Pro-
vided that acute myocardial infarction may be accompanied 
by systolic and diastolic dysfunction, sST2 could be used 
more frequently in cases of HF with LV remodeling in ACS 
than other cardiac biomarkers [17].

Table 3   Univariable and 
multivariable logistic regression 
on determinants for left 
ventricular remodeling

ACEIs/ARBs angiotensin-converting enzyme 2 inhibitors/angiotensin receptor blockers, LVEF left ventric-
ular ejection fraction, CK-MB creatine kinase-MB, CRP C-reactive protein, sST2 soluble suppression of 
tumorigenicity 2
a The variance of inflation factor (VIF) between the follow-up sST2 and the follow-up minus initial sST2 
exhibits high multicollinearity (VIF > 3.0)

Variable Univariable logistic regression Multivariable logistic regression

OR (95% CI) p value OR (95% CI) p value

Age (years) 0.994 (0.959–1.030) 0.748 – –
ACEIs/ARBs 0.118 (0.039–0.357)  < 0.001 0.059 (0.010–0.336) 0.001
Initial LVEF (%) 0.985 (0.902–1.076) 0.733 – –
CK–MB (IU/L) 0.992 (0.983–1.001) 0.065 0.997 (0.989–1.006) 0.997
Troponin–I (ng/mL) 0.957 (0.906–1.010) 0.111 – –
NT–ProBNP (pg/mL) 1.000 (0.999–1.000) 0.085 1.000 (0.999–1.000) 0.501
CRP (mg/L) 0.828 (0.693–0.990) 0.038 1.193 (0.901–1.579) 0.219
Initial sST2 (ng/mL) 0.915 (0.867–0.966) 0.001 1.089 (0.962–1.234) 1.089
aFollow–up sST2 (ng/mL) 1.062 (1.002–1.124) 0.042 – –
Follow–up minus initial sST2 1.613 (1.136–2.290) 0.008 1.240 (1.089–1.413) 0.001

Fig. 2   Receiver operating characteristic curve analysis to explore the 
discriminating validity of sST2 at baseline and at the 3-month follow-
up, as well as the difference between each concentration, which was 
used to detect left ventricular remodeling

Fig. 3   Estimates of adjusted odds ratio (OR) with 95% confidence 
intervals for the incidence of left ventricular remodeling associated 
with the difference in sST2 concentration between baseline and fol-
low-up as a continuous concentration variable. The reference of sST2 
difference was 0. There was a significant increase in OR with increas-
ing sST2 concentration during follow-up, whereas a constant OR was 
noted in the case of sST2 decreasing over time. Data adjusted for age, 
angiotensin-converting enzyme 2 inhibitor/receptor blocker, left ven-
tricular ejection fraction, and cardiac markers (creatine kinase-MB 
isoenzyme and troponin-I). The red squares represent the odds ratio 
and the red lines represents the 95% confidence intervals
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sST2 is often elevated in cases of myocardial injury from 
ACS, in which alternations in LV volume, the hallmark of 
LV remodeling, are the result of LV ischemic deformation 
and appear to be a compensatory response to changes in 
LV myocardial contractility to maintain stroke volume or 
cardiac output in patients with ACS [19, 20]. LVEF, other-
wise known as a systolic functional indicator, seems to be 
inaccurate in defining LV global function caused by chronic 
HF because of those compensatory mechanisms [19]. The 
changes in LVEF are not synonymous with changes in con-
tractility. Less importance of LVEF can be based on the 
mismatch between LVEF and stroke volume (or the pres-
ence of HF with preserved LVEF), and the poor correlation 
between LVEF and the severity of HF symptoms [20, 21]. 
The sST2 elevation in the acute phase is considerably due, in 
part, to myocardial cell damage, which may occur markedly 
within the first 4 weeks [22]. However, even after the acute 
phase, the sST2 concentration may continue to rise or be 
maintained, depending on the degree of myocardial fibrosis 
or inflammatory reaction accompanying the ischemic insult.

In the present study, it was noted that the baseline sST2 
concentration was higher in patients without LV adverse 
remodeling. Given the simultaneous elevations of CK-MB, 
troponin-I, NT-ProBNP and CRP, it was speculated that 
direct myocardial damage due to ACS at the time of enroll-
ment was greater than that of patients undergoing LV 
adverse remodeling; additionally, hemodynamic and inflam-
matory injury was estimated to be higher in the acute phase. 
However, the chronic progression of LV adverse remodeling, 
despite adequate revascularization in the acute phase, could 
be explained by the ongoing predominance of fibrosis fol-
lowing ischemic insult. These findings can be compatible 
with a prior basis upon which to provide a weak correlation 
between sST2 and myocardial enzymes [23].

One of the novel findings in this study was that the use 
of ACEIs or ARBs, which are known to inhibit LV adverse 
remodeling, was higher in patients without LV adverse 
remodeling. Although there were limited data about the 
relationship between ACEIs/ARB and sST2 concentration, 
a decrease in sST2 concentration and LVEF change were 
demonstrated by ARBs (sacubitril/valsartan) or ACEIs in 
patients with LV systolic dysfunction [24, 25]. Together 
with our results, these findings could suggest that the sST2 
concentration may be affected by ACEIs/ARB that alter the 
profibrotic signaling pathway [26]. Since the inhibition of 
LV remodeling is frequently affected by these medications, it 
can be considered that the sST2 concentration was decreased 
at the time of follow-up. sST2 rises in the first few hours 
due to a decrease in coronary flow and decreases thereafter, 
and sST2 resurgence would not be observed if there were 
no complications associated with HF after ACS. As shown 
in the current study, a small decrease or resurgence in sST2 
at the time of follow-up may indicate that LV remodeling 

can be driven by inflammatory or fibrotic reactions rather 
than CAD. Instead, the lack of significant differences in 
sST2 changes was irrespective of the index ACS manifes-
tations, which may suggest that the changes in sST2 can-
not be explained simply by a higher burden of ischemia. 
Therefore, even though the marked increase in baseline sST2 
was caused by direct myocardial injury of ACS and LV dys-
function, it could be expected that LV remodeling may be 
inhibited in cases with continuously decreasing sST2 during 
follow-up.

Clinical implication of sST2

The measurement of sST2 at admission for acute CV dis-
ease can help not only diagnose HF, but also predict LV 
dysfunction that may occur later. As binding of sST2/IL-33 
is mainly related to LV remodeling, the progression of ath-
erosclerosis in CAD, failure to regulate the immune system, 
the remodeling of fatty tissue, or accelerated inflammation, 
sST2 may be advantageous for predicting prognosis over 
other cardiac biomarkers, such as NT-ProBNP, CK-MB, and 
troponin-I, in cases of CV disease accompanied by HF [27].

In the current study, we observed an extremely low area 
under the curve of the baseline sST2 concentration for the 
prediction of LV remodeling. Considering this finding, 
the role of baseline sST2 in the acute stage of ACS and 
its clinical implications remains unknown. Even though a 
significant difference in baseline sST2 was noted between 
the two groups, it seems not insufficient for the prediction of 
the ongoing progression of LV remodeling over time. Most 
likely, the concentration of sST2 in the acute phase of CV 
disease is believed to be a stretch marker due to the direct 
effects of the disease on the myocardium; however, in the 
subacute or chronic stable phase, follow-up of sST2 is con-
sidered an indicator of ongoing persistent fibrosis, which 
is followed by activation of myocardial fibroblasts, rather 
than a stretch marker [13]. Moreover, as the concentration 
change of sST2 shows a good correlation with the change 
in LV volume, it is expected to be useful for determining 
the therapeutic effect of HF medications. Particularly, when 
using an ACEIs or ARB, which are known to prevent LV 
remodeling, it is believed that sST2 reduction during follow-
up can reflect the suppression of LV remodeling. Therefore, 
the difference between sST2 at baseline and follow-up would 
make sense and provide more value for identifying high risk 
for adverse LV remodeling.

Limitation

There were several limitations to be addressed in the current 
study. First, the study consisted of a relatively small number 
of recruited patients. Therefore, it was not possible to derive 
meaningful results regarding the CV prognostic ability of 
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sST2 because of the low incidence of CV events. Second, 
since we targeted patients with impaired systolic function in 
ACS, there could be a limitation in generalizing the results 
of this study regardless of systolic function. Third, sST2 
concentrations were not compared with NT-ProBNP, which 
has traditionally been used for the diagnosis and progno-
sis of HF. Fourth, we could not clarify when sST2 should 
be measured to determine LV remodeling after ACS. Last, 
LV remodeling was not defined as a percent change in LV 
volume but as the absolute value of the difference between 
consecutive LV volume measurements at baseline and fol-
low-up. Postinfarct LV adverse remodeling is commonly 
defined as a 20% increase in LVEDV [28, 29]. However, the 
current definition of LV remodeling seems to be uncertain 
and controversial [30]: different patient populations, param-
eters, or imaging techniques. Considering the exploration 
of the quantitative correlation of sST2 concentration and 
LV volume changes, we believed that the absolute value of 
the change in LV volume would be appropriate to reflect 
the changes in sST2 concentration rather than the percent 
change. Nevertheless, it is necessary to carry out large-scale 
studies to compare sST2 with other biomarkers and to deter-
mine the efficacy of sST2 in a large number of patients in 
the future.

Conclusions

Despite appropriate PCI treatment, regional wall motion 
abnormalities can often be observed as a complication of 
ACS. This study confirmed that LV volume changes corre-
late well with differences in sST2 concentration. Therefore, 
sST2 concentration may serve as a useful cardiac biomarker 
for determining the efficacy of HF medications in predicting 
or suppressing the progression of LV remodeling in clinical 
practice. However, more research is needed regarding the 
ability of sST2 to predict the prognosis of CV events.
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