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intervention (pPCI).3,4 Although troponin and 
creatine kinase levels reflect the extent of myo‑
cardial damage, these biomarkers are not sen‑
sitive enough to predict the risk of MACEs.5,6 
New tools for early and accurate diagnosis of 
MACEs, as well as prediction of risk, are criti‑
cal for optimizing therapeutic strategies. Previ‑
ous studies showed that using biological mark‑
ers can improve diagnostic accuracy in cardio‑
vascular patients.4,7

INTROduCTION Acute ST ‑segment elevation 
myocardial infarction (STEMI) is significant‑
ly associated with both short and long ‑term 
health complications and simultaneously in‑
creases the risk of post ‑myocardial infarction 
(MI) ventricular remodeling and heart failure 
(HF).1,2 Consequently, patients with STEMI are 
at a higher risk of major adverse cardiovascular 
events (MACEs) during the post ‑MI period, de‑
spite undergoing primary percutaneous coronary 
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INTROduCTION The predictive value of soluble suppression of tumorigenicity 2 (sST2) for the occurrence of 
major adverse cardiovascular events (MACEs) in patients with ST ‑segment elevation myocardial infarction 
(STEMI) remains unclear.
ObjECTIvEs We aimed to investigate the role of sST2 in predicting MACEs in STEMI patients after primary 
percutaneous coronary intervention (pPCI).
PATIENTs ANd mEThOds A total of 350 patients were enrolled in this study. The levels of sST2, N ‑terminal 
pro–B ‑type natriuretic peptide (NT ‑proBNP), cardiac troponin I (TnI), and creatine kinase–MB (CK ‑MB) were 
measured on admission as well as 24 hours and 5 days after pPCI. The end point was the incidence of MACEs.
REsuLTs Compared with the values on admission, sST2 levels increased 24 hours post pPCI and de‑
creased significantly at day 5 after the procedure in the whole cohort. The pattern of sST2 level changes 
between the 3 time points was similar in the MACE and MACE ‑free groups. Notably, the change in the sST2 
level from admission to 24 hours post pPCI (∆1sST2) was significantly higher in the MACE group. After 
multivariable adjustment, ∆1sST2 was an independent risk factor for MACEs, with an area under the curve 
of 0.621 (95% CI, 0.547–0.695). Patients with a greater ∆1sST2 had a significantly higher incidence of 
composite MACEs, coronary revascularization, and cardiac rehospitalization. However, the change in sST2 
levels from admission to 5 days post pPCI, as well as the dynamic changes in NT ‑proBNP, TnI, and CK ‑MB 
levels had no predictive value.
CONCLusIONs The increase in plasma sST2 levels from admission to 24 hours post pPCI has a potential 
value for independently predicting the incidence of coronary revascularization and cardiac rehospitalization 
at 1 year in patients with STEMI.
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and underwent pPCI between February 2017 and 
April 2020, were retrospectively reviewed. Final‑
ly, a total of 350 patients were included in this 
study (Supplementary material, Figure S1). Ex‑
clusion criteria were as follows: 1) severe renal 
dysfunctions (estimated glomerular filtration 
rate [eGFR] <30 ml/min/1.73 m2), 2) severe liv‑
er diseases, 3) acute infectious diseases or rheu‑
matic diseases, 4) existing neoplastic diseases, 
5) estimated life expectancy below 1 year, and 
6) lack of complete clinical or follow ‑up data. 
The enrolled patients were divided into 2 groups: 
the MACE group (STEMI patients with MACEs 
during the follow‑up) and the MACE ‑free group 
(STEMI patients without MACEs during the fol‑
low‑up), and were followed for up to 1 ‑year by 
outpatient care or teleconsultation.

The data collection procedure was approved 
by the Institutional Review Board of the Beijing 
Friendship Hospital, affiliated with the Capital 
Medical University (2021‑P2‑107‑02). All patients 
signed a written informed consent to partici‑
pate in this study. The study protocol was com‑
pliant with the principles outlined in the Decla‑
ration of Helsinki.

data collection and definitions The patients’ de‑
mographic information, medical and medication 
history, and laboratory measurements were col‑
lected and confirmed through electronic medical 
records. Subsequent outcomes of MACE treat‑
ments were collected and recorded up to 1 year 
during the follow ‑up visits to an outpatient clin‑
ic or telephone consultations.

Cardiac troponin I (TnI) and creatine kinase –MB 
(CK ‑MB) levels were measured with the sandwich 
electrochemiluminescence immunoassay at the De‑
partment of Laboratory Medicine. We measured 
the serum levels of N ‑terminal pro–B ‑type natri‑
uretic peptide (NT ‑proBNP) on admission (base‑
line) and assessed the peak value during hospital 
stay with the solid ‑phase chromatographic im‑
munoassay. The high ‑sensitivity C ‑reactive pro‑
tein (hsCRP) level was measured with the particle‑
‑enhanced immunonephelometric assay.

Transthoracic echocardiography was performed 
within 48 hours of admission at the Department 
of Echocardiography Laboratory using a Phil‑
ips Ultrasound machine (Philips Medical Sys‑
tems, Andover, Massachusetts, United States). 
Left ventricular ejection fraction (LVEF) was as‑
sessed by modified biplane Simpson’s rule. Oth‑
er assessed parameters included left ventricu‑
lar end ‑diastolic dimension (LVEDD) and left 
ventricular end ‑systolic dimension (LVESD). To 
compare the left ventricular end ‑diastolic volume 
(LVEDV) and left ventricular end ‑systolic vol‑
ume (LVESV) in different body sizes, they were 
indexed to the body surface area (left ventricu‑
lar end ‑diastolic volume index [LVEDVI] and left 
ventricular end ‑systolic volume index [LVESVI]).

STEMI diagnosis was confirmed based on 
the following criteria recommended by the Europe‑
an Society of Cardiology13: 1) chest pain lasting for 

Soluble suppression of tumorigenicity 2 (sST2) 
is a member of the interleukin (IL) 1 receptor fam‑
ily with transmembrane (ST2L) and soluble iso‑
forms (sST2). IL ‑33 is the functional ligand for 
ST2L. The IL ‑33/ST2L signaling leads to transcrip‑
tional activation of inflammatory genes, there‑
by triggering cytokine / chemokine storms and 
a T ‑helper type 2 (Th2) immune response, which 
in turn exert immunomodulatory and protec‑
tive effects on the heart to inhibit adverse cardi‑
ac remodeling and fibrosis.7,8 Both endogenous 
and exogenous stressors can stimulate peripher‑
al blood mononuclear cells to secrete inflamma‑
tory cytokines, which can then relay the activa‑
tion signal to the lung epithelial cells and cardiac 
myocytes to increase the sST2 production. sST2 
plays a role of a decoy receptor sequestering free 
IL ‑33 to inhibit the ST2/IL ‑33 immune signaling. 
sST2 also participates in the regulation of extra‑
cellular matrix remodeling and inflammation, as‑
sociated with arrhythmia and other MACEs.9-11 
Novel biomarkers, such as sST2, have recently 
emerged as potentially useful tools for diagnos‑
ing cardiovascular diseases.12 However, because 
of the small sample size and / or poor assay sen‑
sitivity in previous studies, the predictive val‑
ue of sST2, especially in terms of the changes in 
the level of this protein, for short‑ and long ‑term 
MACEs in patients with STEMI following pPCI 
remains unclear.

Therefore, we sought to evaluate dynamic 
changes in plasma levels of sST2 in 350 STEMI 
patients undergoing pPCI and assess the relation‑
ship between these levels and the incidences of 
MACEs during 1 ‑year follow ‑up.

PATIENTs ANd mEThOds study population  
The study participants were identified using 
the database of the Cardiovascular Center of 
Beijing Friendship Hospital. As shown in FIGuRE 1, 
medical records of 481 STEMI inpatients, who 
were admitted within 6 hours of symptom onset 

whAT’s NEw?

In this prospective cohort study involving 350 patients with ST ‑segment 
elevation myocardial infarction (STEMI), we found plasma levels of soluble 
suppression of tumorigenicity 2 (sST2) significantly increased 24 hours after 
primary percutaneous coronary intervention (pPCI) and then decreased at day 
5 post pPCI. The pattern of dynamic changes in sST2 levels was similar to 
that observed for cardiac biomarkers. Notably, sST2 had a potential predic‑
tive value superior to that of the traditional biomarkers, including N ‑terminal 
pro–B ‑type natriuretic peptide, troponin I, and creatine kinase–MB. The in‑
crease in sST2 levels from admission to 24 hours post pPCI independently 
predicted 1 ‑year major adverse cardiovascular events (MACEs), especially 
coronary revascularization and cardiac rehospitalization. Clinical implica‑
tions of the present study are as follows: (1) serial measurement of plasma 
sST2 levels can provide additional prognostic information in STEMI patients 
undergoing pPCI; and (2) mitigating sST2 level elevation as a therapeutic 
target may help reduce the rates of post ‑pPCI MACEs and thereby improve 
clinical outcomes.
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Coronary angiography and percutaneous coronary in-
tervention Patients with STEMI underwent cor‑
onary angiography immediately after admission 
to the Beijing Friendship Hospital. The examina‑
tions were performed by cardiologists in the cath‑
eter laboratory, using a digital subtraction ma‑
chine to revascularize the MI ‑affected coronary 
artery. Moreover, 2 interventional cardiologists 
assessed the severity of stenosis of the coronary 
artery using the double ‑blind method.

Enzyme -linked immunosorbent assay Blood sam‑
ples were obtained on admission to the hospi‑
tal (baseline) as well as 24 hours and 5 days after 
pPCI and were anticoagulated with ethylenedi‑
aminetetraacetic acid. The samples were centri‑
fuged, and the plasma was stored at −80 °C un‑
til further analysis. The sST2 plasma concentra‑
tion was measured using the enzyme ‑linked im‑
munosorbent assay (ELISA; DST200, R&D Sys‑
tems, Inc., P299891, Minneapolis, Minnesota,  
United States). A microplate reader was used to 
determine the optical density (OD) of each sam‑
ple at 450 nm. Linear regression analysis was 
performed for the standard curve generation ac‑
cording to standard OD values. Calibration and 
standardization of this assay were performed 

more than 30 minutes; 2) presence of ST ‑segment 
elevation on dynamic electrocardiography, mea‑
sured at the J ‑point at least in 2 contiguous leads, 
with an elevation of 2.5 mm in men below 40 years 
of age, 2 mm in men aged 40 years or older, or 
1.5 mm in women in leads V2–V3 and / or 1 mm 
in other leads in the absence of left ventricular hy‑
pertrophy or left bundle branch block; 3) elevat‑
ed levels of serum markers of myocardial injury, 
and 4) no contraindications to PCI of the infarct‑
‑affected artery identified on coronary angiogra‑
phy. MACEs included cardiac death, nonfatal MI, 
coronary revascularization, and cardiac rehospi‑
talization. Cardiac death was defined as fatal MI 
and heart failure (HF), sudden death, and other 
cardiac deaths. Nonfatal MI was defined as chest 
pain with new ST ‑segment changes and elevation 
of myocardial necrosis markers to at least twice 
the upper limit of normal. Coronary revascular‑
ization was defined as revascularization of the tar‑
get vessel or nontarget vessels that was necessary 
due to the symptoms of myocardial ischemia and 
diagnosis of unstable angina pectoris or acute MI. 
Cardiac rehospitalization referred to rehospital‑
ization of patients for angina pectoris or HF. HF 
comprised acute HF and acute exacerbation of 
chronic HF.

FIGuRE 1  Flow chart of patient inclusion 
Abbreviations: CBD Bank, Cardiovascular Center of Beijing Friendship Hospital Data Bank; MACEs, major adverse cardiovascular events; pPCI, primary 
percutaneous coronary intervention, sST2, soluble suppression of tumorigenicity 2; STEMI, ST‑segment elevation myocardial infarction

MACE group
(n = 73)

MACE-free group
(n = 277)

CBD Bank database
(February 2017–April 2020)

STEMI patients undergoing pPCI
(n = 481)Inclusion criteria:

1) age �18 years, 
2) admission within <6 h of
    symptom onset 
3) sST2 level measurements 
    performed on admission as well 
    as 24 hours and 5 days post pPCI Exclusion criteria:

1) severe renal dysfunction (n = 10)
2) severe liver disease (n = 7)
3) acute infectious disease or 
    rheumatic disease (n = 10)
4) current neoplastic disease (n = 4)
5) estimated life expectancy <1 year 
    (n = 4)
6) lack of clinical or follow-up data 
    (n = 11)

Patients enrolled in our study
(n = 396)

Patients included in the final analysis 
(n = 350)

1-year follow-up
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as the level at 24 hours post pPCI minus the ad‑
mission level, and ∆2TnI, calculated as the level 
at day 5 post pPCI minus the admission level), 
and changes in CK ‑MB (∆1CK‑MB, calculated as 
the level at 24 hours post pPCI minus the admis‑
sion level, and ∆2CK‑MB, calculated as the level 
at day 5 post pPCI level minus the admission lev‑
el). However, no significant differences between 
the groups were found.

Comparisons of plasma soluble suppression of tu-
morigenicity 2 levels at 3 analyzed time points in pa-
tients with and without major adverse cardiovascu-
lar events The sST2 levels changed dynamical‑
ly, increasing at 24 hours and decreasing at day 
5 after pPCI (P <0.001). On admission, the me‑
dian (IQR) sST2 level was 6.9 (2.5–15.5) ng/ml 
in the MACE group and 7.6 (2.7–20.7) ng/ml in 
the MACE ‑free group. Twenty ‑four hours post 
pPCI, median (IQR) sST2 concentrations in‑
creased significantly to 12.7 (6.3–32.2) ng/ml 
and 11.0 (4.0–26.9) ng/ml in the MACE and 
MACE ‑free groups, respectively. At day 5 after 
pPCI, the median (IQR) plasma levels of sST2 
in the MACE and MACE ‑free groups were 7.5 
(2.4–13.8) ng/ml and 5.7 (2.0–15.6) ng/ml, re‑
spectively. The pattern of sST2 changes was simi‑
lar in the MACE and MACE ‑free groups, and also 
similar to the pattern of changes in the levels 
of cardiac biomarkers post MI. sST2 concentra‑
tions at the 3 analyzed time points did not dif‑
fer between the MACE and MACE ‑free groups 
(all P >0.05; FIGuRE 2).

We also calculated the changes in sST2 lev‑
els between different time points. ∆1sST2 rep‑
resented the change from the admission lev‑
el to the level 24 hours post pPCI, and ∆2sST2 
was the change from the admission level to 
the level at day 5 post pPCI. In comparison with 
the MACE ‑free group, patients with MACEs 
showed a significantly greater ∆1sST2 (medi‑
an [IQR], 4.3 [1.0–11.7] ng/ml vs 1.7 [–0.4 to 
6.2] ng/ml, P = 0.001] (FIGuRE 3A). As shown in 
FIGuRE 3b, median (IQR) ∆2sST2 was –0.7 (–3.2 to 
1.0) ng/ml in the MACE group and –1.3 (–5.4 to 
0.1) ng/ml in the MACE ‑free group (P = 0.02). 
In other words, the plasma levels of sST2 in 
the MACE group were significantly more el‑
evated 24 hours post pPCI and slightly low‑
er at day 5 post pPCI than in the MACE ‑free 
group. Moreover, the Spearman correlation 
analysis revealed that ∆1sST2 positively cor‑
related with hsCRP, TnI, and pNT ‑proBNP lev‑
els (R = 0.111, R = 0.285, and R = 0.165, respec‑
tively; all P <0.05) but not with LVEDD, LVESD, 
LVEDV, LVESV, LVEDVI, LVESVI, and LVEF in 
both groups.

The ∆1sST2 and ∆2sST2 values in different 
MACE subgroups were also analyzed and com‑
pared. In the coronary revascularization group, 
median (IQR) levels of ∆1sST2 were significant‑
ly higher than in the group without coronary 
revascularization (5.6 [1.0–12.6] ng/ml vs 2.0 
[–0.4 to 6.9] ng/ml, P = 0.02). In the cardiac 

according to the manufacturer’s protocol. Pre‑
vious reports documented the intra‑ and inter‑
‑assay coefficients of variation below 2.5% and 
below 4.0%, respectively.

statistical analysis Depending on the distribu‑
tion of the data, continuous variables were ex‑
pressed as mean (SD) or median and interquar‑
tile range (IQR). Frequencies and percentages 
were used to describe categorical data. Differ‑
ences between the study groups for continu‑
ous and categorical variables were assessed us‑
ing the t test, analysis of variance (ANOVA), 
the χ2 test, and the Mann–Whitney test, as ap‑
propriate. The Friedman test was used to analyze 
the differences in sST2 levels at individual time 
points. Multivariable Cox regression analysis was 
performed to analyze the independent risk fac‑
tors for MACEs in STEMI patients after pPCI. The 
Spearman correlation coefficient was used to as‑
sess the correlation between biomarker values and 
other continuous variables. The receiver operating 
characteristics (ROC) curve was plotted to evalu‑
ate the potential role of sST2 in predicting MACEs 
during 1 ‑year follow ‑up. The cutoff value was de‑
fined for the maximum Youden index. The cumu‑
lative hazard of 1 ‑year MACEs was estimated by 
the Kaplan–Meier method, and the groups were 
compared using the log ‑rank test. All analyses 
were 2 ‑tailed, and a P value below 0.05 was con‑
sidered significant. The data were analyzed using 
SPSS statistical package, version 23.0 (SPSS Inc., 
Chicago, Illinois, United States).

REsuLTs baseline characteristics of patients 
with sT -segment elevation myocardial infarction in 
the groups with and without major adverse cardio-
vascular events MACEs occurred in 20.9% of 
the enrolled patients during the 1 ‑year follow ‑up. 
As shown in TAbLE 1, the participants were divid‑
ed into MACE (n = 73) and MACE ‑free (n = 277) 
groups. The demographic, clinical, laboratory, 
echocardiographic, and angiographic character‑
istics were compared between the 2 groups.

In comparison with the MACE ‑free group, pa‑
tients in the MACE group were significantly old‑
er, had lower levels of hemoglobin and non–high‑
‑density lipoprotein cholesterol, a higher peak val‑
ue of NT ‑proBNP (pNT ‑proBNP), lower SYNTAX 
score, and lower levels of low ‑density lipoprotein 
cholesterol (LDL ‑C) and total cholesterol (TC). 
Lower LDL ‑C and TC in the MACE group correlat‑
ed with a higher percent of statin use (all P <0.05).

Medical history, pharmacotherapy during 
hospitalization, NT ‑proBNP levels on admis‑
sion, angiographic characteristics, GRACE score, 
and the Thrombolysis in Myocardial Infarction 
(TIMI) score were similar in the 2 groups (all 
P >0.05). For comparison purposes, we calculat‑
ed the changes in NT ‑proBNP (∆1NT ‑proBNP, cal‑
culated as the level at 24 hours post pPCI minus 
the admission level, and ∆2NT ‑proBNP, calculat‑
ed as the level at day 5 post pPCI minus the ad‑
mission level), changes in TnI (∆1TnI, calculated 
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TAbLE 1 Clinical characteristics of patients in with and without major adverse cardiovascular events in the follow ‑up (continued on the next page)

Parameter Total (n = 350) MACE (n = 73) MACE ‑free (n = 277) P value

Male sex, n (%) 264 (75.4) 50 (68.5) 214 (77.3) 0.12

Age, y 62 (55–70) 65 (59–72.5)a 61 (53.5–69) 0.005

BMI, kg/m2 25.5 (23.5–27.8) 25.3 (23.4–28.2) 25.6 (23.7–27.7) 0.99

SBP, mm Hg 125 (21.7) 124.5 (22.5) 125.1 (21.6) 0.85

DBP, mm Hg 73.5 (64–83) 75 (64.5–84.5) 72 (64–82.5) 0.29

Heart rate, bpm 74 (65–84) 75 (65–89) 72 (65–84) 0.59

Anterior MI, n (%) 177 (50.6) 41 (56.2) 136 (49.1) 0.28

Killip class II–IV, n (%) 91 (26) 18 (24.7) 73 (26.4) 0.77

Medical history, n (%)

Hypertension 225 (64.3) 52 (71.2) 173 (62.5) 0.16

Diabetes mellitus 123 (35.1) 29 (39.7) 94 (33.9) 0.36

CHD 70 (20) 17 (23.3) 53 (19.1) 0.43

OMI 64 (18.3) 16 (21.9) 48 (17.3) 0.37

Revascularization 50 (14.3) 13 (17.8) 37 (13.4) 0.33

Current / ex ‑smoker 221 (63.1) 53 (72.6) 168 (60.6) 0.06

Pharmacotherapy before admission, n (%)

Antiplatelet agent 113 (32.3) 23 (31.5) 90 (32.5) 0.87

ACEI/ARB 79 (22.6) 18 (24.7) 61 (22) 0.63

β ‑Blocker 31 (8.9) 4 (5.5) 27 (9.7) 0.25

Statin 41 (11.7) 14 (19.2)a 27 (9.7) 0.03

Laboratory investigations

WBC, × 109/l 9.5 (7.7–12) 9.2 (7.4–12.2) 9.6 (7.9–12) 0.51

Hemoglobin, g/l 146 (134–158) 142 (128–154)a 149 (136–161) 0.003

hsCRP, mg/l 5.8 (2.4–15.5) 6.8 (3.4–19.3) 5.6 (2.2–13.8) 0.12

Creatinine, μmol/l 71 (60.9–84.7) 69.3 (59.8–89.2) 71.4 (61.3–84.2) 0.85

eGFR, ml/min/1.73 m2 95.6 (71.6–117.8) 86.2 (62–114.8) 94.7 (72.5–118.5) 0.06

FBG, mmol/l 6.3 (5.5–8.4) 6.5 (5.4–8.9) 6.2 (5.5–8.2) 0.52

TC, mmol/l 4.6 (3.8–5.2) 4.2 (3.4–5)a 4.6 (3.9–5.3) 0.007

TG, mmol/l 1.4 (1.1–2) 1.4 (1.1–2) 1.4 (1.1–2) 0.99

LDL ‑C, mmol/l 2.7 (2.2–3.2) 2.4 (1.8–2.9)a 2.7 (2.2–3.2) 0.01

HDL ‑C, mmol/l 1 (0.9–1.2) 1 (0.8–1.2) 1 (0.9–1.2) 0.05

Non–HDL ‑C, mmol/l 3.5 (2.8–4.2) 3.2 (2.6–3.9)a 3.6 (2.9–4.2) 0.01

CK ‑MB on admission, ng/ml 5.5 (1.9–21.7) 5.8 (1.9–21.8) 5.1 (1.9–21.6) 0.92

CK ‑MB 24 h post pPCI, ng/ml 91.4 (41.3–191.7) 113.6 (46.2–218.2) 90.8 (40.9–176.3) 0.18

pCK ‑MB, ng/ml 127 (28.2–257) 111 (15.2–258) 135 (32.6–258.5) 0.12

CK ‑MB 5 days post pPCI, ng/ml 1.5 (0.9–2.2) 1.5 (0.5–2.1) 1.5 (0.9–2.3) 0.43

∆1CK ‑MB, ng/ml 72.1 (21.2–161.1) 97.7 (26–187.3) 67 (20.3–140.8) 0.09

Δ2CK ‑MB, ng/ml –2.9 (–17.7 to –0.3) –3.2 (–16.4 to –0.1) –2.7 (–18.9 to –0.3) 0.91

TnI on admission, ng/ml 0.2 (0–1.8) 0 (0.2–1.3) 0 (0.2–2.1) 0.50

TnI 24 h post pPCI, ng/ml 15.7 (2.8–39.2) 12.9 (1–39.3) 16.3 (3.5–39.3) 0.18

pTnI, ng/ml 50 (21.8–50) 50 (22–50) 50 (21.5–50) 0.75

TnI 5 days post pPCI, ng/ml 1.8 (0.6–4.9) 0.3 (1.5–4.7) 0.6 (1.9–5) 0.36

Δ1TnI, ng/ml 9.2 (0–31.8) 4.8 (0–26.6) 10.4 (0–32.6) 0.22

Δ2TnI, ng/ml 0.6 (0–3.3) 0.2 (–0.1 to 3.3) 0.7 (0–3.4) 0.38

NT ‑proBNP on admission, pg/ml 194 (79.1–680.5) 275 (114–798) 180.5 (73.9–620.3) 0.14

NT ‑proBNP 24 h post pPCI, pg/ml 280.5 (105–818.3) 79.8 (227–902.5) 118 (300–805) 0.29

pNT ‑proBNP, pg/ml 1391 (603.5–2794) 1829 (846–3520.5)a 1286.5 (581.3–2595.3) 0.045

NT ‑proBNP 5 days post pPCI, pg/ml 685 (313–1431) 833.5 (307.8–1513.3) 655 (310–1414) 0.46

Δ1NT ‑proBNP, pg/ml 47.39 (–292.1 to 534) –458.9 (58.5–500) –280.8 (46.9–574.5) 0.87

Δ2NT ‑proBNP, pg/ml 264.7 (0–813) 276.7 (–61.3 to 837.2) 264.7 (0–807) 0.90
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∆1sST2, ∆2sST2, SYNTAX score, pNT ‑proBNP, he‑
moglobin, and LDL ‑C levels, age, sex, and LVEF 
below 50% were found to be the independent risk 
predictors. Multivariable Cox regression analysis 
revealed that ∆1sST2 was an independent risk fac‑
tor for MACE occurrence (P = 0.03).

Receiver operating characteristic curve analysis  
of the predictive value of Δ1 ssT2 for major adverse  
cardiovascular events The area under the ROC 
curve for ∆1sST2 as a predictor of post ‑pPCI 
MACEs in this patient cohort was 0.621 (95% CI, 
0.547–0.695; P = 0.001). According to the max‑
imum Youden index, the  cutoff value was 

rehospitalization group, median (IQR) ∆1sST2 
values were also significantly higher than in 
the patients who did not require cardiac rehos‑
pitalization (4.3 [1.3–11.0] ng/ml vs 2.1 [–0.4 
to –6.8] ng/ml, P = 0.02). However, the cardiac 
death and nonfatal MI groups showed similar 
levels of ∆1sST2. The ∆2sST2 values were simi‑
lar in all the subgroups (P >0.05; FIGuRE 3A and 3b).

Analysis of risk factors for major adverse cardiovascu-
lar events During the 1 ‑year follow ‑up, MACEs oc‑
curred in 20.9% of the enrolled patients. The Cox 
regression analysis was used to analyze the inde‑
pendent risk factors for MACEs. As shown in TAbLE 2, 

TAbLE 1 Clinical characteristics of patients in with and without major adverse cardiovascular events in the follow ‑up (continued from the previous 
page)

Parameter Total (n = 350) MACE (n = 73) MACE ‑free (n = 277) P value

Echocardiographic parameters

LVEDD, cm 5.2 (4.9–5.4) 5.2 (4.9–5.5) 5.2 (4.9–5.4) 0.80

LVESD, cm 3.6 (3.3–3.9) 3.6 (3.3–3.9) 3.6 (3.3–3.9) 0.69

LVEDVI, ml/m2 69.5 (62.6–78.4) 70.1 (60.9–81.5) 69.5 (62.8–78.2) 0.92

LVESVI, ml/m2 29.5 (24.5–36.8) 28.9 (23.7–37.4) 29.9 (24.6–36.6) 0.66

LVEF 0.57 (0.51–0.62) 0.58 (0.52–0.63) 0.57 (0.50–0.62) 0.61

LVEF <50%, n (%) 85 (24.3) 16 (21.9) 69 (24.9) 0.60

Angiographic parameters

LM, n (%) 22 (6.3) 6 (8.2) 16 (5.8) 0.44

Triple vessel, n (%) 243 (69.4) 51 (69.9) 192 (69.3) 0.93

TIMI flow grade 0–1 post pPCI, n (%) 4 (1.1) 0 4 (1.4) 0.17

Door ‑to ‑balloon time, min 84.5 (68.8–120) 82 (64–110) 85 (70–120) 0.25

pPCI, n (%) 322 (92) 69 (94.5) 253 (91.3) 0.37

GRACE score 151 (133–174) 150 (133.5–179) 151 (133–174) 0.88

SYNTAX score 16.5 (12–20.5) 14 (11.3–19.5)a 17 (12.5–20.5) 0.02

TIMI score 4 (2–6) 4 (2–6) 4 (2–6) 0.66

Pharmacotherapy during hospitalization, n (%)

Antiplatelet agent 350 (100) 73 (100) 277 (100) 1.00

ACEI/ARB 239 (68.3) 48 (65.8) 191 (69) 0.60

MRA 49 (14) 11 (15.1) 38 (13.7) 0.77

β ‑Blocker 274 (78.3) 51 (69.9) 223 (80.5) 0.06

Statin 350 (100) 73 (100) 277 (100) 1.00

Data are presented as mean (SD) or median (interquartile range) unless indicated otherwise.

Δ1CK ‑MB was calculated as the level assessed 24 hours after pPCI minus the admission level of CK‑MB; Δ2CK ‑MB was calculated as the level at day 5 
after pPCI minus the admission level of CK ‑MB.

Δ1TnI was calculated as the level assessed 24 hours after pPCI minus the admission level of TnI; Δ2TnI was calculated as the level assessed at day 5 
after pPCI minus the admission level of TnI.

Δ1NT ‑proBNP was calculated as the level assessed 24 hours after pPCI minus the admission level of NT ‑proBNP; Δ2NT ‑proBNP was calculated as 
the level assessed at day 5 after pPCI level minus the admission level of NT ‑proBNP.

a P <0.05 vs the MACE ‑free group

Abbreviations: ACEI, angiotensin ‑converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BMI, body mass index; CHD, coronary heart 
disease; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; FBG, fasting blood glucose; HDL ‑C, high ‑density lipoprotein 
cholesterol; hsCRP, high ‑sensitivity C ‑reactive protein; LDL ‑C, low ‑density lipoprotein cholesterol; LM, left main trunk; LVEDD, left ventricular end‑
‑diastolic dimension; LVEDVI, left ventricular end ‑diastolic volume index; LVEF, left ventricular ejection fraction; LVESD, left ventricular end ‑systolic 
dimension; LVESDVI, left ventricular end ‑systolic volume index; MI, myocardial infarction; MRA, mineralocorticoid receptor antagonist; OMI, old 
myocardial infarction; pPCI, primary percutaneous coronary intervention; pCK‑MB, peak value of creatine kinase isoenzyme ‑MB; pNT ‑proBNP, peak 
value of N ‑terminal pro ‑B‑type natriuretic peptide; pTnI, peak value of troponin I; SBP, systolic blood pressure; TC, total cholesterol; TG, 
triglyceride; WBC, white blood cell count; others, see FIGuRE 1
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MACEs refer to complications occurring in pa‑
tients with acute myocardial infarction (AMI) af‑
ter PCI and are related to a high mortality rate. 
Thus, prevention and early intervention are crit‑
ical to avoiding MACEs or minimizing their inci‑
dence.14,15 AMI can provoke cell migration into 
the myocardium, stimulating the inflammatory 
immune responses and resulting in structural 
and biochemical changes in the infarcted myo‑
cardium. These processes may lead to left ven‑
tricular remodeling, HF, and even death.5,16,17 As 
a traditional marker of myocardial damage, ele‑
vated troponin was associated with greater MI 
size and poor prognosis, but it was not implicat‑
ed to predict left ventricular remodeling in pre‑
vious studies, while CK ‑MB still lacks the spec‑
ificity in the diagnosis of AMI. In conditions 
such as breast malignancy, myocarditis, or peri‑
carditis, CK ‑MB level determination may lead 
to false ‑positive results.18 Subsequently, some 
clinical scores, such as GRACE and TIMI, have 
emerged to enhance the specificity of the predic‑
tion of MACEs. However, significant differenc‑
es in the predictive ability of the GRACE score 
in STEMI patients were found,19,20 and the TIMI 
score was ineffective, especially among individ‑
uals with left ventricular dysfunctions.21 Natri‑
uretic peptides are considered well ‑known diag‑
nostic and prognostic biomarkers for MACEs, 
but due to their clinical vulnerability and hypo‑
sensitivity, they are not always reliable in clinical 
practice.22 The prognostic impact of NT ‑proBNP 
in STEMI patients has been evaluated in previ‑
ous studies.23,24 Mohammad et al25 showed that 
the change in pNT ‑proBNP values following STE‑
MI was predictive of the extent of myocardial 
damage and clinical outcomes. Sabatine et al26 
demonstrated the enhanced predictive and prog‑
nostic power of short ‑term risk stratification 
using changes in the sST2 level combined with 
the NT ‑proBNP level in patients with STEMI. 
However, we failed to corroborate the signifi‑
cance of changes in NT ‑proBNP levels that had 
been shown in previous studies. Therefore, we 
attempted to assess the role of alteration trends 
in NT ‑proBNP levels to predict MACEs in this 
study. Besides, the use of novel biological mark‑
ers was shown to improve the accuracy of diag‑
nosis in cardiovascular patients, providing ad‑
ditional mechanistic insights into the biological 
alterations, and sST2 is one of these biomarkers.

It has been shown that sST2 binds IL ‑33, in‑
hibiting its interaction with the ST2L receptor 
to trigger the cardioprotective signaling, result‑
ing in the limited protective effect of ST2 on car‑
diac remodeling.12,27,28 Previous studies showed 
that sST2 is a robust prognostic marker predict‑
ing an increased risk of cardiovascular mortality 
and adverse events. sST2 level increases steadi‑
ly after AMI till it reaches its peak 12 to 18 hours 
post AMI, and this change positively correlates 
with CK levels and negatively with ejection frac‑
tion.29-31 Kohli et al32 concluded that the change in 
the sST2 level is strongly associated with the risk 

1.87 ng/ml, with a sensitivity of 69.9%, and 
a specificity of 51.6% (FIGuRE 4).

The Kaplan–meier analysis of the 1 -year risk for 
major adverse cardiovascular events according to 
Δ1ssT2 Based on the cutoff value of ∆1sST2, all 
patients were divided into a low ∆1sST2 group 
(∆1sST2 ≤1.87 ng/ml; n = 165) and a high ∆1sST2 
group (∆1sST2 >1.87 ng/ml; n = 185). In the anal‑
ysis using the low ∆1sST2 group as a reference, 
the 1 ‑year incidence rate of MACEs was 13.3% 
(22/165) in the  low ∆1sST2 group and 27.6% 
(51/185) in the high ∆1sST2 group (hazard ra‑
tio [HR], 2.225; 95% CI, 1.368–3.719; P <0.05; 
TAbLE 3). Coronary revascularization was elec‑
tive in all cases and was performed in 9.4% of 
all patients (33/350), including 5.5% (9/165) of 
the patients in the low ∆1sST2 group and 13% 
(24/185) in the high ∆1sST2 group (HR, 2.476; 
95% CI, 1.151–5.326; P <0.05). Cardiac rehospi‑
talization occurred in 9.1% (15/165) of the pa‑
tients in the low ∆1sST2 group and 17.3% (32/185) 
of those in the high ∆1sST2 group (HR, 1.982; 
95% CI, 1.073–3.661; P <0.05). The incidence of 
cardiac death and nonfatal MI did not differ in 
the 2 groups (P >0.05; TAbLE 3; FIGuRE 5).

dIsCussION In the current study, we present 2 
important findings: 1) changes in the plasma level 
of sST2 measured at 3 time points in the post ‑pPCI 
patients with STEMI were similar to the changes in 
the levels of cardiac biomarkers—the concentra‑
tion of sST2 was elevated 24 hours post pPCI and 
then decreased at day 5 after the procedure, and 2) 
the change in plasma sST2 levels from baseline to 
24 hours post pPCI had a potential predictive val‑
ue for MACE incidence during 1 ‑year follow ‑up in 
patients with STEMI. Patients in the MACE group 
had a significantly greater increase in their plasma 
sST2 levels than those in the MACE ‑free group. 
However, the same was not true for NT ‑proBNP, 
TnI, and CK ‑MB levels.

FIGuRE 2  Comparisons of plasma levels soluble suppression of tumorigenicity 2 on 
admission as well as 24 hours and 5 days after primary percutaneous coronary 
intervention 
Abbreviations: see FIGuRE 1
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results, it remains uncertain whether sST2 can 
be used to predict the outcome of patients with 
AMI. Herein, we reported that the sST2 concen‑
tration significantly increased 24 hours post pPCI 
and decreased at day 5 after the procedure in 350 
STEMI patients, which is consistent with the re‑
sults of previous studies30,31. However, in our 
study, sST2 plasma levels on admission, as well 
as 24 hours and 5 days post pPCI, were not sig‑
nificantly different in the MACE and MACE ‑free 

of HF after non ‑STEMI at 30 days and 1 year but 
correlates weakly with biomarkers of acute inju‑
ry and NT ‑proBNP. Jenkins et al33 demonstrat‑
ed that higher values of sST2 could be associat‑
ed with an increased risk of death and HF follow‑
ing MI in a large cohort of unselected communi‑
ty patients. However, another study showed that 
the baseline sST2 level was not associated with 
progressive cardiac remodeling following MI in 
a 4 ‑month follow ‑up.34 Despite some promising 

FIGuRE 3  Comparisons of ∆1sST2 (A) and ∆2sST2 (b) between patients with and without major adverse 
cardiovascular events in the 1 ‑year follow ‑up 
∆1sST2 was calculated as the level assessed 24 hours after pPCI minus the admission level of sST2; ∆2 sST2 was 
calculated as the level assessed at day 5 after pPCI level minus the admission level of sST2. 
a P <0.05 vs MACE ‑free group 
Abbreviations: see FIGuRE 1
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revealed that ∆NT ‑proBNP had no significant pre‑
dictive potential with respect to MACEs. The in‑
consistent results may be due to the differences 
in study populations and definitions of MACEs. 
In addition, NT ‑proBNP is primarily associated 
with decreased cardiac function, and levels of na‑
triuretic peptides are usually influenced by age, 
sex, body mass index, etiology of HF, renal dys‑
function, and other factors.37 The prognostic val‑
ue of sST2 was shown to be incremental to that 
of NT ‑proBNP in patients with HF.37,38 sST2 posi‑
tively correlated with cardiomyocyte hypertrophy 
and cardiac fibrosis, promoting inflammatory re‑
actions, and had a low biological variability.39 No‑
tably, ∆1sST2 and ∆2sST2 values were significant‑
ly different between the MACE and MACE ‑free 
groups in our study. The Cox regression analysis 
revealed that ∆1sST2 was an independent risk fac‑
tor for MACEs, whereas ∆2sST2 was not. In other 
words, a high sST2 concentration 24 hours post‑
‑pPCI in patients with STEMI was associated with 
an increased risk of MACE development, inde‑
pendent of any other prognostic factors, such as 
age, sex, LVEF below 50%, or LDL ‑C, hemoglo‑
bin, and pNT ‑proBNP levels in the 1 ‑year follow‑
‑up. To the best of our knowledge, this is the first 
study reporting these critical observations. Ad‑
ditionally, our data suggest that sST2 measure‑
ment at multiple time points can provide more 
accurate prognostic information with respect to 
MACEs than a single measurement.

MI is associated with the activation of inflam‑
matory immune responses. In response to inflam‑
mation and cardiac stress, the IL ‑33/ST2 signal‑
ing pathway gets activated to prevent myocardial 
hypertrophy and fibrosis by blocking the conver‑
sion of T ‑helper type 1 (Th1) to Th2 cells to allevi‑
ate atherosclerosis. Meanwhile, sST2 is released 

groups. In contrast, previous studies showed 
that the sST2 level on admission might serve as 
a prognostic marker in the follow ‑up of patients 
with HF and AMI.35,36 Our study did not con‑
firm the role of sST2 on admission in predicting 
the risk of MACEs. We also observed changes in 
the level of NT ‑proBNP; however, the predictive 
ability of baseline or peak values of NT ‑proBNP 
was not onfirmed either in this study. Further‑
more, the multivariable Cox regression analysis 

TAbLE 2 Multivariable Cox regression analysis of the predictors of major adverse cardiovascular events in 1 ‑year follow ‑up

Parameter Univariable model Multivariable model 1a Multivariable model 2b

P value HR 95% CI P value Adjusted 
HR

95% CI P value Adjusted 
HR

95% CI

∆1sST2, ng/ml 0.001 1.036 1.015 1.058 0.03 1.030 1.003 1.057 – – – –

∆2sST2, ng/ml 0.05 1.039 1.000 1.080 – – – – 0.19 1.030 0.986 1.076

Male sex 0.11 0.670 0.409 1.097 0.96 0.978 0.445 2.151 0.92 1.043 0.476 2.282

Age 0.01 1.023 1.005 1.042 0.33 1.013 0.987 1.040 0.31 1.014 0.988 1.041

SYNTAX score 0.04 2.672 1.011 7.060 0.32 0.974 0.925 1.025 0.28 0.972 0.923 1.024

Hemoglobin, g/l 0.002 1.455 0.614 3.447 0.89 0.999 0.978 1.020 0.99 1.000 0.979 1.021

pNT ‑proBNP, per 
100 pg/ml

0.07 1.005 1.000 1.010 0.33 1.003 0.997 1.009 0.26 1.004 0.997 1.010

LDL ‑C, mmol/l 0.03 0.706 0.518 0.961 0.22 0.792 0.545 1.153 0.18 0.771 0.529 1.125

LVEF <50% 0.62 0.869 0.499 1.513 0.90 1.043 0.529 2.056 0.84 1.072 0.541 2.125

∆1sST2 was calculated as the level assessed 24 hours after pPCI minus the admission level of sST2; ∆2sST2 was calculated as the level assessed 
at day 5 after pPCI minus the admission level of sST2.

a Adjusted for ∆1sST2, male sex, age, SYNTAX score, hemoglobin, pNT ‑proBNP, LDL ‑C, and LVEF<50%

b Adjusted for ∆2sST2, male sex, age, SYNTAX score, hemoglobin, pNT ‑proBNP, LDL ‑C, and LVEF<50%

Abbreviations: HR, hazard ratio; others, see FIGuRE 1 and TAbLE 1

FIGuRE 4  Receiver operating characteristics curve analysis of the predictive value of 
∆1sST2 for major adverse cardiovascular events 
∆1sST2 was calculated as the level assessed 24 hours after pPCI level minus 
the admission level of sST2. 
Abbreviations: AUC, area under the curve; others, see FIGuRE 1
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FIGuRE 5  Cumulative risk for the occurrence of major adverse 
cardiovascular events (A), cardiac death (b), nonfatal MI (C), coronary 
revascularization (d), and cardiac rehospitalization (E) in the 1 ‑year follow ‑up in 
the patients with low ∆1sST2 (blue line) and high ∆1sST2 (black line) 
∆1sST2 was calculated as the level assessed 24 hours after pPCI minus 
the baseline level of sST2. 
Abbreviations: see FIGuRE 1 and TAbLE 1
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TAbLE 3 Clinical events in groups with small and great changes in the level of soluble suppression of tumorigenicity 2 during the 1 ‑year follow ‑up

Parameter ∆1sST2 ≤1.87 ng/ml (n = 165) ∆1sST2 >1.87 ng/ml (n = 185) HR (95 %CI) P value

MACEs 22 (13.3) 51 (27.6) 2.225 (1.368–3.719) 0.001

Cardiac death 2 (1.2) 4 (2.2) 1.791 (0.328–9.778) 0.50

Nonfatal MI 3 (1.8) 5 (2.7) 1.779 (0.326–9.741) 0.51

Coronary revascularization 9 (5.5) 24 (13) 2.476 (1.151–5.326) 0.02

Cardiac rehospitalization 15 (9.1) 32 (17.3) 1.982 (1.073–3.661) 0.03

Data are presented as number (percentage) of patients unless indicated otherwise.

∆2sST2 was calculated as the level assessed 24 hours after pPCI minus the admission level of sST2.

Abbreviations: see FIGuRE 1 and TAbLEs 1 and 2
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between the MACE and MACE ‑free groups. We 
believe that the predictive value of sST2 could 
be higher in STEMI patients undergoing pPCI.

Limitations There are some limitations to this 
study. First, this was a single ‑center study with 
a relatively small sample size and short follow‑
up. Second, the incidence rate of cardiac death 
in this study was too low to enable investigation 
of its relationship with the sST2 level in this co‑
hort of patients.

Conclusions The increase in the plasma sST2 level 
from admission to 24 hours post pPCI could have 
an independent prognostic value in predicting 
1 ‑year MACEs, especially coronary revascular‑
ization and cardiac rehospitalization, in STEMI 
patients undergoing pPCI. Mitigating sST2 ele‑
vation as a therapeutic target may reduce the in‑
cidence of post ‑pPCI MACEs and improve clini‑
cal outcomes of the patients.
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into circulation. Th1 cells play a critical patho‑
genic role in atherosclerosis.40 This might explain 
why the plasma levels of sST2 were significantly 
increased in patients with STEMI. In our study, 
∆1sST2 weakly correlated with biomarkers of acute 
injury (TnI) and inflammation (hsCRP), and less 
pronounced changes in sST2 levels were associat‑
ed with significantly lower incidence of compos‑
ite MACEs, coronary revascularization, and car‑
diac rehospitalization during the 1 ‑year follow‑
‑up after pPCI. It is possible that a higher level of 
sST2 could induce a more severe inflammatory re‑
sponse, severe atherosclerosis, and increased area 
of myocardial injury, thus explaining why the in‑
cidence rate of MACEs was higher in the group 
with greater ∆1sST2 than that with lower ∆1sST2.

We were not able to prove that the absolute 
level of sST2 at a single time point had any prog‑
nostic role for MACE prediction. This discrepan‑
cy between our results and findings of previous‑
ly published studies10,14 might be due to the fact 
that we measured sST2 levels at multiple time 
points to reveal the impact of dynamic changes 
in the sST2 level rather than considering the ab‑
solute sST2 level at a single time point.

SYNTAX scoring, a quantitative digital meth‑
od for the prognostic evaluation of patients un‑
dergoing PCI, assesses the severity of coronary ar‑
tery disease and the number of affected vessels in 
combination with image analyses. Previous stud‑
ies showed that elevated levels of LDL ‑C and TC, 
as well as statin use before index admission, were 
associated with a high SYNTAX score and were 
predictors of coronary heart disease complexi‑
ty.41-43 In our study, the SYNTAX score as well as 
LDL ‑C and TC levels were higher and statin use 
was less frequent in the MACE ‑free group than in 
the MACE group. SYNTAX score was found to pos‑
itively correlate with the LDL ‑C level in previous 
studies,44 which was consistent with the results 
of our study—this is why patients in the MACE‑
‑free group had a higher SYNTAX score. We also 
estimated the door ‑to ‑balloon time to evaluate 
the relationship between the sST2 level and isch‑
emic time. Vichova et al45 showed that a longer 
delay to reperfusion was associated with higher 
baseline levels of thioredoxin 1 and 8‑isoprostanes 
1 hour following pPCI, which was related to oxi‑
dative stress. Unfortunately, no significant differ‑
ence for this parameter was observed in our study. 
However, Vichova et al45 noted that the changes in 
marker levels in relation to ischemic time and re‑
perfusion seem more relevant than isolated values. 
This observation was consistent with our results.

Overall, our study supports and extends 
the knowledge from prior publications. We ex‑
amined the changes in sST2 levels in patients af‑
ter STEMI and found an association between this 
parameter and long ‑term clinical outcomes after 
pPCI. We did not prove that the dynamic changes 
in the levels of NT ‑proBNP, TnI, and CK ‑MB had 
an independent predictive value for MACEs. There 
were no significant differences in pharmacother‑
apy before admission and during hospitalization 
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