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ABSTRACT
Background: Both soluble suppression of tumorigenicity 2 (sST2) and N-terminal pro-brain natri-
uretic peptide (NT-proBNP) are promising biomarkers associated with the adverse clinical out-
comes of dialysis patients. Our research aims at exploring and comparing the roles of sST2 and
NT-proBNP in predicting the short-term and long-term mortality of maintenance hemodialysis
(MHD) patients.
Methods: A prospective cohort study was performed. Patients undergoing hemodialysis in July
2014 were enrolled from the Blood Purification Center of Ruijin Hospital. MHD patients were fol-
lowed up for 3 years. The primary outcome was all-cause mortality at the 1-year and 3-year fol-
low-up, while the secondary outcome was cardiovascular mortality. Serum sST2 level was
detected by quantified ELISA kits. Clinical data were analyzed by SPSS 23.0 version.
Results: 205 patients were recruited. The median sST2 level was 15.99 (11.60, 20.49) ng/ml. After
3 years of follow-up, both all-cause and cardiovascular mortality in 1 year and all-cause and car-
diovascular mortality in 3 years increased significantly with serum sST2. For short-term mortality,
no significant difference was observed in patients with increasing NT-proBNP levels. Cox regres-
sion analysis indicated that only sST2 was independent in predicting the risk of short-term out-
comes. For long-term mortality, both sST2 and NT-proBNP were independent risk factors, while a
higher hazard ratio was observed for NT-proBNP.
Conclusions: Serum sST2 is a novel biomarker associated with adverse clinical outcomes in MHD
patients. It was significant for both all-cause and cardiovascular mortality in MHD patients and
may provide better prognostic value in short-term prognosis than the classic biomarker
NT-proBNP.

Abbreviations: sST2: Suppression of Tumorigenicity 2; NT-proBNP: N-terminal pro-brain natri-
uretic peptide; MHD: Maintenance hemodialysis; IL-33: Interleukin-33; Hb: Hemoglobin; ALB:
Albumin; Scr: Serum creatinine; UA: Uric acid; Ca: Calcium; P: Phosphate; iPTH: intact parathyroid
hormone; 25(OH)D: 25-hydroxy vitamin D; SI: serum iron; SF: serum ferritin; CRP: C-reactive pro-
tein; NT-proBNP: N-terminal pro-brain natriuretic peptide; BMI: Body Mass Index; URR: Urea nitro-
gen reduction rate; spKt/V: Single-pool Kt/V; IL-1: Interleukin-1
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Background

End-stage renal disease (ESRD) has been a public health

burden worldwide. The ESRD prevalence in Shanghai

has increased to 898.2 per million population-years

(pmp) in 2014 [1], while in United States it has

increased to 2053.9 pmp in 2017 [2]. The mortality in

ESRD patients is much higher than general population,

especially in the first year starting dialysis treatment [3].

Fatal cardiovascular events were the leading causes of
known cause-specific mortality, responsible for more
than 40% of deaths in dialysis patients [2]. Hence,
exploring new strategies to predict the risk of adverse
clinical outcomes, especially cardiovascular disease
mortality, may be beneficial to improve the outcomes
of MHD patients.

N-terminal pro-brain natriuretic peptide (NT-proBNP)
is a well-recognized biomarker for cardiac dysfunction
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and mortality. The association of NT-proBNP with mor-
tality in MHD has been shown by numerous studies
[4,5]. Soluble suppression of tumorigenicity 2 (sST2) is a
regulatory factor closely related to inflammation [6],
and has been reported associated with mortality and
fatal cardiovascular events in dialysis patients [7,8].
Moreover, circulating sST2 has been recommended as
an additional risk stratification factor for acute and
chronic heart failure by the American Heart Association
[9]. Although some researches have investigated the
predicters for adverse outcomes in MHD patients, there
is a lack of studies evaluating the prediction ability of
the same factors to both short-term and long-term out-
comes. Previous researches revealed that the influence
of comorbid conditions on mortality could change over
time [5,10]. Though previous studies showed that both
NT-proBNP and sST2 were able to predict poor out-
comes of MHD patients, whether they are both predict-
ive of short-term and long-term outcomes remains
unclear. The current research aims to explore the pre-
dictive ability of serum sST2 and NT-proBNP for short-
term and long-term mortality and to provide evidence
for their detection value in MHD patients.

Materials and methods

Study population and design

213 patients underwent regular hemodialysis treatment
in July 2014 at the Ruijin Blood Purification Center con-
sented to participate in the study. 8 patients who were
over 85 years old, whose dialysis vintage was less than
3months, who had an unstable dry weight, who had a
history of myocardial infarction or active infection
within 3months were excluded. In total, 205 patients
underwent serum sST2 detection. The patients were fol-
lowed up continuously until July 2017. The date of out-
comes was recorded. Fatal events and other clinical
events, including transferring to other dialysis centers
or receiving kidney transplantation, were recorded. The
primary outcome of the current study was all-cause
death, and the secondary outcome was fatal cardiovas-
cular events, which included acute myocardial infarc-
tion, acute congestive heart failure, lethal cardiac arrest,
stroke, secondary epilepsy and unexpected death
defined as patients being found dead in their sleep by
family members. The flow chart of the study is pre-
sented in Supplementary Figure 1.

Data collection and laboratory measurements

The patients’ medical history, demographic characteris-
tics, medications and dialytic prescriptions were

collected during the recruitment period. Predialysis bio-
chemical indicators (e.g., hemoglobin (Hb), albumin
(ALB), creatinine (SCr), blood urea nitrogen (BUN),
serum iron (SI), serum ferritin (SF), C-reactive protein
(CRP) and NT-proBNP) and postdialysis BUN, were
measured in the central clinical laboratory of Ruijin
Hospital and collected during the recruitment period.

The remaining predialysis blood serum samples
were preserved at �80 �C for further detection.
Patients’ serum sST2 levels were detected by Human
ST2/IL-33R Quantikine ELISA Kit (R&D Systems,
Minneapolis, MN). Each sample was tested twice in
twin wells to calculate the mean value as the final
level of serum sST2. The detection range of the serum
sST2 immunoassay was 6.74–20.42 ng/ml. The intra-
assay precision was 4.4–5.6%, and the interassay preci-
sion was 5.4–7.1%. No significant cross-reactivity or
interference was observed. The formulas for body
mass index (BMI), urea reduction ratio (URR), and Kt/V
are listed in the Supplementary Material.

Color Doppler echocardiography examinations

Patients underwent the color Doppler echocardiog-
raphy examinations to evaluate cardiac function. The
examination was performed by color Doppler diasono-
graph (Siemens, Acuson Sequoia C512, Germany) with a
probe frequency of 3.5MHz, left ventricular ejection
fraction (LVEF), left ventricular end diastolic diameter
(LVEDD), interventricular septal thickness (IVST) and left
ventricular posterior wall thickness (PWT) were col-
lected. The formulas for left ventricular mass (LVM),
body surface area (BSA) and left ventricular mass index
(LVMI) are listed in the Supplementary Material.

Statistical analysis

The normality test was performed by the
Kolmogorov–Smirnov test. A Q–Q plot was assessed
visually to validate the normal distribution of the resid-
uals. Continuous data with a normal distribution are
presented as the mean± SD. The comparison between
groups was performed with two independent sample t-
tests or one-way ANOVA, and Pearson’s correlation was
used to analyze the association between sST2 and other
clinical parameters. Nonnormally distributed data are
presented as the median (interquartile range). The com-
parison between groups was performed by a nonpara-
metric test, and binary correlation analysis was
performed by Spearman’s correlation. Enumeration
data are presented as X%, and the v2 test was adopted
to make comparisons between groups.
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Univariate and multivariate linear regression analyses
were used to analyze the association of relevant clinical
factors with serum sST2. Variables with p< 0.1 in the
univariate analysis were included in the multivariate
model. Multivariate linear regression analysis was per-
formed in the stepwise mode. All data analyses were
performed with SPSS version 23.0 (SPSS Inc. Chicago, IL)
and p values <0.05 were significant.

Survival analysis

Short-term outcomes were defined as death within
1 year after patients enrolled, while long-term outcomes
were defined as death within 3 years. The risk factors of
short-term outcomes and long-term outcomes were
analyzed separately. The Kaplan–Meier analysis was
conducted to determine the discrepancy in mortality
among patients with different levels of serum sST2 or
NT-proBNP. The Kaplan–Meier curves were created
according to the tertiles of each biomarker. Patients
who were transferred to other dialysis centers or
received kidney transplantation were considered survi-
vors when conducting survival analysis.

To analyze the predictive ability of the two bio-
markers for short-term and long-term outcomes in
MHD patients, univariate and multivariate Cox regres-
sion analysis were performed to calculate hazard ratios
and corresponding 95% confidence intervals (CIs).
Apart from serum sST2 and NT-proBNP, several
acknowledged variables were included in the multivari-
ate hazard models, including sex, age, dialysis vintage,
spKt/V, ALB and BMI, LVEF and LVMI.

Results

Baseline clinical characteristics

Among 205 MHD patients in the cohort, 61.0% were
male. The median age was 59 (50, 68) years, the median

dialysis vintage was 54.2 (30.7, 88.9) months, the
median dry weight was 60.00 (50.50, 68.00) kg, the
median intradialytic weight gain was 2.80 (2.00, 3.45)
kg, the mean BMI was 21.78 ± 3.45 kg/m2, and the
median spKt/V was 1.45 (1.29, 1.64). Approximately
95.1% of patients dialyzed through arteriovenous fis-
tula, and 88.8% of patients received dialysis three times
a week. Chronic glomerulonephritis was the leading
cause of ESRD (58.0%). More than 90% of patients had
hypertension, and 29.3% of patients had diabetes melli-
tus. The baseline laboratory results are presented in
Supplementary Table 1.

Serum sST2 level
The median serum sST2 level was 15.99 (11.60, 20.49)
ng/ml with non-normal distribution (Figure 1(a)), and
Q–Q plot for LgsST2 was shown in Figure 1(b). The level
of LgsST2 is 1.20 ± 0.21. No significant effect of drug
utilization on serum sST2 was observed (Supplementary
Table 2). Pearson correlation analysis showed that
LgsST2 was significantly correlated to LgNT-proBNP
(r¼ 0.257, p< 0.001), LgLVMI (r¼ 0.193, p¼ 0.006), BMI
(r=-0.157, p¼ 0.024) and ALB (r=-0.147, p¼ 0.036).

The association of serum sST2 and NT-proBNP
with short-term outcomes in MHD patients

16 (7.8%) patients died during the 1-year follow-up,
and 13 deaths (81.2%) were attributed to cardiovascular
causes. The K–M analysis showed that both all-cause
and cardiovascular mortality within 1 year rose signifi-
cantly with increasing serum sST2 (p¼ 0.025 for mortal-
ity vs. p¼ 0.012 for CV mortality), while no significant
difference was observed with increasing NT-proBNP
(p¼ 0.079 for mortality vs. p¼ 0.073 for CV mortality)
(Figure 2). In the Cox regression model, only sST2 was
independently associated with both short-term all-
cause mortality (adjusted HR ¼ 1.036, p¼ 0.003) and

Figure 1. The histogram of serum sST2 level and normal Q–Q plot of LgsST2. (a) Histogram of sST2 level. (b) Normal Q–Q plot
of LgsST2.
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cardiovascular mortality (adjusted HR 1.040, p¼ 0.001).
No significant was shown in NT-proBNP (Table 1).

The association of serum sST2 and NT-proBNP
with long-term mortality in MHD patients

During the 3-year follow-up, 46 (22.4%) patients died in
total, and 30 deaths (65.2%) were attributed to cardio-
vascular causes. The K-M analysis showed that both all-
cause and cardiovascular mortality within 3 year rose
significantly with increasing serum sST2 (p¼ 0.014 for
mortality vs. p¼ 0.001 for CV mortality), as well as NT-
proBNP (p< 0.001 for mortality vs. p< 0.001 for CV
mortality) (Figure 3). In Cox regression analysis, sST2
(adjusted HR 1.020, p¼ 0.038) and LgNT-proBNP
(adjusted HR 2.301, p¼ 0.022) were significant risk fac-
tors for long-term all-cause mortality, as well as cardio-
vascular mortality (sST2, adjusted HR 1.022, p¼ 0.034;
LgNT-proBNP, adjusted HR 4.798, p< 0.001) (Table 2).

Discussion

Our study is a single-center prospective cohort study.
We included 205 patients under dialysis, and investi-
gated the predicted value of serum sST2 and NT-
proBNP for both shot-term and long-term outcomes.
The main finding of our study was serum sST2 level was
the only independent risk factor for short-term mortal-
ity. This finding suggested that the prognostic value of
sST2 for short-term mortality may be better than that of
NT-proBNP.

ST2 is a member of the interleukin-1 (IL-1) receptor
family of glycoproteins produced by structural cells and
epithelia cells. It is mainly expressed in two isoforms:
the transmembrane form ST2L and the soluble form
sST2. Extracellular sST2 plays an important role in pro-
moting inflammation [11] and cardiac fibrosis [12] by
blocking the protective effect of the IL-33/ST2L signal-
ing pathway as a decoy receptor [13]. Bao et al. [12]
found a significant increase in serum sST2 in patients

Figure 2. Kaplan–Meier curves for 1-year overall and cardiovascular mortality-free survival in patients stratified by tertiles of
serum ST2 and NT-proBNP. (a) 1-year overall survival in patients stratified by tertiles of sST2, (b) 1-year overall survival in patients
stratified by tertiles of NT-proBNP, (c) 1-year cardiovascular mortality-free survival in patients stratified by tertiles of sST2, (d) 1-
year cardiovascular mortality-free survival in patients stratified by tertiles of NT-proBNP.
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with renal failure; however, the ascensional range of
sST2 was significantly less than that of small molecular
proteins, similar to that in other inflammatory chronic
diseases, because the increment of serum sST2 in ESRD
patients mainly stemmed from tractive myocardium
and activated immune cells instead of descending from
renal excretion.

Recent studies found that sST2 was engaged in the
regulation of diverse cardiovascular diseases such as
myocardial infarction [14], congestive heart failure
[15,16] and cardiac hypertrophy [17] by activating
inflammation. The latest guidelines of the American
Heart Association recommended sST2 as an additional
risk stratification factor for heart failure, especially in
the acute phase [9]. MHD patients may be a target
population for sST2 due to a high prevalence rate of
cardiovascular morbidities, a higher level of sST2 [12,18]
and persistent circumstances of microinflammation
[19]. We also observed that both 1-year and 3-year all-
cause and cardiovascular mortality rose significantly
with serum sST2. Further analyses demonstrated that
serum sST2 was an independent risk factor for both all-
cause and cardiovascular mortality in the short-term
and the long-term.

Due to the similarities of sST2 and NT-proBNP in
identifying individuals with a higher risk of cardiovascu-
lar diseases and adverse clinical outcomes, comparisons
have been made for these two biomarkers in recent
years [20–22]. The pros and cons of sST2 and

NT-proBNP are currently inconclusive. Two recent pro-
spective clinical studies found that the effect of sST2
and NT-proBNP was different in predicting adverse out-
comes in MHD patients. Multivariate Cox regression
analysis reported by Obokata et al. revealed that only
sST2 was an independent risk factor for 2-year mortality
when sST2 and NT-proBNP were included in the regres-
sion model simultaneously [7]. Another study demon-
strated that the prognostic power of sST2 to predict 3-
year adverse clinical outcomes was weaker than that of
NT-proBNP [8]. Apart from the discrepancy, neither of
the two studies systematically investigated the prog-
nostic value of the two biomarkers for short-term or
long-term mortality in MHD patients; thus, the findings
of our study may have an important impact on the clin-
ical application of the two biomarkers. In this study, we
found that 1-year mortality rose significantly with
serum sST2 but not NT-proBNP, and sST2 was the only
independent risk factor for 1-year mortality.

In addition, sST2 was a more stable biomarker in
MHD patients due to the characteristic that it was less
susceptible to dialysis treatment than NT-proBNP
[23,24], which was cleared mainly by the kidney [25].
And serum sST2 has been considered as an acute phase
protein in acute infections [6] and acute inflammatory
diseases [26]; thus, it is closely associated with the level
of recent inflammation activation. Considering the rea-
sons above, circulating sST2 may be a better biomarker
to reflect the near-term level of inflammation and

Table 1. Cox regression analysis of 1-year mortality.

Terms

Univariate Model 1 Model 2

HR (95%CI) p HR (95%CI) p HR (95%CI) p

All-cause mortality
Male 1.592 (0.597, 4.2414) 0.353 – NS – NS
Age 1.043 (1.000, 1.088) 0.049 – NS – NS
Dialysis vintage 1.000 (0.991, 1.010) 0.97 – NS – NS
SpKT/V 1.177 (0.207, 6.697) 0.854 – NS – NS
BMI 0.831 (0.700, 0.987) 0.035 – NS – NS
ALB 0.712 (0.634, 0.799) <0.001 0.739 (0.656, 0.832) <0.001 0.739 (0.656, 0.832) <0.001
LVEF 0.956 (0.905, 1.029) 0.279 – NS – NS
LVMI 1.007 (0.996, 1.019) 0.218 – NS – NS
sST2 1.045 (1.024, 1.067) <0.001 1.036 (1.012, 1.060) 0.003 1.036 (1.012, 1.060) 0.003
LgNT-proBNP 3.943 (1.443, 10.773) 0.007 / / – NS

Cardiovascular mortality
Male 1.360 (0.457, 4.048) 0.58 – NS – NS
Age 1.040 (0.993, 1.089) 0.095 – NS – NS
Dialysis vintage 1.002 (0.992, 1.012) 0.707 – NS – NS
SpKT/V 0.779 (0.106, 5.726) 0.806 – NS – NS
BMI 0.875 (0.729, 1.050) 0.151 – NS – NS
ALB 0.735 (0.648, 0.834) <0.001 0.767 (0.673, 0.875) <0.001 0.767 (0.673, 0.875) <0.001
LVEF 0.941 (0.882, 1.004) 0.066 – NS – NS
LVMI 1.010 (0.998, 1.022) 0.119 – NS – NS
sST2 1.048 (1.026, 1.071) <0.001 1.040 (1.016, 1.065) 0.001 1.040 (1.016, 1.065) 0.001
LgNT-proBNP 4.487 (1.448, 13.910) 0.009 / / – NS

When NT-proBNP was used in the Cox regression model, its HR and 95% CI for different dependent variant were all close to 1.000, therefore LgNT-
proBNP was used in the Cox regression model for analysis.
Model 1: Adjusted by sex, age, dialysis vintage, spKT/V, BMI, ALB, LVEF, LVMI and sST2, Forward LR.
Model 2: Adjusted by sex, age, dialysis vintage, spKT/V, BMI, ALB, LVEF, LVMI, sST2 and LgNT-proBNP, Forward LR.
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Figure 3. Kaplan–Meier curves for 3-year overall and cardiovascular mortality-free survival in patients stratified by tertiles of
serum ST2 and NT-proBNP. (a) 3-year overall survival in patients stratified by tertiles of sST2, (b) 3-year overall survival in patients
stratified by tertiles of NT-proBNP, (c) 3-year cardiovascular mortality-free survival in patients stratified by tertiles of sST2, (d) 3-
year cardiovascular mortality-free survival in patients stratified by tertiles of NT-proBNP.

Table 2. Cox regression analysis of 3-year mortality.

Terms

Univariate Model 2 Model 3

HR (95%CI) p HR (95%CI) p HR (95%CI) p

All-cause mortality
Male 1.004 (0.555, 1.815) 0.989 – NS – NS
Age 1.042 (1.016, 1.068) 0.001 1.034 (1.010, 1.059) 0.005 1.034 (1.009, 1.060) 0.006
Dialysis vintage 1.001 (0.996, 1.007) 0.615 – NS – NS
SpKT/V 0.341 (0.109, 1.066) 0.064 – NS – NS
BMI 0.938 (0.857, 1.026) 0.163 – NS – NS
ALB 0.818 (0.740, 0.904) <0.001 0.828 (0.751, 0.913) <0.001 0.837 (0.763, 0.918) <0.001
LVEF 0.924 (0.892, 0.957) <0.001 0.925 (0.893, 0.959) <0.001 0.947 (0.910, 0.986) 0.008
LVMI 1.008 (1.001, 1.015) 0.027 – NS – NS
sST2 1.033 (1.016, 1.049) <0.001 1.028 (1.009, 1.047) 0.004 1.020 (1.001, 1.040) 0.038
LgNT-proBNP 3.765 (2.080, 6.814) <0.001 / / 2.301 (1.126, 4.701) 0.022

Cardiovascular mortality
Male 1.904 (0.430, 1.899) 0.79 – NS – NS
Age 1.053 (1.020, 1.087) 0.002 1.048 (1.016, 1.080) 0.003 1.045 (1.012, 1.079) 0.007
Dialysis vintage 1.004 (0.998, 1.010) 0.183 1.000 (1.006, 1.012) 0.047 – NS
SpKT/V 0.437 (0.102, 1.873) 0.265 – NS – NS
BMI 0.953 (0.854, 1.063) 0.389 – NS – NS
ALB 0.802 (0.715, 0.900) <0.001 0.823 (0.735, 0.920) 0.001 0.837 (0.755, 0.927) 0.001
LVEF 0.928 (0.888, 0.970) 0.001 0.927 (0.886, 0.970) 0.001 – NS
LVMI 1.012 (1.004, 1.020) 0.003 – NS – NS
sST2 1.038 (1.020, 1.056) <0.001 1.035 (1.014, 1.057) 0.001 1.022 (1.002, 1.043) 0.034
LgNT-proBNP 5.212 (2.446, 11.106) <0.001 / / 4.798 (2.101, 10.957) <0.001

Model 1: Adjusted by sex, age, dialysis vintage, spKT/V, BMI, ALB, LVEF, LVMI and sST2, Forward LR.
Model 2: Adjusted by sex, age, dialysis vintage, spKT/V, BMI, ALB, LVEF, LVMI, sST2 and LgNT-proBNP, Forward LR.
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myocardium traction in MHD patients. In contrast,
though sST2 manifested a prognostic value for long-
term mortality as well, its hazard ratio was relatively
limited compared to that of NT-proBNP. Therefore, to
enhance the prognostic value of sST2 for the long-term
prognosis of our patients, the repetitive detection of
serum sST2 may have high significance.

The strength of our study is to establish the prog-
nostic application of sST2 for predicting the short-term
mortality in MHD patients. MHD patient with higher
sST2 level may have a higher mortality in one-year fol-
low-up. Nephrologist could search for more detailed
cardiovascular disease in these MHD patients, and more
aggressive treatment and evaluation for cardiovascular
disease may improve the prognosis of MHD patients.
Our study also adds more evidence in the testing value
of sST2 in MHD patients. Future studies could focus on
whether lowering the sST2 level could improve
the outcome.

Limitations

There were a few limitations to the current study. First,
this is a small-size single-center study, and we enroll
the stable hemodialysis patients. We exclude initiated
hemodialysis patients, so we could not analyze and
compare the performance of sST2 and NT-proBNP in
predicting 3-month death in new HD patients.
However, we believe excluded new HD patients may
decrease confounding factors for the study. Second, the
number of patients who died in the first year was lim-
ited (16 patients died within one year); therefore, the
analysis of the short-term outcomes was easily influ-
enced by selection bias. Finally, some patients were
transmitted to other blood purification centers or
received kidney transplantation. These withdrawn
patients may also slightly influence the results of the
survival analysis.

Conclusions

Serum sST2 is a novel biomarker associated with
adverse clinical outcomes. We confirmed the significant
prognostic value of serum sST2 for both all-cause and
cardiovascular mortality in MHD patients. The findings
of the current research suggest that the measurement
of sST2 may provide better prognostic value in short-
term prognosis than the classic biomarker NT-proBNP.
Further large-scale, multicenter and prospective studies
are needed in the future.

Acknowledgments

The authors thank all the participating patients and staff of
the Blood Purification Center, Department of Nephrology,
Ruijin Hospital, Shanghai Jiao Tong University.

Author contributions

Research idea and study design; XC, ZW, ZC; sample collec-
tion; ZW, BQ; data acquisition; ZW, ZC; data analysis/inter-
pretation; ZW, ZC, XM, HY, WZ; statistical analysis; ZW, ZC,
CZ; supervision or mentorship; XC. ZW and ZC contributed
equally to this paper. Each author contributed important
intellectual content during manuscript drafting or revision
and accepts accountability for the overall work by ensuring
that questions pertaining to the accuracy or integrity of any
portion of the work appropriately investigated and resolved.

Ethics approval and consent to participate

The study protocol has been approved by the Ethics
Committee of the Ruijin Hospital, Shanghai Jiao Tong
University School of Medicine (approval number 2012-40). All
methods were conducted in terms of the relevant guidelines.
Patients’ information was managed according to applicable
data protection regulations. All participating individuals have
given their written informed consent to participate in
the study.

Disclosure statement

No potential conflict of interest was reported by
the author(s).

Funding

This work was funded by the Special Fund for Public Welfare
Projects of National Health and Family Planning Commission
of the People’s Republic of China [OUMP2014-002] (XC);
National Natural Science Foundation of China [81600590]
(ZC); Shanghai Municipal Key Clinical Specialty
[shslczdzk02502] (XC).

Data availability

The datasets generated during and/or analyzed during the
current study are available from the corresponding author
on reasonable request.

References

[1] Chen Z, Zhang W, Chen X, et al. Trends in end-stage
kidney disease in Shanghai, China. Kidney Int. 2019;
95(1):232.

[2] Annual Data Reports of USRDS; 2019 [cited 2020 Mar
9]. Available from: https://www.usrds.org/2019/view/
Default.aspx.

RENAL FAILURE 529

https://www.usrds.org/2019/view/Default.aspx
https://www.usrds.org/2019/view/Default.aspx


[3] Kurella Tamura M, Thomas IC, Montez-Rath ME, et al.
Dialysis initiation and mortality among older veterans
with kidney failure treated in medicare vs the
Department of Veterans Affairs. JAMA Intern Med.
2018;178(5):657–664.

[4] Madsen LH, Ladefoged S, Corell P, et al. N-terminal
pro brain natriuretic peptide predicts mortality in
patients with end-stage renal disease in hemodialysis.
Kidney Int. 2007;71(6):548–554.

[5] Chen YH, Fu YC, Wu MJ. NT-ProBNP predicts total
mortality, emergency department visits, hospitaliza-
tion, intensive-care unit admission, and cardiovascular
events in hemodialysis patients. J Clin Med. 2019;8(2):
238.

[6] Milovanovic M, Volarevic V, Radosavljevic G, et al. IL-
33/ST2 axis in inflammation and immunopathology.
Immunol Res. 2012;52(1–2):89–99.

[7] Obokata M, Sunaga H, Ishida H, et al. Independent
and incremental prognostic value of novel cardiac
biomarkers in chronic hemodialysis patients. Am Heart
J. 2016;179:29–41.

[8] Zhang Z, Shen B, Cao X, et al. Increased soluble sup-
pression of tumorigenicity 2 level predicts all-cause
and cardiovascular mortality in maintenance hemodi-
alysis patients: a prospective cohort study. Blood Purif.
2017;43(1–3):37–45.

[9] Yancy CW, Jessup M, Bozkurt B, et al. 2013 ACCF/AHA
guideline for the management of heart failure: a
report of the American College of Cardiology
Foundation/American Heart Association Task Force on
Practice Guidelines. J Am Coll Cardiol. 2013;62(16):
e147–239.

[10] Obokata M, Kurosawa K, Ishida H, et al. Incremental
prognostic value of ventricular-arterial coupling over
ejection fraction in patients with maintenance hemo-
dialysis. J Am Soc Echocardiogr. 2017;30(5):
444–453.e442.

[11] Zhang Y, Zhang C, Zhuang R, et al. IL-33/ST2 corre-
lates with severity of haemorrhagic fever with renal
syndrome and regulates the inflammatory response in
Hantaan virus-infected endothelial cells. PLoS Negl
Trop Dis. 2015;9(2):e0003514.

[12] Bao YS, Na SP, Zhang P, et al. Characterization of
interleukin-33 and soluble ST2 in serum and their
association with disease severity in patients with
chronic kidney disease. J Clin Immunol. 2012;32(3):
587–594.

[13] Griesenauer B, Paczesny S. The ST2/IL-33 axis in
immune cells during inflammatory diseases. Front
Immunol. 2017;8:475.

[14] O’Donoghue ML, Morrow DA, Cannon CP, et al.
Multimarker risk stratification in patients with acute
myocardial infarction. JAHA. 2016;5(5):e002586.

[15] Parikh RH, Seliger SL, Christenson R, et al. Soluble ST2
for prediction of heart failure and cardiovascular
death in an elderly, community-dwelling population.
JAHA. 2016;5(8):e003188.

[16] AbouEzzeddine OF, McKie PM, Dunlay SM, et al.
Suppression of tumorigenicity 2 in heart failure with
preserved ejection fraction. JAHA. 2017;6(2):e004382.

[17] Xanthakis V, Larson MG, Wollert KC, et al. Association
of novel biomarkers of cardiovascular stress with left
ventricular hypertrophy and dysfunction: implications
for screening. J Am Heart Assoc. 2013;2(6):e000399.

[18] Gungor O, Unal HU, Guclu A, et al. IL-33 and ST2 lev-
els in chronic kidney disease: associations with inflam-
mation, vascular abnormalities, cardiovascular events,
and survival. PLOS One. 2017;12(6):e0178939.

[19] Zimmermann J, Herrlinger S, Pruy A, et al.
Inflammation enhances cardiovascular risk and mortal-
ity in hemodialysis patients. Kidney Int. 1999;55(2):
648–658.

[20] Wang YC, Yu CC, Chiu FC, et al. Soluble ST2 as a bio-
marker for detecting stable heart failure with a normal
ejection fraction in hypertensive patients. J Cardiac
Fail. 2013;19(3):163–168.

[21] Yu J, Oh PC, Kim M, et al. Improved early risk stratifi-
cation of patients with ST-segment elevation myocar-
dial infarction undergoing primary percutaneous
coronary intervention using a combination of serum
soluble ST2 and NT-proBNP. PLOS One. 2017;12(8):
e0182829.

[22] Mebazaa A, Di Somma S, Maisel AS, et al. Bayes-Genis
A. ST2 and multimarker testing in acute decompen-
sated heart failure. Am J Cardiol. 2015;115(7 Suppl):
38B–43b.

[23] Dieplinger B, Januzzi JL, Jr., Steinmair M, et al.
Analytical and clinical evaluation of a novel high-sen-
sitivity assay for measurement of soluble ST2 in
human plasma – the Presage ST2 assay. Clin Chim
Acta. 2009;409(1–2):33–40.

[24] Bayes-Genis A, Zamora E, de Antonio M, et al. Soluble
ST2 serum concentration and renal function in heart
failure. J Cardiac Fail. 2013;19(11):768–775.

[25] Meijers WC, van der Velde AR, Ruifrok WP, et al. Renal
handling of galectin-3 in the general population,
chronic heart failure, and hemodialysis. J Am Heart
Assoc. 2014;3(5):e000962.

[26] Oshikawa K, Kuroiwa K, Tago K, et al. Elevated soluble
ST2 protein levels in sera of patients with asthma
with an acute exacerbation. Am J Respir Crit Care
Med. 2001;164(2):277–281.

530 Z. WANG ET AL.


	Abstract
	Background
	Materials and methods
	Study population and design
	Data collection and laboratory measurements
	Color Doppler echocardiography examinations
	Statistical analysis
	Survival analysis

	Results
	Baseline clinical characteristics
	Serum sST2 level

	The association of serum sST2 and NT-proBNP with short-term outcomes in MHD patients
	The association of serum sST2 and NT-proBNP with long-term mortality in MHD patients

	Discussion
	Limitations
	Conclusions
	Acknowledgments
	Author contributions
	Ethics approval and consent to participate
	Disclosure statement
	Data availability
	References


