Original Article m KIDNEY RESEARCH

Kidney Res Clin Pract 2021;40(1):109-119 AND
PpISSN: 2211-9132 e eISSN: 2211-9140 | s CI-INICAI- PRACTICE

https://doi.org/10.23876/j.krcp.20.133

Elevated levels of soluble ST2 but not galectin-3 are
associated with increased risk of mortality in hemodialysis
patients
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Background: The soluble forms of suppression of tumorigenicity-2 (ST2) and galectin-3 have been proposed as novel biomarkers for
cardiac fibrosis and heart failure, as well as predictors of cardiovascular events and mortality. However, there are limited data on the
association between soluble ST2 and galectin-3 and clinical outcomes in patients with kidney failure on replacement therapy. To de-
termine this, we examined the associations between soluble ST2 and galectin-3 and all-cause mortality and cardiovascular events in
patients on hemodialysis.

Methods: This study included maintenance hemodialysis patients (over 18 years old) who consented to preserve their serum in the
Biobank at our institution between March 2014 and March 2015. We used Cox proportional hazards regression analysis to evaluate
the associations between soluble ST2, galectin-3 levels, and clinical outcomes. The primary outcome was all-cause mortality, the
secondary outcome was cardiovascular disease, and patients were followed for both outcomes until March 2018.

Results: A total of 296 patients were analyzed in this study. The mean age was 57 + 13 years, and 53.0% were male. Serum con-
centration of soluble ST2 was significantly associated with higher mortality, after adjustment for confounding factors, but was not as-
sociated with cardiovascular disease. Serum galectin-3 level was not independently associated with either outcome after adjust-
ment.

Conclusion: Elevated soluble ST2 is independently associated with an increased risk of mortality, but not with cardiovascular dis-
ease, in patients on hemodialysis. Elevated galectin-3 was not associated with mortality or cardiovascular disease.
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Introduction

The incidence and prevalence of kidney failure with
replacement therapy (KFRT) are both on the increase, and
this constitutes a major public health challenge worldwide
[1-3]. Although the mortality rate of patients with KFRT has
decreased over the past two decades, both morbidity and
mortality remain high; the adjusted survival for incident
hemodialysis (HD) patients three years after the onset of
KFRT is 57% [1,2,4,5]. Cardiovascular disease (CVD) is
common in these patients and contributes significantly
to mortality, accounting for nearly 50% of all deaths [1].
These poor survival trends have led to the need for risk
stratification and strategies to improve outcomes in patients
with KFRT.

Soluble suppression of tumorigenicity-2 (sST2), a member
of the interleukin (IL)-1 receptor family, is thought to be
involved in inflammation, myocardial hypertrophy, and
fibrosis by neutralizing the effect of IL-33 [6]. Galectin-3 is a
p-galactoside-binding lectin that is thought to be involved
in inflammation, the induction of cardiac fibrosis, and
ventricular remodeling [7]. Recent studies have suggested
sST2 and galectin-3 as novel biomarkers of heart failure (HF)
[8] and independent predictors of CVD and mortality in the
general population [6,9]. Both markers have been approved
by the U.S. Food and Drug Administration for clinical use [8].
Some studies have reported that their levels are significantly
associated with all-cause mortality in patients with chronic
kidney disease (CKD) [10,11].

However, few studies have investigated these biomarkers
in patients with KFRT, which has limited their prognostic
value. Therefore, in this study, we aimed to investigate
whether sST2 and galectin-3 predict adverse outcomes and
provide additional prognostic value in maintenance HD
patients.

Methods
Study population

This study involved participants from a prospective
observational cohort of prevalent HD patients at Gachon
University Gil Medical Center in Incheon, Republic of
Korea. This cohort included patients who were >18 years of
age and consented to preserve their serum in the Biobank
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at our institution. We excluded patients with insufficient
clinical data, any physical, mental, or medical condition
that prohibited the ability to provide informed consent,
and those who withdrew consent before follow-up blood
analysis, or who declined to store their blood samples. Under
the Biobank study protocol, blood samples were collected
from each patient at baseline and then yearly for up to 5
years. Predialysis blood samples were collected according
to a standardized protocol. Specimens were processed on
refrigerated packs on the day of collection and transported to
the Biobank, where they were aliquoted and stored at -80°C.
All patients were treated with a 4-hour HD session (5008S;
Fresenius Medical Care, St. Wendel, Germany) twice (n =
5) or thrice (n = 291) per week using high-flux polysulfone
membranes (FX CorDiax 60; Fresenius Medical Care).
Patients were enrolled for one calendar year between March
2014 and March 2015 and were followed until March 2018.
Patients were censored at the time of kidney transplantation
(n = 20), transfer to other dialysis centers (n = 28), loss to
follow-up (n = 15), or at the end of follow-up (March 27,
2018). This study adheres to the Declaration of Helsinki
and was approved by the Institutional Review Board at the
Gachon University Gil Medical Center (GBIRB2018-224).
Written informed consent was obtained from all participants.
Biospecimens were provided by Gachon University Gil
Medical Center Biobank.

Parameters

All demographics, clinical data, comorbidities, laboratory
values, and medications were collected at study enrollment
from the participant’s medical record by a well-trained
study coordinator. Baseline demographic and clinical
characteristics were collected as follows: age, sex, body
mass index (BMI), and pre- and postdialysis systolic
blood pressure and diastolic blood pressure. We identified
comorbidities, including hypertension, diabetes mellitus
(DM), ischemic heart disease such as angina pectoris and
myocardial infarction, HF, transient ischemic attack (TIA),
and stroke. Angina pectoris and myocardial infarction
were defined as the presence of coronary artery disease
as documented by angiography, or an acute coronary
syndrome or angina requiring percutaneous coronary
intervention or coronary artery bypass grafting surgery.
Stroke and TIA were defined as cases where magnetic
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resonance imaging was performed in patients with
suspected symptoms and diagnosed by a neurologist.
Systolic HF was defined as left ventricular ejection fraction
of <40% and diastolic HF was defined as E/é > 15. Laboratory
data included hemoglobin (Hb), white blood cells, platelets,
serum creatinine, blood urea nitrogen, albumin, protein,
calcium, phosphorus, alkaline phosphatase, uric acid,
total cholesterol, HbAlc, and high-sensitivity C-reactive
protein (hs-CRP). Anemia was defined as Hb of <10 g/dL.
Hypoalbuminemia was defined as serum albumin of <3.5
g/dL. Hypocalcemia was defined as serum total calcium
of <8.2 mg/dL. Hyperphosphatemia was defined as serum
phosphorus of >4.7 mg/dL. Medication data included
the use of renin-angiotensin system (RAS) blockers,
calcium channel blockers (CCB), p-blockers, diuretics, and
antiplatelet agents.

Serum sST2 and galectin-3 levels (ng/mL) were measured
using commercial quantitative enzyme-linked immunosorbent
assay kits DST200 and DGAL30, respectively (Quantikine, R&D
Systems, Minneapolis, MN, USA).

Outcomes

The primary outcome was all-cause mortality. The secondary
outcome was cardiovascular events (CVD), defined as
unstable angina pectoris, acute myocardial infarction, TIA,
stroke, and HE.

Statistical analyses

Continuous variables are presented as the mean *
standard deviation (SD) or median (interquartile range),
as appropriate. Categorical data are presented as absolute
values and percentage frequency. For continuous variables,
between-group comparisons were performed using Student
t tests; for categorical variables, chi-square tests were used.
Receiver operating characteristic (ROC) curve analyses were
performed to identify the optimal cut-off values for sST2 and
galectin-3 with the highest sum of sensitivity and specificity
for mortality. Logistic regression analysis was used to
demonstrate the association between sST2, galectin-3, and
underlying HF. The Cox proportional hazard regression
model was used to investigate the prognostic utility of these
two biomarkers for predicting mortality and CVD. For Cox
analyses, log-transformed sST2 and galectin-3 were used

and hazard ratio (HR) refers to a 1 SD rise in log-transformed
units. Covariates were adjusted in four different models.
The first model was adjusted for age and sex. The second
was additionally adjusted for smoking status, HD duration,
DM, hypertension, and underlying CVD, including angina
pectoris, myocardial infarction, TIA, stroke, and HE. The
third was then adjusted for medications (RAS blockers, CCB,
B-blockers, diuretics, and antiplatelet agents), and the fourth
model was further adjusted for laboratory variables (anemia,
hypoalbuminemia, hypocalcemia, hyperphosphatemia,
and hs-CRP). We further examined the interaction between
sST2 and several risk factors (age, sex, DM, hypertension,
previous CVD, anemia, hypoalbuminemia, and use of RAS
blockers and B-blockers) by including interaction terms in
the models. Interaction terms were created by multiplying
each factor by sST2. The likelihood ratio test was used to
test the significance of the interaction terms. We showed the
effect modification of sST2 and galectin-3 for mortality and
CVD in prespecified subgroups: age (<70 years vs. 270 years),
sex (female vs. male), DM, hypertension, previous CVD,
anemia (Hb of <10 g/dL vs. 210 g/dL), hypoalbuminemia
(albumin of <3.5 g/dL vs. >3.5 g/dL), and use of RAS blockers
and f-blockers. Statistical analyses were performed using
IBM SPSS version 22.0 (IBM Corp., Armonk, NY, USA).
All analyses were two-sided and p-values of <0.05 were
considered statistically significant.

Results
Patient characteristics (baseline characteristics)

The baseline characteristics of the study population are
presented in Table 1. A total of 296 patients enrolled in this
study. The mean age was 57 + 13 years and 53.0% were
male. In this cohort, 45.6% of the patients were diabetic,
86.5% were hypertensive, 23.6% had ischemic heart disease,
10.8% had TIA or stroke, and 35.8% had HF. Survivors were
younger, less likely to have DM or HE, more likely to take
statins, and had higher creatinine, phosphorus, and albumin
and lower sST2 and galectin-3 levels than non-survivors.
The median serum sST2 and galectin-3 level were higher
in non-survivors than in survivors: sST2, 21.190 ng/mL
(interquartile range [IQR], 16.208-29.176) vs. 28.200 ng/mL
(IQR, 20.851-37.763), p = 0.003 (Table 1); galectin-3, 34.957
ng/mL (IQR, 28.413-41.908) vs. 38.619 ng/mL (IQR, 31.013-
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Table 1. Baseline characteristics

Characteristic Total (n = 296) Survivor (n = 260) Non-survivor (n = 36) p-value
Age (yr) 57 +13 56 + 13 64 +13 0.001*
Male sex 157 (53.0) 138 (53.1) 19 (52.8) 0.973
BMI (kg/m?) 225+3.8 225+39 21.9+3.2 0.383
Pre-HD SBP (mmHg) 146 £ 26 147 + 27 142 £ 22 0.249
Pre-HD DBP (mmHg) 70+ 14 71+14 62+11 <0.001*
Post-HD SBP (mmHg) 131+24 131+ 24 127 +23 0.353
Post-HD DBP (mmHg) 69 +41 68 + 13 79 £ 113 0.584
HD duration (mo) 48.5 (18.0-75.8) 475 (17.0-74.8) 55.0 (33.5-102.0) 0.318
Comorbidity
Hypertension 256 (86.5) 224 (86.2) 32 (88.9) 0.799
DM 135 (45.6) 113 (43.5) 22 (61.1) 0.046*
IHD 70 (23.6) 57 (21.9) 13 (36.1) 0.060
Stroke or TIA 32(10.8) 25 (9.6) 7(19.4) 0.086
Heart failure 106 (35.8) 87 (33.5) 19 (52.8) 0.023*
Laboratory
Hemoglobin (g/dL) 11.0+5.6 11.1+6.0 100+14 0.295
WBC (x10%/mm) 5.82+2.18 5.79+2.13 6.03 £ 2.47 0.540
PLT (x10°/mm) 191 (150-232) 191 (154-234) 187 (112-228) 0.477
BUN (mg/dL) 55.1+16.1 55.0 + 15.7 555+ 184 0.856
Creatinine (mg/dL) 83+23 85+24 74+19 0.012*
Calcium (mg/dL) 8.7+0.6 8.7+0.6 8.7+0.8 0.926
Phosphorus (mg/dL) 46+1.6 4.7+1.6 40+15 0.024*
ALP (IU/mL) 83.0 (66.0-110.8) 82.0 (65.0-107.0) 93.5 (76.5-128.5) 0.323
Albumin (g/dL) 39+04 39+04 3.7+04 0.003*
Protein (g/dL) 6.9+0.5 6.9+0.5 6.8+ 0.6 0.127
Uric acid (mg/dL) 70+14 71+1.4 6.6+1.4 0.054
TC (mg/dL) 137 + 29 137 £ 29 139 + 29 0.635
HbA1c (%) 6.2+4.2 6.2+45 6.0+ 1.7 0.797
hs-CRP (mg/dL) 0.13 (0.05-0.45) 0.12 (0.04-0.39) 0.24 (0.10-1.04) 0.628
sST2 (ng/mL) 22.074 (16.515-30.768) 21.190 (16.208-29.176) 28.200 (20.851-37.763) 0.003*
Galectin-3 (ng/mL) 35.609 (28.534-41.981) 34.957 (28.413-41.908) 38.619 (31.013-45.576) 0.044%*
Medication
RAS blockers 143 (48.3) 124 (47.7) 19 (52.8) 0.567
CCB 148 (50.0) 128 (49.2) 20 (55.6) 0.477
B-blockers 120 (40.5) 104 (40.0) 16 (44.4) 0.611
Diuretics 159 (53.7) 144 (55.4) 15 (41.7) 0.122
Anti-platelets 250 (84.5) 221 (85.0) 29 (80.6) 0.490

Data are expressed as the mean +* standard deviation, median (interquartile range), or number of patients (%).

ALP, alkaline phosphatase; BMI, body mass index; BUN, blood urea nitrogen; CCB, calcium channel blocker; DBP, diastolic blood pressure; DM, diabetes
mellitus; HbA1c, hemoglobin Alc; HD, hemodialysis; hs-CRP, high-sensitivity C-reactive protein; IHD, ischemic heart disease; PLT, platelet; RAS, renin-
angiotensin system; SBP, systolic blood pressure; sST2, soluble suppression of tumorigenicity-2; TC, total cholesterol; TIA, transient ischemic attack; WBC,

white blood cell.
*p < 0.05.

45.576), p = 0.044 (Table 1). There were no differences in
the HD duration or use of RAS blockers, CCB, p-blockers,

diuretics, and antiplatelet agents between survivors and

non-survivors.
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During a mean follow-up period of 37.8 + 13.9 months, 36

Serum soluble suppression of tumorigenicity-2 and
galectin-3 levels as predictors of mortality
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patients (12.5%) died. The main cause of death was infection
(9 patients). Other causes included cardiovascular (6),
malignancy (4), bleeding (6), aspiration (1), and unknown
(10). The predictive value of sST2 and galectin-3 for mortality
was evaluated using ROC analysis (Fig. 1). The area under
curve of sST2 and galectin-3 for mortality were 0.645 (p =
0.005) and 0.578 (p = 0.129), respectively. The calculated cut-
off values of sST2 and galectin-3 for mortality were 22.07 ng/
mL (sensitivity, 75.0%; specificity 53.5%) and 35.27 ng/mL
(sensitivity, 66.7%; specificity, 51.2%), respectively.
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Log sST2/SD 0.645 0.005
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Figure 1. Receiver operating characteristic curve for sST2 and
galectin-3 to predict mortality.
AUC, area under curve; SD, standard deviation; sST2, soluble
suppression of tumorigenicity-2.

In the Cox proportional hazard analysis, serum sST2
was significantly associated with an increased risk of all-
cause mortality (HR per 1 SD increase of log-transformed
sST2, 1.811; 95% confidence interval [CI], 1.240-2.645; p
=0.002) (Crude in Table 2). After adjusting for covariates,
serum sST2 level remained an independent predictor of all-
cause mortality (HR, 1.589; 95% CI, 1.016-2.484; p = 0.042)
(Model 4 in Table 2). Because of the significant interaction
between sST2 and hypoalbuminemia for all-cause mortality
in the multivariable Cox proportional hazard model, the
interaction term (sST2*hypoalbuminemia) was included
in the final multivariable analysis. Serum sST2 was still
associated with all-cause mortality (HR, 2.100; 95% CI,
1.231-3.580; p = 0.006) (Model 5 in Table 2).

In contrast to sST2, serum galectin-3 level was not
associated with all-cause mortality (HR per 1 SD increase
of log-transformed galectin-3, 1.354; 95% CI, 0.931-1.971; p
=0.113) (Crude in Table 2). After adjustment for covariates,
galectin-3 level was still not associated with all-cause
mortality (HR per 1 SD increase, 1.450; 95% CI, 0.926-2.271;
p =0.105) (Model 4 in Table 2).

Serum sST2 and galectin-3 levels as predictors of CVDs

During the follow-up period, a total of 69 CVDs occurred; of
these, 33 events were unstable angina pectoris/myocardial
infarction, 35 were HE and one was TIA/stroke. Using Cox
proportional hazard analysis, serum sST2 level was not
found to be associated with CVD (HR per 1 SD increase,
1.100; 95% CI, 0.855-1.414; p = 0.460) (Crude in Table 3),

Table 2. Adjusted HR for death from any causes based on levels of sST2 and log galectin-3

Adjust model Log sST2 p-value Log galectin-3 p-value
Crude 1.811 (1.240-2.645) 0.002* 1.354 (0.931-1.971) 0.113
Model 1 1.804 (1.203-2.707) 0.004* 1.279 (0.882-1.854) 0.194
Model 2 1.917 (1.247-2.947) 0.003* 1.244 (0.861-1.798) 0.246
Model 3 1.833(1.192-2.819) 0.006* 1.337 (0.899-1.987) 0.152
Model 4 1.589 (1.016-2.484) 0.042* 1.450 (0.926-2.271) 0.105
Model 5 2.100 (1.231-3.580) 0.006* NA NA

Data are expressed as HR (95% Cl); HRs are calculated based on per standard deviation increase in log-transformed biomarker level.

Model 1, adjusted for demographics (age and sex); model 2, adjusted for demographics, and comorbidities (model 1 + smoking status, hemodialysis
duration, diabetes mellitus, hypertension, and cardiovascular disease); model 3, adjusted for demographics, comorbidities, and medications (model 2
+ renin-angjotensin system blockades, calcium channel blockers, B-blockers, diuretics, and antiplatelet agents); model 4, adjusted for demographics,
comorbidities, medications, and laboratory findings (model 3 + anemia, hypoalbuminemia, hypocalcemia, hyperphosphatemia, and high-sensitivity
C-reactive protein); model 5, model 4 + interaction term sST2 x hypoalbuminemia.

Cl, confidence interval; HR, hazard ratio; NA, not applicable; sST2, soluble suppression of tumorigenicity-2.

*p < 0.05.
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Table 3. Adjusted HR for incidence of cardiovascular disease based on levels of log sST2 and log galectin-3

Adjust model Log sST2 p-value Log galectin-3 p-value
Crude 1.100 (0.855-1.414) 0.460 1.042 (0.820-1.325) 0.734
Model 1 1.055 (0.802-1.387) 0.703 0.999 (0.787-1.267) 0.991
Model 2 1.035 (0.784-1.367) 0.806 0.979 (0.768-1.248) 0.863
Model 3 1.008 (0.765-1.329) 0.954 0.984 (0.768-1.262) 0.901
Model 4 0.993 (0.748-1.318) 0.961 0.969 (0.753-1.247) 0.808
Model 5 0.427 (0.110-1.655) 0.218 NA NA

Data are expressed as HR (95% Cl); HRs are calculated based on per standard deviation increase in log-transformed biomarker level.

Model 1, adjusted for demographics (age and sex); model 2, adjusted for demographics, and comorbidities (model 1 + smoking status, hemodialysis
duration, diabetes mellitus, hypertension, and cardiovascular disease); model 3, adjusted for demographics, comorbidities, and medications (model 2
+ renin-angjotensin system blockades, calcium channel blockers, B-blockers, diuretics, and antiplatelet agents); model 4, adjusted for demographics,
comorbidities, medications, and laboratory findings (model 3 + anemia, hypoalbuminemia, hypocalcemia, hyperphosphatemia, and high-sensitivity
C-reactive protein); model 5, model 4 + interaction term sST2 x age and sST2 x B-blockers.

Cl, confidence interval; HR, hazard ratio; NA, not applicable; sST2, soluble suppression of tumorigenicity-2.

even after adjustment for covariates (HR per 1 SD increase,
0.427; 95% CI, 0.110-1.655; p = 0.218) (Model 5 in Table 3).

Serum galectin-3 level was also not associated with CVD
(HR per 1 SD increase, 1.042; 95% CI, 0.820-1.325; p = 0.734)
(Crude in Table 3), even after adjustment for covariates (HR
per 1 SD increase, 0.969; 95% CI, 0.753-1.247; p = 0.808)
(Model 4 in Table 3).

Subgroup analyses

In subgroup analysis, we found that hypoalbuminemia
modified the association between sST2 and mortality in
patients undergoing HD (Fig. 2). When we analyzed the risk
of all-cause mortality by Cox proportional hazard analyses of
log sST2 per 1 SD increase, in those with hypoalbuminemia,
the HR of sST2 was 0.887 (95% CI, 0.427-1.842; p = 0.748)
while it was 2.011 (95% CI, 1.287-3.141; p = 0.002) in those
without hypoalbuminemia (Fig. 2). The p-value for this
interaction was 0.047.

The HRs of sST2 for CVD among those with age of <70
years and >70 years were 0.944 (95% CI, 0.717-1.243;
p = 0.682) and 2.399 (95% CI, 1.205-4.773; p = 0.013)
(Supplementary Fig. 1, available online). The p-value for
this interaction was 0.010. The HRs of sST2 for CVD among
those without p-blocker and with p-blocker were 1.429 (95%
CI, 0.968-2.111; p = 0.073) and 0.827 (95% CI, 0.582-1.175; p
= 0.289) (Supplementary Fig. 1). The p-value for interaction
was 0.041. There were no significant interactions between
galectin-3 and subgroups for all-cause mortality and CVD
(Supplementary Fig. 2, 3; available online).
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Association of serum sST2 and galectin-3 with underlying
HF

In a logistic regression analysis, underlying HF (composite of
systolic HF and diastolic HF) was not significantly associated
with serum sST2 (odds ratio [OR] per 1 SD increase of log-
transformed sST2, 1.008; 95% CI, 0.794-1.278; p = 0.950)
(Crude in Supplementary Table 1, available online), or
galectin-3 levels (OR per 1 SD increase of log-transformed
galectin-3, 0.843; 95% CI, 0.665-1.067; p = 0.156) (Crude in
Supplementary Table 1). Serum sST2 and galectin-3 levels
were still not associated with underlying HF after adjusting
for covariates (sST2: OR, 0.987; 95% CI, 0.737-1.322; p =
0.929; galectin-3: OR, 0.806; 95% CI, 0.614-1.058; p = 0.120)
(Model 4 in Supplementary Table 1).

Discussion

In this study, we investigated the association between
two novel biomarkers and clinical outcomes in patients
undergoing HD. We showed that the sST2 level was an
independent predictor for survival in HD patients, unlike
galectin-3. We also demonstrated that elevated sST2 and
galectin-3 were not independently predictive of CVD in HD
patients.

ST2, amember of the IL-1 receptor family, exists in two main
isoforms: sST2 (soluble form) and ST2L (transmembrane form)
[12]. The IL-33/ST2 pathway is associated with inflammation
and the pathologic process of CVD. In cardiomyocytes and
fibroblasts, it is upregulated in response to myocardial stress
[13], and has a cardioprotective function, conferring anti-
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fibrotic, anti-hypertrophic, and anti-apoptotic effects to
volume-overloaded or injured myocardium [13]. However,
sST2, a soluble, truncated form of ST2L, is secreted into the
circulation and is believed to function as a decoy receptor
for IL-33, inhibiting the effects of IL-33/ST2 signaling, and
reducing its various activities, including cardioprotective
effects [13]. Serum levels of sST2 are significantly increased
in inflammatory diseases, cancer, liver, and cardiac diseases
[6,14-16].

To date, the prognostic value of sST2 has been mainly studied
in the general population and has been significantly associated
with mortality and adverse outcomes in patients with HF [17]
and coronary artery disease, including myocardial infarction
[18]. Hitherto, studies that evaluated the association of
sST2 with kidney function have shown conflicting results.
An analysis of the Cardiovascular Health Study cohorts (a
community-based multicenter cohort of older adults free of
clinical HF) found that sST2 was not associated with kidney
function decline or the development of incident estimated
glomerular filtration rate (eGFR) <60 mL/min/1.73 m?
[19]. Similarly, a study of participants of the Framingham
Offspring Study cohort found no significant association
between sST2 and risk for incident CKD [20]. However, sST2
was associated with incident albuminuria in a previous
study [20], and with the risk of acute kidney injury in patients
with ST-segment elevation myocardial infarction [21].

sST2 is a promising prognostic marker for patients with
CKD. The recent Seattle Kidney Study (SKS) and Clinical
Phenotyping and Resource Biobank Study (C-PROBE)
cohort suggested that sST2 was also associated with all-
cause mortality and a composite of hospitalization and
atherosclerotic CVD events [10].

There are limited data on the prognostic value of
sST2 in dialysis patients. In our study, elevated sST2
concentration was significantly associated with increased
mortality in maintenance HD patients. In a previous study
of 414 HD patients, elevated sST2 concentration was an
independent predictor of all-cause and cardiovascular
mortality [22]. Another recent observational study of 423
HD patients investigated the association of sST2 with all-
cause mortality and the composite outcome of death and
cerebrocardiovascular events [23]. It also suggested that
sST2 had an independent and incremental prognostic value
for both outcomes [23]. Our data support previous studies
that demonstrated an association of sST2 and all-cause

mortality. In this regard, sST2 may be used as a prognostic
marker for survival in HD patients. In subgroup analysis, the
association of sST2 with mortality disappeared in patients
with hypoalbuminemia. Because hypoalbuminemia is a
significant predictor of mortality in this population, it might
attenuate the association between sST2 and mortality.

However, the risk of CVD was not associated with sST2
levels in our study. Recent studies on the general population
showed an association of sST2 with CVD [24]. However,
in a study of 883 CKD patients, sST2 concentration was
not associated with atherosclerotic CVD [10]. There is no
previous study showing an association of sST2 with solely
CVD in HD patients. Patients with CKD have unique CVD
risk factors, such as metabolic abnormalities, disordered
mineral metabolism, and accumulation of uremic toxins,
which may impact the association between sST2 and
CVD. In addition, previous studies suggest that sST2
may reflect hemodynamic alterations and inflammatory
status in the general population [25,26]; therefore, more
complex underlying pathophysiology could also impact
the relationship between sST2 and CVD in this population,
including the larger hemodynamic burden and the
increased inflammatory environment of HD patients. In
subgroup analysis, sST2 was associated with the risk of CVD
in older patients (aged =70 years). There were fewer patients
in the older group, but the CVD event rate was high. This
result could be attributable to the small size of this high-risk
group. Further studies are needed to investigate associations
with sST2 and CVD in this population.

Galectin-3 is a 29- to 35-kDa protein and belongs to
the family of B-galactoside-binding lectins [27]. It plays
a role in embryonic development and promotes fibrosis
and inflammation [28]. Previous studies have shown that
galectin-3 is associated with cardiac fibrosis, ventricular
remodeling, and dysfunction [7,29]. In support of these
mechanisms, many clinical studies have demonstrated
that galectin-3 has a predictive value for the diagnosis and
prognosis of acute and chronic HF [30]. Galectin-3 is also
associated with CVD and all-cause mortality in the general
population [31,32].

In the kidney, galectin-3 is also a profibrotic agent and
could be considered as a marker of fibrosis [29]. Serum
galectin-3 levels are inversely correlated with kidney
function in the general population [33] and in patients
with HF [34] or CKD [10]. Clinical studies have shown that
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Log sST2/SD Mortality
(n = 296)
Events/total (%) Hﬁ HR (95% CI) p-value Interaction
Better ‘ Worse
Age (yr)
>70 21/239 (8.8) e 2.138 (1.313-3.482)  0.002* 0.227
270 15/57 (26.3) »—~O—| 1.271 (0.631-2.561)  0.503
Sex
Male 19/157 (12.1) o 1.699 (0.994-2.903) 0.053 0.712
Female 17/139 (12.2) —o— 2.036 (1.150-3.604) 0.015*
DM
No 14/161 (8.7) I—Q—l 2.450 (1.320—4.546) 0.005* 0.236
Yes 22/135 (16.3) o 1.496 (0.906-2.471)  0.016
HTN
No 4/40 (10.0) l—i—i 1.060 (0.442-2.545) 0.896 0.207
Yes 32/256 (16.5) o 1.952 (1.300-2.932)  0.001*
Previous CVD
No 10/138 (7.2) v——o—« 1.552 (0.775-3.107) 0.214 0.438
Yes 26/158 (16.5) —0— 2.076 (1.307-3.298) 0.002*
Privious HF
No 17/190 (8.9) i—O—l 1.553 (0.908-2.655) 0.108 0.381
Yes 19/106 (17.9) '—O—l 2.199 (1.268-3.814) 0.005*
Hb <10 g/dL
No 21/217 (9.7) o 1.304 (0.813-2.090)  0.271 0.054
Yes 15/79 (19.0) —o— 2769 (1.475-5.197) 0.002*
Albumin <3.5 g/dL
No 28/272 (10.3) v—o—i 2.011 (1.287-3.141)  0.002* 0.047
Yes 8/24 (33.3) HO 2.769 (1.475-5.197) 0.748
RAS blockers |
No 17/153 (11.1) +~o—| 1.409 (0.818-2.426) 0.217 0.191
Yes 19/143 (13.3) '—o—i 2.255 (1.350-3.765) 0.002*
B-blocker
No 20/176 (11.4) w—o—i 1.715(1.036-2.839)  0.036* 0.739
Yes 16/120 (13.3) —o— 1.922 (1.082-3.413)  0.026*
0 2 4 6

HR (95% Cl)

Figure 2. Association of log sST2 and mortality in subgroups of patients (per SD increase).
Cl, confidence interval; CVD, cardiovascular disease; DM, diabetes mellitus; Hb, hemoglobin; HF, heart failure; HR, hazard ratio; HTN,
hypertension; RAS, renin-angiotensin system; SD, standard deviation; sST2, soluble suppression of tumorigenicity-2.

*p < 0.05.

elevated galectin-3 levels are associated with increased
risk of rapid decline in eGFR [35] and incident CKD in
the general population [35,36]. In patients with CKD,
higher circulating galectin-3 concentration is significantly
associated with greater mortality [10,11].

In our study, however, higher galectin-3 level was not
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significantly associated with all-cause mortality in
HD patients. There are few studies to demonstrate the
association of galectin-3 with risk for mortality in patients
undergoing HD, and any such results are controversial
[11,23,37,38]. In the analysis of the German Diabetes
Dialysis Study (4D study), galectin-3 concentration was
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not associated with all-cause mortality after adjusting
for confounders [11]. Even in the meta-analysis from
four studies, there was no statistical difference between
galectin-3 and the risk of all-cause mortality in HD patients
[37]. However, Obokata et al. [23] reported galectin-3 as
an independent predictor of all-cause death in patients
receiving HD, and Hogas et al. [38] also found it to be an
independent predictor of mortality.

Previous studies demonstrated that the concentration
of galectin-3 was inversely correlated with eGFR and was
further elevated in patients on dialysis [10,11]. In a 4D
cohort of HD patients, the mean galectin-3 concentration
was 54 ng/mlL, compared to 11-14 ng/mL for the general
population [11]. In our study of HD patients, the mean
galectin-3 concentration was 35.5 ng/mL. Furthermore, in
previous studies of congestive HF, adding kidney function to
regression analysis substantially attenuated the prognostic
power of galectin-3, suggesting that elevated levels of
galectin-3 could compromise the prognostic value in this
population.

In the present study, galectin-3 concentrations are not
associated with CVD in HD patients. Previous studies
associating galectin-3 with CVD are limited. In the German
4D study, galectin-3 concentration was a predictor of CVD
in HD patients [11], and Obokata et al. [23] reported that
galectin-3 was significantly associated with a composite of
deaths and cerebrocardiovascular events. Further studies
are needed to elucidate the relationship between galectin-3
and cardiovascular outcomes.

Our study has several limitations. First, we did not exclude
patients with underlying HE although our multivariable
logistic regression analysis shows that there is no association
between sST2 and galectin-3 concentration with underlying
HF in patients undergoing HD. Second, we measured
the sST2 and galectin-3 levels from frozen samples rather
than fresh ones; bias from using frozen samples cannot be
excluded. Third, it is possible that elevated galectin-3 and
sST2 concentrations reflect decreased kidney function in
this population, and we cannot determine mechanisms or
causality of the association from this observational study.
Fourth, there was no residual kidney function data and this
could not be adjusted. Fifth, this study is a single-center
study with a single ethnic group. Thus, further studies with
other centers and ethnic groups are needed, to generalize
our findings. Finally, despite considering multiple risk

factors, it is possible that we may have omitted residual
confounding from the analysis.

In conclusion, sST2 is a significant predictor of all-cause
mortality in HD patients, but galectin-3 is not, and neither is
associated with CVD. Our study highlights the need for more
research to elucidate the mechanism causing the observed
elevations in sST2, specifically in the vulnerable HD
population. Further studies are also needed to validate the
association of sST2 and galectin-3 with clinical outcomes.
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