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Decoy Receptor 3, a Novel Inflammatory Marker, and
Mortality in Hemodialysis Patients
Szu-Chun Hung,* Ta-Wei Hsu,† Yao-Ping Lin,‡ and Der-Cherng Tarng‡§

Summary
Background and objectives Inﬂammation is closely associated with cardiovascular disease, the leading cause of
mortality in patients with CKD. Serum decoy receptor 3 (DcR3) is a member of the TNF receptor superfamily.
CKD patients have higher levels of DcR3 than the general population, but whether DcR3 predicts mortality in
CKD patients on hemodialysis has not been explored.
Design, setting, participants, & measurements DcR3 levels were measured in 316 prevalent hemodialysis patients
who were followed up from November 1, 2004, to June 30, 2009, for cardiovascular and all-cause mortality.
Results The baseline DcR3 concentration showed a strong positive correlation with inﬂammatory markers
including high-sensitivity C-reactive protein, IL-6, intercellular adhesion molecule-1 (ICAM-1), and vascular cell
adhesion molecule-1 (VCAM-1). During a follow-up period of 54 months, 90 patients died (34 cardiovascular
deaths). Kaplan–Meier survival analysis showed higher cardiovascular and all-cause mortality in patients with
higher DcR3 levels. The hazard ratios (95% conﬁdence intervals) of the highest versus lowest tertiles of DcR3 were
2.8 (1.1–7.3; P for trend=0.04) for cardiovascular mortality and 2.1 (1.1–3.7; P for trend=0.02) for all-cause mortality, respectively. Based on the minimal increase in the area under the receiver operating characteristic curve
from 0.79 to 0.80, the addition of DcR3 to established risk factors including VCAM-1, albumin, and IL-6 does not
improve the prediction of mortality.
Conclusions Higher DcR3 levels strongly correlate with inﬂammation and independently predict cardiovascular
and all-cause mortality in CKD patients on hemodialysis.
Clin J Am Soc Nephrol 7: 1257–1265, 2012. doi: 10.2215/CJN.08410811

Introduction
Cardiovascular disease (CVD) is the leading cause of
both morbidity and mortality in patients with CKD
(1). Persistent inﬂammation in CKD plays a pathogenic
role in CVD (2). Although several studies have examined the association between cytokine levels and clinical outcomes in CKD, few have reported whether such
associations suggest a pathogenic role distinct from
that of other mediators (3). Decoy receptor 3
(DcR3), a member of the TNF receptor superfamily
(4), is an antiapoptotic soluble receptor considered to
play an important role in immune modulation. DcR3
may participate in immune suppression (5–8). Alternatively, DcR3 may have proinﬂammatory functions.
An excessive inﬂammatory response to various forms
of endothelial injury to an artery is characteristic of
the atherosclerotic process. Atherosclerosis involves
various inﬂammatory mediators including adhesion
molecules, chemokines, and cytokines (9). Recently,
an association between DcR3 and CVD was proposed
on the basis of its ability to elicit the secretion of intercellular adhesion molecule-1 (ICAM-1), vascular cell
adhesion molecule-1 (VCAM-1), and IL-8 from endothelial cells (10). Adhesion of circulating monocytes
to endothelial cells and subsequent trans-endothelial
www.cjasn.org Vol 7 August, 2012

migration to sites of inﬂammation are key steps in the
initiation and aggravation of atherosclerotic lesions (11).
CKD patients have higher DcR3 expression levels
than the general population (12), but whether DcR3
associates with the increased cardiovascular mortality observed in CKD patients has not been explored.
On the basis of this information, we conducted a longitudinal analysis to test the hypothesis that elevated
DcR3 levels are a predictor for cardiovascular and allcause mortality in CKD patients on hemodialysis.

Materials and Methods
Study Design
This prospective cohort study was carried out at
four dialysis centers in the Taipei metropolitan area.
Study participants were recruited from November 1 to
December 31, 2004. Initially, all patients (n=402) undergoing hemodialysis were screened, and 350 patients
aged .20 years who had been on hemodialysis for
.6 months were included. Exclusion criteria were dialysis for ,12 h/wk (n=4); inadequacy of dialysis deﬁned as Kt/V urea ,1.2 (n=5); and conditions of
malignancy (n=3), infectious disease, or sepsis (n=5),
or hepatobiliary disease (n=17). Finally, 316 clinically
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stable patients (150 men and 166 women; mean age of 59
years) were followed up until June 30, 2009. All of the patients were subjected to a standard bicarbonate dialysis session. Hemodialysis was performed three times weekly using
single-use dialyzers with a membrane surface area of
1.621.7 m2. The median duration of hemodialysis before
study entry was 71 months (interquartile range, 342120).
The study protocol was approved by the institutional review
board of each afﬁliated hospital. Informed consent was obtained from all participants, and our study complies with the
Declaration of Helsinki.
In all patients, a thorough medical history was taken at
the time of study enrollment. Presence of CVD was deﬁned
as a medical history and clinical ﬁndings of congestive
heart failure and coronary artery, cerebrovascular, and/or
peripheral vascular disease. No major modiﬁcations were
made in dialysis treatments or schedules during the

follow-up period. The primary outcome measures were
cardiovascular and all-cause mortality from the time of
inclusion in the study. Cardiovascular mortality included
fatal myocardial infarction, stroke, congestive heart failure,
arrhythmia, complicated peripheral vascular disease, and
sudden death. The overall mortality category comprised
death due to cardiovascular events, infection, sepsis,
malignancy, gastrointestinal bleeding, chronic obstructive lung disease, or cachexia. Each medical chart was reviewed and a trained physician who was blinded to the
DcR3 levels independently assigned the cause of death on
the basis of all of the available clinical information.
Laboratory Measurements
All blood samples were drawn from patients who had
fasted overnight at the start of a mid-week dialysis session,
and heparin was then administered. Plasma and serum

Table 1. Patients’ characteristics according to tertiles of DcR3 levels

Serum DcR3 Tertiles
P Value

Characteristic

0.0520.92 ng/ml
(n=105)

0.9322.41 ng/ml
(n=105)

2.45217.78 ng/ml
(n=106)

Age (yr)
Male sex
Smoking history
Hypertension
Diabetes mellitus
Previous CVD
Hemodialysis vintage (mo)
Body mass index (kg/m2)
Systolic BP (mmHg)
Diastolic BP (mmHg)
RAS blockade
Total no. of antihypertensives
Statin
Laboratory parameters
Kt/V urea
albumin (g/dl)
hs-CRP (mg/L)
IL-6 (pg/ml)
ICAM-1 (ng/ml)
VCAM-1 (ng/ml)
plasma glucose (mg/dl)
total cholesterol (mg/dl)
triglyceride (mg/dl)
calcium (mg/dl)
phosphate (mg/dl)
intact PTH (pg/ml)
hemoglobin (g/dl)
dose of epoetin (U/kg per week)
ferritin (mg/L)
transferrin saturation (%)

58612
48 (45.7)
35 (33.3)
47 (44.8)
33 (31.4)
15 (14.3)
72 (37–131)
22.163.4
134626
75615
27 (25.7)
3 (0–4)
16 (15.2)

59614
52 (49.5)
32 (30.5)
46 (43.8)
36 (34.3)
21 (20.0)
76 (36–120)
22.363.1
134622
75610
30 (28.6)
3 (0–3)
15 (14.3)

61613
50 (47.2)
35 (33.0)
52 (49.1)
35 (33.0)
30 (28.6)
61 (26–118)
22.164.2
138624
76611
29 (27.3)
4 (0–5)
19 (17.9)

0.06a
0.86b
0.89b
0.72b
0.91b
0.04b
0.34c
0.87a
0.40a
0.73a
0.90b
0.67c
0.75b

2.1060.48
4.0160.31
3.75 (1.30–6.39)
2.79 (1.66–5.53)
431 (333–599)
1903 (1491–2391)
113628
193648
190 (182–248)
9.760.7
5.161.3
254 (109–421)
10.661.5
71 (30–99)
288 (160–452)
25612

2.0560.41
3.9560.41
3.86 (1.52–8.24)
4.09 (2.20–4.09)
511 (385–738)
2139 (1585–2798)
112629
192645
188 (181–260)
9.660.9
5.261.5
217 (94–530)
10.661.6
68 (33–94)
322 (182–492)
25611

2.0160.74
3.7960.35
5.70 (2.23–8.81)
5.36 (2.52–14.4)
668 (437–818)
2550 (1672–3771)
110629
192647
189 (184–237)
9.660.8
4.961.3
202 (65–468)
10.361.6
71 (20–95)
346 (196–585)
26614

0.58a
,0.001a
0.01c
,0.001c
0.02c
0.04c
0.90a
0.90a
0.88c
0.62a
0.21a
0.81c
0.30a
0.67c
0.29c
0.68a

All variables were expressed as n (%) for categorical data and as means 6 SD or medians and interquartile ranges for continuous data
with or without a normal distribution, respectively. Previous CVD category consisted of coronary artery disease, cerebrovascular
disease, and peripheral arterial disease. DcR3, decoy receptor 3; CVD, cardiovascular disease; RAS, renin-angiotensin system; hs-CRP,
high-sensitivity C-reactive protein; ICAM-1, intercellular adhesion molecule-1; VCAM-1, vascular cell adhesion molecule-1; PTH,
parathyroid hormone.
a
Statistical analysis by ANOVA.
b
Statistical analysis by the Pearson chi-squared test.
c
Statistical analysis by the Kruskal–Wallis test.
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were separated and kept frozen at –70°C when not analyzed
immediately. Serum levels of DcR3 (Biovendor, Modrice,
Czech Republic), ICAM-1 and VCAM-1 (BioSource, Camarillo,
CA), and IL-6 (R&D Systems, Minneapolis, MN) were measured using commercially available ELISA kits according
to the manufacturer’s instructions. Intra-assay and interassay coefﬁcients of variance for DcR3 were 4.8% and 4.3%
at 0.50 ng/ml and 1.5% and 1.6% at 3.50 ng/ml, respectively.
Intra-assay and inter-assay coefﬁcients of variance for other
concentrations were ,5%. Albumin, urea, creatinine, calcium, phosphate, iron, and total iron-binding capacity in serum were determined using commercial kits by a Hitachi
7600 autoanalyzer (Roche Modular; Hitachi Ltd, Tokyo,
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Japan). Transferrin saturation was calculated as the serum
iron concentration/total iron-binding capacity 3 100. Serum
ferritin and intact parathyroid hormone levels were determined with a RIA (Incstar, Stillwater, MN). Serum highsensitivity C-reactive protein (hs-CRP) levels were measured
using an immunoturbidimetric assay and rate nephelometry
(IMMAGE; Beckman Coulter, Galway, Ireland). The adequacy of dialysis was estimated by measuring mid-week
urea clearance (Kt/V urea) using the standard method (13).
BP was measured and recorded by an automated sphygmomanometer. Predialysis BP was measured in the nonaccess
arm after a 5-minute rest while the patient was seated with
both feet on the ﬂoor before placement of a dialysis needle.

Figure 1. | DcR3 correlates with inflammatory markers. Univariate analysis of the correlation of DcR3 with (A) IL-6, (B) hs-CRP, (C) serum
albumin, (D) ICAM-1, and (E) VCAM-1. Logarithmic transformation of DcR3, IL-6, and hs-CRP was used to normalize the distributions for
univariate analyses. DcR3, decoy receptor 3; hs-CRP, high-sensitivity C-reactive protein; ICAM-1, intercellular adhesion molecule-1; VCAM-1,
vascular cell adhesion molecule-1.
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Statistical Analyses
All variables were expressed as percentages for categorical data and as means 6 SD or medians and interquartile
ranges for continuous data with or without a normal distribution, respectively. Potential differences among the
three patient groups for each baseline serum DcR3 tertile
were assessed by ANOVA, the Kruskal–Wallis test, or the
chi-squared test, as appropriate. A Pearson correlation
analysis was used to assess the associations of DcR3
with malnutrition-inﬂammation parameters. Multivariate
regression analyses were used to assess independent
predictors of serum DcR3 levels. To assess the predictive
accuracy of the DcR3 for mortality, we used the timedependent receiver operating characteristic (ROC) curve
for censored data and the area under the ROC curve
(AUC) as the criterion (14). An AUC of 0.5 indicates no
predictive ability, whereas a value of 1 represents perfect
predictive ability. Using the C statistic with stepwise addition of VCAM-1, albumin, IL-6, and DcR3 to traditional
cardiovascular risk factors, the incremental change in
AUC was assessed for mortality prediction at 48 months
of the study.
The Kaplan–Meier method was used to describe survival curves. During the follow-up, 14 patients received a kidney transplant, 4 were shifted to peritoneal
dialysis, and 33 were transferred to other dialysis units.
Censoring occurred at the time of kidney transplantation,
peritoneal dialysis, and withdrawal from the study, or on
June 30, 2009. Cox proportional hazards regression analysis was used to examine the association of baseline variables with cardiovascular and all-cause mortality. The
univariate and multivariate Cox regression analyses are
presented as hazard ratios (HRs) and 95% conﬁdence intervals (95% CIs). Adjustments for age and sex were
initially performed to calculate adjusted HRs. The multivariate regression analysis was further adjusted for age
and sex, and covariates served as potential confounders
of the association between DcR3 concentration and cardiovascular or all-cause death. The potential confounding
factors were smoking status, diabetes, prior CVD, body
mass index, total cholesterol, systolic BP, dialysis vintage,
urea Kt/V, hemoglobin, serum albumin, IL-6, and VCAM-1.
Furthermore, the signiﬁcance of linear trends across the
DcR3 tertiles was tested by assigning each patient the median of the tertile and modeling this value as a continuous
variable. The Akaike Information Criterion (AIC) (15) was
used for calculating the prediction gain by DcR3 when this
receptor was added to a multivariate Cox regression model
adjusted for traditional cardiovascular risk factors. The prediction gain was then calculated by adding VCAM-1, albumin, hs-CRP, or IL-6 into the same regression model,
respectively. P,0.05 was considered statistically signiﬁcant.
All statistical analyses were performed using the Statistical Package for the Social Sciences (version 16.0; SPSS Inc,
Chicago, IL).

Results
Baseline Characteristics of Patients
Clinical characteristics of the 316 hemodialysis patients,
stratiﬁed according to the serum DcR3 tertiles, are summarized in Table 1. There were 104 patients (33%) with

diabetes mellitus, and 66 patients (21%) had a clinical history of CVD. Patients with higher DcR3 levels were more
likely to have a previous history of CVD. In addition,
plasma concentrations of hs-CRP, IL-6, ICAM-1, and
VCAM-1 were signiﬁcantly higher in patients with serum
DcR3 levels in the highest tertile. In the univariate analysis
(Figure 1), DcR3 levels were positively correlated with IL-6
(P,0.001) and hs-CRP (P=0.01) levels and negatively correlated with albumin levels (P,0.001). Furthermore, DcR3
levels were positively associated with ICAM-1 (P=0.008)
and VCAM-1 (P=0.002) levels. No correlation was found
between DcR3 levels and traditional risk factors, including
age, sex, hypertension, dyslipidemia, smoking status, and
diabetes. The use of renin-angiotensin blockers or statins
did not have an effect on DcR3 levels. We performed a
multivariate regression analysis of contributing factors to
explain DcR3 levels. Serum albumin (P=0.009), IL-6
(P=0.001), VCAM-1 (P=0.01), and history of CVD
(P=0.04) all were signiﬁcantly associated with DcR3 levels
(Table 2).
Association of DcR3 Levels with Outcome
During a median follow-up period of 54 months (interquartile range, 27–107), 33 patients who transferred to
other dialysis units were followed using questionnaire
forms completed by the attending physicians at the units.
At the end of the follow-up period, 208 patients were conﬁrmed to be alive on hemodialysis treatment, and 90 patients had died while being treated, 34 (37.7%) of which
were deaths due to CVD-related causes.
The AUCs of DcR3, IL-6, and albumin assessed by timedependent ROC curve analysis showed consistently perfect
predictive performance over the follow-up duration

Table 2. Multivariate regression models for the prediction of
DcR3

Parameter
Age (yr)
Sex (male)
Diabetes mellitus
(presence)
Previous CVD
(presence)
HD vintage (mo)
Kt/V urea
log IL-6 (pg/ml)
log ICAM-1 (ng/ml)
log VCAM-1 (ng/ml)
Albumin (g/dl)
Body mass index
(kg/m2)

Difference
in DcR3

SEM

P
Value

20.004
0.014
0.008

0.013
0.058
0.073

0.75
0.81
0.42

0.165

0.061

0.04

20.009
20.036
0.248
0.134
0.202
20.229
20.016

0.018
0.021
0.071
0.072
0.096
0.087
0.009

0.69
0.28
0.26
0.07
0.01
0.009
0.52

The adjusted r2 of the model was 0.294. Logarithmic transformation of DcR3, IL-6, hs-CRP, ICAM-1 and VCAM-1 was
used to normalize the distributions for multivariate analysis.
DcR3, decoy receptor 3; CVD, cardiovascular disease; HD,
hemodialysis; hs-CRP, high-sensitivity C-reactive protein;
ICAM-1, intercellular adhesion molecule-1; VCAM-1, vascular
cell adhesion molecule-1.
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(Figure 2). The AUCs by stepwise addition of VCAM-1,
albumin, IL-6, and DcR3 were all statistically signiﬁcant
for predicting mortality at 48 months (Table 3). However,
the increase in the AUC from 0.79 to 0.80 was not substantial when DcR3 was added, indicating no additional
predictive ability of DcR3 to the established risk factors.
Kaplan–Meier survival curves corroborated the ﬁnding
that higher DcR3 levels are associated with a lower probability of survival in hemodialysis patients (Figure 3). Patients were categorized according to tertiles of baseline
serum DcR3 levels, and differences in the survival rates
between patients in the upper versus middle tertiles and
the upper versus lower tertiles were statistically signiﬁcant. The association between DcR3 and cardiovascular
or all-cause mortality was studied through univariate
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and multivariate Cox analysis (Table 4). A comparison of
the upper versus lower tertiles of DcR3 levels showed that
the crude HR was 3.6 for cardiovascular mortality (95% CI,
1.5–8.6; P for trend=0.002) and 2.9 for all-cause mortality
(95% CI, 1.7–4.9; P for trend ,0.001). The predictive value
of DcR3 on cardiovascular mortality (HR, 2.8; 95% CI, 1.1–
7.3; P for trend=0.04) and all-cause mortality (HR, 2.1; 95%
CI, 1.1–3.7; P for trend=0.02) persisted after adjustment for
various potential confounders. To further elucidate the
contribution of elevated DcR3 levels, we performed Cox
analyses with the log DcR3 level as a continuous variable.
These analyses conﬁrmed an increased risk of cardiovascular mortality (HR, 1.4; 95% CI, 1.1–2.1; P,0.05) and allcause mortality (HR, 1.3; 95% CI, 1.1–1.7; P=0.04) per SD
increase in log DcR3 concentration, respectively, after

Figure 2. | Predictive accuracy of DcR3, IL-6, and albumin estimated by using time-dependent ROC curve analysis. A shows the timedependent AUCs for all of the markers and B (DcR3), C (IL-6), and D (albumin) show the ROC curves at different time periods. The AUCs at 36
months for DcR3, IL-6, and albumin were 0.74, 0.66 (P,0.01 versus DcR3), and 0.66 (P,0.01 versus DcR3), respectively. The AUCs at 48
month for DcR3, IL-6, and albumin were 0.73, 0.65 (P,0.01 versus DcR3), and 0.68 (P,0.05 versus DcR3), respectively. AUC, area under
curve; DcR3, decoy receptor 3; ROC, receiver operating characteristic.
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Table 3. Prediction model of pertinent factors for mortality
using AUC

Variable

AUC

Traditional cardiovascular risk
factors
VCAM-1
VCAM-1 + albumin
VCAM-1 + albumin + IL-6
VCAM-1 + albumin + IL-6 + DcR3

0.75 (0.7020.80)
0.76 (0.7120.80)
0.78 (0.7420.83)
0.79 (0.7520.84)
0.80 (0.7520.84)

Risk prediction was assessed by the C statistic. Each variable
was stepwise added to assess the incremental change in AUC
for predicting mortality at 48 months. Traditional cardiovascular risk factors included age, sex, smoking status, diabetes,
total cholesterol, and systolic BP in the model. AUC, area under
the ROC curve; VCAM-1, vascular cell adhesion molecule-1;
DcR3, decoy receptor 3.

multivariate adjustment. Using the AIC for pertinent biomarkers (Table 5), DcR3 was independently associated
with the outcomes but the prediction gain was minimal
when DcR3 was added in the Cox regression model.

Discussion
This study has elucidated DcR3 as a prognostic factor for
hemodialysis patients. Serum levels of DcR3 are strongly
and positively associated with inﬂammation and independently predict long-term cardiovascular and all-cause
mortality.
DcR3 is a soluble receptor lacking a transmembrane
domain that is capable of neutralizing the biologic effects of
the following three members of the TNF superfamily: Fas
ligand (FasL) (4), LIGHT (16), and TNF-like molecule 1A
(17). Because FasL, LIGHT, and TNF-like molecule 1A play
critical roles in apoptosis and inﬂammatory responses of
immune cells, DcR3 can be deﬁned as an immune suppressor on the basis of its neutralizing effects. In contrast, DcR3
also acts as an effector molecule that modulates proinﬂammatory responses via “nondecoy” activities (18). DcR3 induces NF-kB–mediated expression of ICAM-1, VCAM-1,
and IL-8 by monocytes such that their binding to endothelial cells is enhanced (10). DcR3 may play a pathogenic role
in the development of CVD in patients with CKD because
increased expression of cell adhesion molecules and their
ligands mediate the recruitment of inﬂammatory cells
from the circulation and their trans-endothelial migration,
both of which are essential processes in atherogenesis (11).
This notion was supported by a strong positive association
between the expression of DcR3 and adhesion molecules
(ICAM-1 and VCAM-1) (Figure 1, D and E) in our study.
Chronic inﬂammation, as evidenced by the presence of
proinﬂammatory cytokines, may cause malnutrition and
atherosclerosis in the dialysis population. Cumulative
evidence has indicated that IL-6 plays a key role in the
pathogenesis of inﬂammation and atherosclerosis in dialysis
patients (19). Therefore, it has been proposed that IL-6 is the
best biomarker for stratifying risk in dialysis patients due to
its strong link to clinical outcomes (20). In our study, DcR3
outperforms IL-6 in the prediction of long-term mortality of

hemodialysis patients. Fong recently found that DcR3 expression is markedly upregulated by IL-6 via the JAK-STAT
signaling pathway (21). Our data showed that serum
DcR3 is highly correlated with IL-6 levels (Figure 1A), which
may mean that DcR3 is also involved in the inﬂammatory
cascades that accompany CKD. It is postulated that overexpression of DcR3 might be one missing link in explaining
why IL-6 contributes to the development of CVD in patients
with CKD (22). Furthermore, in this study, the predictive
value of DcR3 for cardiovascular mortality persisted after
adjustment for IL-6 and other proinﬂammatory cytokines,
leading us to hypothesize that DcR3 might also associate
with atherogenesis and increased mortality by yet uncharacterized non-proinﬂammatory mechanisms.
The origin of DcR3 in CKD patients is unknown, although
studies have suggested that endothelium and bacterial
antigen-stimulated immune cells can secrete DcR3 protein
(23). In accordance with previous reports, our study conﬁrms that serum concentrations of DcR3 are elevated in
patients with CKD compared with those in healthy individuals (12). The increased DcR3 levels could be a result of
increased DcR3 expression over the course of renal disease
or decreased removal of the protein due to renal dysfunction. Increased DcR3 expression may have a protective role
in preventing renal tissue damage because of its neutralizing effects on FasL-mediated apoptosis (8,24). On the other
hand, DcR3 causes endothelial dysfunction by inducing expression of adhesion molecules and formation of cell aggregates (10,25). Taken together, these data suggest that
increased DcR3 levels in CKD might have both a protective
role at the renal level and a harmful role in the arterial wall.
DcR3 is almost undetectable in nonpathologic conditions. Recent studies have demonstrated that DcR3 expression is upregulated in inﬂammatory diseases, and serum
DcR3 levels correlate with disease progression in these
illnesses. Han et al. showed that serum DcR3 could serve
as an additional parameter for diagnosing SLE and that
DcR3 secreted from cells of hematopoietic origin was pathogenic for SLE in mice (26). In a recent study, Chen et al.
demonstrated that high levels of circulating DcR3 correlate
with the development of multiple organ failure and can
independently predict 28-day mortality in patients with
adult respiratory distress syndrome (27). CKD is an inﬂammatory process. Our study corroborates the ﬁndings
that serum DcR3 is also a valuable marker for predicting
the outcome of CKD patients on hemodialysis.
Some limitations of this study should be acknowledged.
We acknowledge that the pathophysiology underlying
various CVD outcomes may differ. However, we combined
CVD events because we lacked sufﬁcient power to examine
speciﬁc events. Due to few cardiovascular events, the
statistical power and the scope for multivariate adjustment
in the Cox regression models were somewhat limited.
Another limitation is the lack of data on ﬁbroblast growth
factor 23. Given that this has been strongly associated with
mortality in hemodialysis patients (28), it would be important to know whether DcR3 adds predictive ability after
including ﬁbroblast growth factor 23. Kaplan–Meier
curves are unadjusted and it is unclear if DcR3 is predictive for incident dialysis patients. We also cannot exclude
the possibility of residual confounding. Finally, an observational study design cannot deﬁnitively examine whether
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Figure 3. | Kaplan–Meier analysis curves in hemodialysis patients at risk for cardiovascular and all-cause mortality. All patients were stratified
by the tertiles of baseline serum decoy receptor 3 (DcR3) to assess the unadjusted risks for (A) cardiovascular mortality and (B) all-cause
mortality.

biomarkers are causally related to clinical CVD. High
DcR3 levels may act as a causal risk factor for atherosclerosis or may represent a compensatory response to atherosclerosis. Although it ultimately cannot be ruled out that
high levels of DcR3 are entirely an epiphenomenon of inﬂammatory processes associated with CKD, a number of
experimental studies suggest an active role of DcR3 in
vascular pathology (10,25). DcR3 antagonists might provide new avenues for CVD therapy in CKD patients on

hemodialysis. Recently, the crystal structures of the unliganded DcR3 ectodomain were reported, providing a
mechanistic basis for the rational manipulation of speciﬁcity and afﬁnity of DcR3 and its ligands (29).
In conclusion, DcR3 levels are elevated and have close
associations with inﬂammation in hemodialysis patients.
Serum DcR3 levels correlate with a clinical history of CVD
and are an independent predictor of mortality. The association of DcR3 with mortality in hemodialysis patients
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Table 4. Multivariate Cox proportional hazards analysis for relative risk of cardiovascular and overall mortality calculated for DcR3
tertiles and for a 1-SD unit change in log DcR3 levels in a follow-up of 54 months

DcR3 by tertiles
lower tertile
middle tertile
upper tertile
P for trend
Log DcR3
1-SD unit increase
P value

Cardiovascular Mortality

All-Cause Mortality

Hazard Ratio (95% Conﬁdence Interval)

Hazard Ratio (95% Conﬁdence Interval)

Crude

Age- and
Sex-Adjusted

Multivariate
Adjustment

Crude

Age- and
Sex-Adjusted

Multivariate
Adjustment

1.0
1.4 (0.523.9)
3.6 (1.528.6)
0.002

1.0
1.3 (0.423.6)
3.0 (1.227.2)
0.007

1.0
1.3 (0.523.8)
2.8 (1.127.3)
0.04

1.0
1.6 (0.922.8)
2.9 (1.724.9)
,0.001

1.0
1.5 (0.822.6)
2.5 (1.424.2)
0.001

1.0
1.4 (0.922.5)
2.1 (1.123.7)
0.02

1.7 (1.222.6)
0.007

1.6 (1.222.4)
0.03

1.4 (1.122.1)
,0.05

1.7 (1.322.1)
,0.001

1.6 (1.222.0)
0.001

1.3 (1.121.7)
0.04

Hazard ratios and 95% conﬁdence intervals were derived from Cox regression analysis with DcR3 taken into account as a
time-dependent covariate. The multivariate model included variables for age, sex, smoking status, diabetes, prior cardiovascular disease,
body mass index, total cholesterol, systolic BP, hemodialysis duration, urea Kt/V, serum albumin, hemoglobin, IL-6, and vascular
cell adhesion molecule-1. DcR3, decoy receptor 3.

Table 5. Prediction gain by DcR3 over a model of traditional cardiovascular risk factors

Multivariate Cox Hazards Model
Cardiovascular mortality
cardiovascular risk factors
+ VCAM-1 (1 SD unit)
+ albumin (1 g/L)
+ hs-CRP (1 SD unit)
+ IL-6 (1 SD unit)
+ DcR3 (1 SD unit)
All-cause mortality
cardiovascular risk factors
+ VCAM-1 (1 SD unit)
+ albumin (1 g/dl)
+ hs-CRP (1 SD unit)
+ IL-6 (1 SD unit)
+ DcR3 (1 SD unit)

HR (95% CI)

P Value

AICa

DAICb

1.8 (0.724.4)
0.9 (0.621.3)
1.6 (0.922.5)
1.7 (1.122.7)
1.5 (1.122.4)

0.15
0.48
0.05
0.01
0.03

335.5
346.7
345.0
341.4
339.3
341.5

0.0
11.2
9.5
5.9
3.8
6.0

1.7 (1.023.1)
0.7 (0.520.9)
1.3 (0.921.7)
1.6 (1.222.1)
1.5 (1.222.0)

0.03
0.01
0.05
0.01
,0.01

872.5
889.6
882.7
892.3
885.4
884.0

0.0
17.1
10.2
19.8
12.9
11.5

DcR3, decoy receptor 3; HR, hazard ratio; 95% CI, 95% conﬁdence interval; AIC, Akaike Information Criterion; VCAM-1, vascular cell
adhesion molecule-1; hs-CRP, high-sensitive C-reactive protein.
a
AIC (15) for a given model is a function of its maximized log-likelihood and the number of estimable parameters (K): AIC = 22
(maximized log-likelihood) + 2K. In the baseline Cox proportional hazards model, there were six traditional cardiovascular risk factors,
including age, sex, smoking status, diabetes, total cholesterol, and systolic BP. VCAM-1, albumin, hs-CRP, IL-6, or DcR3 was added
subsequently in order to assess the independent predictive contribution by DcR3.
b
DAIC is the difference between the AIC of baseline model and the AIC of VCAM-1, albumin, hs-CRP, IL-6, or DcR3, respectively.
Therefore, the lower the DAIC, the higher prediction gain of pertinent biomarker.

may be explained, at least in part, by its proinﬂammatory
effects. Further studies are needed to clarify the mechanism
by which higher DcR3 concentrations are associated with
CVD and whether therapeutic interventions to lower DcR3
concentrations are of clinical beneﬁts in CKD patients on
hemodialysis.
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