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Circulating TNF receptors predict cardiovascular
disease in patients with chronic kidney disease
Eunjin Bae, MDa, Ran-Hui Cha, PhDb, Yong C. Kim, MDc, Jung N. An, MDd, Dong K. Kim, PhDc,
Kyung D. Yoo, MDe, Su M. Lee, PhDf, Myoung-Hee Kim, PhDg, Jung T. Park, PhDh, Shin-Wook Kang, PhDh,
Jae Y. Park, PhDi, Chun S. Lim, PhDd, Yon S. Kim, PhDc, Seung H. Yang, PhDj,∗, Jung P. Lee, MD, PhDc,d,∗

Abstract
Cardiovascular disease (CVD) is the main public health problem in patients with chronic kidney disease (CKD); however, there is no
established biomarker for predicting CVD morbidity and mortality in CKD. The aim of this study was to evaluate the role of circulating
tumor necrosis factor receptors (cTNFRs) in predicting CVD risk in CKD patients.
Weprospectively recruited 984 patientswith CKD from11 centers between 2006 and 2012. The levels of cTNFR1 andcTNFR2were

determined by performing an enzyme-linked immunosorbent assay. During the mean follow-up period of 4 years, 36 patients
experienced a CVD event. The median serum concentrations of cTNFR1 and cTNFR2 were 2703.4 (225.6–13,057.7) and 5661.0
(634.9–30,599.6)pg/mL, respectively, and the cTNFR1 level was closely correlated with the cTNFR2 level (r=0.86, P< .0001). The
urinary protein-to-creatinine ratio (UPCR) and estimated glomerular filtration rate (eGFR) were significantly correlated with the cTNFR2
level (r=0.21 for UPCR, r=�0.67 for eGFR; P< .001 for all). Similar correlations were observed for serum cTNFR1 (r=0.21 for UPCR,
r=�0.75 for eGFR;P< .001 for all). In theCoxproportional hazard analyses, cTNFR1 (hazard ratio [HR] 2.506, 95%confidence interval
[CI] 1.186–5.295,P= .016) andcTNFR2 (HR4.156, 95%CI 1.913–9.030,P< .001) predictedCVD risk even after adjustment for clinical
covariates, such asUPCR, eGFR, and high-sensitivity C-reactive protein. cTNFR1 and 2 are associatedwith CVD and other risk factors
in CKD, independently of eGFR and UPCR. Furthermore, cTNFRs could be relevant predictors of CVD in CKD patients.

Abbreviations: BMI = body mass index, CKD = chronic kidney disease, CVD = cardiovascular disease, DM = diabetes mellitus,
ESRD= end-stage renal disease, GFR= glomerular filtration rate, HF= heart failure, HTN = hypertension, MI =myocardial infarction,
NRI = net reclassification improvement, TNF-a = tumor necrosis factor-a, TNFR = tumor necrosis factor receptor, UPCR = urinary
protein-to-creatinine ratio.
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1. Introduction

Chronic kidney disease (CKD) affects 10% to 16% of the adult
population worldwide, and the prevalence is continuously
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increasing. In accordance with increasing prevalence of
CKD, the economic costs resulting from the care of these patients
have increase.[4] CKD increases the risks of all-cause mortality
and cardiovascular disease (CVD),[2,3,5] which is the leading
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cause of death of CKD patients, irrespective of the stage.
Therefore, CVD is one of the main public health problems
affecting these patients; however, traditional risk factors, such as
old age, hypertension (HTN), and dyslipidemia, cannot suffi-
ciently explain its high incidence.
Recurrent or chronic inflammatory processes are common in

individuals with CKD.[7] A role of inflammation has become well
established in theories describing the atherosclerotic disease
process, and inflammation is common in heart disease and stroke
patients.[8]

Tumor necrosis factor-a (TNF-a) is a pleiotropic cytokine that
plays an essential role in mediating inflammatory processes.[9–11]

It binds to 2 distinct TNF receptors (TNFRs), TNFR1 and
TNFR2, which are the key mediators of TNF signaling.[8] The
plasma levels of circulating TNFRs (cTNFRs) are significantly
increased in CKD patients, and these levels are closely correlated
with kidney function.[12] These biomarkers are also predictive of
declining kidney function.[13–16] Further, we have recently
reported that cTNFRs may be biomarkers for CKD progression
in patients with glomerular nephritis, such as IgA nephropathy
and membranous nephropathy, as well as in patients undergoing
invasive coronary angiography.[17–19] There has been particular
interest in searching for biomarkers that may be predictive of
CVD morbidity and mortality in the CKD population. To date,
cystatin C,[20,21] uric acid,[22] natriuretic peptides,[23] plasma
renin activity,[24] and fibroblast growth factor-23[25] have been
investigated as biomarkers for predicting CVD in CKD patients.
However, data on the association between TNFRs and CVD in
these patients are scarce. Therefore, we aimed to explore the role
of serum TNFRs in the occurrence of CVD in CKD patients.
2. Methods

2.1. Study population and data collection

A total of 984 CKD patients were prospectively enrolled from 11
centers in South Korea between 2006 and 2012 (Fig. 1). This
study was reviewed and approved by the Institutional Review
Board of each center. We conducted the study according to the
principles of the Declaration of Helsinki and obtained written
informed consent from all of the participants.
The inclusion criteria were as follows: adult patients (aged ≥19

years), and CKD stage from 1 to 5 (predialysis) based on the
estimated glomerular filtration rate (eGFR). Excluded subjects
were those who were unable or unwilling to provide written
consent, had previously received chronic dialysis or organ
transplantation, had heart failure (HF; New York Hear
Association class 3 or 4) or liver cirrhosis (Child-Pugh class 2
1,175 patients screened
from 2006 to 2012

Excluded (n=101)
- <18 years of age (n=15)
- Previously received chronic dialysis or 

organ transplantation (n=26)
- Heart failure, NYHA class 3 or 4 or liver 

cirrhosis (n=17)
- History of cardiovascular disease (n=23)
- Denied to participate (n=20)

1,074 patients with CKD

Excluded 90 patients with unavailable 
samples

984 patients

Figure 1. Flow diagram of patient enrollment.

2

or 3), or had history of CVD, or were currently pregnant, or had
unavailable samples to analysis cTNFR level.
Demographic and laboratory data were recorded at the time of

enrollment. Follow-up visits occurred every 6months, and during
each visit, the subjects were evaluated to determine whether they
had experienced cardiovascular events or received renal replace-
ment therapy.
The serum creatinine (sCr) levelwasmeasured by an assay based

on isotope dilution mass spectrometry (IDMS), and the eGFRwas
calculated using the following IDMS-traceable Modification of
Diet in Renal Disease equation: GFR (mL/min/1.73m2)=175�
(sCr) (�1.154)� (age in years)(�0.203)� (0.742, if female). CKD was
defined as the presence of kidney damage or decreased kidney
function for 3 months or more months. The kidney damage
includes albuminuria above albumin-to-creatinine ratio>30mg/g
or urine sediment abnormalities or pathologic abnormalities or
structural abnormalities detected by imaging.[6] HTNwas defined
as a systolic blood pressure (SBP) ≥140mm Hg, diastolic blood
pressure ≥ 90mm Hg, or the use of antihypertensive medication.
Diabetesmellitus (DM)was defined as a fasting glucose level≥126
mg/dL, hemoglobin A1c≥6.5%, the use of a glucose-lowering
drug, or self-reported diabetes.
2.2. Clinical assessment

The primary endpoint was defined as the first occurrence of either
cardiovascular death, nonfatal myocardial infarction (MI),
revascularization, or fatal/nonfatal stroke. Cardiovascular death
included fatal MI, sudden death, death caused by congestive HF,
death attributable to a diagnostic or therapeutic procedure due to
coronary artery disease, and death from another coronary
cause.[26] The secondary endpoints were defined as all-cause
mortality (cardiovascular and noncardiovascular) and end-stage
renal disease (ESRD) (with receipt of renal replacement therapy,
such as peritoneal dialysis, hemodialysis or kidney transplanta-
tion).[26] The date and cause of death were reported within 1
month after the event. For the patients who withdrew from the
study, we ascertained mortality data from Statistics Korea.[27]

2.3. Blood sample collection and measurement of TNFRs

Peripheral blood was withdrawn from venous blood vessels and
collected in ethylenediamine tetraacetic acid containing tubes. Blood
specimenswere immediately cooled and centrifuged at 3000rpm for
10min, and serum samples were stored at �70 °C until tested. The
cTNFR1 and cTNFR2 levels were determined using enzyme-linked
immunosorbent assay (ELISA; R&D Systems, Minneapolis, MN)
according to the manufacturer’s Instructions. The following
quantikine ELISA kits were used: human sTNFRI (catalog number
DRT100)/human sTNFRII Quantikine ELISA Kit (catalog number
DRT200). The samples were subjected to duplicate and blind
testing. Absorbancewasmeasuredwith an ELISA reader at 450nm.
The minimum detectable concentration was 0.43 to 1.20pg/mL for
sTNFR1and 0.2 to 2.3pg/mL for sTNFR2.

2.4. Statistical analysis

The data are presented as the mean± standard deviation or the
frequency (count and percentage). The cTNFR levels that were
not normally distributed are expressed as the median and
interquartile range (IQR) or are presented as log-transformed
values. The subjects’ characteristics were analyzed using Student t
test for continuous variables, the chi-square test for categorical
variables, or one-way analysis of variance using Scheffe multiple



Table 1

Baseline characteristics.

Characteristic

Age, y
∗

49.7±15.8
Sex, male (n, %) 552 (56.1%)
hs-CRP, mg/dL

∗
0.7±2.4

cTNFR1, pg/mL† 2703.4 (225.6–13,057.7)
cTNFR2, pg/mL† 5661.0 (634.9–30,599.6)
eGFR, mL/min/1.73m2∗ 50.8±31.6
eGFR categories
>90 139 (14.4%)
60–90 178 (18.4%)
30–60 301 (31.1%)
15–30 330 (34.1%)
<15 19 (2.0%)

UPCR, g/g cr
∗

2.2±2.6
Albumin, g/dL

∗
3.9±0.6

LDL cholesterol, mg/dL
∗

95.8±58.1
BMI, kg/m2∗ 24.0±3.7
SBP, mm Hg

∗
128.2±16.8

Hypertension (n, %) 527 (53.6%)
Diabetes (n, %) 267 (27.1%)

BMI = body mass index, eGFR = estimated glomerular filtration rate, LDL = low-density lipoprotein,
SBP = systolic blood pressure, UPCR = urine protein-to-creatinine ratio.
∗
Data are expressed as the mean± standard deviation or the median (25th and 75th percentiles).

† Data are expressed as the median and interquartile range (IQR).

Table 2

Clinical parameters according to circulating tumor necrosis factor
receptor s and circulating tumor necrosis factor receptor 2
concentrations.

Ln cTNFR1 T1 Ln cTNFR1 T2 Ln cTNFR1 T3 P

Range, pg/mL <7.226 7.226–8.115 ≥8.116
n 329 328 327
Age, y 40.1±14.7 53.2±14.0 55.9±13.9 <.001
Sex, male (n, %) 142 (43.2) 198 (60.4) 212 (64.8) <.001
hs-CRP, mg/dL

∗
0.6±1.6 0.5±1.1 0.9±3.4 .059

eGFR, mL/min/1.73m2∗ 80.9±27.0 46.1±24.7 25.7±10.2 <.001
UPCR, g/g cr

∗
1.6±2.3 2.3±2.9 2.7±2.6 <.001

Albumin, g/dL
∗

4.0±0.6 3.8±0.7 3.8±0.6 <.001
LDL cholesterol, mg/dL

∗
86.0±66.6 105.2±62.5 97.1±41.6 .001

BMI, kg/m2∗ 23.1±3.4 24.4±3.7 24.3±3.8 <.001
SBP, mm Hg

∗
125.0±15.1 128.7±17.3 131.1±17.3 <.001

Hypertension (n, %) 218 (66.3) 183 (55.8) 126 (38.5) <.001
Diabetes (n, %) 21 (6.4) 92 (28.0) 154 (47.1) <.001

Ln cTNFR2 T1 Ln cTNFR2 T2 Ln cTNFR2 T3 P

Range, pg/mL <8.068 8.068–8.811 ≥8.811
n 326 326 328
Age, y

∗
40.8±15.1 51.4±13.7 56.8±14.0 <.001

Sex, male (n, %) 147 (44.7) 202 (61.8) 203 (61.9) <.001
hs-CRP, mg/dL

∗
0.6±1.6 0.4±1.1 1.0±3.4 .013

eGFR, mL/min/1.73m2∗ 76.6±28.4 47.3±27.4 28.6±15.6 <.001
UPCR (g/g creatinine)

∗
1.5±2.1 2.3±2.9 2.8±2.7 <.001

Albumin, g/dL
∗

4.0±0.6 3.8±0.7 3.8±0.6 <.001
LDL cholesterol, mg/dL

∗
88.1±64.3 101.4±63.0 98.0±44.5 .024

BMI, kg/m2∗ 23.2±3.4 24.3±3.5 24.4±3.9 <.001
SBP, mm Hg

∗
126.2±16.4 128.0±16.8 130.5±17.0 .004

Hypertension, (n, %) 234 (71.1) 156 (47.7) 137 (41.8) <.001
Diabetes (n, %) 25 (7.6) 85 (26.0) 157 (47.9) <.001

BMI = body mass index, CVD = cardiovascular disease, eGFR = estimated glomerular filtration rate,
LDL= low-density lipoprotein, SBP = systolic blood pressure, UPCR = urine protein-to-creatinine ratio.
∗
Data are expressed as the mean± standard deviation or the median (25th and 75th percentiles). The

chi-squared test and analysis of variance was used.
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comparisons for continuous variables among 3 groups. Pearson
analysis was performed to analyze the correlations between the
log-transformed cTNFR (ln cTNFR) levels and variables. To
identifyCVDevents according to the cTNFR levels, Kaplan–Meier
analyses and log-rank tests were performed. Furthermore,
multivariate Cox proportional hazards regression analysis using
the forward stepwise process was applied to identify associations
between the cTNFR levels and CVD events. Analyses were
performed using SPSS version 21.0 software (IBM Corporation,
Armonk, NY), and statistical significance was defined as P< .05.
To identify the level of statistical power, we computed post hoc

power analysis using Gpower version 3.1 software (Franz,
UniversitatKiel,Germany) andXLSTATversion2016.3 (Addinsoft,
New York, NY) software for the Cox proportional hazard model
because this is end of the study.[28,29] The statistical power in this
study was at least 98% for a given sample size (n=984), effect size
(0.02, using the estimates from this study), and alpha level (0.05). All
elementsused in thecalculationare conservativevalue suchas sample
size and effect size with small convention value.
To evaluate the model performance according to the contribu-

tions of cTNFRs to the prediction of CVD events, c statistics was
calculated using the area under the receiver-operating curve. For
the statistical significance and 95% confidence intervals (CIs) for c
statistics, Mann–Whitney contrast test was used. In addition, the
continuousnet reclassification improvement (cNRI)wascomputed
using logistic regression models with the function improveprob in
R. The NRI quantifies the increase in predicted risk categories for
events and the decrease in risk categories for nonevents with the
addition of a new marker.[30,31] Data were analyzed by using SAS
9.4 for Windows software (SAS Institute, Cary, NC) and R
software version3.2.3 (ComprehensiveRArchiveNetwork: http://
cran.r-project.org). In all analyses, P< .05 was considered to be
statistically significant.

3. Results

3.1. Baseline characteristics

Between 2006 and 2012, we prospectively recruited 984 CKD
patients from 11 centers. The baseline characteristics of the study
participants are presented in Table 1. Among a total of 984
patients, 56.1% were men, and the mean age was 49.7±15.8
years. A total of 267 participants (27.1%) had DM, and 527
(53.6%) had HTN. The mean eGFR level was 50.8±31.6mL/
min/1.73m2, the urinary protein-to-creatinine ratio (UPCR) was
2.2±2.6g/g creatinine, and the high-sensitivity C-reactive
protein (hs-CRP) level was 0.7±2.4mg/dL. The median cTNFR1
and cTNFR2 levels were 2703.4pg/mL (IQR 225.6–13,057.7pg/
mL) and 5661.0pg/mL (IQR 634.9–30,599.6pg/mL), respec-
tively. The group of patients in the highest tertile of ln cTNFRs
had higher percentages of older individuals, males, and DM
patients compared with those in the lowest tertile (Table 2). They
also had a higher serum hs-CRP level and more advanced CKD
based on both the lower eGFR and higher UPCR.

3.2. Associations of clinical parameters with cTNFR levels

Risk factors for CVD or CKD were studied by examining their
correlations with each other and with the ln cTNFR levels
(Table 3). A significant negative correlation between the eGFR
and ln cTNFR2 level was observed (Pearson correlation
coefficient [r]=�0.67, P< .001 for ln cTNFR2). Age, SBP,
low-density lipoprotein (LDL), body mass index (BMI), protein-
uria (UPCR), and the hs-CRP level were positively correlated
3
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Table 3

Correlation coefficients between various clinical parameters in CKD patients.

Ln cTNFR1 Age SBP eGFR LDL BMI UPCR hs-CRP

Ln cTNFR2 0.86
∗

0.43
∗

0.11† �0.67
∗

0.09† 0.14
∗

0.21
∗

0.10†

Ln cTNFR1 1.00 0.43
∗

0.17
∗ �0.75

∗
0.12† 0.16

∗
0.21

∗
0.06

Age 1.00 0.15
∗ �0.51

∗
0.15

∗
0.25

∗
0.15

∗
0.05

SBP 1.00 �0.15
∗

0.08† 0.25
∗

0.19
∗ �0.02

eGFR 1.00 �0.01 �0.19
∗

0.05 �0.03
LDL 1.00 0.04 0.31

∗ �0.02
BMI 1.00 0.01 0.03
UPCR 1.00 �0.04
hs-CRP 1.00

BMI = body mass index, eGFR = estimated glomerular filtration rate, LDL = low-density lipoprotein, Ln cTNFR = log-transformed circulating tumor necrosis factor receptor, UPCR = urine protein-to-creatinine
ratio.
† P< .001.
∗
P< .0001.
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with the ln cTNFR2 level (Table 3), but the degree of correlation
was less than that for the eGFR (r=0.43 for age, r=0.11 for SBP,
r=0.13 for BMI, r=0.21 for UPCR, and r=0.10 for hs-CRP; for
all P< .05). Similar results were observed for serum cTNFR1
except hs-CRP. There was no significant correlation of the
cTNFR1 level with the hs-CRP level. To identify the relationship
between the cTNFRs andCVD,we divided the patients according
to CVD status. The median ln cTNFR1 and 2 levels were higher
in the patients with CVD than in those without CVD (ln cTNFR1:
positive CVD group vs. negative CVD group, 8.3 vs 7.7pg/mL, P
for trend<.001; cTNFR2: 9.0 vs 8.5pg/mL). In addition, more of
the participants with CVD were elderly, male and had advanced
CKD, diabetes than those without CVD (table S1, http://links.
lww.com/MD/B691).
3.3. Prediction of CVD based on cTNFR levels

A total of 36 (3.7%) patients experienced CVD during
the median follow-up period of 3.4±2.0 years. The impact
of ln cTNFR expression on CVD was evaluated using
Kaplan–Meier analysis (Fig. 2). The results showed a significant
difference between the ln cTNFR levels and that they were
associated with CVD. The CVD-free rate was significantly
lower among the patients in the highest tertile of ln cTNFR1
(P< .001, log-rank test). A similar relationship was observed
for cTNFR2.
A

Num
cTN
cTN
cTN

Number At Risk (n)
cTNFR2 T1
cTNFR2 T2
cTNFR2 T3

321     296     278      242     215      98       58    
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Figure 2. Circulating tumor necrosis factor receptors (cTNFRs) and event-free su
analysis and the log-rank test revealed a significant difference in event-free surviv
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Based on the univariate Cox regression analysis results,
stepwise multivariate regression analysis was then performed to
examine the predictive potential of cTNFRs for CVD (Table 4).
The results of this analysis revealed that the ln cTNFR2 level

was an independent predictor of CVD in the CKD patients, even
after adjustments for age, sex, inflammation (hs-CRP), and CVD
risk factors, such as the BMI, SBP, DM, UPCR, eGFR, and LDL
(ln cTNFR2: hazard ratio [HR] 4.16, 95% CI 1.59–9.03,
P< .001). Similar result was observed for ln cTFNR1 level.
However, the strength of predictive value for CVD was lower
than that of ln TNFR2. Figure 3 shows the HRs for CVD
according to the spline ln TNFR2 level adjusted for CVD risk
factors. As the ln TNFR2 level increased, the HR for CVD
increased steeply.
To elucidate the potential of cTNFR2 to serve as a reliable

predictor of CVD, we conducted receiver operating characteristic
curve and NRI analyses (table S2, http://links.lww.com/MD/
B691). The incremental predictive values of hs-CRP and cTNFR2
for CVD showed improvement in discrimination according to the
c statistic, although this improvement was not statistically
significant. After adjustments for traditional risk factors,
including age, sex, SBP, BMI, and DM, the inclusion of hs-
CRP and cTNFR2 increased the area under the curve (from 0.829
to 0.846; P= .134) for the prediction of CVD occurrence. The
NRI showed significant improvement in discrimination (NRI=
534%, CI 19.2–87.5, P= .002).
B
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Table 4

Hazard ratios of ln circulating tumor necrosis factor receptors with clinical endpoints in CKD patients.

Ln cTNFR1 Ln cTNFR2
HR (95% CI) P HR (95% CI) P

CVD
Model 1

∗
3.477 (1.802–6.709) <.001 4.988 (2.553–9.744) <.001

Model 2† 3.066 (1.568–5.996) .001 4.540 (2.290–9.000) <.001
Model 3‡ 2.506 (1.186–5.295) .016 4.156 (1.913–9.030) <.001

All-cause mortality
Model 1

∗
2.161 (0.856–5.452) .103 8.138 (2.895–22.873) <.001

Model 2† 1.810 (0.710–4.612) .214 7.774 (2.757–21.923) <.001
Model 3‡ 0.870 (0.245–3.094) .830 7.448 (2.319–23.925) .001

ESRD
Model 1

∗
9.101 (6.764–12.246) <.001 6.832 (5.220–8.942) <.001

Model 2† 10.102 (7.137–14.298) <.001 6.378 (4.811–8.454) <.001
Model 3‡ 5.927 (3.412–10.296) <.001 3.297 (2.192–4.959) <.001

BMI = body mass index, CI = confidence interval, eGFR = estimated glomerular filtration rate, ESRD = end-stage renal disease, HR = hazard ratio, LDL = low-density lipoprotein, Ln cTNFR = log-transformed
circulating tumor necrosis factor receptor, UPCR = urine protein-to-creatinine ratio.
∗
Model 1 was adjusted for age and sex.

†Model 2 was adjusted for age, sex, and inflammation (hs-CRP).
‡Model 3 was adjusted for age, sex, inflammation (hs-CRP), and CVD risk factors (the BMI, SBP, DM, UPCR, eGFR, and LDL).
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3.4. Prediction of all-cause mortality and renal outcome
based on cTNFR levels

We also explored the impacts of the cTNFR levels on all-cause
mortality and ESRD as a secondary outcome (Table 4). ESRD
developed in 174 patients (17.7%), and 19 deaths (1.9%)
occurred during the follow-up period. The ln TNFR2 level at
baseline was significantly predictive of not only all-cause
mortality (HR 7.45, 95% CI 2.32–23.93, P= .001) but also
ESRD (HR 3.30, 95% CI 2.19–4.96, P< .001). In contrast with
ln cTNFR2, the ln cTNFR1 level was not significantly predictive
of all-cause mortality.
Ln cTNFR2 (pg/ml) 
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Figure 3. Multivariate Cox proportional hazard ratio for cardiovascular disease
according to spline log-transformed circulating tumor necrosis factor receptor
2 (cTNFR2). The solid-black curve was obtained by multivariate Cox analysis
according to the spline log-transformed cTNFR2 (ln cTNFR2) level adjusted for
age, sex, systolic blood pressure, body mass index, and diabetes.
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3.5. Subgroup analyses according to the baseline
characteristics

Next, we performed subgroup analysis to confirm the predictive
value of cTNFR2 in the different subgroups. The association of
cTNFR2with CVD risk persisted in subgroup analyses according
to the categories of age, sex, proteinuria, the eGFR, and evidence
of DM, even after adjusting for the covariates. The cTNFR2 level
was found to be an independent predictor of CVD in all age (age
>65 years: HR 5.69; 95% CI 1.46–22.12, age <65 years: HR
3.37; 95% CI 1.11–10.24; P= .033), males (HR 5.37; 95% CI
1.93–14.95; P= .001), the lower proteinuria group (UPCR<3.5
g/gcr) (HR 2.64; 95% CI 1.08–6.42; P= .033), the lower eGFR
group (eGFR<30mL/min/1.73m2) (HR 3.96; 95% CI
1.44–10.91; P= .0008), and the DM group (HR 7.725; 95%
CI 2.28–23.08; P= .001) (Fig. 4). No significant interactions were
detected among the subgroups except DM (for all interactions,
P> .05). We also performed subgroup analysis to confirm the
predictive value of cTNFR1 in the different subgroups (age, sex,
proteinuria, the eGFR, and evidence of DM). However, there was
no significant association between cTNFR1 and CVD in any
subgroup analysis (Supplementary Fig. 1, http://links.lww.com/
MD/B691).

4. Discussion

We found a strong association of cTNFRs with CVD risk in a
large, multicenter prospective CKD cohort. Furthermore, the
association of the cTNFR2 level at the time of initial diagnosis
remained significant after adjusting for CVD risk factors and was
stronger in the participants whowere male or had advanced CKD
or DM.
Although associations between renal dysfunction and cTNFRs

have been described in the elderly,[15] diabetes patients,[13,14] and
individuals with glomerulonephritis,[16,19] there is a paucity of
data on the correlation between CVD and cTNFRs in CKD
patients. To our knowledge, the present study is the first
prospective, multicenter study to report a relationship between
CVD and the cTNFR levels in these patients.
TNF-a is a functional, 26kDa, homotrimeric, transmembrane

protein and is a dualistic cytokine with proinflammatory and

http://links.lww.com/MD/B691
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Figure 4. Subgroup analysis of the risk of cardiovascular disease in chronic kidney disease patients with respect to log-transformed circulating tumor necrosis
factor receptor 2. The adjusted covariates included age, sex, high-sensitivity C-reactive protein, body mass index, systolic blood pressure, proteinuria, the
estimated glomerular filtration rate, and diabetes.
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immunoregulatory functions. Microinflammation driven
by TNF-a is directly involved in the pathogenesis and progression
of CKD. The TNF-a pathway activates cellular damage and
apoptosis, recruits inflammatory cells, and causes tubulointer-
stitial changes.[18,34] TNF-a increases albumin permeability, and
its inhibition in a diabetic animal model has been shown to
decrease albuminuria.[35] These functions are relayed by TNFRs,
which exist in soluble or membrane-bound forms,[36,37] and
cTNFR1 and cTNFR2 are expressed in glomerular and tubular
cells after renal injury.[34] In our study, elevated cTNFR levels
were implicated in the deterioration of renal function, along with
a decreased eGFR and increased proteinuria (UPCR) and ESRD.
In addition, elevated cTNFR levels, and particularly an

increase in cTNFR2, at the time of diagnosis was strongly
correlated with DM. These findings can be explained as follows.
First, TNF-a is a mediator of obesity-related insulin resistance,[38]

and the atherosclerotic process, which involves macrophages,
endothelial cells, and smoothmuscle cells,[39] but it is also derived
from adipose tissue.[40] Second, hyperglycemia has been
suggested to affect the levels of oxidative stress,[41] and oxidative
stress also increases TNF-a activity, and specifically the activity
of TNFR2.[42]

Previous studies have assessed the associations between
cTNFRs and left ventricular mass,[43] carotid atherosclerosis,[44]

coronary heart disease,[45,46] MI,[47] and HF.[48] In addition,
several experimental studies have demonstrated a role of
TNF signaling in myocardial cell apoptosis, leading to
ischemic reperfusion injury, left ventricular dysfunction, and
HF.[48,49] TNF-a plays an important role in cardiac toxicity
through reactive oxygen species and mitogen-activated protein
kinase pathways, as well as through interactions with
the renin–angiotensin system in experimental settings.[43,50,51]

Elevated cTNFR levels may also be reflective of inflammatory
6

mechanisms involved in subclinical atherosclerotic diseases. In
accordance with previous studies, cTNFR2 was found to be an
independent risk factor for CVD in our study and to be predictive
of CVD, especially in the participants with a lower proteinuria
level and advanced CKD and DM. These results can be explained
by 2 hypotheses. The first hypothesis is that an elevated cTNFR2
level is a manifestation of the disease process, particularly in the
high-risk group, but not in the lower proteinuria group. The
second hypothesis is that an elevated cTNFR2 level contributes to
the development of CVD. Interestingly, in our study, cTNFR2
had a much more pronounced and significant effect on CVD and
mortality than cTNFR1. This difference may be attributed to the
distinct natures of cTNFR1 and 2. Indeed, cTNFR1 is abundantly
expressed in all nucleated cells, but cTNFR2 expression is
restricted mainly to endothelial cells and leukocytes, although its
distribution varies between normal and diseased tissues.[52,53]

Each receptor may play a distinct role in inflammation and
apoptosis, but they also cooperate to regulate many of their
downstream effects.[20,54,55] The origins and roles of cTNFRs,
however, are still a matter of debate. Further pathogenic
studies of cTNFR2 with respect to inflammation and adverse
cardiac events are needed. In addition, this study evaluated
the incremental predictive values of cTNFRs for CVD, and
cTNFR2 showed improvement over traditional risk factors in
predicting CVD.
The strengths of our study were the large, multicenter,

prospective cohort, and the assessment of detailed participant
characteristics focusing on CVD risk factors. The limitation was
the lack of information on medications, long-term outcomes, and
cTNFR levels during the follow-up period. In addition, we only
analyzed the cTNFR levels at the time of enrollment; however,
our findings demonstrate that a single cTNFR measurement
provides information on the future risk of CVD. Further, we did
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not measure any other cardiac biomarkers, such as troponin and
natriuretic peptides, except for hs-CRP in this population. Thus,
we could not compare the predictive roles of cTNFRs with other
established predictors for CVD.
In conclusion, cTNFRs were shown to be associated with

CVD, independent of age, sex, inflammatory markers, and other
CVD risk factors, in the CKD patients. The predictive effect of
cTNFR2 was pronounced in the elderly (>65 years), male,
advanced CKD, and DM patients. Accordingly, this study may
provide a noninvasive method of CVD prediction and renal
function assessment in CKD patients. Further investigations are
needed to establish the use of cTNFRs as biomarkers for CVD
prediction in the CKD population.
Acknowledgments

Several blood specimens for this study were provided by the Seoul
National University Hospital Human Biobank, a member of the
National Biobank of Korea.
References

[1] Matsushita K, van der VeldeM, Astor BC, et al. Association of estimated
glomerular filtration rate and albuminuria with all-cause and cardiovas-
cular mortality in general population cohorts: a collaborative meta-
analysis. Lancet 2010;375:2073–81.

[2] Levey AS, Atkins R, Coresh J, et al. Chronic kidney disease as a global
public health problem: approaches and initiatives—a position statement
from Kidney Disease Improving Global Outcomes. Kidney Int 2007;72:
247–59.

[3] Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work
GroupKDIGO: 2012 clinical practice guideline for the evaluation and
management of chronic kidney disease. Kidney Int 2013;3:1–50.

[4] Kim doH, KimM,KimH, et al. Early referral to a nephrologist improved
patient survival: prospective cohort study for end-stage renal disease in
Korea. PLoS One 2013;8:e55323.

[5] Sarnak MJ, Levey AS, Schoolwerth AC, et al. Kidney disease as a risk
factor for development of cardiovascular disease: a statement from the
American Heart Association Councils on Kidney in Cardiovascular
Disease, High Blood Pressure Research, Clinical Cardiology, and
Epidemiology and Prevention. Circulation 2003;108:2154–69.

[6] National Kidney FoundationK/DOQI clinical practice guidelines for
chronic kidney disease: evaluation, classification, and stratification. Am J
Kidney Dis 2002;39(2 suppl 1):S1–266.

[7] Cachofeiro V, Goicochea M, de Vinuesa SG, et al. Oxidative stress and
inflammation, a link between chronic kidney disease and cardiovascular
disease. Kidney Int Suppl 2008;111:S4–9.

[8] Wajant H, Pfizenmaier K, Scheurich P. Tumor necrosis factor signaling.
Cell Death Differ 2003;10:45–65.

[9] HasegawaG,Nakano K, SawadaM, et al. Possible role of tumor necrosis
factor and interleukin-1 in the development of diabetic nephropathy.
Kidney Int 1991;40:1007–12.

[10] Navarro JF, Mora C. Role of inflammation in diabetic complications.
Nephrol Dial Transplant 2005;20:2601–4.

[11] Ernandez T, Mayadas T. Immunoregulatory role of TNF[alpha] in
inflammatory kidney diseases. Kidney Int 2009;76:262–76.

[12] Tonelli M, Sacks F, Pfeffer M, et al. Biomarkers of inflammation and
progression of chronic kidney disease. Kidney Int 2005;68:237–45.

[13] Niewczas MA, Gohda T, Skupien J, et al. Circulating TNF receptors 1
and 2 predict ESRD in type 2 diabetes. J Am Soc Nephrol 2012;23:
507–15.

[14] Gohda T, Niewczas MA, Ficociello LH, et al. Circulating TNF receptors
1 and 2 predict stage 3 CKD in type 1 diabetes. J Am Soc Nephrol
2012;23:516–24.

[15] Carlsson AC, Larsson TE, Helmersson-Karlqvist J, et al. Soluble TNF
receptors and kidney dysfunction in the elderly. J Am Soc Nephrol
2014;25:1313–20.

[16] Sonoda Y, Gohda T, Suzuki Y, et al. Circulating TNF receptors 1 and 2
are associated with the severity of renal interstitial fibrosis in IgA
nephropathy. PLoS One 2015;10:e0122212.

[17] An JN, Yoo KD, Hwang JH, et al. Circulating tumor necrosis factor
receptors 1 and 2 predict contrast-induced nephropathy and progressive
7

552–9.
[18] Lee SM, Yang S, Cha RH, et al. Circulating TNF receptors are significant

prognostic biomarkers for idiopathic membranous nephropathy. PLoS
One 2014;9:e104354.

[19] Oh YJ, An JN, Kim CT, et al. Circulating tumor necrosis factor alpha
receptors predict the outcomes of human IgA nephropathy: a prospective
cohort study. PLoS One 2015;10:e0132826.

[20] Tartaglia LA, Pennica D, Goeddel DV. Ligand passing: the 75-kDa
tumor necrosis factor (TNF) receptor recruits TNF for signaling by the
55-kDa TNF receptor. J Biol Chem 1993;268:18542–8.

[21] Koenig W, Twardella D, Brenner H, et al. Plasma concentrations of
cystatin C in patients with coronary heart disease and risk for secondary
cardiovascular events: more than simply a marker of glomerular
filtration rate. Clin Chem 2005;51:321–7.

[22] Odden MC, Amadu AR, Smit E, et al. Uric acid levels, kidney function,
and cardiovascular mortality in US adults: National Health and
Nutrition Examination Survey (NHANES) 1988–1994 and
1999–2002. Am J Kidney Dis 2014;64:550–7.

[23] Sakuma M, Nakamura M, Tanaka F, et al. Plasma B-type natriuretic
peptide level and cardiovascular events in chronic kidney disease in a
community-based population. Circ J 2010;74:792–7.

[24] Bhandari SK, Batech M, Shi J, et al. Plasma renin activity and risk of
cardiovascular and mortality outcomes among individuals with elevated
and nonelevated blood pressure. Kidney Res Clin Pract 2016;35:219–28.

[25] Seiler S, Reichart B, Roth D, et al. FGF-23 and future cardiovascular
events in patients with chronic kidney disease before initiation of dialysis
treatment. Nephrol Dial Transplant 2010;25:3983–9.

[26] Wanner C, Krane V, Marz W, et al. Randomized controlled trial on the
efficacy and safety of atorvastatin in patients with type 2 diabetes on
hemodialysis (4D study): demographic and baseline characteristics.
Kidney Blood Press Res 2004;27:259–66.

[27] Korean Statistical Information Service. http://kosis.kr/statisticsList/statis
ticsList_01List.jsp?vwcd=MT_ZTITLE&parentId=D. Accessed April 1,
2016.

[28] Vaeth M, Skovlund E. A simple approach to power and sample size
calculations in logistic regression and Cox regression models. Stat Med
2004;23:1781–92.

[29] Addinsoft. XLSTAT for Windows. https://www.xlstat.com/en/solutions/
features/cox-model. Accessed April 4, 2016.

[30] Pepe MS. Problems with risk reclassification methods for evaluating
prediction models. Am J Epidemiol 2011;173:1327–35.

[31] Pencina MJ, D’Agostino RBSr, D’Agostino RBJr, et al. Evaluating the
added predictive ability of a newmarker: from area under the ROC curve
to reclassification and beyond. Stat Med 2008;27:157–72. discussion
207–112.

[32] Kriegler M, Perez C, DeFay K, et al. A novel form of TNF/cachectin is a
cell surface cytotoxic transmembrane protein: ramifications for the
complex physiology of TNF. Cell 1988;53:45–53.

[33] Locksley RM, Killeen N, Lenardo MJ. The TNF and TNF receptor
superfamilies: integrating mammalian biology. Cell 2001;104:487–501.

[34] Baud L, Ardaillou R. Tumor necrosis factor in renal injury. Miner
Electrolyte Metab 1995;21:336–41.

[35] Moriwaki Y, Inokuchi T, Yamamoto A, et al. Effect of TNF-alpha
inhibition on urinary albumin excretion in experimental diabetic rats.
Acta Diabetol 2007;44:215–8.

[36] Takahashi K, Honeyman MC, Harrison LC. Impaired yield, phenotype,
and function of monocyte-derived dendritic cells in humans at risk for
insulin-dependent diabetes. J Immunol 1998;161:2629–35.

[37] Lan HY. Therapeutic effects of cytokine blockade in glomerulonephritis.
Nephrol Dial Transplant 1998;13:7–9.

[38] Hotamisligil GS. The role of TNFalpha and TNF receptors in obesity and
insulin resistance. J Intern Med 1999;245:621–5.

[39] Warner SJ, Libby P. Human vascular smooth muscle cells. Target for and
source of tumor necrosis facto. J Immunol 1989;142:100–9.

[40] Kern PA, SaghizadehM, Ong JM, et al. The expression of tumor necrosis
factor in human adipose tissue. Regulation by obesity, weight loss, and
relationship to lipoprotein lipase. J Clin Investig 1995;95:2111–9.

[41] Esposito K, Nappo F, Marfella R, et al. Inflammatory cytokine
concentrations are acutely increased by hyperglycemia in humans: role
of oxidative stress. Circulation 2002;106:2067–72.

[42] Fernandez-Real JM, Broch M, Ricart W, et al. Plasma levels of the
soluble fraction of tumor necrosis factor receptor 2 and insulin resistance.
Diabetes 1998;47:1757–62.

[43] Takei Y, Di Tullio MR, Homma S, et al. Soluble tumor necrosis factor
receptor 1 level is associated with left ventricular hypertrophy: the
northern Manhattan study. Am J Hyperten 2009;22:763–9.

http://kosis.kr/statisticsList/statisticsList_01List.jsp?vwcd=MT_ZTITLE&x0026;parentId=D
http://kosis.kr/statisticsList/statisticsList_01List.jsp?vwcd=MT_ZTITLE&x0026;parentId=D
https://www.xlstat.com/en/solutions/features/cox-model
https://www.xlstat.com/en/solutions/features/cox-model
http://www.md-journal.com


[44] Elkind MS, Cheng J, Boden-Albala B, et al. Tumor necrosis factor [50] Higuchi Y, Otsu K, Nishida K, et al. Involvement of reactive

Bae et al. Medicine (2017) 96:19 Medicine
receptor levels are associated with carotid atherosclerosis. Stroke
2002;33:31–7.

[45] Shai I, Schulze MB, Manson JE, et al. A prospective study of soluble
tumor necrosis factor-alpha receptor II (sTNF-RII) and risk of coronary
heart disease among women with type 2 diabetes. Diabetes Care
2005;28:1376–82.

[46] Safranow K, Dziedziejko V, Rzeuski R, et al. Plasma concentrations of
TNF-alpha and its soluble receptors sTNFR1 and sTNFR2 in patients
with coronary artery disease. Tissue Antigens 2009;74:386–92.

[47] Nilsson L, Szymanowski A, Swahn E, et al. Soluble TNF receptors are
associated with infarct size and ventricular dysfunction in ST-elevation
myocardial infarction. PLoS One 2013;8:e55477.

[48] Valgimigli M, Ceconi C, Malagutti P, et al. Tumor necrosis factor-alpha
receptor 1 is a major predictor of mortality and new-onset heart failure in
patients with acute myocardial infarction: the Cytokine-Activation and
Long-Term Prognosis in Myocardial Infarction (C-ALPHA) study.
Circulation 2005;111:863–70.

[49] Haudek SB, Taffet GE, Schneider MD, et al. TNF provokes
cardiomyocyte apoptosis and cardiac remodeling through activation
of multiple cell death pathways. J Clin Investig 2007;117:2692–701.
8

oxygen species-mediated NF-kappa B activation in TNF-alpha-
induced cardiomyocyte hypertrophy. J Mol Cell Cardiol 2002;34:
233–40.

[51] Park JK, Fischer R, Dechend R, et al. p38 mitogen-activated protein
kinase inhibition ameliorates angiotensin II-induced target organ
damage. Hypertension 2007;49:481–9.

[52] Al-Lamki RS, Wang J, Vandenabeele P, et al. TNFR1- and TNFR2-
mediated signaling pathways in human kidney are cell type-specific
and differentially contribute to renal injury. FASEB J 2005;19:
1637–45.

[53] Vielhauer V, Stavrakis G, Mayadas TN. Renal cell-expressed TNF
receptor 2, not receptor 1, is essential for the development of
glomerulonephritis. J Clin Investig 2005;115:1199–209.

[54] Pinckard JK, Sheehan KC, Schreiber RD. Ligand-induced formation of
p55 and p75 tumor necrosis factor receptor heterocomplexes on intact
cells. J Biol Chem 1997;272:10784–9.

[55] Slowik MR, De Luca LG, Fiers W, et al. Tumor necrosis factor activates
human endothelial cells through the p55 tumor necrosis factor receptor
but the p75 receptor contributes to activation at low tumor necrosis
factor concentration. Am J Pathol 1993;143:1724–30.


	Circulating TNF receptors predict cardiovascular disease in patients with chronic kidney disease
	Outline placeholder
	1 Introduction
	2 Methods
	2.4 Statistical analysis

	3 Results
	3.2 Associations of clinical parameters with cTNFR levels
	3.3 Prediction of CVD based on cTNFR levels
	3.5 Subgroup analyses according to the baseline characteristics

	4 Discussion
	Acknowledgments
	References




