CardioRenal Cardiorenal Med 2015,5:278-288

o o DOL: W © 2015 S. Karger AG, Basel
Me d 1Cine Received: January 21, 2015 1664-3828/15/0054-0278$39.50/0
Accepted: June 2, 2015 www.karger.com/crm
Published online: July 31, 2015

Original Paper

Soluble Tumor Necrosis Factor Receptor 1Is
Associated with Glomerular Filtration Rate
Progression and Incidence of Chronic Kidney
Disease in Two Community-Based Cohorts of
Elderly Individuals

Axel C. Carlsson® ¢ Lina Nordquistd Tobias E. Larsson®
Juan-Jesus Carrero® Anders Larsson® Lars Lind? Johan Arnlévd 9

@Division of Family Medicine, Department of Neurobiology, Care Sciences and Society,
Karolinska Institutet, Huddinge, P Department of Clinical Science, Intervention and Technology,
Karolinska Institutet, Stockholm, “Department of Medical Sciences, Cardiovascular
Epidemiology, 9 Department of Medical Cell Biology, Biomedical Center and ¢Section of
Clinical Nutrition and Metabolism, Department of Public Health and Caring Sciences, Uppsala
University, and fCardiovascular Epidemiology, Department of Medical Sciences, Uppsala
University Hospital, Uppsala, and 9School of Health and Social Studies, Dalarna University,
Falun, Sweden

Key Words
Community - TNF-a - Glomerular filtration - Albumin/creatinine ratio - Chronic kidney
disease - Inflammation

Abstract

Objective: We aimed to explore and validate the longitudinal associations between soluble
tumor necrosis factor receptor 1 (STNFR1), glomerular filtration rate (GFR) progression, and
chronic kidney disease (CKD) incidence in two independent community-based cohorts of el-
derly individuals with prespecified subgroup analyses in individuals without prevalent diabe-
tes. Research Design and Methods: Two community-based cohorts of elderly individuals
were used with 5-year follow-up data on estimated GFR: the Uppsala Longitudinal Study of
Adult Men (ULSAM; n = 437 men; mean age: 78 years) and the Prospective Investigation of
the Vasculature in Uppsala Seniors (PIVUS; n = 703; mean age: 70 years; 51% women). GFR
categories were defined as >60, 30-60, and <30 ml/min/1.73 m. Results: In longitudinal mul-
tivariable logistic regression models adjusted for inflammatory markers and established car-
diovascular risk factors, higher serum sTNFR1 was significantly associated with an increased
risk to progress to a lower GFR category in both ULSAM and PIVUS [odds ratio (OR) per stan-
dard deviation (SD) increase 1.28 (95% CI 1.03-1.60) and OR 1.56 (95% CI 1.30-1.87), respec-
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tively]. Also, in subgroup analyses in individuals with a GFR >60 ml/min/1.73 m? at baseline,
higher sTNFRs were associated with incident CKD after 5 years in both cohorts [ULSAM: OR
per SD increase 1.49 (95% CI 1.16-1.9) and PIVUS: OR 1.84 (95% CI 1.50-2.26)]. Associations
were similar in individuals without diabetes. Conclusions: Higher circulating STNFR1 indepen-
dently predicts the progression to a worse GFR category and CKD incidence in elderly indi-
viduals even in the absence of diabetes. Further studies are warranted to investigate the un-
derlying mechanisms, and to evaluate the clinical relevance of our findings.

© 2015 S. Karger AG, Basel

Introduction

Soluble receptors for tumor necrosis factor (TNF)-a (sTNFRs) in plasma have been
shown to be involved in inflammatory and stress response pathways, by blocking TNF-o from
binding its target receptor [1] and thus also prolonging its effects. Yet, additional unique
physiological responses of sTNFRs are present that are independent of TNF-a [2]. More-
over, STNFR1 has repeatedly been shown to be associated with mortality in elderly individ-
uals [3, 4].

Circulating sTNFRs have been reported to predict progression of chronic kidney disease
(CKD) and development of end-stage renal disease in patients with diabetes [5, 6], providing
additional support for previous experimental studies in rat models reporting a causal role for
SsTNFRs diabetic nephropathy [7]. Moreover, a causal link to diabetic nephropathy is further
supported by studies in patients with diabetes showing that higher circulating STNFRs are
associated with an increased risk of progression of micro- to macro-albuminuria [8] as well
as with a decline in estimated glomerular filtration rate (eGFR) in type 1 diabetes [9].

STNFR1 as well as sTNFR2 have been shown to be closely associated with glomerular
filtration rate (GFR) and micro-albuminuria in a few community-based cross-sectional studies
[10-13]. Yet, to date longitudinal community-based data on the association between sTNFRs
and GFR progression are lacking.

We hypothesized that sSTNFR1 plays a causal role in the development of kidney damage
and dysfunction already at an early stage, prior to the development of CKD or diabetes.
Accordingly, we aimed to explore and validate the longitudinal associations between sTNFR1,
GFR progression, and CKD incidence in two independent community-based cohorts of elderly
individuals with prespecified subgroup analyses in individuals without diabetes.

Methods

Study Samples

The Prospective Investigation of the Vasculature in Uppsala Seniors

All 70-year-old men and women living in Uppsala, Sweden, between 2001 and 2004 were eligible for
the Prospective Investigation of the Vasculature in Uppsala Seniors (PIVUS) study (described in detail on
http://www.medsci.uu.se/pivus/pivus.htm) [14]. Of 2,025 invited individuals, 1,016 agreed to participate.
A second examination cycle of the PIVUS was performed in 2006-2009 when participants were 75 years old.
0f 964 invited subjects, 827 participated (86%). Of these, 703 individuals had valid measurements of eGFR
and sTNFR1 at baseline and follow-up.

The Uppsala Longitudinal Study of Adult Men

The Uppsala Longitudinal Study of Adult Men (ULSAM) was initiated in 1970. All 50-year-old men, born
in 1920-1924 and living in Uppsala, Sweden, were invited to a health survey, focusing on identifying cardio-
vascular risk factors (described in detail on http://www.pubcare.uu.se/ULSAM ) [15]. The present study
used the fourth examination cycle as baseline, when participants were approximately 77 years old (1998-
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2001).0f 1,398 invited men, 838 (60%) participated, and data on circulating levels of STNFR1 were available
in 786 individuals. We also used the 5th examination cycle (2003-2005) when participants were 82 years
old in order to identify those who had progressed to CKD. To this examination, 952 men still living in Uppsala
were invited and 530 men (56%) participated in the investigation. After exclusion of individuals with missing
data on STNFR1 at baseline and individuals without data on eGFR at both examinations, 437 men comprised
the present study sample.

Baseline Investigations

The investigations in PIVUS and ULSAM were performed using similar standardized methods, including
anthropometrical measurements, blood pressure, blood sampling, and questionnaires regarding socioeco-
nomic status, medical history, smoking habits, medication, and physical activity level [14, 15]. Venous blood
samples were drawn in the morning after an overnight fast and stored at -70°C until analysis.

In both cohorts, estimations of GFR were analyzed from serum cystatin C by latex-enhanced reagent
(N Latex Cystatin C; Dade Behring, Deerfield, Ill., USA) using a BN ProSpec® analyzer (Dade Behring) with the
formula: eGFR = 77.24 x cystatin C"12623 in ULSAM and using Gentian (Gentian, Moss, Norway) with the
formula eGFR = 79.901 x cystatin C-1*38% in PIVUS. Both calculation formulas for eGFR are closely correlated
with iohexol clearance [16, 17].

In both cohorts, sSTNFR1 was analyzed using a commercially available ELISA kit (DY225; R&D Systems,
Minneapolis, Minn., USA). The assay had a total coefficient of variation of approximately 6%.

In ULSAM, a 24-hour collection of urine was used, but no urine was collected at baseline in PIVUS. Urine
albumin was measured by nephelometry (urine albumin, Dade Behring) using a Behring BN ProSpec®
analyzer (Dade Behring). Urinary creatinine was analyzed with a modified kinetic Jaffe reaction on an
Architect Ci8200® analyzer (Abbott, Abbot Park, Ill, USA), and creatinine-related urine albumin (albumin/
creatinine ratio, ACR) was calculated.

Highly sensitive C-reactive protein (CRP) measurements were performed by latex-enhanced reagent
(Siemens) with the use of a BN ProSpec analyzer (Siemens). Interleukin-6 (IL-6) was analyzed in serum using
a high-sensitivity IL-6 assay (Quantikine HS ELISA Kit HS600; R&D Systems) according to the instructions of
the manufacturer in ULSAM, and with the Evidence® array biochip analyser (Randox Laboratories Ltd.,
Crumlin, UK) in PIVUS. Diabetes mellitus was diagnosed as fasting plasma glucose >7.0 mmol/l (2126 mg/
dl), or use of antidiabetic medication [18].

GFR Progression and Incident CKD

GFR was estimated at baseline and after 5 years. Progression of GFR was defined as progression from a
higher to lower GFR group. The GFR categories were defined as 260, 30-60, and <30 ml/min/1.73 m?. Inci-
dence of CKD was defined as having a GFR <60 ml/min/1.73 m? after 5 years in individuals with a GFR >60
ml/min/1.73 m? at baseline.

Statistical Analysis

Multivariable logistic regression models were used to calculate odds ratios (OR) for progression to a
lower GFR category and for incident CKD. In our primary analyses, we modelled sTNFR1 as per standard
deviation (SD) increment. The following multivariable models were used:

- Model A: age (at the baseline and follow-up examination) and sex (PIVUS only).

- Model B: age at baseline and follow-up, sex (PIVUS), and inflammation (CRP and IL-6) to assure that
sTNFR1 is independent of the most widely used inflammatory markers.

- Model C: age at baseline and follow-up and established cardiovascular risk factors (BMI, smoking,
systolic blood pressure, high-density lipoprotein, cholesterol, diabetes, and antihypertensive and lipid
treatment), as these factors are well-known kidney damage risk factors as well.

- Model D: all variables in models A-C combined.

- Model E: full model (all variables in model D with micro-albuminuria; only available in ULSAM).

In additional secondary models, we also added baseline GFR to model A. We also performed the above
analyses in participants without diabetes.

As a secondary aim, Spearman correlation and linear regression models were used to estimate the asso-
ciation between change in sSTNFR1 and change in eGFR over 5 years in the PIVUS cohort (data on sSTNFR1
were not available at the follow-up examination in ULSAM). Baseline GFR was included in all these models
in order to limit the risk of regression towards the mean. SD changes in STNFR1 over 5 years were used as
exposure variable in models A-D.
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Table 1. Baseline characteristics

of PIVUS and ULSAM Variable PIVUS ULSAM
Subjects, n 703 437
Female 358 (51) 0
Age, years 70+0.2 77.5+0.8
CRP, mg/1 2.2+3.6 3.9+7.5
sTNFR1, ng/1 3,368+822 1,975+663
IL-6, ng/1 31+91 3.7+2.6
eGFR, ml/min/1.73 m? 89+16 76+15
ACR, mg/mmol - 2.7+9.8
BMI 27+4 26+3
Systolic blood pressure, mm Hg 149422 150+20
Antihypertensive treatment 210 (30) 191 (44)
S-Cholesterol, mmol/1 54+1.0 5.4+1.0
High-density lipoprotein, mmol/I 1.50+£0.42 1.3+0.3
Lipid-lowering treatment 119 (17) 77 (18)
Smoking 62 (9) 25 (6)
Cardiovascular disease 113 (16) 109 (25)
Diabetes 58 (8) 52 (12)

Data are mean + standard deviation for continuous variables and
n (%) for categorical variables.

We also investigated the association between sTNFR1 and percent of GFR decline in both cohorts. In
these analyses, we also investigated the effect modification of baseline GFR on these associations using multi-
plicative interaction analyses. Multiple imputation methods were used to account for the potential influence
of missing data. The statistical software package STATA 12.1 (StataCorp, College Station, Tex., USA) was used.

Statement of Ethics

All participants in PIVUS and ULSAM gave written informed consent and the Ethics Committee of
Uppsala University approved the study protocols. Both studies were conducted according to the Declaration
of Helsinki.

Results
The baseline characteristics of ULSAM and PIVUS are shown in table 1.

GFR Progression

Multivariable logistic regression models of the association between sSTNFR1 and the odds
of 5-year progression to a lower GFR category are shown in table 2. One SD higher serum
sTNFR1 was significantly associated with progression to a lower GFR category after the
5-year follow-up in both cohorts. These results remained significant after adjustments for age
at baseline and follow-up, sex, cardiovascular risk factors and CRP in both cohorts. In ULSAM,
the association was still significant after adjusting for ACR (model E, p < 0.05; data on ACR
were not available in PIVUS). Interestingly, in this model in the ULSAM cohort, ACR did not
predict CKD progression (p = 0.16; data not shown in table). All findings in logistic regression
models were similar when individuals with diabetes were excluded from the analyses
(table 2).
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models

ULSAM PIVUS

all individuals individuals without all individuals individuals without

diabetes diabetes

Model A 1.24 (1.01-1.53)* 1.31 (1.04-1.63)* 1.72 (1.45-2.04)***  1.73 (1.44-2.07)***
Model B 1.26 (1.02-1.56)* 1.26 (1.02-1.56)* 1.73 (1.46-2.06)**  1.73 (1.44-2.08)***
Model C 1.27 (1.02-1.58)* 1.32 (1.05-1.65)* 1.55 (1.29-2.85)**  1.56 (1.29-1.89)***
Model D 1.28 (1.03-1.60)* 1.34 (1.06-1.69)* 1.56 (1.30-1.87)***  1.57 (1.29-2.90)***
Model E 1.29 (1.03-1.61)* 1.34 (1.06-1.69)* No data No data

Values are OR (95% CI). For the adjustments made in the models, see Statistical Analysis section.
Significance level: * p < 0.05, *** p < 0.001.

Table 3. SD increments in sSTNFR1 and the associated odds of 5-year incidence of CKD: logistic regression

models

ULSAM PIVUS

all individuals individuals without  all individuals individuals without

diabetes diabetes

Model A 1.46 (1.15-1.86)** 1.53 (1.18-1.97)** 2.03 (1.67-2.46)*** 1.98 (1.61-2.42)***
Model B 1.46 (1.14-1.86)*  1.53 (1.18-1.98)**  2.04 (1.68-2.48)***  1.98 (1.61-2.43)***
Model C 149 (1.16-1.91)*  1.53 (1.18-1.99)**  1.82 (1.49-2.23)**  1.77 (1.44-2.19)***
Model D 1.49 (1.16-1.91)** 1.53 (1.18-2.00)** 1.84 (1.50-2.26)*** 1.79 (1.44-2.21)%**
Model E 1.49 (1.16-1.92)*  1.53 (1.18-2.00)**  No data No data

Values are OR (95% CI). For the adjustments made in the models, see Statistical Analysis section.
Significance level: ** p < 0.01, *** p < 0.001.

CKD Incidence

Multivariable logistic regression models of the association between sTNFR1 and the odds
of 5-year incidence of CKD (GFR <60 ml/min/1.73 m?) in individuals with a GFR >60 ml/
min/1.73 m? are shown in table 3. One SD higher serum sTNFR1 was significantly associated
with incident CKD in both cohorts. These results remained significant after adjustments for
age at baseline and follow-up, sex, cardiovascular risk factors, CRP, and IL-6 in both cohorts.
In ULSAM, the association between sTNFR1 and the risk for CKD was still significant after
adjusting for ACR (model E, p < 0.01). In this model in the ULSAM cohort, ACR did not predict
CKD progression (p = 0.27; data not shown in table). Further addition of baseline GFR to
model A attenuated the association between sTNFR1 and CKD incidence but was still signif-
icant in PIVUS [PIVUS: OR per SD increase of STNFR1 1.25 (95% CI 1.00-1.56), p < 0.05, and
ULSAM: 1.08 (95% CI 0.83-1.42), p = 0.57]. All findings in logistic regression models were
similar when individuals with diabetes were excluded from the analyses (table 3).

Longitudinal Change in STNFR1 and GFR
As a secondary aim, we investigated the association between change in serum sTNFR1
and change in GFR over 5 years in linear regression models. The association was significant
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Table 4. The linear association

i ici 0,
between change in circulating Regression coefficients (95% CI)

sTNFR1 and change in GFR over

) Model A -0.002 (-0.002, -0.001)***
5 years of follow-up in the PIVUS /04418 ~0.002 (-0.002, -0.001)***
cohort: multivariable linear Model C -0.002 (-0.002, -0.001)***
regression models Model D -0.002 (-0.002, -0.001)***

For the adjustments made in the models, see Statistical Analysis
section. Significance level: *** p < 0.001.

5,000

Correlation = -0.29, p < 0.001
L]

-5,000

5-year change in sTNFR1

-10,000

T T T T T
Fig. 1. The association between -60 -40 -20 0 20
5-year changes in sTNFR1 and

5-year change in eGFR

5-year changes in eGFR.

and remained essentially unaltered in all models tested in PIVUS (p < 0.001; fig. 1; table 4).
The Spearman correlation was -0.29 (p < 0.001).

Percent Decline in GFR

In the ULSAM cohort, 1 SD higher baseline serum sTNFR1 was significantly associated
with 2% GFR decline during 5 years after adjustment for GFR at baseline, age at baseline and
follow-up [regression coefficient 0.02 (95% CI -0.04, -0.002), p = 0.026]; however, in PIVUS
this association was not statistically significant [regression coefficient 0.01 (95% CI -0.02,
0.004), p = 0.28; fig. 2a, b]. In these analyses in ULSAM, there was an effect modification by
baseline GFR (p for interaction = 0.034) and associations appeared stronger in those with GFR
>60 ml/min/1.73 m? compared to those with GFR <60 ml/min/1.73 m? [regression coeffi-
cient -0.03 (95% CI -0.05, -0.01), p = 0.006, and regression coefficient 0.02 (95% CI -0.06,
0.09), p = 0.6, respectively]. No such interaction was seen in PIVUS (p for interaction = 0.39).

Discussion
Main Findings
Longitudinal data from two independent community-based cohorts of elderly individuals

show that higher circulating sSTNFR1 was associated with an increased risk for GFR progres-
sion and incidence of CKD during 5 years of follow-up, even in individuals without diabetes.
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a 5-year decline in GFR (%) b 5-year decline in GFR (%)

Fig. 2. The association between baseline levels of STNFR1 and 5-year decline in GFR in ULSAM (a) and
PIVUS (b).

This association was independent of cardiovascular risk factors, inflammatory markers, and
ACR. In the ULSAM cohort, baseline sTNFR1 also predicted relative GFR decline indepen-
dently of baseline GFR, and in the PIVUS cohort there was a close association between longi-
tudinal changes in sSTNFR1 and changes in GFR over 5 years.

Comparisons with Previous Studies

The present longitudinal community-based data are in accordance with studies in
patients with diabetes reporting that higher sSTNFRs are associated with deterioration of
kidney function [5, 9, 19]. One study in patients with diabetes reported that sTNFRs are
superior to many inflammatory markers including IL-6 and TNF-a as prognostic markers of
eGFR decline [9], which is in accordance with our data on elderly individuals (mostly without
diabetes), where adjustments for IL-6 and CRP had little influence on the STNFR1 point esti-
mates. Moreover, sTNFRs have repeatedly been shown to be linked to kidney dysfunction and
micro-albuminuria [8, 9], both as direct mediators of kidney damage and as markers of an
underpinning TNF-a activity [20]. However, we are aware of no previous studies reporting
the association between circulating STNFR1 and CKD incidence in the community-based
setting, or in individuals without diabetes.

Possible Mechanisms for Observed Associations

Several potential mechanisms may help explain a causal association between sTNFR1
and CKD progression. sTNFRs appear to be involved in nephropathy, and particularly tubu-
lointerstitial fibrosis [21]. Moreover, STNFR1 increases the risk of CKD in diabetic patients [5,
6, 19], and high levels of STNFR1 are associated with development of end-stage renal disease
inflammation [6, 8, 9], mediated through IL-1, IL-6, and IL-18. TNF-a has also been associated
with kidney pathogenesis and progression of CKD [22]. A possible mechanism is that TNFRs,
directly or through TNF-a pathway activation, accelerate GFR decline through an increase in
inflammation and apoptosis [23]. The finding in the present study that sTNFR1 was asso-
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ciated with CKD incidence after adjustments for IL-6 and CRP indicates that sSTNFR1 repre-
sents an independent inflammatory pathway.

Oxidative stress and/or oxygenation also appear to play a partin sTNFR1 action. sSTNFR1
knockout mice have been reported to less likely develop kidney injury after an ischemia-
reperfusion insult [24]. In addition, it has recently been shown that TNFR1 knockout mice are
protected against GFR decline, albuminuria, and glomerular endothelial injury after treatment
with inflammatory endotoxin [24]. In that same study, intravenous administration of TNF
would decrease GFR and induce fenestrae loss, increase fenestrae diameter, and injure the
glomerular endothelium.

As of yet, itis unknown what triggers the increase in STNFR1 in patients. Oxidative stress
may increase TNF-a activity and likely contribute to the progression of CKD in diabetic
nephropathy [21]. sSTNFR1 has been reported to correlate with GFR in diabetic patients with
early diabetic nephropathy [25]. In our study, STNFR1 was associated with progression of
GFR and CKD incidence in elderly individuals without diabetes, indicating that hyperglycemia
is not the sole driver of the sSTNFR1-associated decline in eGFR.

The elevation of sSTNFR1 could also be a consequence of aging-induced hypoxia. Renal
tissue hypoxia and adenosine triphosphate starvation have been suggested as a common
pathway for the development of kidney injury and progression to CKD, mainly by inducing
extracellular matrix production, collagen deposition, and tubulointerstitial fibrosis. Recently,
it has been shown that kidney hypoxia will induce nephropathy independently of hypergly-
cemia and oxidative stress [26]. Renal aging has been associated with hypoxia, correlating
with tubulointerstitial injury and peritubular capillary loss (and increase of hypoxia-inducible
factor response) [27]. Since sTNFR1, TNF-a, and oxidative stress will all increase in rats
exposed to intermittent hypoxia [28], and TNFRs have been implicated in tubulointerstitial
fibrosis [21], sSTNFR may be a key factor in GFR decline in the aging kidney.

STNFR1-driven development of atherosclerosis in the kidneys may also deteriorate
kidney function [29]. However, when adjusted for established risk factors for cardiovascular
disease, little effects were seen on the risk estimates in this study, suggesting that atheroscle-
rosis is not a main inducer of the present associations.

Also, since TNF-a activity may be induced by malnutrition [30], poor diet in the elderly
individuals in our study may have contributed to the decline in GFR. It could also be a case of
reverse causation, where the loss of kidney function may have induced a loss of appetite and
resulted in a higher sTNFR activity.

Finally, since TNFRs are eliminated mainly by the kidneys, it cannot be ruled out that
increased circulating concentrations may be the result from a declining GFR, i.e. that our
results are due to reverse causation. The pathological relevance of STNFR1 in the aging kidney
calls for further investigation.

Clinical Implications

The worldwide prevalence of CKD is about 10% [31], and methods to limit its impact on
overall health in the population are warranted. sTNFR1 have been put forward as a promising
biomarker for diabetic nephropathy but our study suggest that there may be implications for
sTNFR1 also in nondiabetic kidney disease. Yet, studies of the clinical utility of STNFR measure-
ments and how to best intervene in individuals with elevated sTNFRs are scarce. Interesting-
ly, CKD progression and kidney function decline have been shown to be inhibited with re-
combinant antibodies against TNF-a [32-34], and micro-albuminuria has been shown to be
reduced in rats treated with TNF-a inhibitors [35]. The TNF-a inhibitors have been suggested
to be safe in patients with acute kidney failure treated for rheumatoid arthritis [36]; yet, we
warrant clinical studies in humans to elucidate if anti-TNF therapy can also halt CKD progres-
sion and micro-albuminuria, and if levels of STNFR1 can be used to monitor these effects.
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Strengths and Limitations

The strengths of our investigation include the longitudinal study design, the validation of
our findings in an independent cohort, and the detailed characterization of the study partici-
pants. To our knowledge, PIVUS is the largest cohort with repeated sSTNFR1 measurements
to date. The fact that the longitudinal changes in sSTNFR1 were significantly associated with
longitudinal changes in GFR over a 5-year period adds additional support for the theory of a
causal association. Further studies are needed to shed light on this issue.

Limitations include the unknown generalizability to other age and ethnic groups. More-
over, in ULSAM but not in PIVUS, the longitudinal association between sTNFR1 and the risk
for CKD incidence was attenuated after adjusting for baseline GFR. However, adjustment for
baseline GFR may represent an ‘overadjustment’ as GFRis cross-sectionally related to STNFR1
[10] and may therefore represent an intermediate state along the causal pathway from
STNFR1 leading to CKD. Another limitation is the fact that no longitudinal data on ACR were
available in any cohort. Finally, we cannot rule out that the association is to some extent
explained by residual confounding by uncontrolled factors.

In conclusion, higher circulating sTNFR1 independently predicts GFR progression and
CKD incidence in elderly individuals. Further studies are warranted to investigate the under-
lying mechanisms as well as the clinical relevance of our findings.
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