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Abstract

G1/G2 variants in the Apolipoprotein L1 (APOL1) gene are associated with end stage renal 

disease (ESRD) in people with African ancestry. Plasma biomarkers may have utility for risk 

stratification in APOL1 high-risk individuals of African ancestry. To evaluate this, we measured 

tumor necrosis factor receptor 1/2 (TNFR1/2) and kidney injury molecule-1 (KIM1) in baseline 

plasma specimens from individuals of African ancestry with high-risk APOL1 genotype. 

Biomarker association with a composite renal outcome of ESRD or 40% sustained decline in 

estimated glomerular filtration rate (eGFR) was then determined and then assessed as 

improvement in area under curve. Among the 498 participants, the median age was 56 years, 

67.7% were female and the baseline eGFR was 83.3-ml/min/1.73 m2 with 80 reaching outcome 

over 5.9 years. TNFR1, TNFR2, and KIM1 at enrollment were independently associated with 

renal outcome continuously (adjusted hazard ratio 2.0 (95% confidence interval 1.3-3.1); 1.5 

(1.2-1.9); and 1.6 (1.3-1.9) per doubling in levels, respectively) or by tertiles. The area under the 

curve significantly improved from 0.75 with the clinical model to 0.79 with the 

biomarkerenhanced model. The event rate was 40% with all 3 biomarkers elevated (adjusted odds 

ratio of 5.3 (2.3-12.0) vs. 17% (adjusted odds ratio 1.8 (0.9-3.6) with 1 or 2 elevated, and 7% with 

no biomarkers elevated. Thus, plasma concentrations of TNFR1, TNFR2, and KIM1 are 

independently associated with renal outcome and improve discrimination or reclassification of 

African ancestry individuals with a high-risk APOL1 genotype and preserve renal function. 
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Elevation of all markers had higher risk of outcome and can assist with better clinical prediction 

and improved clinical trial efficiency by enriching event rates.
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INTRODUCTION

Rates of end stage renal disease (ESRD) are higher among persons with African ancestry 

(AA) compared to European Americans (EAs) across all baseline estimated glomerular 

filtration rate (eGFR) levels.1 Genetic admixture studies demonstrated that two distinct 

alleles in the Apolipoprotein L1 (APOL1) gene on chromosome 22 confer substantially 

increased risk for a number of kidney diseases in AA, including focal segmental 

glomerulosclerosis, human immunodeficiency virus-associated nephropathy, and 

hypertensionattributable kidney disease.2,3,4,5 The APOL1 high-risk genotypes (two copies 

of the APOL1 renal risk variants; G1/G1; G2/G2 or G1/G2) are associated with increased 

ESRD risk, chronic kidney disease (CKD) progression,6 eGFR decline,7 and incident CKD.8 

Thus, ancestry differences in APOL1 risk prevalence could partly explain disparities in 

kidney disease between AA’s and EA’s.

While the relative risks for incident or progressive CKD for the APOL1 risk variants are 

important and highly significant, there is wide variation in the absolute rates of these 

outcomes.9 Thus, improved methods to further predict those individuals with high-risk 

APOL1 genotype, who will have kidney disease progression, will be helpful for clinicians, 

patients and investigators. As plasma biomarkers representing inflammation (soluble tumor 

necrosis factor receptor 1/2 [TNFR1/2]) and renal tubular injury (kidney injury molecule-1 

[KIM1]) significantly improve risk prognostication when added to clinical markers (eGFR 

and albuminuria) in diabetic patients with both preserved and impaired renal function,10 we 

sought to explore whether these biomarkers improve risk prognostication for longitudinal 

renal functional decline in a large cohort of AA individuals with the APOL1 high-risk 

genotype and preserved baseline renal function.

RESULTS

Baseline Characteristics of Participants

There were follow-up data and biospecimens available on 498 participants in BioMe with 

two APOL1 risk alleles. Median age was 56 years, 337 (67.6%) were female, and median 

eGFR was 83.3 ml/min. Of them, 80 (16.1%) reached a renal outcome over 5.9 years. 

Participants reaching the endpoint, on average, were older (66 vs. 55 years) and had a lower 

baseline eGFR (75.5 vs. 85.5 ml/min) compared to those without the endpoint. Participants 

with the renal endpoint also had higher systolic (132.5 vs. 128 mm of Hg), diastolic (80 vs. 

76 mm of Hg) and mean arterial pressure (96.8 vs. 93.3 mm of Hg). In addition, they had 

higher proportion of type 2 diabetes (31.3% vs. 12.7%), hypertension (68.8% vs. 39.5%), 

coronary artery disease (13.8% vs. 6.7%) and heart failure (8.8% vs 1.9%) and were more 
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likely to be on an ACEI/ARB (36.3 vs. 22.3%). There were no significant differences in 

baseline BMI, hemoglobin A1c, UACR or urine protein to creatinine ratio. (Table 1)

Correlations between Plasma Biomarkers and other risk factors

TNFR1 was positively correlated with age (0.3;p=0.01), hemoglobin A1c (0.18; p=0.02) and 

UACR (0.22;p=0.02) (Table 2). TNFR1 was also correlated with TNFR2 (0.23;p=0.01) and 

KIM1 (0.28;p=0.01). KIM1 correlated with UACR (0.28;p=0.01). In addition, TNFR1 

correlated with KIM1 (0.28;p=0.01).

Association of Biomarkers with Composite Renal Outcome

Participants with the renal endpoint also had higher levels of TNFR1 (3110 vs. 2394 pg/ml); 

TNFR2 (5392 vs. 4075 pg/ml) and KIM1 (278 vs. 139 pg/ml), compared with participants 

without the endpoint. After adjustment for all covariates, including baseline eGFR, log 

transformed TNFR1, TNFR2 and KIM1 were significantly associated with composite renal 

endpoint. The adjusted hazard ratio (aHR) for renal endpoint per doubling of biomarker was 

2.0 (95% CI 1.3-3.1); 1.5 (95% CI 1.2-1.9) and 1.6 (95% CI 1.3-1.9) for TNFR1, TNFR2 

and KIM1, respectively (Table 3). These estimates were significant even after correcting for 

false discovery rate using the Benjamini-Hochberg procedure.11

When participants were stratified by tertiles of biomarker concentration, the event rates were 

higher over follow-up for the top tertiles of TNFR1, TNFR2 and KIM1 compared to the 

bottom two tertiles (Figures 1A, 1B, 1C). On further adjustment for potential confounders, 

the highest tertiles of TNFR1 and KIM1 were significantly associated with composite renal 

endpoint. The aHR for renal endpoint for the top tertile was 2.4 (95 % CI 1.1-4.9) for 

TNFR1 and 3.1 (95% CI 1.4-6.8) for KIM1. The aHR for the top tertile of TNFR2 was 2.3 

(95% CI 1.2-4.4) after adjusting for demographics and baseline eGFR, but the lower bound 

of the 95% CI marginally covered 1 (aHR 1.8; 95% 0.9-3.5) with further adjustment (Table 

3).

Discrimination with Plasma Biomarkers

The area under the curve (AUC) for the clinical model alone for the composite renal 

endpoint was 0.75, was 0.77 with the addition of TNFR1 and TNFR2. The clinical model 

plus KIM1 yielded an AUC of 0.78, and addition of all three biomarkers resulted in an AUC 

of 0.79. The AIC/BIC did not change with further sequential adjustment (Table 4).

The proportion of individuals with 0, 1, 2, or 3 biomarkers in the highest tertile was 47.2, 

52.8, 30.7, and 16.5%, respectively. There was a large gradient of risk for the renal endpoint: 

only 7.2% of participants in the 0 biomarkers group elevated experienced an event compared 

to 17% (adjusted OR 1.8, 9% CI 0.9-3.6) for 1 or 2 biomarkers elevated, and 40.2% 

(adjusted odds ratio 5.3, 95% CI 2.3-12.0) in those with all three biomarkers elevated 

(Figure 2). Participants with all biomarkers elevated comprised 16.5% of the cohort but 

accounted for 41.3% of events. Similarly, in the participants without composite outcome 

52.2% of all participants had no biomarkers elevated compared to 11.7% with all biomarkers 

elevated (Supplementary Table 1).
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Sensitivity Analyses

In participants with available UACR/UPCR measurements at baseline (n=209), the 

biomarkers remained significantly associated with renal outcome even after full adjustment 

for all confounders including UACR or UPCR. The adjusted hazard ratios for the renal 

endpoint per doubling of biomarker were 2.0 (95% CI 1.2-3.4); 1.5 (95% CI 1.2-2.1) and 1.7 

(95% CI 1.3-2.2) for TNFR1, TNFR2 and KIM1, respectively (Supplementary Table 2). In 

this subgroup, the AUC improved from 0.75 for the clinical model (including UACR) to 0.80 

with addition of biomarkers (p<0.01).

In participants with preserved eGFR (eGFR> 60 ml/min/1.73 m2), all biomarkers were 

associated with composite outcome after adjusting for age, sex and eGFR but the lower 

bound of the 95% CI for TNFR1 covered 1 after further adjusting for additional risk factors. 

The AUC improved from 0.72 for clinical model alone to 0.76 with addition of biomarkers 

(p<0.01). In the subset of participants with the median eGFR> 83-ml/min/1.73 m2 all 

biomarkers except KIM1 lost significance however the effect sizes were consistently in the 

same direction. Finally, in the 420 participants without type 2 diabetes at baseline, all 

biomarkers were strongly associated with outcome in unadjusted and adjusted analyses 

(Supplementary Table 2).

DISCUSSION

In this study, we demonstrated that three plasma biomarkers with known prognostic utility in 

patients with diabetic kidney disease, were strongly and independently associated with the 

risk for the composite renal outcome in this cohort of AA with the APOL1 high-risk 

genotype and largely preserved eGFR at baseline in the BioMe cohort with approximately 6 

years of median follow-up. The biomarkers added to discrimination and provided fairly 

robust reclassification metrics. Importantly, simple tallying of the number of biomarkers 

elevated was able to segregate the supposedly “high-risk” genotype participants into low risk 

for progression (7% with no biomarkers elevated) to very high risk (> 40% probability of 

progression with all 3 biomarkers elevated). Thus, the approximate 6-fold difference in risk, 

if validated in other cohorts, could be leveraged to improve risk-prediction for AA with the 

high-risk APOL1 genotype.

CKD is a public health problem, with few interventions that have been proven to prevent 

development or slow progression. The genomic revolution that has occurred over the past 

decade, with falling costs of both genotyping and sequencing has been a boon to many fields 

in medicine. The discovery of the APOL1 genotype has been one of the most important 

discoveries in the nephrology field to date. It has renewed focus and vigor and inspired a 

race toward possible new therapies for CKD in AA. Investigators,7,12,13,14 regulatory and 

funding agencies, are actively applying massive efforts towards determination of 

pathogenesis of APOL1, its modifiers, and trying to discover and validate therapeutics to 

combat APOL1-associated renal disease. There are ongoing clinical trials are ongoing that 

are testing AA for the APOL1 high-risk genotype and are randomized to “intervention”, 

which involves reporting of the results to patients and their providers.15
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The ever-burgeoning expansion of genetic data from biobanks from various institutions, 

clinical genetic testing and direct to consumer testing can potentially provide great benefit, 

but paradoxically, may also cause some harm. First, one’s genotype is very distant from 

what will ultimately become the final expressed phenotype, especially in the case of 

complex disease such as kidney disease.16 Second, while knowledge of one’s own genotype 

may be positive information for some, by inducing lifestyle change or taking their risk 

factors more seriously.17 In contrast, knowledge of genotype, particularly when risk cannot 

be modified, may serve to cause anxiety. These fears may be burdensome, despite the fact 

that the presence of the high-risk genotype does not guarantee the outcome. Thus, further 

risk stratification in the setting of known high-risk genotype can serve as a powerful tool in 

the clinic, and for counseling patients.

APOL1 high risk genotypes are the ideal setting in which further risk stratification, via 

various tools, is needed especially in patients with relatively preserved renal function. In 

addition, since APOL1 high-risk genotypes account for ethnic differences in renal disease, 

targeting this very high-risk population may be of benefit in reducing disparities. In our 

cohort, 16.1% of participants reached the renal outcome. This is lower than AA cohorts with 

prevalent CKD, where approximately half of the patients with the APOL1 high-risk 

genotype progressed over 4.4 to 9 years but is comparable to rates of faster renal decline in 

young AA participants with preserved eGFR with an incidence rate of 15.6/1000 person 

years.6,18 However, in AA participants with high-risk APOL1 genotype, there was 

substantial heterogeneity in trajectory of renal deterioration over time.9 This underscores the 

importance to find additional determinants and predictors of renal progression in this 

population to enhance the impact of APO1 testing, in targeted populations, and before 

widespread screening of the black general population is justified.9

Prognostic biomarkers can serve another purpose in this high-risk population. Several 

investigators and industry sponsors are in the process of testing agents to prevent or treat 

APOL1 related kidney disease. Better selection of the approximately 5 million of AA (14% 

of the 37 million AA’s in the US) with APOL1 high-risk genotype would improve the speed 

and efficiency of determining which novel agents will be effective. For example, if the panel 

of the three biomarkers (TNFR1, TNFR2, KIM1) with an AUC of 0.79 for predicting renal 

endpoints, was added as an enrichment criteria for a new trial, feasibility would be improved 

through enhanced selection of those patients most at risk for progression. With an event rate 

of 40% in the group with all three biomarkers elevated, compared with an event rate of 16% 

in a non-enriched cohort with APOL1 high risk genotype, the sample size needed would be 

reduced by over 50%, resulting in substantial cost savings and ultimately, shorter, more-

efficient trials (www.prognosticenrichment.com).19

Finally, another area where these biomarkers could be tested is the field of renal 

transplantation. Kidney transplant recipients, who receive APOL1 high-risk kidneys from 

deceased donors, have worse graft outcomes.20 These biomarkers could be involved in pre-

transplantation decision making as well as posttransplantation monitoring for graft 

outcomes. The APOL1 Long-term Kidney Transplantation Outcomes Network (APOLLO) 

consortium, which has been formed to study APOL1 in kidney transplantation, is expected 

to assess the utility of these and other biomarkers in renal transplantation.21
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There are several limitations of our study. First, 60% lacked baseline UACR/UPCR 

measurement in this cohort, however this is likely due to preserved renal function at 

baseline. However, it should be noted that in the 209 with UACR/UPCR available at the time 

of enrollment, the independent association between the biomarkers and outcomes was 

maintained despite adjustment for albuminuria or proteinuria as a key confounder. Second, 

due to the fact that we used EMR-based lab data, there was potential for ascertainment bias 

for the renal outcome in those with more comorbidities or worse kidney function. However, 

the median number of creatinine values by biomarker tertile was relatively equal and the 

range of creatinine values was 31-99, and range of follow-up was 3.9-7.1 years in the cohort. 

We also mitigated some ascertainment bias for the renal endpoint via linkage with USRDS. 

Third, the three plasma markers we measured are not specific for APOL1-mediated 

pathophysiology of CKD progression. Rather, these markers seem to segregate patients at 

risk for GFR decline in type 1 DM, 22-24type 2 DM,10,25,26 lupus nephritis,27 general 

population,28 and, for the first time in the literature, those with high-risk APOL1 genotypes. 

While the median eGFR of our cohort was relatively normal at 83 ml/min/1.73 m2, some 

participants had renal function that would not be considered normal, or had albuminuria, 

indicating presence of CKD. Despite the size of the cohort with double risk alleles, we still 

lacked sufficient statistical power to test the association of these biomarkers in persons with 

completely normal renal function. Further studies should focus on associations of these 

biomarkers in APOL1 high-risk patients with higher eGFR levels and in the absence of 

proteinuria in order to discern whether these biomarkers still have predictive power in 

patients with normal kidney function.

In conclusion, plasma TNFR1, TNFR2 and KIM1 are independently associated with renal 

outcomes in AA with high-risk APOL1 genotype and improve risk discrimination. These 

markers can be valuable for risk stratification in AA with APOL1 risk genotype in 

observational cohort studies, for enrichment of clinical trials, for assessing outcomes in renal 

transplantation, and ultimately, for clinical-decision making.

METHODS

Study Participants

Study participants were recruited from the BioMe Biobank Program of The Charles 

Bronfman Institute for Personalized Medicine at the Icahn School of Medicine at Mount 

Sinai (ISMMS) from 2007 to 2017. The BioMe Biobank is an Institutional Review Board 

(IRB)- approved, a consented electronic medical record (EMR)-linked medical care setting 

biorepository in an ancestrally diverse local community of upper Manhattan.29,30 BioMe 
operations are fully integrated in clinical care processes, including direct recruitment from 

over 30 broadly selected clinical sites’ waiting areas and phlebotomy stations by dedicated 

recruiters. For the purpose of this study, BioMe participants with the APOL1 high-risk 

genotype were analyzed. The Mount Sinai Institutional Review Board approved this study.

Study Design

This was a retrospective cohort study with EMR clinical data linked to biomarker and 

genetic data.
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APOL1 genotyping

We genotyped AA BioMe participants using direct genotyping to determine APOL1 
ancestral (G0), G1 and G2 allele status.31 To validate this genotyping method, we performed 

intra- and inter- assay variation studies that include 48 positive and 10 negative control 

samples. Sanger sequencing was used to confirm all of genotypes. Among 58 representative 

samples with all four haplotypes on G1 and G2 loci, the Sanger sequencing results were in 

complete agreement with the APOL1 direct genotyping results.

Clinical Data

Age, gender, and AA race were obtained from an enrollment questionnaire administered to 

BioMe participants. We extracted clinical data for all continuous variables (serum creatinine, 

hemoglobin A1c, urine protein or albumin to creatinine ratios), from the EHR with 

concurrent time stamps. We defined the baseline period as 1 year before the BioMe 

enrollment date. We determined eGFR using the CKD-EPI creatinine equation,32 calculated 

median values per 3 month period of follow up and utilized these for covariate and outcome 

ascertainment. Body mass indices (BMI) were calculated as the ratio between weight and 

the square of height in kg/m2. Hypertension and type 2 diabetes status at baseline was 

determined using the Electronic Medical Records and Genomics (eMERGE) Network 

phenotyping algorithms.33 Coronary artery disease and heart failure were determined by a 

validated algorithm and ICD-9/10 codes respectively. We considered a participant to be on 

an angiotensin converting enzyme-inhibitor (ACE-i) or angiotensin receptor blocker (ARB) 

if they had a concurrent prescription during the BioMe enrollment. We calculated follow up 

time from BioMe enrollment date to latest visit in the EHR.

Biomarker Measurements

Plasma samples taken at the time of BioMe enrollment and stored at −80°C were used to 

derive the baseline biomarker measures. Plasma concentrations of TNFR1, TNFR2, and 

KIM1 were measured via prototype cytokine arrays from Mesoscale Diagnostics (Meso 

Scale Discovery, Gaithersburg, MD). The intra- and inter-assay CVs for the quality control 

samples were 3.5%, 3.9%, and 4.5%, and 12.4%, 10.8%, and 7.7%, for TNFR1, TNFR2, 

and KIM1, respectively. The average lower limit of detection obtained from multiple runs 

was 12.5 pg/ml for TNFR1, 7.8 pg/ml for TNFR2, and 9.0 pg/ml for KIM1. The laboratory 

personnel performing the biomarker assays were blinded to clinical information about the 

participants.

Outcomes

We defined the primary outcome as a composite of ESRD or a sustained 40% decline in 

eGFR over the follow up period. We defined ESRD status as requirement for dialysis or 

transplant and ascertained it by linkage to the United States Renal Data System (USRDS). 

We defined the sustained 40% decline was defined as a decrease in eGFR by 40% from 

baseline on two or more separate 3-month intervals.
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Statistical Analyses

We expressed descriptive results for the participant baseline characteristics and biomarkers 

as either mean with standard deviation (SD) or as median with interquartile range depending 

on skewness. We made univariable statistical comparisons between groups by t tests for data 

that were normally distributed, Wilcoxon tests for skewed continuous data, and chi-squared 

tests for categorical data. We assessed correlation between the markers and with baseline 

characteristics using Pearson’s partial correlations. The association of each biomarker with 

the composite renal endpoint was evaluated both continuously (log base 2–transformed) and 

by biomarker tertile. We utilized Cox regression with a time-to-event analysis where the 

composite renal outcome occurring any time during the follow-up was counted as an event, 

and otherwise counted as a non-event. We computed time to event as the time to first 

dialysis/transplant for ESRD or the time to the first episode of eGFR decline for the 40% 

sustained decline. For participants without an event, the follow-up time was computed until 

the end of follow up. Sequential adjustment was employed to assess the independent 

association of the biomarkers with the composite end point. We first evaluated unadjusted 

associations by including only individual biomarkers. We then calculated adjusted 

association after adjusting for age, sex, baseline eGFR, BMI diabetes, hypertension, heart 

failure, baseline mean arterial pressure and ACEI/ARB use. To ensure goodness of fit for the 

multivariable models, we calculated Akaike’s Information Criteria (AIC) and Bayesian 

information criteria (BIC). Finally, to evaluate multicollinearity, we calculated the variance 

inflation factor (VIF) for the entire model.

We calculated the proportion of events by groups according to number of biomarkers 

elevated. Our reference group was zero biomarkers elevated (participants with all biomarker 

values in bottom two tertiles). We compared event rates in one/two biomarker elevated 

(one/two biomarkers in top tertile) vs. all three biomarkers elevated (all three markers in top 

tertile). We then calculated adjusted odds ratios for these groups compared to the reference 

group.

We also conducted four sensitivity analyses. First, we assessed association of biomarkers 

with renal outcome in the subset of participants with non-missing baseline urine 

albuminuria/proteinuria measurements. We also analyzed only that subset of participants 

without stage 3 CKD at baseline (defined as baseline eGFR<60 ml/min/1.73 m2), and 

participants without type 2 diabetes at baseline.

We used area under the curve (AUC) to evaluate biomarker discriminative performance. We 

calculated the AUC of a clinical model comprising of demographics, baseline eGFR, 

comorbidities and medication use.34 We then calculated the AUC using the clinical model, 

clinical model with biomarkers one at a time and the clinical mode with all biomarkers. We 

then repeated this for all analyses and used the Delong test to evaluate the significance of 

improvements in AUC. We bootstrapped the AUC with 1000 iterations with resampling to 

adjust for optimism bias.

We considered two-sided p values of <0.05 with adjustment for false discovery rate using 

the Benjamini-Hochberg procedure to indicate statistical significance. All analyses were 

performed using STATA version 13 (College Station, TX).
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Figure 1. 
Kaplan Meier estimates of the rates of the composite renal outcome by A. Plasma TNFR1, 

B. Plasma TNFR2, and C. Plasma KIM1

This figure shows the Kaplan-Meier survival curves for composite renal outcome by 

biomarker tertiles. The time to event was calculated as time from biomarker measurement to 

ESRD or 40% sustained decline.
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Figure 2. 
Proportion Reaching the Renal Endpoint Stratified by Number of Elevated Biomarkers

This figure shows the proportion of renal events in three groups: 1) With all biomarker 

values in bottom two tertiles; 2) With either one/two biomarkers in the top tertile and 3) 

With all biomarkers in the top tertile. For comparison purposes, the event rate in the cohort 

with APOL1 high-risk genotype without biomarker stratification is shown on the left
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Table 1

Baseline Characteristics of AA participants with APOL1 risk variants with and without renal endpoint

Overall (n=498) Without Renal Endpoint 
(n=418)

With Renal Endpoint 
(n=80)

p

Clinical Characteristics

Age in years, Median (IQR) 56 [46-66] 55 [45-64] 66 [58.5-72] <0.01

Female, n (%) 337 (67.6) 282 (67.5) 55 (68.8) 0.8

Body Mass Index in kg/m2, Median [IQR] 30.5 [26.2-35.8] 30.7 [26.3-35.5] 30.5 [25.2-35.3] 0.1

Type 2 diabetes, n (%) 78 (15.7) 53 (12.7) 25 (31.3) <0.01

Hypertension, n (%) 220 (44.2) 165 (39.5) 55 (68.8) <0.01

Coronary Artery Disease, n (%) 39 (7.8) 28 (6.7) 11 (13.8) <0.01

Heart Failure, n (%) 15 (3) 8 (1.9) 7 (8.8) <0.01

Systolic Blood Pressure in mm Hg, Median [IQR] 129 [117-140.5] 128 [115-140] 132.5 [121.5-146.8] 0.006

Diastolic Blood Pressure in mm Hg, Median [IQR] 77 [69.5-84.5] 76 [69-84] 80 [72.5-86] 0.03

Mean Arterial Pressure in mm Hg, Median [IQR] 93.7 [86-102] 93.3 [84.7-101.7] 96.8 [90-104.5] 0.007

Follow up Time in years, Median [IQR] 5.9 [3.9-7.1] 5.9 [3.6-7.0] 6.9 [5.6-8.4] <0.01

Laboratory Characteristics

Baseline eGFR, Median [IQR} 83.3 [68.9-99.4] 85.5 (70.3 - 100.1) 75.5 (55.2 - 96.3) 0.05

Baseline Hemoglobin A1C, Median [IQR] 5.9 [5.5-6.4] 5.8 (5.5 - 6.4) 6.0 (5.6 - 7.0) 0.08

Baseline urine albumin/creatinine, Median [IQR] 11 [4.5-55] 10.5 [4-42.3] 16 [5-206] 0.09

Medications

ACE/ARB, n (%) 122 (24.5) 93 (22.3) 29 (36.3) 0.01

Plasma Biomarker Concentrations

TNFR1, in pg/ml, Median [IQR] 2465 [1988-3266] 2394 [1910-3085] 3110 [2327-4212] <0.01

TNFR2, in pg/ml, Median [IQR] 4215 [3234-5654] 4075 [3142-5328] 5392 [4008-7913] <0.01

KIM1, in pg/ml, Median [IQR] 154 [96-269] 139 [92-226] 278 [158-464] <0.01

Values are presented as mean (SD) for normally distributed continuous values, median (interquartile range) for skewed continuous values, and N 
(%) for categorical values. NA, not applicable or not available. Renal Endpoint is defined as ESRD (defined by the initiation of maintenance 
dialysis or receipt of kidney transplant) or a sustained (on two or more time intervals ≥3 months apart) decline in eGFR of ≥40% from baseline 
eGFR
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Table 4

Discrimination and Reclassification of the Biomarkers for the Renal Outcome

Model Renal Endpoint

AUC (SEM) Akaike’s Information Criteria Bayesian Information Criteria

Clinical model alone 0.75 (0.02) 381.3 422.8

Clinical model with each individual biomarker

TNFR1 0.77 (0.02 370 416.1

TNFR2 0.77 (0.02) 374.4 420

KIM1 0.78 (0.02)* 371.1 416.7

Clinical model with all biomarkers 0.79 (0.02)* 368.8 422.7

Clinical Model = age, sex, baseline eGFR, DM2, HTN, coronary disease, heart failure, baseline MAP and ACEI/ARB use

*
Delong p value < 0.05
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