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Introduction: Earlier identification of individuals at high risk of chronic kidney disease (CKD) may facilitate

improved risk factor mitigation.

Methods: We evaluated the association of novel plasma biomarkers with incident CKD using a case-

cohort design in participants without diabetes and with baseline estimated glomerular filtration rate

(eGFR) $ 60 ml/min per 1.73 m2 in the Multi-Ethnic Study of Atherosclerosis (MESA) and Reasons

for Geographic and Racial Differences in Stroke (REGARDS) cohorts. Incident CKD was defined as

development of eGFR < 60 ml/min per 1.73 m2 and $40% decline in eGFR from baseline. We

measured plasma markers of inflammation/fibrosis—soluble tumor necrosis factor receptors (TNFRs)

1 and 2 (TNFR-1 and TNFR-2), monocyte chemotactic protein-1 (MCP-1), chitinase 3-like protein 1

(YKL-40), and soluble urokinase-type plasminogen activator receptor (suPAR)—and tubular injury

(kidney injury molecule 1 [KIM-1]). Cox regression models weighted for the case-cohort design were

used to estimate hazard ratios (HRs) of incident CKD after adjustment for CKD risk factors, eGFR,

and albuminuria.

Results: In MESA (median follow-up of 9.2 years), there were 497 individuals in the random subcohort and

163 incident CKD cases. In REGARDS (median follow-up of 9.4 years), there were 497 individuals in the

random subcohort and 497 incident CKD cases. Each 2-fold higher plasma KIM-1 (adjusted HR 1.38 [95% CI

1.05–1.81]), suPAR (1.96 [1.10–3.49]), TNFR-1 (1.65 [1.04–2.62]), TNFR-2 (2.02 [1.21–3.38]), and YKL-40 (1.38

[1.09–1.75]) concentrations were associated with incident CKD in MESA. In REGARDS, TNFR-1 (1.99 [1.43–

2.76]) and TNFR-2 (1.76 [1.22–2.54]) were associated with incident CKD.

Conclusion: Plasma concentrations of soluble TNFR-1 and TNFR-2 are consistently associated with inci-

dent CKD in nondiabetic community-living individuals in MESA and REGARDS.
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C
KD is an independent risk factor for cardiovascular
disease (CVD) and mortality.1,2 Of those in-

dividuals with an eGFR of 44 to 59 ml/min per 1.73 m2,
the lifetime risk of kidney failure is 7.5% in men and
3.2% in women.3 A much higher percentage of adults
with CKD will develop CVD and incur significant costs,
currently estimated at approximately $40 billion in the
United States annually for persons with CKD and eGFR
30 to 60 ml/min per 1.73 m2 who use Medicare.4 Efforts
to prevent CKD are therefore of great public health
importance.

One of the major limiting factors in the prevention
of CKD is the lack of sensitive biomarkers to quantify
its risk, especially among persons without diabetes.
Serum creatinine concentration, the current
biomarker most often used to estimate GFR, has
important limitations. These include variations with
race, age, sex, muscle mass, and health status, which
result in its being a relatively insensitive marker of
early kidney damage. Furthermore, by the time serum
creatinine level is elevated, most kidney biopsy re-
sults show considerable interstitial fibrosis and
tubular atrophy.5 Thus, to truly prevent CKD, we
need more sensitive early markers before scarring,
and presumably, irreversible damage occurs.
Although albuminuria may reflect glomerular or
tubular damage, it is frequently in the normal or very
low range in those who go on to develop CKD.6

Furthermore, although biomarkers that are associ-
ated with the progression of CKD have been identi-
fied,7 there are very few biomarkers that have been
evaluated to help identify the risk of developing CKD,
independent of albuminuria and eGFR.

A primary goal of the National Institute of Diabetes
and Digestive and Kidney Diseases Biomarkers Con-
sortium was to evaluate candidate biomarkers for the
onset and progression of CKD. Accordingly, we eval-
uated the association of several novel biomarkers,
including markers of inflammation/fibrosis—soluble
TNFR-1 and TNFR-2, YKL-40, MCP-1,8–11 and
suPAR12—and tubular injury (KIM-1)13,14 for incident
CKD. We compared the strength and consistency of the
associations of these plasma proteins as risk factors for
incident CKD in individuals without diabetes and with
eGFR $ 60 ml/min per 1.73 m2 at baseline, because this
is a specific population where albuminuria may be less
prevalent and less useful for risk stratification of dis-
ease progression. We evaluated the associations of
plasma biomarkers and incident CKD in 2 community-
based samples—the MESA and the REGARDS studies.

METHODS
Study Populations

MESA is a cohort study initiated by the National Heart,
Lung, and Blood Institute to investigate the correlates,
predictors, and progression of CVD in a diverse
population-based sample of men and women, aged 45
to 84 years (mean 60 years) at entry (2000–2002), who
had no evidence of clinical CVD at baseline. Overall,
6814 individuals were enrolled between July 2000 and
August 2002 (28% Black, 38% White, 22% Hispanic,
12% Chinese, and 53% women). Details of the study
design are published elsewhere.15

The REGARDS study is a population-based, cohort
study designed to evaluate underlying causes for racial
and regional differences in stroke mortality in the
United States. Individuals aged $45 years were
recruited (mean age 64 years). Overall, 30,239 in-
dividuals were enrolled between January 2003 and
October 2007 (42% Black, 55% women). Details of the
study design have been published elsewhere.16

Written informed consent was obtained from study
participants from both MESA and REGARDS.

Study Design and Outcomes

We used a case-cohort study design in both cohorts
(Figure 1a and b). In MESA, cases included all in-
dividuals without diabetes and an eGFR $ 60 ml/min
per 1.73 m2 at baseline who developed incident CKD,
defined as the development of an eGFR < 60 ml/min
per 1.73 m2 in follow-up and at least a 40% decline in
eGFR from baseline to visits that occurred after a mean
of 3.1, 4.7, and 9.4 years of follow-up (n ¼ 163). Sub-
cohort participants were randomly selected from the
total cohort of individuals without diabetes and an
eGFR $ 60 ml/min per 1.73 m2 at baseline (n ¼ 497 of
5137 available). Because some individuals selected in
the random subcohort met the case definition during
follow-up (n ¼ 18), the total sample size was 642. In
REGARDS, cases included a subset of individuals
without diabetes and an eGFR $ 60 ml/min per 1.73 m2

at baseline who developed incident CKD, defined as the
development of an eGFR < 60 ml/min per 1.73 m2 and
at least a 40% decline in eGFR from baseline to the first
follow-up visit at a median of 9.4 years (n ¼ 497).
Subcohort participants were randomly selected from
Kidney International Reports (2022) 7, 1493–1501
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Figure 1. Sampling of (a) MESA and (b) REGARDS cohorts per case-cohort design. (a) Among 6086 MESA participants, a total of 5137 had eGFR
> 60 ml/min per 1.73 m2 and were nondiabetic at baseline, and a subcohort of 497 individuals was randomly selected from those participants.
There were 163 cases of incident CKD, 18 of whom had also been selected into the subcohort and 145 cases arising outside the subcohort. (b)
Among 13,071 REGARDS participants with 2 measures of serum creatinine, a total of 10,299 had eGFR > 60 ml/min per 1.73 m2 and were
nondiabetic at baseline. A subcohort of 497 individuals was randomly selected from those participants. There were 497 cases of incident CKD,
57 of whom had also been selected into the subcohort and 440 cases arising outside the subcohort. CKD, chronic kidney disease; eGFR,
estimated glomerular filtration rate; MESA, Multi-Ethnic Study of Atherosclerosis; REGARDS, Reasons for Geographic and Racial Differences in
Stroke.
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individuals without diabetes and an eGFR $ 60 ml/min
per 1.73 m2 at baseline (n ¼ 497 of 10,299 available).
Because 57 cases occurred among individuals selected
in the random subcohort, the total sample size was 937.
Estimated GFR was determined from isotope dilution
mass spectrometry-traceable serum creatinine concen-
tration measurements using the CKD Epidemiology
Collaboration equation.17 In MESA, creatinine was
measured by rate reflectance spectrophotometry using
thin-film adaptation of the creatinine amidinohydrolase
method on the Vitros analyzer (Johnson & Johnson
Clinical Diagnostics Inc., Raritan, NJ; www.
orthoclinical.com) at the Collaborative Studies Clinical
Laboratory at Fairview-University Medical Center
(Minneapolis, MN) and calibrated to the Cleveland
Clinic. In REGARDS, creatinine was also measured by a
Vitros analyzer and calibrated to an international
isotope dilution mass spectroscopic-traceable standard.

Exposure Variables

The primary exposures were plasma concentrations of
TNFR-1, TNFR-2, YKL-40, MCP-1, suPAR, and KIM-1
sampled at participants’ baseline visits. Biomarkers
were measured using samples stored at �80 �C after a
single freeze-thaw using a multiplex assay on the Meso
Scale Discovery platform (Meso Scale Discovery, Gai-
thersburg, MD) in the BioCon Central Laboratory at
Brigham and Women’s Hospital. Each biomarker was
measured in duplicate, and results were averaged to
Kidney International Reports (2022) 7, 1493–1501
improve precision. All assays were performed blinded
to clinical outcomes. Biomarker measurements were
repeated on a participant’s plasma sample if $2 ana-
lytes had intra-assay coefficients of variation > 15%.
The intra-assay and interassay coefficients of variation
for all exposure variables were all <10%.

Covariates

Age, sex, race, smoking history, and educational
attainment were determined by self-report in both co-
horts. Body mass index was determined using measured
height and weight. Blood pressure was defined as the
average of 3 measures in MESA and 2 measures in
REGARDS taken on seated participants after a 5-minute
rest. The use of medications for hypertension was ob-
tained by self-report. Urine albumin concentration was
measured by the BNII ProSpec nephelometer (Siemens
AG, Munich, Germany), and urine creatinine concen-
tration was measured by the rate Jaffé method (Roche/
Hitachi, Basel, Switzerland). The urine albumin-to-
creatinine ratio (ACR) was expressed as mg/g.

Statistical Analysis

Descriptive statistics were used to compare participant
characteristics in each of the 2 randomly selected
subcohorts in MESA and REGARDS and by the pres-
ence of incident CKD. Age- and sex-adjusted Pearson
pairwise correlations were used to evaluate associations
of plasma biomarkers with each other and with eGFR
1495
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Table 1. Characteristics at baseline by subcohort and by incident CKD status

Baseline characteristics

MESA REGARDS

Subcohort No CKD Incident CKD Subcohort No CKD Incident CKD

N 497 479 163 497 440 497

Age (yr) 60 (10) 59 (10) 66 (9) 63 (8) 62 (8) 65 (9)

Men (%) 47 48 33 42 43 33

Black (%) 24 24 34 30 30 32

Education (%)

<High school 15 14 22 8 9 8

High school graduate 17 17 20 22 21 27

Some college 25 25 34 23 23 25

$College graduate 44 44 24 47 48 41

BMI (kg/m2) 27.9 (5.1) 27.9 (5.1) 29.6 (6.2) 28.4 (5.8) 28.5 (5.7) 28.6 (5.4)

HTN (%) 36 35 65 44 43 51

CAD (%) 0 0 0 11 10 13

Smoking status (%)

Never 48 50 49 49 48 49

Former 37 37 37 43 43 39

Current 15 14 14 8 8 12

SBP (mm Hg) 123 (21) 123 (21) 136 (23) 125 (16) 125 (16) 127 (16)

Antihypertensive medication (%) 30 29 55 37 36 43

eGFR (ml/min per 1.73 m2) 91 (14) 91 (14) 85 (14) 90 (14) 90 (14) 87 (13)

UACR (mg/g) 5 (3–9) 4.6 (3.1–8.8) 8.8 (4.5–24.7) 6.4 (4.4–11.1) 5.9 (4.2–9.5) 7.0 (4.8–13.1)

UACR > 30 mg/g 7 6 21 8 7 11

BMI, body mass index; CAD, coronary artery disease; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; HTN, hypertension; IQR, interquartile range; MESA, Multi-
Ethnic Study of Atherosclerosis; REGARDS, Reasons for Geographic and Racial Differences in Stroke; SBP, systolic blood pressure; UACR, urine albumin-to-creatinine ratio.
Data are presented as mean (SD), median (IQR), or percentage.
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and ACR. The risk of incident CKD was modeled using
a time-to-event analysis with multivariable Cox re-
gressions modified to account for the case-cohort
design. We used the original pseudolikelihood
method proposed by Prentice, weighted such that risk
sets at event times consist of random subcohort mem-
bers at risk whereas the cases outside the subcohort
enter the risk sets only at their failure event times.18

Model 1 was adjusted for age, sex, race, education,
body mass index, systolic blood pressure, hypertension
medications, and smoking status. There was additional
adjustment for prevalent CVD in REGARDS. Model 2
was adjusted additionally for baseline eGFR and ACR.
In all models, plasma biomarkers were analyzed in
quartiles, with the lowest quartile serving as the
referent group, and on a continuous scale after log base
2 transformation (interpreted as per 2-fold higher
concentration of each biomarker). Because our expo-
sure variables were highly correlated, we used a data-
driven regularization method to select the best set of
biomarkers. The least absolute shrinkage and selection
operator (Lasso) is a good method for automatic variable
selection.19 This regression method penalizes the ab-
solute size of the regression coefficients. A Lasso pen-
alty with leave-one-out cross-validation was used to
estimate the penalty parameters, and results were re-
ported using the penalty that gave the best cross-
validated fit. We used the implementation in the R
glmnet package. The biomarkers selected from the
1496
Lasso method were then refitted in the Cox propor-
tional hazards regression models. We evaluated effect
modification by race and sex by testing the statistical
significance of a multiplicative interaction term in fully
adjusted models. We then performed a sensitivity
analysis excluding those with ACR > 30 mg/g at
baseline. Finally, we evaluated demographic and car-
diovascular- and kidney-related factors as risk factors
for incident CKD in a multivariable model. A 2-tailed
P < 0.05 was considered statistically significant for
all analyses, including interaction terms. Analyses were
performed using IBM SPSS version 26 (IBM Corp.,
Armonk, NY) and R Core Team (2020) (R: a language
and environment for statistical computing. R Founda-
tion for Statistical Computing, Vienna, Austria; URL:
https://www.R-project.org/).
RESULTS
Study Populations

Table 1 shows the baseline characteristics across the 2
randomly selected subcohorts of individuals in MESA
and REGARDS and by incident CKD status. In theMESA
subcohort, the mean age was 60 years, 47% were men,
24%were Black, mean eGFR was 91 ml/min per 1.73 m2,
and median ACR was 5 mg/g. Those who developed
incident CKD during the follow-up (cases) were older,
more likely Black, and had higher blood pressure, body
mass index, and ACR. In the REGARDS subcohort, the
Kidney International Reports (2022) 7, 1493–1501
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mean age was 62 years, 43%were men, 30%were Black,
and mean eGFR was 90 ml/min per 1.73 m2 and median
ACR 5.9 mg/g. Those who developed incident CKD
during the follow-up were older and more likely to have
hypertension. There were 15% and 13% of individuals
in MESA and REGARDS who developed diabetes by the
end of the follow-up, respectively.

Correlations

Table 2 shows the age- and sex-adjusted Pearson corre-
lations among individual plasma biomarkers and eGFR
and ACR in MESA. The strongest intercorrelations were
among TNFR-1, TNFR-2, and suPAR, followed by
moderate inverse correlations of TNFR-1 and TNFR-2
with eGFR. Similarly, in REGARDS, the strongest pair-
wise correlation was between TNFR-1 and TNFR-2, and
each of those proteins had a moderate positive correla-
tion with suPAR and a negative correlation with eGFR.

Association of Plasma Biomarkers With Incident

CKD

In MESA, during a median (interquartile range) follow-
up of 9.2 (5.5–9.6) years, there were 163 incident CKD
events. In the adjusted models, KIM-1, suPAR, TNFR-
1, TNFR-2, and YKL-40 were individually associated
with incident CKD. These results were consistent in
continuous (Table 3) and quartile-based analyses
(Figure 2a) and remained statistically significant after
multivariable adjustment.

In REGARDS, during a median (interquartile range)
follow-up of 9.4 (8.6–9.9) years, there were 497 incident
CKD events. In univariate (or demographic-adjusted)
analyses, MCP-1, suPAR, TNFR-1, and TNFR-2 were
associated with incident CKD. After full adjustment,
however, several of these associations were attenuated,
and only TNFR-1 and TNFR-2 remained significantly
associated with incident CKD (Table 3 and Figure 2b).
Comparing the highest versus lowest quartiles, the
magnitude of association was largest for TNFR-1 with
approximately a 3-fold difference in risk.

When evaluating biomarkers in parallel to identify
the best set of markers using Lasso regression, KIM-1,
TNFR-1, and YKL40 were chosen in both cohorts,
with YKL-40 reaching statistical significance (HR of
1.29 per doubling [95% CI 1.02–1.64]) in MESA and
TNFR-1 (HR 1.98 per doubling [95% CI 1.40–2.80])
reaching statistical significance in REGARDS. There
were no interactions between the biomarkers and
either race or sex for risk of incident CKD, with all P
values for interactions > 0.05. Results were consistent
when excluding those with ACR > 30 mg/g at baseline
(data not shown). Finally, age, hypertensive medica-
tions, and ACR were independent risk factors for
incident CKD in MESA, whereas female sex, high
Kidney International Reports (2022) 7, 1493–1501 1497



Table 3. Association of plasma biomarkers with incident CKD in MESA and REGARDS

Plasma biomarkers

HR (95% CI) of incident CKD in MESA HR (95% CI) of incident CKD in REGARDS

Unadjusted Model 1 Model 2 Unadjusted Model 1a Model 2

KIM-1 1.79 (1.46--2.20) 1.49 (1.15--1.91) 1.38 (1.05--1.81) 1.14 (0.97–1.33) 1.12 (0.95–1.31) 1.11 (0.94–1.31)

MCP-1 1.59 (1.14--2.22) 1.18 (0.79–1.77) 1.17 (0.76–1.79) 1.32 (1.05--1.66) 1.24 (0.97–1.59) 1.25 (0.98–1.59)

suPAR 3.04 (2.08--4.45) 2.19 (1.28--3.76) 1.96 (1.10--3.49) 1.33 (1.02--1.74) 1.24 (0.93–1.67) 1.28 (0.95–1.72)

TNFR-1 2.53 (1.80--3.55) 1.82 (1.19--2.76) 1.65 (1.04--2.62) 1.57 (1.19--2.06) 1.78 (1.31--2.41) 1.99 (1.43--2.76)

TNFR-2 3.39 (2.25--5.12) 2.37 (1.44--3.89) 2.02 (1.21--3.38) 1.52 (1.11--2.07) 1.51 (1.06--2.13) 1.76 (1.22--2.54)

YKL-40 1.90 (1.57--2.30) 1.38 (1.10--1.73) 1.38 (1.09--1.75) 1.08 (0.95–1.24) 1.05 (0.91–1.22) 1.07 (0.92–1.24)

ACR, albumin-to-creatinine ratio; BMI, body mass index; CAD, coronary artery disease; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; HR, hazard ratio; KIM-1,
kidney injury molecule 1; MCP-1, monocyte chemotactic protein-1; MESA, Multi-Ethnic Study of Atherosclerosis; REGARDS, Reasons for Geographic and Racial Differences in Stroke;
suPAR, soluble urokinase-type plasminogen activator receptor; TNFR, tumor necrosis factor receptor; YKL-40, chitinase 3-like protein 1.
aIn REGARDS, model 1 was also additionally adjusted for CAD.
HR is per 2-fold higher level. Bold represents results that are significant at P < 0.05. Model 1 was adjusted for age, sex, race, education, BMI, systolic blood pressure, use of hy-
pertension medications, and smoking status. Model 2 was model 1 with additional adjustment for baseline eGFR and ACR.
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school graduates (in comparison to those who did not
graduate from high school), and ACR were indepen-
dent risk factors for incident CKD in REGARDS
(Supplementary Table S1).

DISCUSSION
The present investigation is one of the first studies
to evaluate the relationships among a comprehen-
sive set of novel plasma biomarkers of
Figure 2. (a) MESA: adjusted HR (95% CI) of incident CKD as a function of e
mass index, systolic blood pressure, use of antihypertensive medication
glomerular filtration rate. All biomarkers were analyzed in quartiles. (b) RE
biomarker in models adjusted for age, race, sex, education, body mass i
smoking status, urine albumin-to-creatinine ratio, estimated glomerular
analyzed in quartiles. CKD, chronic kidney disease; HR, hazard ratio; KIM-
MESA, Multi-Ethnic Study of Atherosclerosis; REGARDS, Reasons for Geo
type plasminogen activator receptor; TNFR, tumor necrosis factor recepto
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inflammation/fibrosis, tubular injury, and repair
with incident CKD in nondiabetic individuals. In
MESA, plasma KIM-1, suPAR, TNFR-1, TNFR-2,
and YKL-40 were all associated with incident CKD
independent of baseline eGFR, albuminuria, or CKD
risk factors, whereas TNFR-1 and TNFR-2 were also
associated with incident CKD in REGARDS. These
findings suggest that novel biomarkers of inflam-
mation/fibrosis and tubular injury can be used to
ach biomarker in models adjusted for age, race, sex, education, body
s, smoking status, urine albumin-to-creatinine ratio, and estimated
GARDS: adjusted HR (95% CI) of incident CKD as a function of each
ndex, systolic blood pressure, use of antihypertensive medications,
filtration rate, and coronary artery disease. All biomarkers were
1, kidney injury molecule 1; MCP-1, monocyte chemotactic protein-1;
graphic and Racial Differences in Stroke; suPAR, soluble urokinase-
r; YKL-40, chitinase 3-like protein 1.
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identify risk of developing nondiabetic CKD. In this
particular study, TNFR-1 and TNFR-2 were the
strongest and most consistent across these 2 large
cohorts.

Several prior and ongoing studies have evaluated the
biomarkers that were evaluated in this analysis in
participants with either diabetes or advanced CKD. For
example, a recent study from the Biomarkers Con-
sortium demonstrated that TNFR-1, TNFR-2, KIM-1,
MCP-1, suPAR, and YKL-40 were all associated with
progression of CKD in individuals with diabetes and
eGFR < 60 ml/min per 1.73 m2 in the Chronic Renal
Insufficiency Cohort Study.7 Similarly, in the Bio-
markers Consortium, TNFR-1, TNFR-2, and KIM-1
were associated with progression to end-stage kidney
disease in the Chronic Kidney Disease in Children
Study.20 TNFR-1 and TNFR-2 were also associated with
progression to end-stage kidney disease in individuals
with a range of eGFR and type 2 diabetes.9

There are far fewer studies, however, that have
evaluated incident CKD as an outcome, and most have
focused on urine biomarkers21,22 or have been in in-
dividuals with diabetes.8 For example, urinary trefoil
factor 3 was associated with incident CKD in the
Atherosclerosis Risk and Communities Study21 and
TNFR-1 and TNFR-2 were associated with incident
CKD in type 1 diabetes.8 suPAR has been associated
with incident CKD in a predominantly nondiabetic
population,12 and in a recent study from MESA, TNFR-
1 was also associated with faster declines in eGFR in a
predominantly nondiabetic population.23 The latter
studies are limited in that they included only 1
biomarker in a single cohort.

TNFR-1 and TNFR-2 reflect inflammatory pathway
activation. The exact mechanism by which TNF re-
ceptors contribute to incident CKD is not clear, but
strong associations with kidney outcomes in multiple
cohorts of children and adults with and without CKD
and with and without diabetes demonstrate an integral
role in the pathway of GFR decline. MCP-1 is a che-
mokine that leads to the recruitment of monocytes,
whereas circulating suPAR is released into the circu-
lation during inflammation. YKL-40 is an indicator of
tubular injury severity and may play a role in limiting
tubular cell apoptosis during the repair phase of acute
kidney injury.24 KIM-1 is a marker of proximal tubular
injury and is detectable in the blood and urine after
shedding of the KIM-1 ectodomain.13

In the current analyses, we noted that several bio-
markers were associated with incident CKD in nondi-
abetic individuals in MESA; however, only TNFR-1
and TNFR-2 were associated with incident CKD in both
studies. There are several potential reasons for these
differences. First, MESA was selected to be free of CVD
Kidney International Reports (2022) 7, 1493–1501
at baseline and had a lower percentage of Black patients
in contrast with REGARDS. Second, in REGARDS,
some of the traditional kidney-related risk factors were
not risk factors for incident CKD, such as elevated
blood pressure level and Black race. Third, the HRs for
MCP-1 and suPAR were in the expected direction in
REGARDS and significant in univariate analyses, so it is
possible that there was insufficient statistical power to
detect a moderate independent association. Last, in
MESA, there were 3 follow-up visits over approxi-
mately 10 years, whereas in REGARDS, there was 1
visit 9.4 years after baseline.

There are several implications of our findings and
those of others. First, we are able to identify novel
plasma risk factors for incident nondiabetic CKD,
although the relationships may not be as strong as
have been observed for CKD progression. Second,
TNF receptors are consistent risk factors throughout
the spectrum of stages of CKD, including in in-
dividuals with diabetes and without diabetes and in
children with CKD. Third, future studies should
evaluate whether incorporation of TNF receptors may
help with enrichment of trials with incident CKD as
an outcome and to identify those in the general
population who should be targeted for more
aggressive traditional risk factor management to
prevent the onset of CKD. Finally, these results may
provide additional insights into the mechanisms of
initiation of nondiabetic CKD.

Limitations of the study include its observational
nature and, therefore, the potential for residual and
unmeasured confounding. Biomarkers were only
measured at one point in time, which may lead to
measurement error. The latter however would have
biased the results to the null. Strengths include
incorporation of a precise and specific definition of
incident CKD although we acknowledge the possibility
of misclassification of the outcome given the require-
ment for only 1 follow-up measure to meet criteria for
incident CKD and the lack of association of several
traditional kidney risk factors with incident CKD in
this study; an efficient study design that provided
sufficient statistical power to detect associations in both
MESA and REGARDS; 2 well-characterized prospective
cohorts with a diversity of race/ethnicity and sex and
detailed ascertainment of covariates; samples that were
measured in duplicate; measurement of 6 biomarkers at
the same time to compare interrelationship and
strengths of association; and a high level of quality
control in a laboratory that was developed as part of
the CKD Biomarkers Consortium.

In conclusion, elevated TNFR-1 and TNFR-2 levels
are independent risk markers for incident CKD in
nondiabetic individuals in both MESA and REGARDS.
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Future studies are warranted to confirm these results
and evaluate how the measurement of TNF receptors
may be incorporated into the enrichment of future
trials of incident CKD or whether they can be used to
identify high-risk populations who may benefit from
more intensive targeting of traditional CKD risk factors.
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