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Abstract

 Background—Serum β-trace protein (BTP) and β2-microglobulin (B2M) are independently 

associated with end-stage renal disease (ESRD) and mortality in the general population and high-

risk groups with diabetes or advanced chronic kidney disease (CKD). Less is known about their 

associations with outcomes and predictive ability in adults with moderate CKD.

 Study Design—Prospective cohort study.

 Setting & Participants—3613 adults from the Chronic Renal Insufficiency Cohort (CRIC) 

Study (45% women; mean age, 57.9 years; 41.0% non-Hispanic black; 51.9% with diabetes).

 Predictors—BTP and B2M with a reciprocal transformation to reflect their associations with 

filtration, creatinine-based estimated glomerular filtration rate (eGFRcr), measured GFR (mGFR) 

and a 4-marker composite score combining BTP, B2M, creatinine, and cystatin C. Predictors were 

standardized as z scores for comparisons across filtration markers.

 Outcomes—ESRD, all-cause mortality, and new-onset cardiovascular disease. Results: Over a 

six-year median follow-up, 755 (21%) participants developed ESRD, 653 died, and 292 developed 

new-onset cardiovascular disease. BTP, B2M, and the 4-marker composite were independent 

predictors of ESRD and all-cause mortality, and B2M and the 4-marker composite of 

cardiovascular events, after multivariable adjustment. These associations were stronger than those 

Foster et al. Page 2

Am J Kidney Dis. Author manuscript; available in PMC 2017 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



observed for eGFRcr (p vs. eGFRcr ≤0.02). The 4-marker composite led to improvements in the C 

statistic and 2.5 year risk reclassification beyond eGFRcr for all outcomes.

 Limitations—Filtration markers measured at one time point; mGFR available in subset of 

cohort.

 Conclusions—BTP and B2M may contribute additional risk information beyond eGFRcr and 

the use of multiple-markers may improve risk prediction beyond this well-established marker of 

kidney function among persons with moderate CKD.

Keywords

Beta-trace protein (BTP); β2-microglobulin (B2M); CKD Biomarkers Consortium; filtration 
markers; renal function; estimated glomerular filtration rate (eGFR); chronic kidney disease 
(CKD); end-stage renal disease (ESRD); mortality; cardiovascular events; Chronic Renal 
Insufficiency Cohort (CRIC)

Chronic kidney disease (CKD) is common in the United States and is associated with 

progression to end-stage renal disease (ESRD), cardiovascular disease (CVD) and increased 

risk of CVD and death.1–4 Current established filtration markers for prediction of outcomes 

in persons with CKD include serum creatinine and cystatin C; identification and validation 

of additional biomarkers can lead to improvements in prediction. Both β-trace protein (BTP) 

and β2-microglobulin (B2M) are serum proteins of interest as novel filtration markers. In 

prior work BTP and B2M were shown to be independently associated with increased risk of 

all-cause and CVD mortality, and with CVD events in US adults, and, for BTP, with CKD 

progression and mortality in adults with hypertensive kidney diseases and non-diabetic 

kidney disease and all-cause and CVD mortality in adults on hemodialysis.5–9 However, less 

is known about associations with outcomes and the utility of these markers together 

compared to measured GFR (mGFR) in adults with mild-to-moderate CKD because the 

prior work in CKD did not evaluate B2M and is limited to selected CKD patient populations 

that may not be generalizable to broader CKD populations.

The Chronic Renal Insufficiency Cohort (CRIC) Study is a representative prospective cohort 

of adults with CKD in the United States. We compared associations of BTP, B2M, and 

established filtration markers cystatin C and creatinine―alone and in combination―with 

ESRD, all-cause mortality, and new onset CVD and evaluated whether using a combination 

of filtration markers can improve overall risk prediction beyond creatinine-based eGFR 

alone in the CRIC Study. We hypothesize that BTP and B2M are associated with these 

outcomes independent of known risk factors and established markers of kidney function 

including eGFRcr.

 Methods

 Study Population

The CRIC Study is a multicenter observational cohort study of adults aged 21–74 years with 

mild-to-moderate CKD recruited from seven clinical centers in the United States in 2003–

2008; the design of the study and enrollment has been described previously.10,11 Of the 3939 

participants at baseline, we excluded participants with missing data on serum BTP, B2M, 
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and multivariable model covariates resulting in a study sample of 3613 participants, of 

whom 2405 were free of baseline CVD. Analyses that include mGFR are limited to 

participants who underwent GFR assessment (n=1324). The CRIC Study was approved by 

institutional review boards at participating institutions. All participants provided written 

informed consent.

 Exposure Assessment

In 2012, BTP, B2M, and creatinine were measured at the University of Minnesota in stored 

serum samples from the baseline visit; samples were stored at −80° C prior to performing 

measurements. Both BTP and B2M were measured using the Siemens Dade Behring 

ProSpec nephelometer (Siemens Healthcare Diagnostics) and creatinine was measured using 

the Roche enzymatic method on a Roche Modular P Analyzer (Roche Diagnostics). Inter-

assay laboratory coefficients of variation for BTP, B2M, and creatinine at the University of 

Minnesota laboratory were 6.0%, 2.7%, and 2.3%, respectively. Cystatin C was previously 

measured in stored samples using a particle-enhanced immunonephelometric assay on the 

Siemens BN II system with standardization to account for laboratory drift over time12 and 

standardized to the international reference standard ERM-DA47/IFCC (International 

Federacy of Clinical Chemistry and Laboratory Medicine). Creatinine-based eGFR 

(eGFRcr) was determined using the 2009 CKD-EPI (CKD Epidemiology Collaboration) 

creatinine equation and cystatin C—based eGFR (eGFRcys) was determined using the 2012 

CKD-EPI cystatin C equation.13,14 The GFR was measured (mGFR) in a sub-sample of 

participants using a standardized urinary 125I-iothalamate clearance protocol, originally 

selected with sampling stratified by age, sex, race, and diabetes status.12

 Outcome Assessment

Outcomes were ESRD, all-cause mortality, and incident cardiovascular events. Participants 

were asked every 6 months about hospitalizations, ESRD events, or possible cardiovascular 

events. The ESRD events were defined as initiation of maintenance dialysis or receiving a 

kidney transplant during follow-up, with additional events identified through US Renal Data 

System (USRDS) linkage. Hospitalizations with diagnostic or procedural discharge codes 

for cardiovascular events underwent further review by at least two physicians for possible 

heart failure, myocardial infarction, or cerebrovascular events. Incident cardiovascular events 

were defined as the first in-patient hospitalization for definite or probable myocardial 

infarction, heart failure, or cerebrovascular event after baseline; analyses for incident CVD 

events were limited to participants free of baseline CVD. All-cause mortality events were 

identified by reporting through next of kin, death certificates, hospital records, and Social 

Security Death Master File Linkage.

 Covariate Assessment

Demographic and clinical characteristics were assessed at the baseline examination. 

Demographic characteristics of interest included age, sex, and race/ethnicity (Non-Hispanic 

White, Non-Hispanic Black, Hispanic/Other). Smoking status was defined as current, 

former, or never smoker based on self-report. Prevalent CVD at baseline was defined as a 

self-reported history of coronary artery disease or prior revascularization of blood vessels. 

Hypertension was defined as a systolic blood pressure ≥140mmHg, a diastolic blood 
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pressure ≥90mmHg, or use of antihypertensive medication. High density lipoprotein 

cholesterol, high-sensitivity C-reactive protein, glucose, and hemoglobin A1c were 

measured in baseline blood samples. Diabetes was defined as a fasting blood glucose ≥126 

mg/dL, a random blood glucose ≥200 mg/dL, hemoglobin A1c≥6.5, or self-reported use of 

insulin or oral diabetes medication. Urinary albumin-creatinine ratio (UACR, expressed as 

milligrams per gram) was estimated based on a 24-hour urine collection.

 Statistical Analyses

Descriptive statistics are presented as mean ± standard deviation for continuous variables 

(median [interquartile range] for skewed variables) and as number (percentage) for 

categorical variables. We applied a reciprocal transformation to BTP (1/BTP) and B2M (1/

B2M) to reflect the association of these markers with filtration. For comparisons across 

filtration markers, we modeled each marker (1/BTP, 1/B2M, eGFRcr, mGFR, four-marker 

combination score) as a standardized z score (see Figure S1, available as online 

supplementary material). To evaluate a combined marker approach, we used Cox 

proportional hazards regression models to create a composite score based on the weighted 

linear combination of four serum filtration markers (eGFRcr, eGFRcys, BTP [1/BTP], B2M 

[1/B2M]) and their respective β coefficients:

Composite=−(βeGFRcr*eGFRcr+βeGFRcys*eGFRcys+β1/BTP*1/BTP+ β1/B2M*1/

B2M)

Further details are in Item S1 and Figure S2.

We used Cox Proportional Hazards models to estimate the association of each blood 

biomarker and composite score with incident ESRD, all-cause mortality, and the 

cardiovascular events, first using restricted cubic splines with knots at z score quintiles and 

multivariable adjustment for potential confounders (age, sex, race, diabetes, hypertension, 

prevalent CVD, smoking status, high-density lipoprotein cholesterol, natural log (ln)-

transformed C-reactive protein, ln-transformed UACR). Markers and the composite were 

also modeled continuously with hazard ratios (HRs) presented per 1-unit decrease in the z 
score (representing a standard deviation lower marker level at baseline). Models were 

adjusted for age, sex, and race with additional multivariable adjustment for the 

aforementioned potential confounders and further adjustment in separate models for eGFRcr 

and mGFR. We used seemingly unrelated regression, an approach that allows for correlated 

errors across a set of regression models, to statistically compare the strength of associations 

for BTP, B2M, and mGFR with the association observed for eGFRcr.15

We evaluated improvement in model discrimination when using the 4-marker composite 

compared to eGFRcr by comparing Harrell’s C statistics and likelihood ratio tests in 

multivariable Cox Proportional Hazards models. We evaluated improvement in 2.5-year risk 

prediction using the continuous net reclassification improvement (NRI) and relative 

integrated discrimination improvement (RIDI) for each outcome beyond eGFRcr when using 

the 4-marker composite in multivariable Poisson regression models.16 We selected 2.5-year 

follow-up for risk prediction models due to short follow-up time for participants who entered 

the study at the end of the baseline examination period. Statistical analyses were performed 

in Stata, Version 12.1 (StataCorp LP).
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 Results

 Baseline Characteristics

Overall, participants were on average 57.9 years old, 44.7% were women, 41.0% were non-

Hispanic black, and 51.9% had diabetes (Table 1). Hypertension and CVD were common, 

found in 86.0% and 33.4% of participants, respectively. Average baseline mGFR, eGFRcr, 

BTP, and B2M were 49 mL/min/1.73m2, 44 mL/min/1.73m2, 1.21 mg/L, and 4.4 mg/L, 

respectively. Some differences in characteristics were observed in the subsample with mGFR 

compared to those without mGFR; participants with mGFR were younger with a different 

race/ethnicity and baseline smoking distribution, lower high-density lipoprotein cholesterol 

and high-sensitivity CRP, higher UACR and B2M, and lower eGFRcr (Table S1). Moderate 

to strong correlations were observed among filtration markers and mGFR (Table 2; Table 

S2); correlations of 1/B2M with eGFRcr and mGFR tended to be stronger than those 

observed with 1/BTP.

 ESRD

Over a median follow-up of 6.1 years, 755 participants (21%) developed ESRD. 

Multivariable-adjusted risk associations of each marker and the 4-marker composite with 

ESRD were similar and linear on the log-scale, with higher HRs at lower marker levels 

(Figure 1a; 95% confidence intervals [CIs] in Figure S3). In models adjusted for age, sex, 

and race (Table 3) lower baseline levels of individual filtration markers and the 4-marker 

composite were all significantly associated with increased ESRD risk, with associations 

stronger than observed for eGFRcr. Associations were attenuated but remained significant 

with multivariable adjustment, with 1/BTP, 1/B2M, and the 4-marker composite but not 

mGFR more strongly associated with ESRD than eGFRcr (Table 3). Associations with 

eGFRcr, 1/BTP, 1/B2M, and the 4-marker composite persisted with additional adjustment 

for mGFR (Table 3, all p<0.001), however, only the 4-biomarker composite was more 

strongly associated with ESRD than eGFRcr (p versus eGFRcr <0.001). Similar results were 

observed when analyses were limited to participants with mGFR (Table S3). The 4-marker 

composite led to modest, statistically significant improvement to the C statistic when 

compared to a multivariable Cox regression model with eGFRcr (Table 4). In multivariable 

models for 2.5 year risk prediction, the 4-marker composite modestly improved the RIDI 

and risk classification beyond eGFRcr alone for ESRD (Table 4), with statistically 

significant improvements observed in those who did not develop ESRD (NRInon-event, 0.13; 

95% CI, 0.10–0.17) and in those who developed ESRD (NRIevent, 0.12; 95% CI, 0.001–

0.24).

 All-Cause Mortality

Over a median follow-up of 6.7 years, 653 participants (18%) died. The multivariable-

adjusted restricted cubic spline models (Figure 1b; 95% CI in Figure S4) indicated weaker 

associations and flatter HR functions for mGFR and eGFRcr. In contrast, 1/B2M and the 4-

marker composite had stronger, linear relationships with mortality across their range of 

values. At lower values 1/BTP showed a similar relationship as 1/B2M but at higher values 

flattens and was similar to mGFR and eGFRcr.
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In models adjusted for age, sex, and race (Table 3) lower baseline levels of individual 

filtration markers and the 4-marker composite were each significantly associated with 

increased mortality risk (all p<0.001). These associations remained after multivariable 

adjustment, with 1/BTP, 1/B2M, and the 4-marker composite (Ps versus eGFRcr of 0.02, 

<0.001, and <0.001, respectively) but not mGFR (p versus eGFRcr = 0.7) more strongly 

associated with mortality than eGFRcr (Table 3). Lower 1/B2M and the 4-marker composite 

remained independently associated with increased mortality risk after additional adjustment 

for mGFR with significantly stronger associations than observed for eGFRcr (p versus 

eGFRcr <0.001); eGFRcr was associated with decreased mortality risk (HR, 0.73; 95% CI, 

0.55–0.97). Similar results were observed when analyses were limited to participants with 

mGFR (Table S4).

The 4-marker composite had modest, statistically significant improvements in the C statistic 

when compared to a multivariable Cox regression model with eGFRcr (Table 4). The 4-

marker composite also improved the RIDI and mortality risk for overall risk classification 

beyond eGFR alone over a period of 2.5-years (Table 4), with statistically significant, but 

modest, improvements observed in both those who did (NRIevent, 0.25; 95% CI, 0.11–0.39) 

and those who did not die (NRInon-event, 0.20; 95% CI, 0.17–0.23).

 Cardiovascular Events

Compared to those with CVD at baseline, participants free of baseline CVD were more 

likely to be younger, female, and non-Hispanic white, and with a better cardiovascular risk 

factor profile and higher kidney function (Table S5) Of the 2405 participants free of CVD at 

baseline, 292 (12%) had a cardiovascular event. The shape of cardiovascular event HR 

functions based on restricted cubic splines varied across filtration markers (Figure 1c; 95% 

CI in Figure S5). Curves for mGFR and eGFR suggested slight U-shaped relationships, with 

HRs at lower values smaller in magnitude than those for 1/BTP, 1/B2M, and the 4-marker 

composite. Risk associated with 1/B2M tended to be higher with lower 1/B2M z scores. 

Curves for 1/BTP and the 4-marker composite were flat at higher values and increased at 

lower values, suggesting a threshold effect.

With adjustment for age, sex, and race (Table 3) lower baseline levels of individual filtration 

markers and the 4-marker composite were all significantly associated with increased risk for 

an incident cardiovascular event; associations of 1/BTP, 1/B2M, and the 4-marker composite 

(Ps versus eGFRcr of <0.001 for all three) but not mGFR (p versus eGFRcr = 0.4) were 

stronger than observed for eGFRcr (Table 3). Associations for 1/B2M and the 4-marker 

composite remained significantly associated with cardiovascular event risk both with 

multivariable and additional adjustment for mGFR, with stronger associations than observed 

for eGFRcr (multivariable: p versus eGFR both <0.001; multivariable + mGFR: p versus 

eGFR of 0.002 and 0.01, respectively; Table 3). Similar results for the composite 

cardiovascular outcome were observed when analyses were limited to participants with 

mGFR (Table S3). Similar trends in HRs were observed for individual components of our 

cardiovascular composite outcome, although with wider 95% CI due to a smaller number of 

events (Table S4). The 4-marker composite led to modest, statistically significant 

improvements in the C statistic when compared to a multivariable Cox regression model 
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with eGFRcr (Table 4). In multivariable models, the 4-marker composite improved overall 

risk classification beyond eGFR alone for cardiovascular event risk over a period of 2.5 

years (Table 4), with significant, but modest improvements observed in both those who did 

(NRIevent, 0.23; 95% CI, 0.06–0.40) and those who did not have an incident cardiovascular 

event (NRInon-event, 0.16; 95% CI, 0.12–0.20).

 Discussion

In a large, diverse cohort of adults with mild-to-moderate CKD with prospective follow-up, 

BTP and B2M, and a composite of the 2 markers with eGFRcr and eGFRcys, are 

independently associated with risk of ESRD and all-cause mortality beyond established risk 

factors. Similar findings were observed for the association of B2M and the 4-marker 

composite for cardiovascular events. These associations were greater in magnitude than 

observed for eGFRcr. In addition, associations of BTP, B2M, and the composite score were 

independent on mGFR, indicating that non-GFR determinants contribute to the risk 

associated with these filtration markers.

Our findings extend the current literature by describing risk associations for BTP and B2M 

in a large, well-characterized, multi-ethnic, nationally representative cohort of adults with 

mild-to-moderate CKD. Associations of BTP alone with ESRD and mortality were 

previously described in patients with hypertensive and non-diabetic CKD from AASK and 

the MDRD Study―cohorts derived from highly selected CKD patient populations in 

randomized controlled trials that may not be generalizable to broader CKD populations. 

Increased risk for ESRD and mortality events persisted in these cohorts after accounting for 

potential confounders.7,9 Similarly, in hemodialysis patients higher BTP was reported to be 

associated with increased mortality risk over a median follow-up of 3.3 years.8 Three prior 

studies measured both BTP and B2M in addition to the established filtration markers 

creatinine and cystatin C, allowing for comparisons of ESRD,5,17 mortality,5,6,17 or 

cardiovascular risk5 across all markers, as well as for comparisons to mGFR in 

Southwestern American Indians with type 2 diabetes.17 Two prior studies reported on 

ESRD. In the Atherosclerosis Risk in Communities (ARIC) Study higher BTP and B2M 

levels were associated with increased ESRD risk and associations were both stronger than 

observed with eGFRcr.5 In Pima Indians with type 2 diabetes, higher BTP and B2M were 

associated with increased ESRD risk and were of similar magnitude as eGFRcr.17 Three 

prior studies reported on mortality.5,6,17 In ARIC and the Third National Health and 

Nutrition Examination Survey (NHANES III), BTP and B2M were independent predictors 

of all-cause mortality with associations of greater magnitude than observed for eGFRcr and 

with stronger associations observed for B2M than BTP.5,6 Consistent with this observation, 

B2M, but not BTP, was associated with all-cause mortality risk in Pima Indians with type 2 

diabetes. For CVD, in ARIC, higher BTP and B2M were associated with increased coronary 

heart disease and heart failure risk with B2M associations stronger than those observed for 

eGFRcr.5 In NHANES III, BTP and B2M were both associated with cardiovascular and 

coronary heart disease mortality but were not significantly stronger than observed for 

eGFRcr.6 Reports from ARIC and NHANES III explored the utility of multiple markers by 

evaluating risk reclassification with the continuous NRI and observed significant 

improvements in risk reclassification when BTP, B2M, and cystatin C were added to models 
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that included established risk factors and eGFRcr.5,6 Risk reclassification results were less 

consistent in the Pima Indians but suggested that B2M may improve model discrimination 

beyond eGFRcr and eGFRcys.17

Comparing the relative strengths of associations with BTP and B2M, alone and in 

combination across studies provides information on marker performance in different study 

populations. First, BTP and B2M are consistently associated with ESRD, indicating that 

these markers have potential to contribute to ESRD risk prediction beyond established risk 

factors and eGFRcr. Second, B2M tends to be a stronger predictor of all-cause mortality risk 

than BTP; however, the association of BTP with mortality differs across studies, suggesting 

that its utility for predicting mortality outcomes may vary based on CKD status and severity 

at baseline. Combining markers may provide a method for quantifying prognostic 

information that is more robust across population differences and across study outcomes, 

although future work is needed to evaluate this approach.

Both B2M and the 4-marker composite remained significantly associated with all-cause 

mortality and cardiovascular events after adjustment for mGFR, potentially indicating that 

other factors, besides reduced GFR, affect all-cause mortality and cardiovascular event risk. 

Accounting for mGFR in the evaluation of the association between marker and outcomes 

allows for the evaluation of whether increased risk associated with these markers reflects 

their associations with GFR or other non-GFR determinants. In NHANES III prior work 

found that creatinine, cystatin C, BTP, and B2M have differential associations with 

demographic and clinical characteristics,18 providing support for the hypothesis that factors 

other than GFR vary across these four markers and could have differential effects on 

prognosis. In AASK and the MDRD Study, increased ESRD and mortality risk for BTP 

persisted after accounting for mGFR.7,9 Only in the Pima Indian study did we measure both 

BTP and B2M in a cohort in which mGFR was assessed, with results suggesting that higher 

BTP and B2M were associated with increased ESRD risk and higher B2M was associated 

with increased mortality risk independent of mGFR.17 The ESRD results were of borderline 

significance, which could be attributed to limited power given the small sample size 

(n=250). In the CRIC Study, we measured these filtration markers in a cohort with mGFR 

that was five times greater in size than the Pima Indian cohort with many more events, 

allowing for more precise risk estimates in replication. Our findings are consistent with 

those in the Pima Indians―that BTP and B2M are associated with ESRD and B2M is 

associated with mortality beyond established risk factors and mGFR, suggesting that non-

GFR determinants contribute to risk estimates beyond kidney function.

Strengths of our study include a large, well-characterized multi-ethnic sample of adults with 

mild-to-moderate CKD and a reasonably large number of varied events during follow-up. In 

addition, GFR was measured in a sub-cohort of participants, allowing us to determine 

whether associations were independent of measured kidney function. Our study has 

limitations that should also be considered. Filtration markers were measured at a single time 

point using previously frozen samples from the baseline examination. We combined markers 

using regression coefficients derived for each outcome within this study sample; thus, 

performance of the 4-marker composite score was likely enhanced among CRIC Study 

participants and may not be generalizable to other populations or outcomes and may be of 
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limited applicability in current clinical settings because serum BTP is not currently available 

for clinical use in the United States. The influence of non-GFR determinants on serum levels 

of BTP and B2M may reduce their accuracy as pure filtration markers; future studies should 

examine the performance of a single equation incorporating multiple filtration markers into 

one estimating equation or obtain an average estimate for multiple markers from sets of GFR 

estimating equations (eGFRcr, eGFRcys, eGFRBTP, eGFRB2M) that can be used across 

populations in research. However, our current method represents an internally valid 

approach that provides evidence for proof of concept. Given that the baseline CRIC visit 

occurred between 2005 and 2008, we have a relatively short follow-up period (median, 6.1 

years), which limits our ability to evaluate long-term risk associated with these filtration 

markers in adults with mild-to-moderate CKD. Prevalent CVD at baseline was also based on 

self-report.

In summary, we showed that BTP and B2M were independent predictors of ESRD and all-

cause mortality and B2M was an independent predictor of cardiovascular events in a large 

group of adults with mild-to-moderate kidney disease. Associations were of stronger 

magnitude than that for eGFRcr, suggesting that these markers contribute additional risk 

information beyond this well-established marker of kidney function. The use of a multiple-

marker approach may improve risk prediction beyond eGFRcr in this population.

 Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Hazard Ratios for (A) end-stage renal disease (ESRD), (B) all-cause mortality, and (C) 

cardiovascular events modeled as functions of filtration markers. Filtration markers are 

modeled as restricted cubic splines on the z score scale (knots at quintiles) for comparisons 

across markers. Abbreviations: mGFR, measured GFR; eGFR, creatinine-based eGFR; BTP, 

beta trace protein; B2M, beta-2 microglobulin.
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Table 1

Baseline characteristics of the study sample.

Overall

No. of participants 3613

Age (y) 57.9 ±10.9

Female Sex 1615 (44.7%)

Race/ethnicity

  Non-Hispanic White 1542 (42.7%)

  Non-Hispanic Black 1482 (41.0%)

  Hispanic 443 (12.3%)

  Other 146 (4.0%)

Smoking Status

  Never 1624 (45.0%)

  Former 1520 (42.1%)

  Current 469 (13.0%)

Prevalent CVD 1208 (33.4%)

Hypertension 3107 (86.0%)

Diabetes 1875 (51.9%)

Total cholesterol (mg/dL) 183 ± 45

HDL Cholesterol (mg/dL) 48 ± 15

High-sensitivity CRP (mg/L) 2.6 [1.1–6.4]

Kidney Measures

  UACR (mg/g) 51 [8–450]

  mGFR (n=1324), mL/min/1.73m2 49 ± 21

  eGFRcr (mL/min/1.73m2) 44 ± 15

  BTP (mg/L) 1.21 ± 0.60

  B2M (mg/L) 4.4 ± 2.2

*
Other includes Asian/Pacific Islander and Native Americans

Note: Values for categorical variables are given as percentages; values for continuous variables, as mean ± standard deviation or median 
[interquartile range]. Conversion factor for cholesterol in mg/dL to mmol/L, ×0.02586.

CRP, C-reactive protein; CVD, cardiovascular disease; HDL. high-density lipoprotein; mGFR, measured glomerular filtration rate; eGFRcr, 

creatinine-based estimated glomerular filtration rate; BTP, β-trace protein; B2M, β2-microglobulin; UACR, urinary albumin-creatinine ratio
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Table 2

Pearson correlations for the filtration markers

mGFR* eGFRcr 1/BTP 1/B2M

mGFR 1.00

eGFRcr 0.83 1.00

1/BTP 0.68 0.67 1.00

1/B2M 0.83 0.78 0.74 1.00

Note: N=3613. All p<0.001.

mGFR, measured glomerular filtration rate; eGFRcr, creatinine-based estimated glomerular filtration rate; BTP, β-trace protein; B2M, β2-

microglobulin

*
Correlations with mGFR in in subsample of N=1324 with mGFR assessment.
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