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Background: New estimated glomerular filtration rate (eGFR) equations removed race 

adjustment, but the impact of its removal on prediction of end-stage kidney disease (ESKD) is 

unknown.

Objective: To compare the ESKD prediction performance of different eGFR equations.

Design: Observational, prospective cohort study.

Setting: Seven US clinical centers.

Participants: 3,873 participants with chronic kidney disease (CKD) from the Chronic Renal 

Insufficiency Cohort (CRIC) Study contributing 13,902 two-year risk periods.

Measurements: ESKD was defined as initiation of dialysis or transplantation. eGFR was 

calculated using five CKD-EPI equations based on serum creatinine and/or cystatin C, with or 

without race adjustment. The predicted 2-year risk of ESKD was calculated using the 4-variable 

Kidney Failure Risk Equation (KFRE). We evaluated the prediction performance of eGFR 

equations and the KFRE score using discrimination and calibration analyses.

Results: During a maximum 16 years of follow-up, 856 participants developed ESKD. Across 

all eGFR equations, the KFRE score was superior for predicting 2-year incidence of ESKD 

compared with eGFR alone (area-under-the-curve ranges, 0.945-0.954 vs. 0.900-0.927). Prediction 

performance of KFRE scores using different eGFR equations was similar, but the creatinine 

equation without race adjustment improved calibration among Black participants. Among all 

participants, compared with an eGFR <20 mL/min/1.73 m2, a KFRE score >20% had similar 

specificity for predicting 2-year ESKD risk (ranges, 0.94-0.97 vs. 0.95-0.98) but higher sensitivity 

(ranges, 0.68-0.78 vs. 0.42-0.66).

Limitations: Data are solely from the US.

Conclusions: The KFRE score better predicts 2-year risk of ESKD compared with eGFR alone, 

regardless of race adjustment. The creatinine equation with age and sex may improve calibration 

among Black patients. A KFRE score >20% showed high specificity and sensitivity for predicting 

2-year risk of ESKD.

Introduction

Lower kidney function, as quantified by glomerular filtration rate (GFR), is strongly 

associated with risks of end-stage kidney disease (ESKD) and all-cause mortality, and is 

a major public health challenge (1-4). In clinical practice, equations are used to provide 

estimated GFR (eGFR) based on a combination of endogenous filtration markers (serum 

creatinine and/or cystatin C) and patient characteristics including age, sex, and race. Race 

was included in equations using serum creatinine (5,6) because studies show a higher 

average serum creatinine level in Black vs. non-Black individuals that may not be explained 

by non-GFR determinants (7). However, race is an ill-defined social construct, and its use in 

medicine may perpetuate racial inequities in healthcare delivery (8-10). In response to this 

issue, new eGFR equations without race adjustment were released in 2021 by the Chronic 

Kidney Disease Epidemiology Collaboration (CKD-EPI) (11).
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Clinical cut-off points based on eGFR are typically used to stage CKD and determine 

transplant eligibility and referral for dialysis (12,13). However, the equation used to estimate 

GFR can substantially impact these decisions (11). An alternative is to base decisions 

on predicted risk using tools that incorporate more information than eGFR alone. The 4-

variable Kidney Failure Risk Equation (KFRE), which includes age, sex, eGFR, and urinary 

albumin-to-creatinine ratio (ACR), has been developed (14) and validated in multinational 

samples (15). Clinical guidelines mention the KFRE but cite several barriers to its use, and 

still use eGFR as a primary criterion for decision-making (12,13).

The KFRE may improve clinical decision-making compared with eGFR alone, but it is 

unknown how the 2021 CKD-EPI equations affect predicted ESKD risk when used within 

the KFRE in Black and non-Black patients with CKD. The aim of this study was to compare 

old and new CKD-EPI eGFR equations, alone and used in the KFRE, on their performance 

for predicting 2-year incidence of ESKD and to evaluate corresponding clinical cut-off 

points for decision-making in CKD patients.

Methods

Study Design and Participants

The CRIC Study is a prospective cohort study of a racially and ethnically diverse group 

of 3,939 men and women aged 21 to 74 years with mild-to-moderate CKD, based on an 

eGFR entry criterion of 20 to 70 mL/min/1.73 m2, enrolled from 7 US clinical centers 

between 2003 and 2008 with follow-up through May, 2020 (16,17). Patients with cirrhosis, 

HIV infection, polycystic kidney disease, or renal cell carcinoma; those receiving dialysis or 

having an organ transplant; or those taking immunosuppressive medications were excluded. 

Participants attended annual in-person follow-up clinical visits. For the current analysis, 

we used available follow-up visit data by allowing participants to contribute multiple non-

overlapping 2-year periods at risk for ESKD. Periods began at the original study baseline 

and years 2, 4, 6, 8, 10, 12, and 14. Therefore, we included participants with at least 1 

follow-up visit with complete data needed to estimate GFR and calculate the KFRE score. 

We excluded 66 participants missing urinary protein-to-creatinine ratio (PCR) measurements 

over follow-up, yielding a final analysis sample of 3,873 participants who contributed a total 

of 13,902 two-year periods at risk for ESKD (Appendix Table 1). The CRIC Study was 

approved by the institutional review boards from each clinical center, and all participants 

provided written informed consent.

Exposure and Covariable Assessment

All CRIC Study data were collected by trained study staff at baseline and annual clinical 

follow-up visits using data collection procedures standardized across clinical centers. 

Self-reported sociodemographic characteristics, medical history, and current medications 

were obtained via questionnaire. Participants self-reporting non-Hispanic Black race were 

classified as Black race, while those self-reporting non-Hispanic white, Hispanic, or other 

race/ethnicity were classified as non-Black race (11). Serum creatinine was measured 

using an enzymatic method with calibration traceable to an IDMS reference measurement 

procedure and serum cystatin C was measured by a particle-enhanced immunonephelometric 
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assay with internal standardization (18). Urine protein and creatinine were measured in 

24-hour or spot urine samples. Urinary PCR measures were converted to urinary ACR 

values using a validated conversion equation (19). Body weight, height, blood pressure, and 

cholesterol were measured using standard protocols (16). Diabetes was defined as fasting 

glucose ≥7.0 mmol/L (126 mg/dL), non-fasting glucose ≥11.1 mmol/L (200 mg/dL), and/or 

the use of glucose-lowering medications.

We considered 5 CKD-EPI equations, including those updated in 2021, for calculating eGFR 

based on serum creatinine and/or cystatin C, and with or without adjustment for Black race 

(Appendix Table 2) (11). In addition, we calculated 2-year predicted risk of ESKD for each 

eGFR equation by using the respective values with the 4-variable KFRE, which includes 

age, sex, eGFR, and urinary ACR (14). We used the equation coefficients from the model 

recalibrated for use in North American populations like the CRIC Study sample (15).

Outcome Assessment

The primary outcome for the current analysis was ESKD, defined as the receipt of dialysis 

or kidney transplantation. Information on the initiation and maintenance of dialysis and 

kidney transplant was obtained by annual clinical follow-up visits and interim telephone 

interviews, and confirmed by dialysis unit. Ascertainment of ESKD was supplemented 

by information from the US Renal Data System. Given that the current analysis focuses 

on prediction of 2-year risk of ESKD, for each 2-year period at risk follow-up time was 

censored at the earliest occurrence of death, loss to follow-up, or 2 years of complete 

follow-up. Once a participant was lost to follow-up, died, or had an ESKD event, they did 

not contribute further 2-year periods at risk.

Statistical Analysis

All analyses were stratified by self-reported race (Black vs. non-Black). Baseline 

characteristics of the study participants were summarized as the mean (SD) or median (IQR) 

for continuous variables and number (percentage) for categorical variables. We calculated 

absolute 2-year risk of ESKD using Kaplan-Meier survival analysis.

We evaluated the 2-year ESKD risk prediction performance of eGFR equations alone and 

predicted probabilities from the published KFRE scores using measures of discrimination 

and calibration (20). Discrimination refers to the ability of a model to correctly identify 

those who will or will not experience the outcome and was assessed using the time-

dependent (i.e., 2-year) area under the receiver operating characteristic curve (AUC), with 

higher AUCs indicating better discrimination (21). We compared discrimination between 

eGFR alone and the KFRE score using the integrated discrimination improvement (IDI) 

statistic, which indicates the average increase in sensitivity given no changes in specificity 

(22). Calibration refers to the agreement between observed outcomes and model predictions, 

and was visualized by plotting the observed vs. predicted risk across deciles of predicted 

risk. Overall prediction accuracy was quantified using the scaled Brier score (23). A higher 

scaled Brier score indicates a better performing model, a score of 1.0 indicates a perfect 

model, and a score ≤0 indicates a useless model.
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We evaluated the validity of specific eGFR level and KFRE score cut-off points in predicting 

2-year risk of ESKD based on sensitivity and specificity. We used Youden’s index as 

an overall metric of performance that considers both sensitivity and specificity, which is 

calculated as [sensitivity] + [specificity] – 1 (20). Although eGFR cut-off points of 15, 20, 

and 30 mL/min/1.73 m2 are cited in clinical guidelines for referral to transplant or vascular 

access (12,13,24), there are no established cut-off points for the KFRE score. Therefore, we 

evaluated and compared 9 eGFR and 13 KFRE score cut-off points for each eGFR equation.

We used bootstrap resampling with 1000 replicates to generate 95% confidence intervals 

(CIs). We accounted for within-participant correlation over follow-up by resampling a 

participant’s entire follow-up data in each bootstrap resample. All analyses were conducted 

using SAS version 9.4 (SAS Institute, Cary, North Carolina) and R version 4.1.1 (R Project 

for Statistical Computing).

Role of the Funding Source

The funders had no role in the design of the study; collection, management, analysis, or 

interpretation of the data; preparation, review, or approval of the manuscript; or the decision 

to submit the manuscript for publication.

Results

Among 3,873 participants included in the analyses, the mean (SD) age was 57.8 (10.9) 

years, 54.8% were male, and 42.1% self-reported Black race. Compared with non-Black 

participants, Black participants were more likely to be current smokers, have diabetes, and 

be taking blood pressure-lowering medications (Table 1). On average, Black participants 

had higher levels of body mass index, glycated hemoglobin, and systolic and diastolic 

blood pressure. Regardless of eGFR equation employed, Black participants had lower eGFR, 

and higher predicted 2-year ESKD risk, on average compared with non-Black participants. 

Among Black participants, the creatinine equation with age and sex yielded the lowest eGFR 

on average while the cystatin C equation had the highest eGFR. Consequently, the KFRE 

scores using the creatinine equation with age and sex, and cystatin C equation with age and 

sex, produced the highest and lowest estimates of 2-year ESKD risk, respectively.

During a mean 9.3-year follow-up (16 years maximum), 856 ESKD events were recorded 

within the 2-year risk periods (Appendix Table 1). Compared with non-Black participants, 

Black participants had higher observed 2-year risk of ESKD at baseline (6.5% [5.3-7.7%] 

vs. 5.5% [4.6-6.5%]).

As shown in Figure 1, across all eGFR equations, the KFRE score was superior for 

prediction of 2-year risk of ESKD compared with eGFR alone among Black participants 

(AUC ranges, 0.945-0.953 vs. 0.908-0.927; IDI range, 0.105-0.132) and non-Black 

participants (AUC ranges, 0.945-0.954 vs. 0.900-0.923; IDI range, 0.105-0.164). In general, 

among both Black and non-Black participants, discrimination for the KFRE score was 

similar regardless of eGFR equation employed, characterized by large AUC values with 

substantially overlapping confidence intervals and ROC curves (Figure 2, panels A and B). 

The KFRE score underestimated risk for both Black and non-Black participants regardless 
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of which eGFR equation was incorporated, although creatinine-based equations performed 

better (i.e., had higher scaled Brier scores) than cystatin C-based equations (Figure 2, panels 

C and D). Accounting for race in addition to age and sex did not improve calibration.

Table 2 and Appendix Tables 3-6 provide the discrimination ability of eGFR cut-off points 

for classifying 2-year ESKD risk among Black and non-Black participants. Among Black 

participants, an eGFR cut-off point of 20 mL/min/1.73 m2 had specificities ranging from 

0.95 to 0.96 for all eGFR equations, and sensitivities ranging from 0.49 to 0.66. Conversely, 

a KFRE score cut-off point of 20% had specificities ranging from 0.94 to 0.95, and 

sensitivities ranging from 0.69-0.78. According to Youden’s index for these cut-off points, 

the creatinine equation with age and sex performed best. Among non-Black participants, an 

eGFR cut-off point of 20 mL/min/1.73 m2 had specificities ranging from 0.96 to 0.98, and 

sensitivities ranging from 0.42 to 0.51. Conversely, a KFRE score cut-off point of 20% had 

specificities ranging from 0.95-0.97 and sensitivities ranging from 0.68 to 0.74. According 

to Youden’s index for these cut-offs, the creatinine and cystatin C equation with age, sex, 

and race performed best.

Table 3 provides net reclassification statistics comparing various eGFR equations used 

within the KFRE score. Among Black participants, the KFRE score using the new creatinine 

equation with age and sex correctly reclassified 7.0% (95% CI, 4.6% to 9.5%) of ESKD 

events compared with the equation additionally including race, but incorrectly reclassified 

3.8% (95% CI, 3.2% to 4.3%) of non-events; therefore, the net reclassification (95% CI) 

was 3.2 (0.5 to 5.9). Conversely, among non-Black participants, the KFRE score using 

the new creatinine equation with age and sex incorrectly reclassified 5.6% (95% CI, 

3.6% to 7.8%) of ESKD events compared with the equation additionally including race, 

but correctly reclassified 2.8% (95% CI, 2.4% to 3.2%) of non-events; therefore, the net 

reclassification (95% CI) was −2.8 (−5.1 to −0.8). Cystatin C-based equations did not 

improve net reclassification compared with creatinine-based equations among both Black 

and non-Black participants.

Discussion

In this analysis of 3,873 participants with mild and moderate CKD, 1,631 of whom 

self-reported Black race, we found that the choice of eGFR equation did not impact the 

performance of eGFR and the KFRE score in predicting 2-year risk of ESKD. All five 

eGFR equations used within the KFRE score had excellent discrimination for ESKD events 

and each model was well-calibrated in both Black and non-Black participants, although 

the KFRE scores underestimated risk, particularly among Black participants. Additionally, 

we observed that the KFRE score was superior to eGFR alone for predicting ESKD, 

especially at key clinical cut-off points. For all eGFR equations, in both Black and non-

Black participants, a KFRE score >20% had similar specificity (approximately 95%) to an 

eGFR cut-off point of <20 mL/min/1.73 m2 for 2-year ESKD risk and consistently improved 

sensitivity regardless of eGFR equation used.

The accurate estimation of GFR is essential for the diagnosis and management of CKD 

and its complications. Therefore, the choice of eGFR equation could have wide-ranging 
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consequences for staging of CKD, medication dosing, dialysis referral, and transplant 

eligibility. Recent investigations have shown that eGFR values estimated in different ways, 

whether a removal of the race coefficient altogether (25) or a re-estimation of the equations 

without including race (11), can impact the prevalence of CKD. Furthermore, eGFR is 

a major criterion used for advanced kidney disease care referral in clinical guidelines 

(12,13,24). Because clinical decisions are often made at key clinical cut-off points, and 

previous eGFR equations have adjusted for race, the potential for disparate access to care 

has been acknowledged (10). This issue prompted the creation of a task force convened 

by the National Kidney Foundation and American Society of Nephrology to reassess 

the inclusion of race in estimating kidney function (26,27). New eGFR equations were 

developed that remove the race adjustment and recalculate, or refit, the other coefficients 

(11). Our results show that eGFR alone is an excellent predictor of ESKD, but the KFRE 

score had substantially better discrimination compared with eGFR alone in our study, 

regardless of which eGFR equation was used. Therefore, the value of the KFRE score may 

be an important additional consideration in addressing the current controversy surrounding 

eGFR race adjustment.

Duggal et al. recently evaluated the prediction of ESKD among participants of the 

Veterans Affairs (VA) health system and found that removal of the race coefficient 

from the 2009 CKD-EPI creatinine equation could improve 2-year ESKD risk prediction 

performance, particularly in terms of calibration (25). The reason for this improvement is 

a systematic downward shift in eGFR among Black participants, and consequent upward 

shift in predicted risk. In both the VA and CRIC Study samples, the 2-year KFRE 

score underestimates risk, particularly among Black participants. Therefore, our findings 

confirm those of Duggal et al. and extend them to the new 2021 CKD-EPI equations. 

In the current analysis, the creatinine equation with age and sex increased predicted risk 

estimates among Black participants, so it shifts this patient population closer to observed 

risks on average (i.e., improves calibration). Conversely, the equation decreases predicted 

risk estimates among non-Black participants, slightly worsening calibration. The associated 

clinically relevant consequences are that the new equations improve net reclassification of 

ESKD among Black participants (particularly by correctly reclassifying ESKD events to 

higher predicted risk groups) but worsen net reclassification among non-Black participants 

(particularly by incorrectly reclassifying ESKD events to lower predicted risk groups).

The current analysis shows that predicting ESKD risk based on clinical cut-points of 

eGFR alone is inferior to using predicted risk-based cut-off points employing the KFRE 

score, which additionally includes age, sex, and urinary ACR. The KFRE score has been 

widely validated in a range of patient populations and geographic regions (15). Grams et 

al. previously showed that clinical thresholds based on the KFRE score were superior for 

1-year ESKD risk estimation compared with eGFR alone among 1,094 participants of the 

African American Study of Kidney Disease and Hypertension (28). This finding was also 

replicated in a large primary care sample from the United Kingdom for 2- and 5-year ESKD 

risk (29). In the current analysis, across all cut-off point comparisons and all participants, 

the KFRE score was superior to using eGFR alone for ESKD prediction, regardless of 

eGFR equation used. The results of our IDI analysis suggest that for all eGFR equations, at 

any given level of specificity, the sensitivity for the KFRE score vs. eGFR alone is >10% 
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higher among both Black and non-Black participants. Because the 4-variable KFRE score 

simultaneously incorporates more information beyond eGFR, it is plausible to hypothesize it 

is less impacted by the choice of eGFR equation and whether or not to adjust for race. Our 

results support this hypothesis. Therefore, we note that a risk-based approach may not only 

improve prediction of ESKD among CKD patients, but simultaneously allow clinicians and 

health systems to not rely upon self-reported race, which is a controversial and ill-defined 

social construct (9,30). While several decision thresholds are possible, the favoring of 

sensitivity vs. specificity depends on clinical context, particularly the relative importance 

of screening (i.e., favor sensitivity) vs. recommending potentially invasive interventions 

(i.e., favor specificity). Compared with a widely-used eGFR cut-off point of <20 mL/min/

1.73 m2 for recommending kidney transplant or dialysis referral, a KFRE score >20% had 

similar specificity for predicting 2-year ESKD risk (ranges, 0.94-0.97 vs. 0.95-0.98) but 

substantially higher sensitivity (ranges, 0.68-0.78 vs 0.42-0.66).

There are several limitations to our analysis. First, it is possible that Black vs. non-Black 

differences in the calibration of KFRE scores may be the result of residual confounding of 

factors not accounted for in the KFRE score. However, it was previously shown that the 

6-variable KFRE score (which additionally accounts for diabetes and hypertension) and the 

8-variable KFRE score (which additionally accounts for calcium, phosphate, bicarbonate, 

and albumin) did not improve prediction performance beyond the 4-variable equation in a 

multinational pooled analysis (15). Second, urinary ACR measurements were not available 

over follow-up in the CRIC Study. Therefore, we imputed urinary ACR from PCR using a 

validated conversion equation (19), which may increase variability in estimation of predicted 

risk. Third, while cystatin C measurements were internally calibrated in the CRIC study over 

follow-up, they are not calibrated to international standards, and this may be one explanation 

for why equations using cystatin C did not perform as well as equations using creatinine 

in the current study. However, this situation is similar to current clinical practice where 

cystatin C is not traceable to international standards. Finally, the current findings are based 

solely from data in a US population, so the findings may not be generalizable to global 

populations.

There are several important areas for future work. Despite our findings that the KFRE 

score affords excellent prediction of 2-year risk of ESKD, additional investigations are 

necessary to identify the optimal strategy for clinical implementation, as noted by clinical 

guidelines (12,13). Clinical trials testing implementation of the KFRE in clinical practice are 

needed. Additionally, there is a need for new ESKD risk prediction equations, based on new 

eGFR estimation approaches that do not include race, that are developed and validated in 

racially, ethnically, and geographically diverse samples. Black vs. non-Black discrepancies 

in calibration and reclassification in our study may be addressed by development of new 

equations.

In the current analysis, 2-year ESKD risk prediction performance was similar regardless of 

which eGFR equation was used. However, the 4-variable KFRE showed better sensitivity 

and specificity in our study compared with eGFR alone, it is easy to implement in routine 

clinical settings (31), and does not consider a patient’s race. A KFRE score >20% showed 

similar specificity (approximately 95%) but higher sensitivity compared with an eGFR 
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<20 ml/min/1.73 m2. Therefore, a KFRE score >20% could be used for preparing kidney 

replacement therapy. The National Kidney Foundation and American Society of Nephrology 

task force recommends using the CKD-EPI creatinine equation refit without race, which 

can be readily implemented in US laboratories (27). In addition, the task force recommends 

increased measurement of cystatin C to facilitate use of the CKD-EPI creatinine and cystatin 

C equation refit without race, which may improve GFR estimation. Our results, which show 

that the choice of eGFR equation does not impact 2-year ESKD prediction, support these 

recommendations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Discrimination of ESKD Events by eGFR and KFRE Score using Various Equations AUC 

= area under the receiver operating characteristic curve; CI = confidence interval; CKD-EPI 

= Chronic Kidney Disease Epidemiology Collaboration; eGFR = estimated glomerular 

filtration rate; IDI = integrated discrimination improvement; KFRE = Kidney Failure Risk 

Equation

Higher values for AUC indicate better performing models.
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Figure 2. Discrimination and Calibration of ESKD Events by KFRE Score using Various 
Equations
AUC = area under the receiver operating characteristic curve; CI = confidence interval; 

KFRE = kidney failure risk equation.

Higher values for AUC and scaled Brier score indicate better performing models. A. The 

AUC (95% CI) among Black participants is 0.951 (0.941-0.961) for the creatinine equation 

with age, sex, and race; 0.951 (0.941-0.961) for the creatinine equation with age and sex; 

0.945 (0.936-0.955) for the cystatin C equation with age and sex; 0.953 (0.943-0.962) for 

the creatinine and cystatin C equation with age, sex, and race; and 0.953 (0.944-0.962) for 

the creatinine and cystatin C equation with age and sex. B. The AUC (95% CI) among 

Black participants is 0.954 (0.944-0.962) for the creatinine equation with age, sex, and race; 

0.954 (0.944-0.962) for the creatinine equation with age and sex; 0.945 (0.935-0.954) for the 

cystatin C equation with age and sex; 0.953 (0.943-0.961) for the creatinine and cystatin C 

equation with age, sex, and race; and 0.953 (0.943-0.961) for the creatinine and cystatin C 

equation with age and sex. C. The scaled Brier score (95% CI) among Black participants is 

0.437 (0.406-0.467) for the creatinine equation with age, sex, and race; 0.451 (0.418-0.480) 

for the creatinine equation with age and sex; 0.368 (0.337-0.399) for the cystatin C equation 

with age and sex; 0.427 (0.397-0.457) for the creatinine and cystatin C equation with age, 

sex, and race; and 0.426 (0.396-0.457) for the creatinine and cystatin C equation with 
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age and sex. D. The scaled Brier score (95% CI) among non-Black participants is 0.419 

(0.384-0.449) for the creatinine equation with age, sex, and race; 0.404 (0.369-0.433) for the 

creatinine equation with age and sex; 0.357 (0.325-0.385) for the cystatin C equation with 

age and sex; 0.409 (0.375-0.438) for the creatinine and cystatin C equation with age, sex, 

and race; and 0.396 (0.365-0.426) for the creatinine and cystatin C equation with age and 

sex.
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