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Abstract

BACKGROUND—The inclusion of race in equations to estimate the glomerular filtration rate 

(GFR) has become controversial. Alternative equations that can be used to achieve similar 

accuracy without the use of race are needed.
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METHODS—In a large national study involving adults with chronic kidney disease, we 

conducted cross-sectional analyses of baseline data from 1248 participants for whom data, 

including the following, had been collected: race as reported by the participant, genetic ancestry 

markers, and the serum creatinine, serum cystatin C, and 24-hour urinary creatinine levels.

RESULTS—Using current formulations of GFR estimating equations, we found that in 

participants who identified as Black, a model that omitted race resulted in more underestimation 

of the GFR (median difference between measured and estimated GFR, 3.99 ml per minute per 

1.73 m2 of body-surface area; 95% confidence interval [CI], 2.17 to 5.62) and lower accuracy 

(percent of estimated GFR within 10% of measured GFR [P10], 31%; 95% CI, 24 to 39) than 

models that included race (median difference, 1.11 ml per minute per 1.73 m2; 95% CI, −0.29 

to 2.54; P10, 42%; 95% CI, 34 to 50). The incorporation of genetic ancestry data instead of race 

resulted in similar estimates of the GFR (median difference, 1.33 ml per minute per 1.73 m2; 

95% CI, −0.12 to 2.33; P10, 42%; 95% CI, 34 to 50). The inclusion of non-GFR determinants 

of the serum creatinine level (e.g., body-composition metrics and urinary excretion of creatinine) 

that differed according to race reported by the participants and genetic ancestry did not eliminate 

the misclassification introduced by removing race (or ancestry) from serum creatinine–based GFR 

estimating equations. In contrast, the incorporation of race or ancestry was not necessary to 

achieve similarly statistically unbiased (median difference, 0.33 ml per minute per 1.73 m2; 95% 

CI, −1.43 to 1.92) and accurate (P10, 41%; 95% CI, 34 to 49) estimates in Black participants when 

GFR was estimated with the use of cystatin C.

CONCLUSIONS—The use of the serum creatinine level to estimate the GFR without race 

(or genetic ancestry) introduced systematic misclassification that could not be eliminated even 

when numerous non-GFR determinants of the serum creatinine level were accounted for. The 

estimation of GFR with the use of cystatin C generated similar results while eliminating the 

negative consequences of the current race-based approaches. (Funded by the National Institute of 

Diabetes and Digestive and Kidney Diseases and others.)

CONSIDERATION OF RACE IN CLINICAL decision making has recently come under 

much scrutiny and criticism. In particular, the use of indicators for Black race in equations 

that are widely used to estimate the glomerular filtration rate (GFR) from the serum 

creatinine level has been questioned.1-8

Adults who identify as Black have higher serum creatinine levels on average, independent of 

age, sex, and GFR, than those who do not identify as Black. Thus, equations that have been 

developed to estimate the GFR from the serum creatinine level have generally incorporated 

information on race.9-11, It has been argued that the race coefficient should be removed from 

these equations, in part because its inclusion suggests that race is a biologic rather than 

primarily a social construct.3,12,13 However, concerns have also been raised about possible 

misclassification of the estimated GFR that would ensue after removing the race coefficient 

from current equations.4,14-16

Consequently, we analyzed data from a large national study involving adults with chronic 

kidney disease (CKD).17,18 The purpose of our analysis was to gain insights into the 

relationships among race, genetically derived ancestry, the serum creatinine level, and the 
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serum cystatin C level in order to identify strategies for accurately estimating the GFR 

without reliance on racial classifications.

METHODS

STUDY SAMPLE

Participants were enrolled in the Chronic Renal Insufficiency Cohort (CRIC) study, a 

multicenter, prospective, observational study of racially and ethnically diverse patients with 

CKD in the United States. In this study, which began in 2003, the initial cohort of 3939 

patients included a purposive sample of adults with a broad range of types and severities 

of CKD.17-19 In order to be representative of key components of the U.S. population 

with CKD, the protocol specified that the cohort should be composed of approximately 

40% of participants who identified as Black, approximately 50% women, approximately 

50% persons with diabetes, and approximately 15% who identified as Hispanic. We 

randomly selected a subgroup of 1423 participants from the CRIC study to undergo direct 

measurement of GFR through urinary 125I-iothalamate clearance. This approach involved 

stratified sampling to ensure representation across strata of diabetes status, stages of CKD, 

age, sex, race, and participating clinical centers.17-19 Our analytic sample included 1248 of 

these participants for whom the following data had also been collected: race as reported 

by the participant, genetic ancestry markers, and serum creatinine, serum cystatin C, and 

24-hour urinary creatinine levels (Fig. S1 in the Supplementary Appendix, available with 

the full text of this article at NEJM.org). The CRIC study was approved by the institutional 

review boards at the participating sites. All the participants provided written informed 

consent, which included consent to participate in secondary analyses such as the current 

study.

STUDY DESIGN AND OVERSIGHT

The overall goals of our study were to determine whether we could accurately estimate 

GFR without including race. We considered three alternatives (Fig. S2). First, we examined 

whether we could replace race with a quantitative measure of genetic ancestry in GFR 

estimation. Second, we evaluated whether we could replace race in GFR estimation by 

accounting for determinants of serum creatinine that are unrelated to GFR and that vary 

according to race. Third, we assessed whether we could eliminate the need to consider race 

— and genetic ancestry, given findings from our first set of analyses — in GFR estimation 

by replacing the use of serum creatinine with serum cystatin C as the glomerular filtration 

marker.

The manuscript was written by the CRIC study investigators without external assistance. 

The study was designed by the CRIC steering committee. Data were collected by the seven 

CRIC clinical centers, and data analysis was performed at the Kaiser Permanente Northern 

California–University of California, San Francisco CRIC Clinical Center and the CRIC 

Scientific and Data Coordinating Center at the University of Pennsylvania. The decision to 

submit the manuscript for publication was made by all the authors and approved by the 

CRIC publication executive committee and steering committee. The authors had complete 

access to the data.
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STUDY VARIABLES

Variables that were used in this analysis included race reported by the participant, 

demographic characteristics, the percentage of genetic African ancestry, body-composition 

metrics (body-mass index [BMI), height, weight, body-surface area, bioelectrical impedance 

analysis phase angle, and bioelectrical impedance analysis–quantified fat-free mass), 

reported and calculated daily dietary protein intake, 24-hour urinary excretion of creatinine, 

estimates of tubular secretion of creatinine calculated from the creatinine clearance 

and measured GFR, serum creatinine level, serum cystatin C level, and measured 

GFR level. Specific assays and collection methods for all measurements, including a 

detailed description of assignment of genetic ancestry, are provided in Table S1 and the 

Supplementary Methods section in the Supplementary Appendix.

STATISTICAL ANALYSIS

All analyses were conducted with the use of SAS software, version 9.4 (SAS Institute) 

at Kaiser Permanente Northern California (Oakland) and independently replicated at the 

University of Pennsylvania (Philadelphia). We used standardized differences (Cohen’s 

D statistic for continuous and binary variables and Cramerás V statistic for categorical 

variables) to compare distributions of African or European ancestry and other characteristics 

among participants who identified as Black or non-Black. We then conducted a series of 

analyses to address the three alternatives to estimate GFR without including race. Measured 

GFR was log-transformed when it was the outcome of the model; therefore, coefficients for 

race or ancestry were exponentiated and reported as percent changes for interpretability on 

the original scale of the outcome. In addition, the serum creatinine level and the cystatin C 

level were log-transformed in all models.

First, to examine the potential usefulness of genetic ancestry in GFR estimation, we used 

random sampling to categorize the data into development (67%) and validation (33%) 

data sets within each race or ethnic group category as reported by the participants (Black, 

White, or other race or ethnic group). We then combined the data sets to form one final 

development data set and one validation data set with equal distributions of race or ethnic 

group as reported by the participants. For our analyses, we combined the White and “other 

race or ethnic group” categories into a “non-Black” category because of the relatively small 

number of participants with other race or ethnic group. As a sensitivity analysis, we also 

performed the analyses using 10-fold cross-validation of the full sample. We first used 

the development data set to derive GFR estimating equations with linear regression for 

measured GFR with the serum creatinine level, age, and sex (i.e., the variables in the widely 

used Chronic Kidney Disease Epidemiology Collaboration [CKD-EPI]10 and Modification 

of Diet in Renal Disease [MDRD] study equations11). Race and African ancestry were 

then added individually in separate models. We then applied all derived equations to the 

validation data set to estimate GFR, and we compared performance using the root-mean-

square error (RMSE) calculated in the original GFR scale, the difference between measured 

and estimated GFR (i.e., statistical bias) and its interquartile range (i.e., precision), and the 

proportion of estimated GFRs within 10% of measured GFR (termed P10) and within 30% 

of measured GFR (termed P30) (i.e., accuracy). We constructed 95% confidence intervals 

using the 2.5th and 97.5th percentiles from 1000 bootstrapped samples of the validation data 
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set. We also explored the possible added value of interaction terms between race or African 

ancestry and the serum creatinine level.

Second, to assess whether non-GFR determinants of serum creatinine were independently 

associated with race or genetic ancestry, we used the full sample to perform multivariable 

linear regression to separately examine the association of race or African ancestry with 

measures of body composition, dietary protein intake, 24-hour urinary excretion of 

creatinine, and tubular secretion of creatinine, with adjustment for age, sex, and measured 

GFR level. Models of tubular secretion of creatinine were not adjusted for measured GFR 

because estimates of secretion relied on measured GFR in their calculation. We then 

assessed whether any of these non-GFR determinants of serum creatinine that differed 

according to race or ancestry could replace Black race or African ancestry in estimating 

GFR. We did this by evaluating the degree to which these factors attenuated the strength 

of association of the Black race or African ancestry coefficient in linear models for 

measured GFR that included the serum creatinine level, Black race or African ancestry, 

age, and sex. We evaluated individually each non-GFR determinant of serum creatinine that 

differed according to race as reported by the participants, and we also evaluated all possible 

combinations to obtain a final model that maximized the attenuation of the Black race or 

African ancestry coefficient.

Third, we repeated analyses using serum cystatin C as an alternative marker of glomerular 

filtration. We first used the full sample to examine the independent associations of Black 

race and African ancestry with serum cystatin C, after adjustment for age, sex, and measured 

GFR. Next, we used the same development and validation data sets described above first to 

derive (in the development data set) GFR estimating equations with cystatin C, age, sex, and 

either a term for Black race or African ancestry and then to evaluate model performance (in 

the validation data set).

RESULTS

BASELINE CHARACTERISTICS OF THE PARTICIPANTS

Among the 1248 CRIC participants in our study, 458 (37%) identified as Black or Black 

and multiracial; the median percentage of African ancestry was 82.6% (interquartile range, 

74.5 to 88.3) in participants who identified as Black and 0.2% (interquartile range, 0.1 to 

2.0) in those who identified as non-Black (Table 1 and Fig. S3). Standardized differences 

between Black and non-Black participants with respect to age, sex, and measured GFR 

were low (<0.01, 0.04, and 0.06, respectively). Black participants had higher mean serum 

creatinine levels (standardized difference, 0.33), but they did not have higher mean cystatin 

C levels (standardized difference, 0.06) (Table 1). Characteristics of the 844 participants in 

the development data set and of the 404 participants in the validation data set are shown in 

Table S2.

ESTIMATING GFR WITH RACE OR GENETIC ANCESTRY

In Black participants, the estimated GFR calculated on the basis of the serum creatinine 

level, age, and sex alone underestimated the measured GFR by a median of 3.99 ml per 
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minute per 1.73 m2 of body-surface area (95% confidence interval [CI], 2.17 to 5.62) in the 

validation data set. In non-Black participants, the median difference between measured and 

estimated GFR was −0.92 ml per minute per 1.73 m2 (95% CI, −2.29 to 0.55), indicating 

statistical bias in Black participants when a race or an ancestry term was not used (Table 

2 and Fig. S4). Inclusion of race as reported by the participants (Black or non-Black) or 

percentage of African ancestry yielded no systematic differences between the measured and 

estimated GFR in both Black and non-Black participants (Table 2). Models that included 

a race or an ancestry term were correspondingly more accurate for Black participants with 

respect to P10 (42%; 95% CI, 34 to 50) than models that did not include such a term ( 31%; 

95% CI, 24 to 39) (Table 2). Both RMSE and precision (Table S3) were also better when 

a race or an ancestry term was included, whereas P30 was unchanged (86% in all models) 

(Table 2). Results calculated with the use of 10-fold cross-validation showed similar patterns 

(Table S4). Interaction terms between race or ancestry and serum creatinine level did not 

meaningfully improve model performance in the validation data set (Table S5).

NON-GFR DETERMINANTS OF CREATININE AND THEIR USE IN CREATININE-BASED 
EqUATIONS

Independent of age, sex, and measured GFR, Black race was associated with a 10.7% (95% 

CI, 8.8 to 12.7) higher serum creatinine level than non-Black race. In addition, every 10% 

increase in the percentage of African ancestry was associated with an increase of 1.3% (95% 

CI, 1.1 to 1.6) in the serum creatinine level in the full study sample.

Non-GFR determinants of serum creatinine that differed according to Black (as compared 

with non-Black) race and higher percentage of African ancestry included higher BMI, body-

surface area, height, weight, bioelectrical impedance analysis phase angle, bioelectrical 

impedance analysis–quantified fat-free mass, and 24-hour urinary excretion of creatinine 

(Table S6). Neither Black race nor a higher percentage of African ancestry was associated 

with tubular secretion of creatinine, but both were associated with lower dietary protein 

intake as assessed by the Diet History Questionnaire.20

The coefficient in the base model of measured GFR (including serum creatinine level, age, 

and sex) for Black race was 12.8% (95% CI, 9.7 to 15.9). This association was only slightly 

attenuated after consideration of height, bioelectrical impedance analysis phase angle, 

bioelectrical impedance analysis–quantified fat-free mass, or urinary excretion of creatinine 

(which had coefficients of 12.0%, 10.5%, 12.4%, and 10.7%, respectively) (Table 3). Results 

were similar with respect to an increased percentage of African ancestry (Table 3). In the 

final model that included several of these non-GFR determinants of serum creatinine, the 

race coefficients were not fully attenuated and there remained 8.7% (95% CI, 5.8 to 11.7) 

higher measured GFR in Black participants than in non-Black participants and 1.1% (95% 

CI, 0.8 to 1.5) higher measured GFR per 10% increase in the percentage of African ancestry 

(Table 3).

USE OF CYSTATIN C TO ESTIMATE GFR

With adjustment for age, sex, and measured GFR, Black race was not associated with 

the cystatin C level — the difference comparing Black with non-Black participants in 
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the full study sample was 0.03% (95% CI, −2.12 to 2.11). African ancestry was also 

not independently associated with the cystatin C level (0.02% per 10% increase in the 

percentage of African ancestry; 95% CI, −0.25 to 0.28). Models with cystatin C, age, and 

sex alone derived from the development data set yielded GFR estimates that were very 

close to the measured GFR in Black participants (median difference between measured 

and estimated GFR, 0.33 ml per minute per 1.73 m2; 95% CI, −1.43 to 1.92) and in 

non-Black participants (0.29 ml per minute per 1.73 m2; 95% CI, −0.84 to 1.36) (Table 

4). As compared with equations using the serum creatinine level, age, sex, and race or 

percentage of African ancestry, this estimating equation also resulted in approximately equal 

accuracy in Black participants (Tables 2 and 4). There was no meaningful improvement 

in the statistical bias or accuracy in the model when a race term or an ancestry term was 

included in a cystatin C–based equation (Table 4).

DISCUSSION

In this diverse, multicenter sample of adults with CKD, GFR estimating equations that were 

based only on the serum creatinine level, age, and sex without consideration of race resulted 

in greater systematic underestimation of GFR among adults who identified as Black than 

of those who identified as non-Black. When a race coefficient was included, differences in 

the statistical bias and accuracy of GFR estimates between Black and non-Black participants 

were eliminated. The direction and size of the included race coefficient in the CRIC study 

sample (12.8%) was similar to that observed in the CKD-EPI equation21 (15.9%) and 

smaller than that in the MDRD equation (21.2%).11 This 12.8% difference is sufficient 

to affect clinical decision making under certain conditions (e.g., timing of termination 

of metformin use, initiation of sodium–glucose cotransporter 2 inhibitors, withholding of 

procedures involving contrast agents, and initiation of renal-replacement therapies).4,14-16 

Although estimation of GFR based on the serum creatinine level can be imprecise at an 

individual patient level,10,11,21,22 our data do not support removing the race coefficient 

from serum creatinine–based GFR estimating equations because this would add systematic 

misclassification and further degrade the accuracy of GFR estimates, in particular among 

persons who identify as Black.

We found that when the serum creatinine level was used to estimate the GFR, incorporation 

of genetic ancestry provided estimates of GFR similar to those based on race as reported 

by the participants. One advantage of using genetic ancestry information8 is avoidance of 

highlighting of race-based categorization that may exacerbate systemic discrimination in 

health care. Furthermore, it rids GFR estimation of categorical characterizations of race 

(“Black” and “non-Black”) that do not reflect ancestry admixture.

Our findings of an association between African ancestry and the serum creatinine level are 

consistent with results of previous studies, which have shown that a higher percentage 

of African ancestry is associated with higher serum creatinine levels.23,24 However, 

those studies were unable to assess whether this association between ancestry and serum 

creatinine level was confounded by differences in underlying kidney function, which we 

addressed by adjusting for measured GFR. Replacing race with genetic ancestry data to 

estimate GFR in clinical practice, however, is limited by the need for widespread and 
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routine genotyping that is not broadly available and that may arouse concerns related to 

cost, privacy, and perpetuation of the incorrect notion that race reflects a specific biologic 

construct.

Another potential opportunity to remove race from GFR estimating equations would come 

from delineating non-GFR determinants of serum creatinine that correlate with race (or 

ancestry) and accounting for them in estimating equations. Although previous research 

has suggested that Black patients with CKD have lower rates of tubular secretion of 

creatinine than non-Black patients,25,26 we found no differences in tubular secretion of 

creatinine according to race (or ancestry). We observed that participants who identified as 

Black (or had a higher percentage of African genetic ancestry) had higher rates of 24-hour 

urinary excretion of creatinine, similar to observations in other studies.27 It is possible that 

extrarenal (e.g., gut) elimination of creatinine varies according to race (or ancestry), but 

we did not measure this and, to our knowledge, neither have previous studies.28 Even after 

accounting for 24-hour urinary creatinine excretion and other variables that are not typically 

available in clinical practice such as bioelectrical impedance phase angle or bioelectrical 

impedance analysis–quantified fat-free mass, the incremental value of including race (or 

ancestry) to serum creatinine–based GFR estimation was not eliminated.

We found that the precision and validity of estimation of GFR from serum cystatin C, 

a filtration marker that is currently available clinically, were similar to those of GFR 

estimation based on the serum creatinine level, without the need to consider either race 

or ancestry. Furthermore, estimation with the use of cystatin C was not altered or improved 

by including race. This finding is consistent with previous studies,10,29 but we also found 

that genetic ancestry was not needed when cystatin C was used to estimate the GFR. As 

compared with serum creatinine–based GFR estimating equations that included race, we 

found that cystatin C–based equations without race or ancestry performed with similar levels 

of statistical bias and accuracy among Black and non-Black participants. These findings 

suggest that using serum cystatin C instead of serum creatinine would yield equivalent GFR 

estimation without the need to consider race or ancestry. Challenges regarding the cost, 

calibration, and standardization of cystatin C measurements would have to be addressed, but 

we anticipate that cost reduction could occur with broad adoption over time.29,30

The strengths of this study include the analysis of concurrent race as reported by the 

participants, genetic ancestry, measured GFR and serum cystatin C, along with the serum 

creatinine level and 24-hour urinary excretion of creatinine. We were able to conduct 

investigations regarding correlates of creatinine generation such as body composition and 

dietary intake, in contrast to other studies that have had information on only height and 

weight.14 The limitations of this study include the involvement of only research volunteers. 

After stratification according to race, our sample sizes were not sufficient to allow evaluation 

of subgroups (e.g., those reporting Hispanic ethnic group or defined according to BMI). 

Creatinine clearance and the 125I-iothalamate glomerular filtration rate were not measured 

on the same day with the use of the same blood and urine collections. Because of correlation 

between race as reported by the participants and genetic ancestry,31 observed associations 

may be the consequence of socioeconomic or other factors related to race. Our results 

do not generalize to those with higher levels of GFR or populations outside the United 
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States. We did not use an external validation data set, because we are unaware of any 

other study with concurrently measured GFR, serum creatinine, cystatin C, and genetic 

ancestry data. Finally, we did not compare the performance of our equations with established 

GFR estimation equations because the purpose of this study was not to derive a new GFR 

estimating equation without race. The findings of a study conducted by Inker et al.,32 also 

now published in the Journal, are similar to those in our analyses with respect to race and 

GFR estimation based on the serum creatinine level as compared with the serum cystatin C 

level.

Our study showed that the use of serum cystatin C rather than serum creatinine for 

GFR estimation produced estimates of similar validity while eliminating the negative 

consequences of race-based approaches.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Supported by a cooperative agreement with the National Institute of Diabetes and Digestive and Kidney 
Diseases (U01DK060990, U01DK060984, U01DK061022, U01DK061021, U01DK061028, U01DK060980, 
U01DK060963, U01DK060902, and U24DK060990) and by Clinical and Translational Science Awards to the 
Perelman School of Medicine at the University of Pennsylvania (NIH/NCATS UL1TR000003), Johns Hopkins 
University (UL1TR000424), University of Maryland (GCRC M01RR16500), Clinical and Translational Science 
Collaborative of Cleveland (UL1TR000439) from the National Center for Advancing Translational Sciences 
component of the National Institutes of Health (NIH) and the NIH Roadmap for Medical Research, Michigan 
Institute for Clinical and Health Research (UL1TR000433), University of Illinois at Chicago (UL1RR029879), 
Tulane Center of Biomedical Research Excellence for Clinical and Translational Research in Cardiometabolic 
Diseases (P20GM109036), Kaiser Permanente (NIH/NCRR UCSF-CTSI UL1RR024131), and the Department of 
Internal Medicine, University of New Mexico School of Medicine (NM R01DK119199).

REFERENCES

1. Eneanya ND, Yang W, Reese PP. Reconsidering the consequences of using race to estimate kidney 
function. JAMA 2019;322:113–4. [PubMed: 31169890] 

2. Vyas DA, Eisenstein LG, Jones DS. Hidden in plain sight — reconsidering the use of race 
correction in clinical algorithms. N Engl J Med 2020;383:874–82. [PubMed: 32853499] 

3. Grubbs V Precision in GFR reporting: let’s stop playing the race card. Clin J Am Soc Nephrol 
2020;15:1201–2. [PubMed: 32401730] 

4. Powe NR. Black kidney function matters: use or misuse of race? JAMA 2020;324:737–8. [PubMed: 
32761164] 

5. Norris KC, Eneanya ND, Boulware LE. Removal of race from estimates of kidney function: first, do 
no harm. JAMA 2021;325:135–7. [PubMed: 33263722] 

6. Amutah C, Greenidge K, Mante A, et al. Misrepresenting race — the role of medical schools in 
propagating physician bias. N Engl J Med 2021;384:872–8. [PubMed: 33406326] 

7. Diao JA, Inker LA, Levey AS, Tighiouart H, Powe NR, Manrai AK. In search of a better equation 
— performance and equity in estimates of kidney function. N Engl J Med 2021;384:396–9. 
[PubMed: 33406354] 

8. Borrell LN, Elhawary JR, Fuentes-Afflick E, et al. Race and genetic ancestry in medicine — a time 
for reckoning with racism. N Engl J Med 2021;384:474–80. [PubMed: 33406325] 

9. Levey AS, Tighiouart H, Titan SM, Inker LA. Estimation of glomerular filtration rate with vs 
without including patient race. JAMA Intern Med 2020;180:793–5. [PubMed: 32176270] 

Hsu et al. Page 10

N Engl J Med. Author manuscript; available in PMC 2022 May 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



10. Inker LA, Schmid CH, Tighiouart H, et al. Estimating glomerular filtration rate from serum 
creatinine and cystatin C. N Engl J Med 2012;367:20–9. [PubMed: 22762315] 

11. Levey AS, Coresh J, Greene T, et al. Using standardized serum creatinine values in the 
modification of diet in renal disease study equation for estimating glomerular filtration rate. Ann 
Intern Med 2006;145:247–54. [PubMed: 16908915] 

12. Ahmed S, Nutt CT, Eneanya ND, et al. Examining the potential impact of race multiplier 
utilization in estimated glomerular filtration rate calculation on African-American care outcomes. J 
Gen Intern Med 2021;36:464–71. [PubMed: 33063202] 

13. Witzig R The medicalization of race: scientific legitimization of a flawed social construct. Ann 
Intern Med 1996;125:675–9. [PubMed: 8849153] 

14. Levey AS, Titan SM, Powe NR, Coresh J, Inker LA. Kidney disease, race, and GFR estimation. 
Clin J Am Soc Nephrol 2020;15:1203–12. [PubMed: 32393465] 

15. Diao JA, Wu GJ, Taylor HA, et al. Clinical implications of removing race from estimates of kidney 
function. JAMA 2021;325:184–6. [PubMed: 33263721] 

16. Shin J-I, Sang Y, Chang AR, et al. The FDA metformin label change and racial and sex disparities 
in metformin prescription among patients with CKD. J Am Soc Nephrol 2020;31:1847–58. 
[PubMed: 32660971] 

17. Denker M, Boyle S, Anderson AH, et al. Chronic Renal Insufficiency Cohort study (CRIC): 
overview and summary of selected findings. Clin J Am Soc Nephrol 2015;10:2073–83. [PubMed: 
26265715] 

18. Anderson AH, Yang W, Hsu CY, et al. Estimating GFR among participants in the Chronic Renal 
Insufficiency Cohort (CRIC) study. Am J Kidney Dis 2012;60:250–61. [PubMed: 22658574] 

19. Feldman HI, Appel LJ, Chertow GM, et al. The Chronic Renal Insufficiency Cohort (CRIC) study: 
design and methods. J Am Soc Nephrol 2003;14:Suppl 2:S148–S153. [PubMed: 12819321] 

20. Subar AF, Thompson FE, Kipnis V, et al. Comparative validation of the Block, Willett, and 
National Cancer Institute food frequency questionnaires: the Eating at America’s Table study. Am 
J Epidemiol 2001;154:1089–99. [PubMed: 11744511] 

21. Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate glomerular filtration rate. 
Ann Intern Med 2009;150:604–12. [PubMed: 19414839] 

22. Sehgal AR. Race and the false precision of glomerular filtration rate estimates. Ann Intern Med 
2020;173:1008–9. [PubMed: 32805131] 

23. Udler MS, Nadkarni GN, Belbin G, et al. Effect of genetic African ancestry on eGFR and kidney 
disease. J Am Soc Nephrol 2015;26:1682–92. [PubMed: 25349204] 

24. Peralta CA, Risch N, Lin F, et al. The association of African ancestry and elevated creatinine 
in the Coronary Artery Risk Development in Young Adults (CARDIA) study. Am J Nephrol 
2010;31:202–8. [PubMed: 20029176] 

25. Coresh J, Toto RD, Kirk KA, et al. Creatinine clearance as a measure of GFR in screenees for 
the African-American Study of Kidney Disease and Hypertension pilot study. Am J Kidney Dis 
1998;32:32–42. [PubMed: 9669421] 

26. Hsu CY, Chertow GM, Curhan GC. Methodological issues in studying the epidemiology of mild to 
moderate chronic renal insufficiency. Kidney Int 2002;61:1567–76. [PubMed: 11967006] 

27. Taylor EN, Curhan GC. Differences in 24-hour urine composition between black and white 
women. J Am Soc Nephrol 2007;18:654–9. [PubMed: 17215441] 

28. Mitch WE, Collier VU, Walser M. Creatinine metabolism in chronic renal failure. Clin Sci (Lond) 
1980;58:327–35. [PubMed: 7379458] 

29. Grubb A, Horio M, Hansson L-O, et al. Generation of a new cystatin C-based estimating equation 
for glomerular filtration rate by use of 7 assays standardized to the international calibrator. Clin 
Chem 2014;60:974–86. [PubMed: 24829272] 

30. Blirup-Jensen S, Grubb A, Lindström V, Schmidt C, Althaus H. Standardization of cystatin C: 
development of primary and secondary reference preparations. Scand J Clin Lab Invest Suppl 
2008;241:67–70. [PubMed: 18569968] 

31. Banda Y, Kvale MN, Hoffmann TJ, et al. Characterizing race/ethnicity and genetic ancestry for 
100,000 subjects in the Genetic Epidemiology Research on Adult Health and Aging (GERA) 
cohort. Genetics 2015;200:1285–95. [PubMed: 26092716] 

Hsu et al. Page 11

N Engl J Med. Author manuscript; available in PMC 2022 May 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



32. Inker LA, Eneanya ND, Coresh J, et al. New creatinine- and cystatin C–based GFR estimating 
equations without race. N Engl J Med 2021;385:1737–49. [PubMed: 34554658] 

Hsu et al. Page 12

N Engl J Med. Author manuscript; available in PMC 2022 May 04.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hsu et al. Page 13

Ta
b

le
 1

.

B
as

el
in

e 
C

ha
ra

ct
er

is
tic

s 
of

 th
e 

A
na

ly
tic

 C
oh

or
t, 

A
cc

or
di

ng
 to

 R
ac

e 
as

 R
ep

or
te

d 
by

 th
e 

Pa
rt

ic
ip

an
ts

.*

C
ha

ra
ct

er
is

ti
c

O
ve

ra
ll

(N
 =

 1
24

8)
R

ac
e

St
an

da
rd

iz
ed

D
if

fe
re

nc
e

B
la

ck
(N

 =
 4

58
)

N
on

-B
la

ck
(N

 =
 7

90
)

A
ge

 —
 y

r
55

.9
±

12
.1

55
.9

±
11

.8
55

.8
±

12
.3

<
0.

01

Se
x 

—
 n

o.
 (

%
)

0.
04

 
  M

al
e

70
9 

(5
6.

8)
24

7 
(5

3.
9)

46
2 

(5
8.

5)

 
  F

em
al

e
53

9 
(4

3.
2)

21
1 

(4
6.

1)
32

8 
(4

1.
5)

R
ac

e 
or

 e
th

ni
c 

gr
ou

p 
—

 n
o.

 (
%

)†
0.

99

 
  A

m
er

ic
an

 I
nd

ia
n 

or
 A

la
sk

a 
N

at
iv

e
8 

(0
.6

)
0

8 
(1

.0
)

 
  A

si
an

60
 (

4.
8)

0
60

 (
7.

6)

 
  N

at
iv

e 
H

aw
ai

ia
n 

or
 o

th
er

 P
ac

if
ic

 I
sl

an
de

r
5 

(0
.4

)
0

5 
(0

.6
)

 
  B

la
ck

44
7 

(3
5.

8)
44

7 
(9

7.
6)

0

 
  W

hi
te

60
3 

(4
8.

3)
0

60
3 

(7
6.

3)

 
  M

ul
tir

ac
ia

l
21

 (
1.

7)
11

 (
2.

4)
10

 (
1.

3)

 
  U

nk
no

w
n 

or
 n

ot
 r

ep
or

te
d

10
4 

(8
.3

)
0

10
4 

(1
3.

2)

H
ig

he
st

 e
du

ca
tio

na
l a

tta
in

m
en

t —
 n

o.
 (

%
)

0.
34

 
  6

th
 g

ra
de

 o
r 

le
ss

55
 (

4.
4)

3 
(0

.7
)

52
 (

6.
6)

 
  7

th
 to

 1
2t

h 
gr

ad
e,

 n
o 

hi
gh

-s
ch

oo
l d

ip
lo

m
a

15
8 

(1
2.

7)
10

3 
(2

2.
5)

55
 (

7.
0)

 
  H

ig
h-

sc
ho

ol
 g

ra
du

at
e 

or
 e

qu
iv

al
en

t
24

1 
(1

9.
3)

11
2 

(2
4.

5)
12

9 
(1

6.
3)

 
  T

ec
hn

ic
al

 o
r 

vo
ca

tio
na

l s
ch

oo
l d

eg
re

e
61

 (
4.

9)
26

 (
5.

7)
35

 (
4.

4)

 
  S

om
e 

co
lle

ge
 e

du
ca

tio
n 

bu
t d

eg
re

e 
no

t c
om

pl
et

ed
28

7 
(2

3.
0)

12
4 

(2
7.

1)
16

3 
(2

0.
6)

 
  C

ol
le

ge
 g

ra
du

at
e

26
5 

(2
1.

2)
54

 (
11

.8
)

21
1 

(2
6.

7)

 
  P

ro
fe

ss
io

na
l o

r 
gr

ad
ua

te
 d

eg
re

e
18

1 
(1

4.
5)

36
 (

7.
9)

14
5 

(1
8.

4)

G
en

et
ic

 a
nc

es
tr

y 
—

 %
 o

f 
ge

ne
tic

 m
ak

eu
p

 
  A

fr
ic

an
30

.7
±

38
.5

79
.9

±
12

.2
2.

2±
6.

5
7.

95

 
   

  M
ed

ia
n 

(I
Q

R
)

2.
4 

(0
.1

–7
7.

7)
82

.6
 (

74
.5

–8
8.

3)
0.

2 
(0

.1
–2

.0
)

 
  E

ur
op

ea
n

56
.1

±
38

.6
17

.7
±

11
.6

78
.4

±
30

.4
2.

64

 
   

  M
ed

ia
n 

(I
Q

R
)

56
.0

 (
16

.0
–9

6.
7)

15
.0

 (
9.

8–
23

.1
)

95
.7

 (
63

.7
–9

7.
6)

Se
ru

m
 c

re
at

in
in

e 
le

ve
l —

 m
g/

dl
1.

7±
0.

6
1.

8±
0.

6
1.

6±
0.

5
0.

33

N Engl J Med. Author manuscript; available in PMC 2022 May 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hsu et al. Page 14

C
ha

ra
ct

er
is

ti
c

O
ve

ra
ll

(N
 =

 1
24

8)
R

ac
e

St
an

da
rd

iz
ed

D
if

fe
re

nc
e

B
la

ck
(N

 =
 4

58
)

N
on

-B
la

ck
(N

 =
 7

90
)

 
  M

ed
ia

n 
(I

Q
R

)
1.

5 
(1

.3
–2

.0
)

1.
6 

(1
.4

—
2.

1)
1.

5 
(1

.3
–1

.9
)

iG
FR

 —
 m

l/m
in

/1
.7

3 
m

2
48

±
20

47
±

19
49

±
20

0.
07

 
  M

ed
ia

n 
(I

Q
R

)
46

 (
34

–6
0)

45
 (

33
–6

0)
47

 (
34

–6
0)

U
ri

na
ry

 c
re

at
in

in
e 

ex
cr

et
io

n 
—

 m
g/

24
 h

r
13

78
±

59
0

14
70

±
63

2
13

25
±

55
8

0.
24

 
  M

ed
ia

n 
(I

Q
R

)
12

89
 (

97
3–

17
01

)
13

70
 (

10
57

–1
83

0)
12

38
 (

91
7–

16
55

)

C
re

at
in

in
e 

cl
ea

ra
nc

e 
—

 m
l/m

in
/1

.7
3 

m
2

52
±

26
51

±
27

53
±

25
0.

09

 
  M

ed
ia

n 
(I

Q
R

)
49

 (
35

–6
5)

48
 (

32
–6

3)
49

 (
36

–6
7)

R
at

io
 o

f 
cr

ea
tin

in
e 

cl
ea

ra
nc

e 
an

d 
iG

FR
1.

13
±

0.
46

1.
11

±
0.

48
1.

14
±

0.
45

0.
07

D
if

fe
re

nc
e 

be
tw

ee
n 

cr
ea

tin
in

e 
cl

ea
ra

nc
e 

an
d 

iG
FR

 —
 m

l/m
in

/1
.7

3 
m

2
4.

0±
20

.3
3.

4±
21

.9
4.

4±
19

.3
0.

05

Se
ru

m
 c

ys
ta

tin
 C

 le
ve

l —
 m

g/
lit

er
1.

45
±

0.
51

1.
47

±
0.

54
1.

44
±

0.
50

0.
06

 
  M

ed
ia

n 
(I

Q
R

)
1.

35
 (

1.
09

–1
.7

1)
1.

36
 (

1.
08

–1
.7

2)
1.

34
 (

1.
09

–1
.7

0)

M
ed

ia
n 

ur
in

ar
y 

pr
ot

ei
n 

le
ve

l (
IQ

R
) 

—
 g

/2
4 

hr
0.

2 
(0

.1
–1

.1
)

0.
3 

(0
.1

–1
.2

)
0.

2 
(0

.1
–0

.9
)

0.
04

 
  M

is
si

ng
 d

at
a 

—
 n

o.
 (

%
)

3 
(0

.2
)

0
3 

(0
.4

)

Fa
t-

fr
ee

 m
as

s 
—

 k
g

60
.0

±
15

.3
62

.3
±

15
.9

58
.6

±
14

.7
0.

24

 
  M

is
si

ng
 d

at
a 

—
 n

o.
 (

%
)

22
 (

1.
8)

5 
(1

.1
)

17
 (

2.
1)

B
io

el
ec

tr
ic

al
 im

pe
da

nc
e 

an
al

ys
is

 p
ha

se
 a

ng
le

 —
 d

eg
re

es
6.

7±
2.

5
7.

1±
3.

5
6.

5±
1.

6
0.

25

 
  M

is
si

ng
 d

at
a 

—
 n

o.
 (

%
)

17
 (

1.
4)

2 
(0

.4
)

15
 (

1.
9)

B
od

y-
m

as
s 

in
de

x‡
31

.2
±

6.
7

33
.0

±
6.

5
30

.2
±

6.
5

0.
42

H
ei

gh
t —

 c
m

16
9.

1±
9.

6
16

9.
7±

9.
4

16
8.

7±
9.

7
0.

11

W
ei

gh
t —

 k
g

89
.4

±
20

.4
95

.1
±

20
.2

86
.2

±
19

.9
0.

44

B
od

y-
su

rf
ac

e 
ar

ea
 —

 m
2

2.
0±

0.
3

2.
1±

0.
3

2.
0±

0.
3

0.
42

D
ie

ta
ry

 p
ro

te
in

 in
ta

ke

 
  D

et
er

m
in

ed
 f

ro
m

 D
ie

t H
is

to
ry

 Q
ue

st
io

nn
ai

re
 —

 g
/d

ay
§

72
.6

±
36

.9
71

.7
±

39
.4

73
.1

±
35

.4
0.

04

 
   

  M
ed

ia
n 

(I
Q

R
)

64
.9

 (
47

.2
–8

8.
5)

62
.1

 (
47

.0
–8

7.
5)

65
.8

 (
47

.7
–8

9.
8)

 
   

  M
is

si
ng

 d
at

a 
—

 n
o.

 (
%

)
26

5 
(2

1.
2)

10
1 

(2
2.

1)
16

4 
(2

0.
8)

 
  D

et
er

m
in

ed
 f

ro
m

 2
4-

hr
 u

ri
na

ry
 le

ve
l —

 g
/2

4 
hr

72
.9

±
27

.8
69

.7
±

26
.2

74
.7

±
28

.6
0.

18

 
   

  M
ed

ia
n 

(I
Q

R
)

68
.0

 (
54

.2
–8

7.
1)

66
.6

 (
52

.7
–8

3.
1)

69
.1

 (
54

.9
–9

0.
9)

 
   

  M
is

si
ng

 d
at

a 
—

 n
o.

 (
%

)
9 

(0
.7

)
2 

(0
.4

)
7 

(0
.9

)

N Engl J Med. Author manuscript; available in PMC 2022 May 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hsu et al. Page 15
* Pl

us
–m

in
us

 v
al

ue
s 

ar
e 

m
ea

ns
 ±

SD
. T

o 
co

nv
er

t t
he

 v
al

ue
s 

fo
r 

cr
ea

tin
in

e 
to

 m
ic

ro
m

ol
es

 p
er

 li
te

r, 
m

ul
tip

ly
 b

y 
88

.4
. T

he
 a

bb
re

vi
at

io
n 

iG
FR

 d
en

ot
es

 1
25

I-
io

th
al

am
at

e 
gl

om
er

ul
ar

 f
ilt

ra
tio

n 
ra

te
, a

nd
 I

Q
R

 
in

te
rq

ua
rt

ile
 r

an
ge

.

† R
ac

e 
or

 e
th

ni
c 

gr
ou

p 
w

as
 r

ep
or

te
d 

by
 th

e 
pa

rt
ic

ip
an

ts
.

‡ T
he

 b
od

y-
m

as
s 

in
de

x 
is

 th
e 

w
ei

gh
t i

n 
ki

lo
gr

am
s 

di
vi

de
d 

by
 th

e 
sq

ua
re

 o
f 

th
e 

he
ig

ht
 in

 m
et

er
s.

§ T
he

 D
ie

t H
is

to
ry

 Q
ue

st
io

nn
ai

re
 is

 a
 f

re
el

y 
av

ai
la

bl
e 

fo
od

 f
re

qu
en

cy
 q

ue
st

io
nn

ai
re

 th
at

 w
as

 d
ev

el
op

ed
 b

y 
th

e 
N

at
io

na
l C

an
ce

r 
In

st
itu

te
 f

or
 a

du
lts

 w
ho

 a
re

 1
9 

ye
ar

s 
of

 a
ge

 o
r 

ol
de

r.

N Engl J Med. Author manuscript; available in PMC 2022 May 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hsu et al. Page 16

Ta
b

le
 2

.

C
om

pa
ri

so
n 

of
 M

od
el

 P
er

fo
rm

an
ce

 a
nd

 R
ac

e 
C

oe
ff

ic
ie

nt
s 

fr
om

 G
FR

 E
st

im
at

in
g 

E
qu

at
io

ns
 B

as
ed

 o
n 

Se
ru

m
 C

re
at

in
in

e 
U

si
ng

 B
la

ck
 R

ac
e 

as
 R

ep
or

te
d 

by
 

th
e 

Pa
rt

ic
ip

an
ts

 o
r 

Pe
rc

en
ta

ge
 o

f 
A

fr
ic

an
 A

nc
es

tr
y.

*

M
od

el
 C

ov
ar

ia
te

s

M
ed

ia
n 

D
if

fe
re

nc
e 

be
tw

ee
n

iG
F

R
 a

nd
 e

G
F

R
(9

5%
 C

I)
P

30
 (

95
%

 C
I)

P
10

 (
95

%
 C

I)

P
er

ce
nt

 H
ig

he
r 

iG
F

R
fo

r 
B

la
ck

 R
ac

e 
or

 1
0%

In
cr

ea
se

 in
 P

er
ce

nt
ag

e
of

 A
fr

ic
an

 A
nc

es
tr

y
(9

5%
 C

I)

B
la

ck
N

on
-B

la
ck

B
la

ck
N

on
-B

la
ck

B
la

ck
N

on
-B

la
ck

m
l/m

in
/1

.7
3 

m
 2

Se
ru

m
 c

re
at

in
in

e,
 a

ge
, a

nd
 s

ex
3.

99
 (

2.
17

 to
 5

.6
2)

−
0.

92
 (

−
2.

29
 to

 0
.5

5)
86

 (
81

 to
 9

2)
81

 (
76

 to
 8

6)
31

 (
24

 to
 3

9)
34

 (
29

 to
 4

0)
—

Se
ru

m
 c

re
at

in
in

e,
 a

ge
, s

ex
, a

nd
 r

ac
e 

as
 r

ep
or

te
d 

by
 th

e 
pa

rt
ic

ip
an

ts
1.

11
 (

−
0.

29
 to

 2
.5

4)
1.

01
 (

−
0.

54
 to

 2
.4

7)
86

 (
80

 to
 9

1)
82

 (
77

 to
 8

6)
42

 (
34

 to
 5

0)
37

 (
31

 to
 4

3)
13

.6
 (

9.
9 

to
 1

7.
3)

†

Se
ru

m
 c

re
at

in
in

e,
 a

ge
, s

ex
, a

nd
 p

er
ce

nt
ag

e 
of

 A
fr

ic
an

 
an

ce
st

ry
1.

33
 (

−
0.

12
 to

 2
.3

3)
1.

07
 (

−
0.

51
 to

 2
.2

8)
86

 (
80

 to
 9

1)
83

 (
78

 to
 8

8)
42

 (
34

 to
 5

0)
37

 (
31

 to
 4

3)
1.

6 
(1

.2
 to

 2
.1

)†

* A
fr

ic
an

 a
nc

es
tr

y 
in

fo
rm

at
io

n 
ca

n 
be

 u
se

d 
to

 r
ep

la
ce

 B
la

ck
 r

ac
e 

as
 r

ep
or

te
d 

by
 th

e 
pa

rt
ic

ip
an

ts
 in

 e
qu

at
io

ns
 th

at
 r

el
y 

on
 s

er
um

 c
re

at
in

in
e,

 a
nd

 a
 s

er
um

 c
re

at
in

in
e–

ba
se

d 
eq

ua
tio

n 
w

ith
ou

t r
ac

e 
or

 A
fr

ic
an

 
an

ce
st

ry
 is

 s
ta

tis
tic

al
ly

 b
ia

se
d 

in
 B

la
ck

 p
ar

tic
ip

an
ts

. M
od

el
s 

w
er

e 
de

ri
ve

d 
fr

om
 a

 d
ev

el
op

m
en

t s
ub

gr
ou

p 
of

 8
44

 p
ar

tic
ip

an
ts

 (
68

%
),

 a
nd

 p
er

fo
rm

an
ce

 w
as

 r
ep

or
te

d 
on

 a
 v

al
id

at
io

n 
da

ta
 s

et
 o

f 
40

4 
pa

rt
ic

ip
an

ts
 

(3
2%

).
 A

ll 
95

%
 c

on
fi

de
nc

e 
in

te
rv

al
s 

co
rr

es
po

nd
 to

 th
e 

2.
5t

h 
an

d 
97

.5
th

 p
er

ce
nt

ile
 v

al
ue

s 
fr

om
 1

00
0 

bo
ot

st
ra

pp
ed

 s
am

pl
es

 o
f 

th
e 

va
lid

at
io

n 
da

ta
 s

et
. T

he
 a

bb
re

vi
at

io
n 

eG
FR

 d
en

ot
es

 e
st

im
at

ed
 g

lo
m

er
ul

ar
 

fi
ltr

at
io

n 
ra

te
, G

FR
 g

lo
m

er
ul

ar
 f

ilt
ra

tio
n 

ra
te

, P
30

 p
er

ce
nt

 o
f 

es
tim

at
ed

 G
FR

 w
ith

in
 3

0%
 o

f 
12

5 I
-i

ot
ha

la
m

at
e 

G
FR

, a
nd

 P
10

 p
er

ce
nt

 o
f 

es
tim

at
ed

 G
FR

 w
ith

in
 1

0%
 o

f 
12

5 I
-i

ot
ha

la
m

at
e 

G
FR

.

† T
he

 p
er

ce
nt

 d
if

fe
re

nc
e 

w
as

 o
bt

ai
ne

d 
by

 e
xp

on
en

tia
tin

g 
th

e 
co

ef
fi

ci
en

t f
or

 B
la

ck
 r

ac
e 

or
 p

er
ce

nt
ag

e 
of

 A
fr

ic
an

 a
nc

es
tr

y 
in

 m
od

el
s 

de
ri

ve
d 

fr
om

 th
e 

de
ve

lo
pm

en
t d

at
a 

se
t (

84
4 

pa
rt

ic
ip

an
ts

).

N Engl J Med. Author manuscript; available in PMC 2022 May 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hsu et al. Page 17

Ta
b

le
 3

.

A
ss

oc
ia

tio
n 

be
tw

ee
n 

B
la

ck
 R

ac
e 

as
 R

ep
or

te
d 

by
 th

e 
Pa

rt
ic

ip
an

ts
 o

r 
Pe

rc
en

ta
ge

 o
f 

A
fr

ic
an

 A
nc

es
tr

y 
an

d 
M

ea
su

re
d 

G
FR

 a
ft

er
 C

on
tr

ol
lin

g 
fo

r 
N

on
-G

FR
 

D
et

er
m

in
an

ts
 o

f 
Se

ru
m

 C
re

at
in

in
e.

*

M
od

el
N

o.
 o

f
P

ar
ti

ci
pa

nt
s

C
oe

ff
ic

ie
nt

 fo
r

B
la

ck
 R

ac
e 

vs
.

N
on

-B
la

ck
 R

ac
e

(9
5%

 C
I)

C
oe

ff
ic

ie
nt

 fo
r

P
er

ce
nt

ag
e

of
 A

fr
ic

an
 A

nc
es

tr
y,

pe
r 

10
%

 I
nc

re
as

e
(9

5%
 C

I)

%
 h

ig
he

r 
iG

F
R

B
as

e 
m

od
el

ln
 (

iG
FR

) 
=

 [
ra

ce
 o

r 
A

fr
ic

an
 a

nc
es

tr
y]

 +
 ln

 (
se

ru
m

 c
re

at
in

in
e)

 +
 a

ge
 +

 s
ex

12
48

12
.8

 (
9.

7 
to

 1
5.

9)
†

1.
6 

(1
.2

 to
 1

.9
)†

B
as

e 
m

od
el

 w
it

h 
po

te
nt

ia
l e

xp
la

na
to

ry
 v

ar
ia

bl
es

 c
on

si
de

re
d 

in
di

vi
du

al
ly

ln
 (

iG
FR

) 
=

 [
ra

ce
 o

r 
A

fr
ic

an
 a

nc
es

tr
y]

 +
 ln

 (
se

ru
m

 c
re

at
in

in
e)

 +
 a

ge
 +

 s
ex

 +
 a

ny
 o

f 
th

e 
fo

llo
w

in
g:

 
  B

od
y-

m
as

s 
in

de
x

12
48

13
.8

 (
10

.7
 to

 1
7.

0)
1.

7 
(1

.3
 to

 2
.0

)

 
  B

od
y-

su
rf

ac
e 

ar
ea

12
48

13
.1

 (
9.

9 
to

 1
6.

3)
1.

6 
(1

.2
 to

 2
.0

)

 
  H

ei
gh

t
12

48
12

.0
 (

9.
0 

to
 1

5.
1)

1.
5 

(1
.1

 to
 1

.8
)

 
  W

ei
gh

t
12

48
13

.4
 (

10
.3

 to
 1

6.
6)

1.
6 

(1
.3

 to
 2

.0
)

 
  l

n 
(b

io
el

ec
tr

ic
al

 im
pe

da
nc

e 
an

al
ys

is
 p

ha
se

 a
ng

le
)

12
31

10
.5

 (
7.

5 
to

 1
3.

6)
1.

3 
(0

.9
 to

 1
.6

)

 
  B

io
el

ec
tr

ic
al

 im
pe

da
nc

e 
an

al
ys

is
–q

ua
nt

if
ie

d 
fa

t-
fr

ee
 m

as
s

12
26

12
.4

 (
9.

2 
to

 1
5.

6)
1.

5 
(1

.2
 to

 1
.9

)

 
  2

4-
H

r 
ur

in
ar

y 
ex

cr
et

io
n 

of
 c

re
at

in
in

e
12

48
10

.7
 (

7.
7 

to
 1

3.
7)

1.
3 

(1
.0

 to
 1

.7
)

B
as

e 
m

od
el

 w
it

h 
se

ve
ra

l p
ot

en
ti

al
 e

xp
la

na
to

ry
 v

ar
ia

bl
es

 c
on

si
de

re
d 

si
m

ul
ta

ne
ou

sl
y

ln
 (

iG
FR

) 
=

 [
ra

ce
 o

r 
A

fr
ic

an
 a

nc
es

tr
y]

 +
 ln

 (
se

ru
m

 c
re

at
in

in
e)

 +
 a

ge
 +

 s
ex

 +
 h

ei
gh

t +
 f

at
-f

re
e 

m
as

s 
+

 ln
 (

bi
oe

le
ct

ri
ca

l i
m

pe
da

nc
e 

an
al

ys
is

 
ph

as
e 

an
gl

e)
 +

 2
4-

hr
 u

ri
na

ry
 e

xc
re

tio
n 

of
 c

re
at

in
in

e
12

26
8.

7 
(5

.8
 to

 1
1.

7)
1.

1 
(0

.8
 to

 1
.5

)

* T
he

 a
ss

oc
ia

tio
n 

be
tw

ee
n 

B
la

ck
 r

ac
e 

or
 A

fr
ic

an
 a

nc
es

tr
y 

an
d 

m
ea

su
re

d 
G

FR
 p

er
si

st
s 

ev
en

 a
ft

er
 c

on
si

de
ra

tio
n 

of
 n

on
-G

FR
 d

et
er

m
in

an
ts

 o
f 

se
ru

m
 c

re
at

in
in

e 
as

 p
ot

en
tia

l e
xp

la
na

to
ry

 v
ar

ia
bl

es
.

† T
he

 p
er

ce
nt

 d
if

fe
re

nc
e 

w
as

 o
bt

ai
ne

d 
by

 e
xp

on
en

tia
tin

g 
th

e 
co

ef
fi

ci
en

t f
or

 B
la

ck
 r

ac
e 

or
 p

er
ce

nt
ag

e 
of

 A
fr

ic
an

 a
nc

es
tr

y 
in

 m
od

el
s 

w
ith

 s
er

um
 c

re
at

in
in

e 
le

ve
l, 

ag
e,

 a
nd

 s
ex

 in
 th

e 
fu

ll 
st

ud
y 

sa
m

pl
e 

(1
24

8 
pa

rt
ic

ip
an

ts
).

N Engl J Med. Author manuscript; available in PMC 2022 May 04.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hsu et al. Page 18

Ta
b

le
 4

.

C
om

pa
ri

so
n 

of
 M

od
el

 P
er

fo
rm

an
ce

 a
nd

 R
ac

e 
C

oe
ff

ic
ie

nt
s 

fr
om

 G
FR

 E
st

im
at

in
g 

E
qu

at
io

ns
 B

as
ed

 o
n 

C
ys

ta
tin

 C
.*

M
od

el
 C

ov
ar

ia
te

s
M

ed
ia

n 
D

if
fe

re
nc

e 
be

tw
ee

n 
iG

F
R

 a
nd

 e
G

F
R

(9
5%

 C
I)

P
30

 (
95

%
 C

I)
P

10
 (

95
%

 C
I)

P
er

ce
nt

 H
ig

he
r 

iG
F

R
fo

r 
B

la
ck

 R
ac

e 
or

 1
0%

In
cr

ea
se

 in
 P

er
ce

nt
ag

e
of

 A
fr

ic
an

 A
nc

es
tr

y
(9

5%
 C

I)

B
la

ck
N

on
-B

la
ck

B
la

ck
N

on
-B

la
ck

B
la

ck
N

on
-B

la
ck

m
l/m

in
/1

.7
3 

m
2

C
ys

ta
tin

 C
, a

ge
, a

nd
 s

ex
0.

33
 (

−
1.

43
 to

 1
.9

2)
0.

29
 (

−
0.

84
 to

 1
.3

6)
85

 (
79

 to
 9

0)
83

 (
78

 to
 8

7)
41

 (
34

 to
 4

9)
39

 (
33

 to
 4

5)
—

C
ys

ta
tin

 C
, a

ge
, s

ex
, a

nd
 r

ac
e 

as
 r

ep
or

te
d 

by
 th

e 
pa

rt
ic

ip
an

ts
0.

85
 (

−
1.

05
 to

 2
.5

1)
0.

03
 (

−
1.

00
 to

 1
.1

2)
85

 (
79

 to
 9

0)
83

 (
78

 to
 8

7)
42

 (
35

 to
 5

0)
39

 (
33

 to
 4

5)
−

1.
6 

(−
4.

7 
to

 1
.4

)†

C
ys

ta
tin

 C
, a

ge
, s

ex
, a

nd
 p

er
ce

nt
ag

e 
of

 A
fr

ic
an

 a
nc

es
tr

y
0.

90
 (

−
1.

14
 to

 2
.3

4)
0.

04
 (

−
0.

95
 to

 1
.1

4)
85

 (
79

 to
 9

0)
83

 (
78

 to
 8

7)
42

 (
35

 to
 5

0)
39

 (
33

 to
 4

5)
−

0.
2 

(−
0.

6 
to

 0
.2

)†

* C
oe

ff
ic

ie
nt

s 
fo

r 
ra

ce
 a

s 
re

po
rt

ed
 b

y 
th

e 
pa

rt
ic

ip
an

ts
 a

nd
 g

en
et

ic
 a

nc
es

tr
y 

ar
e 

no
t s

ig
ni

fi
ca

nt
 in

 G
FR

 e
st

im
at

in
g 

eq
ua

tio
ns

 th
at

 r
el

y 
on

 c
ys

ta
tin

 C
; t

ho
se

 e
qu

at
io

ns
 p

er
fo

rm
 s

im
ila

rl
y 

to
 G

FR
 e

st
im

at
in

g 
eq

ua
tio

ns
 th

at
 r

el
y 

on
 s

er
um

 c
re

at
in

in
e.

 M
od

el
s 

w
er

e 
de

ri
ve

d 
fr

om
 a

 d
ev

el
op

m
en

t s
ub

gr
ou

p 
of

 8
44

 p
ar

tic
ip

an
ts

 (
68

%
),

 a
nd

 p
er

fo
rm

an
ce

 o
f 

es
tim

at
ed

 G
FR

 w
as

 r
ep

or
te

d 
in

 a
 v

al
id

at
io

n 
se

t o
f 

40
4 

pa
rt

ic
ip

an
ts

 
(3

2%
).

 A
ll 

95
%

 c
on

fi
de

nc
e 

in
te

rv
al

s 
co

rr
es

po
nd

 to
 th

e 
2.

5t
h 

an
d 

97
.5

th
 p

er
ce

nt
ile

 v
al

ue
s 

fr
om

 1
00

0 
bo

ot
st

ra
pp

ed
 s

am
pl

es
 o

f 
th

e 
va

lid
at

io
n 

se
t.

† T
he

 p
er

ce
nt

ag
e 

di
ff

er
en

ce
 w

as
 o

bt
ai

ne
d 

by
 e

xp
on

en
tia

tin
g 

th
e 

co
ef

fi
ci

en
t f

or
 B

la
ck

 r
ac

e 
or

 th
e 

pe
rc

en
ta

ge
 o

f 
A

fr
ic

an
 a

nc
es

tr
y 

in
 m

od
el

s 
de

ri
ve

d 
in

 th
e 

de
ve

lo
pm

en
t d

at
a 

se
t (

84
4 

pa
rt

ic
ip

an
ts

).

N Engl J Med. Author manuscript; available in PMC 2022 May 04.


	Abstract
	METHODS
	STUDY SAMPLE
	STUDY DESIGN AND OVERSIGHT
	STUDY VARIABLES
	STATISTICAL ANALYSIS

	RESULTS
	BASELINE CHARACTERISTICS OF THE PARTICIPANTS
	ESTIMATING GFR WITH RACE OR GENETIC ANCESTRY
	NON-GFR DETERMINANTS OF CREATININE AND THEIR USE IN CREATININE-BASED EqUATIONS
	USE OF CYSTATIN C TO ESTIMATE GFR

	DISCUSSION
	References
	Table 1.
	Table 2.
	Table 3.
	Table 4.



