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Table S1. Baseline CRIC study visit measurement details. 

Variable Measurement 

Race Race and Hispanic ethnicity were determined by self-report. Following the form of current GFR 
estimating equations,1,2 participants were classified as Black or non-Black. 

Demographic characteristics Information on self-reported age and sex were collected. 

Genetic ancestry estimation Genotyping was conducted using the Illumina HumanOmni1-Quad v1.0 microarray.3 A general 
admixture model4 was derived using individuals from the 1000 Genomes Project5 as the 
reference data. A cluster size of five was selected based on previous studies and verified by 
comparing the log-likelihood of candidate models to the CRIC data. The five clusters correspond 
to the five super-populations in the reference data that include African, American, European, 
East Asian and South Asian. Each participant has individual ancestry percent estimates of five 
populations, whose sum is 100% (Further details are presented below in the Supplementary 
Methods). 

Body Composition We considered height, weight, body mass index and body surface area,6 as well as bioelectrical 
impedance analysis (BIA)-derived measures of phase angle and fat-free muscle mass.7,8 

Protein intake Dietary protein intake was assessed using the Diet History Questionnaire9 and using 24-hour 
urine quantified urine urea nitrogen and protein along with body weight.10,11 

Creatinine Production and 
extra-renal elimination 

We measured 24-hour urine creatinine excretion which reflected the balance between creatinine 
production (both endogenous and exogenous) and extra-renal elimination. 

Tubular secretion of creatinine Tubular secretion of creatinine was quantified using the ratio and the absolute difference 
between 24-hour urine creatinine clearance and measured GFR. 

Serum creatinine SCr was measured using an enzyme-based assay on the Hitachi Vitros 950 AT (coefficient of 
variation [CV], 1.1%),12 with calibration traceable to an IDMS reference measurement procedure. 

Serum cystatin C Serum cystatin C concentration was determined using a particle-enhanced 
immunonephelometric assay on the Siemens BN™ II System (CV 4.9%). An internal cystatin C 
standardization was implemented to correct for drift over time across different calibrator lots and 
reagent lots.12 

Measured glomerular filtration 
rate 

GFR was measured using urinary 125I-iothalamate clearance based on a time-weighted average 
across up to four collection periods (after dropping the first period) and indexed to body surface 
area (ml/min/1.73 m2)(median intra-test CV 9.7%).12 
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Table S2. Baseline characteristics of development and validation datasets. 

Variable, mean (SD) 
Development Set Validation Set 

Standardized 
Difference (N=844) (N=404) 

Age, years 55.7 (11.9) 56.1 (12.5) 0.03 

Women, n (%) 367 (43.5) 172 (42.6) 0.01 

Self-reported race, n (%)     0.08 

American Indian/Alaska Native 8 (0.9) 0 (0.0)  
Asian 41 (4.9) 19 (4.7)  
Native Hawaiian or Other Pacific Islander 5 (0.6) 0 (0.0)  
Black/African American 296 (35.1) 151 (37.4)  
White 411 (48.7) 192 (47.5)  
Multiracial 16 (1.9) 5 (1.2)  
Unknown/Not reported 67 (7.9) 37 (9.2)  

Hispanic ethnicity, n (%) 113 (13.4) 59 (14.6) 0.02 

Highest educational attainment, n (%)     0.06 

6th grade or less 40 (4.7) 15 (3.7)  
7th to 12th grade no high school diploma 108 (12.8) 50 (12.4)  
High school graduate or equivalent 165 (19.5) 76 (18.8)  
Technical or vocational school degree 38 (4.5) 23 (5.7)  
Some college education but not completed degree 192 (22.7) 95 (23.5)  
College graduate 186 (22.0) 79 (19.6)  
Professional or graduate degree 115 (13.6) 66 (16.3)  

Iothalamate glomerular filtration rate (iGFR), ml/min/1.73m2 48.3 (19.6) 48.2 (19.8) <0.01 

Serum creatinine, mg/dL 1.7 (0.5) 1.7 (0.6) 0.03 

Urine creatinine, g/24hr 1.367 (0.602) 1.402 (0.564) 0.06 

Creatinine clearance (CrCl), ml/min 61.2 (32.3) 62.7 (30.5) 0.05 

Serum cystatin C, mg/L 1.45 (0.51) 1.45 (0.51) 0.01 

Fat-free mass, kg 59.7 (15.4) 60.6 (15.0) 0.06 

Missing, n (%) 12 (1.4) 10 (2.5)  
BIA phase angle, degrees 6.8 (2.9) 6.6 (1.6) 0.07 

Missing, n (%) 8 (0.9) 9 (2.2)  
Body mass index, kg/m2 31.0 (6.5) 31.7 (7.0) 0.11 
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Height, cm 169.2 (9.7) 168.9 (9.4) 0.03 

Weight, kg 88.9 (20.1) 90.6 (21.2) 0.08 

Body surface area, m2 2.0 (0.3) 2.0 (0.3) 0.06 

Self-reported dietary protein intake, g/day 72.4 (36.1) 73.2 (38.5) 0.02 

Missing, n (%) 169 (20.0) 96 (23.8)  
Urine protein, g/24h 1.1 (2.2) 1.3 (2.7) 0.09 

Missing, n (%) 1 (0.1) 2 (0.5)  
Urine Urea Nitrogen, g/24h 8.6 (4.2) 8.9 (4.3) 0.06 

Missing, n (%) 6 (0.7) 0 (0.0)   
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Table S3. Root mean squared errors and precision of estimated GFRs for all serum creatinine (SCr)-based and Cystatin 

C models reported in manuscript Tables 2 and 4. 

Model Covariates 
Root Mean 

Squared Error 

Precision:  
IQR (95% CI) of the difference, mL/min/1.73m2 

(iGFR - eGFR) 

Black Non-Black 

SCr, age, sex 11.39 
12.04 

(9.53, 15.47) 
13.22 

(11.06, 14.87) 

SCr, age, sex, self-reported race 11.22 
11.21 

(9.00, 14.62) 
12.97 

(11.02, 14.78) 

SCr, age, sex, % African ancestry 11.21 
11.16 

(8.86, 14.79) 
13.09 

(11.07, 14.62) 

Cystatin C, age, sex 10.76 
11.03 

(9.09, 14.17) 
11.60 

(10.40, 14.74) 

Cystatin C, age, sex, self-reported race 10.76 
10.91 

(9.08, 14.16) 
11.70 

(10.37, 14.75) 

Cystatin C, age, sex, % African ancestry 10.76 
10.79 

(9.05, 14.22) 
11.69 

(10.38, 14.74) 

 
Abbreviations: CI: confidence interval; IQR, interquartile range; iGFR, 125I-iothalamate glomerular filtration rate; eGFR, estimated glomerular filtration rate 
Models derived on a development subset of 844 (67%) participants and performance of estimated GFR reported on a validation set of 404 (33%) participants. 
All 95% confidence intervals correspond to the 2.5th and 97.5th percentile values from 1000 bootstrapped samples of the validation set.  
Root mean square error (RMSE) is calculated in the validation set on the same scale as the measured and estimated GFR. 
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Table S4. 10-fold cross validation metrics for manuscript Tables 2 and 4 using the full study sample (N=1248) instead of 

split-sample development and validation. 

Model Covariates 

Root Mean 

Squared 

Error 

Median (IQR) Bias, mL/min/1.73m2 

 (iGFR - eGFR) P30 P10 

Black Non-Black Black 
Non-

Black 
Black 

Non-

Black 

SCr, age, sex 11.20 3.29 (-2.32, 10.83) -1.07 (-7.78, 5.25) 81 81 32 36 

SCr, age, sex, self-reported race 10.91 0.43 (-5.14, 7.54) 0.78 (-5.79, 7.13) 84 83 36 36 

SCr, age, sex, % African ancestry 10.90 0.64 (-5.26, 7.69) 0.83 (-5.83, 7.09) 83 84 36 37 

Cystatin C, age, sex 10.61 0.17 (-5.34, 5.85) 0.09 (-5.30, 6.59) 85 85 38 40 

Cystatin C, age, sex, self-reported race 10.61 0.25 (-5.13, 6.04) -0.08 (-5.49, 6.49) 85 85 38 40 

Cystatin C, age, sex, % African ancestry 10.61 0.27 (-5.14, 6.13) -0.08 (-5.49, 6.55) 85 85 39 40 

Abbreviations: SCr, serum creatinine; CI: confidence interval; iGFR, 125I-iothalamate glomerular filtration rate; eGFR, estimated glomerular filtration rate; P30, 
percent of estimated GFR within 30% of iothalamate GFR; P10, percent of estimated GFR within 10% of iothalamate GFR 
Models metrics reported using predictions from the combined validation folds from 10-fold cross validation, corresponding to the full study sample size (N=1248). 
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Table S5. Model performance metrics corresponding to manuscript Tables 2 and 4 using models with interaction terms 

between self-reported race or African ancestry and serum creatinine and cystatin C.  

Model Covariates 

Median (95% CI) 
difference, mL/min/1.73m2 

(iGFR - eGFR) 
P30 (95% CI) P10 (95% CI) 

Interaction 
coefficient (non-

transformed) 

Black Non-Black Black Non-Black Black Non-Black Estimate (95% CI) 

SCr, age, sex, self-reported race, self-
reported race*SCr 

1.21  
(-0.63, 2.59) 

0.80 
(-0.40, 2.40) 

86 
(80, 92) 

82 
(77, 87) 

43 
(35, 51) 

37 
(31, 43) 

0.061  
(-0.043, 0.167) 

SCr, age, sex, % African ancestry, 
% African ancestry*SCr 

1.18 
(-0.07, 2.45) 

0.90 
(-0.37, 2.29) 

86 
(81, 92) 

83 
(77, 87) 

43 
(35, 51) 

37 
(31, 43) 

0.008  
(-0.005, 0.021) 

Cystatin C, age, sex, self-reported race, 
self-reported race*cystatin C 

0.98 
(-1.15, 2.71) 

-0.04 
(-1.00, 1.16) 

84 
(78, 90) 

82 
(77, 87) 

44 
(36, 52) 

38 
(32, 44) 

0.065 
(-0.024, 0.155) 

Cystatin C, age, sex, % African ancestry, 
% African ancestry*cystatin C 

1.01 
(-1.23, 2.61) 

-0.02 
(-0.96, 1.14) 

84 
(78, 90) 

83 
(78, 87) 

43 
(35, 51) 

38 
(32, 45) 

0.009 
(-0.002, 0.020) 

Abbreviations: SCr, serum creatinine; CI: confidence interval; iGFR, 125I-iothalamate glomerular filtration rate; eGFR, estimated glomerular filtration rate; P30, 
percent of estimated GFR within 30% of iothalamate GFR; P10, percent of estimated GFR within 10% of iothalamate GFR 
Models derived on a development subset of 844 (67%) participants and performance of estimated GFR reported on a validation set of 404 (33%) participants. 
All 95% confidence intervals correspond to the 2.5th and 97.5th percentile values from 1000 bootstrapped samples of the validation set. 
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Table S6. Associations between self-reported Black race and % African ancestry with non-GFR determinants of serum 

creatinine concentration.  

Potential explanatory variable (non-GFR determinants of SCr) 
 
Models take the form of potential explanatory variable = [Race or 
African ancestry] + Age + Sex + iGFR  

N 
Self-reported Black race (vs. non-

Black race) 
African Ancestry  
(per 10% higher) 

 

Difference for 
Black race 95% CI 

Difference for 
higher % 
African 

ancestry 95% CI 

Body composition and muscle mass      

Body mass index 1248 2.64 kg/m2 1.89 to 3.39 0.335 kg/m2 0.241 to 0.428 

Body surface area 1248 0.12 m2 0.09 to 0.15 0.014 m2 0.011 to 0.018 

Height 1248 1.68 cm 0.87 to 2.48 0.182 cm 0.080 to 0.282 

Weight 1248 9.32 kg 7.07 to 11.54 1.150 kg 0.869 to 1.429 

BIA phase angle, degrees (natural log-transformed) 1231 9.2% 6.5 to 11.9 1.2% 0.9 to 1.5 

BIA-estimated fat-free mass 1226 4.46 kg 3.11 to 5.80 0.569 kg 0.400 to 0.737 

Level of dietary protein intake       

Dietary protein intake from Diet History Questionnaire 983 -0.90 g/day -5.54 to 3.76 -0.124 g/day -0.699 to 0.454 

      Dietary protein intake from 24-hr urine 1239 -4.01 g/day -7.12 to -1.03 -0.464 g/day -0.854 to -0.091 

Creatinine production and elimination (24-hr urine creatinine, g/day)† 1248 13.0% 7.9 to 18.3 1.6% 1.0 to 2.1 

Tubular secretion of creatinine      

Ratio of creatinine clearance to iGFR (CrCl/iGFR)‡ 1248 -0.03 -0.08 to 0.02 -0.004 -0.011 to 0.002 

Absolute difference between creatinine clearance and iGFR 
(CrCl-iGFR)‡ 

1248 
-1.04 

mL/min/1.73m2 
-3.38 to 1.30 

-0.161 
mL/min/1.73m2 

-0.454 to 0.132 

 
†In model for urine creatinine, both urine creatinine and iGFR are natural log-transformed. 
‡Models for CrCl/iGFR and CrCl-iGFR are only adjusted for age and sex and not iGFR. 
Abbreviations: BIA, bioelectric impedance analysis; BSA, body surface area; CrCl, creatinine clearance; iGFR, 125I-iothalamate glomerular filtration rate. 

 

  



 

13 
 

Figure S1. Assembly of study sample from the Chronic Renal Insufficiency Cohort (CRIC) study.  
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Figure S2. Conceptual approach to evaluating associations of self-reported race, genetic ancestry, serum creatinine, 

serum cystatin C and measured glomerular filtration rate in adults with chronic kidney disease. 
 

 
1 Is it possible to estimate GFR just as well using genetically-defined ancestry instead of self-reported race in adults with mild-to-moderate chronic kidney disease? 

2 Are genetic ancestry or self-reported Black race independently associated with components of creatinine production, secretion or excretion that contribute to variations in SCr levels 

independent of GFR? Can these variables be used to attenuate the race or ancestry coefficient in GFR estimating equations?  

3 Are genetic ancestry or self-reported Black race necessary for GFR estimation when using serum cystatin C, and is a cystatin C-only equation without race or ancestry similar in 

accuracy to a serum creatinine-based equation that includes race or ancestry? 
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Figure S3. Distribution of % genetic ancestry by self-reported Black race (top figure) vs. non-Black race (bottom figure) in 

the study population. 
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Figure S4. Measured GFR vs. estimated GFR in the validation set using different estimating equations.  
 
Each dot represents one individual in the validation set. The solid lines are the linear fit between the measured GFR and estimated  
GFR stratified by self-reported race. A deviation from the dotted diagonal line indicates bias associated the GFR estimating equation.  
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Supplementary Methods. Methods for CRIC Ancestry estimation. 
 

 

  



 

18 
 

  



 

19 
 

 

 



 

20 
 

References for CRIC Ancestry estimation  

1. Alexander DH, Lange K. Enhancements to the admixture algorithm for individual ancestry 

estimation. BMC bioinformatics 2011;12:246. 

2. 1000 Genomes Project Consortium, et al. A global reference for human genetic variation. 

Nature 2015;526:68-74. 

3. Shringarpure S, Xing EP. Effects of sample selection bias on the accuracy of population 

structure and ancestry inference. G3: Genes, Genomes, Genetics 2014;4: 901-911. 

4. Shringarpure SS, Bustamante CD, Lange K, Alexander DH. Efficient analysis of large 

datasets and sex bias with admixture. BMC bioinformatics 2016;17:1-6. 

 




