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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 [P1q], 31%; 95% ClI, 24 to 39) than
models that included race (median difference, 1.11 ml per minute per 1.73 m%; 95% CI, —0.29

to 2.54; Pqg, 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 m?;

95% CI, —0.12 to 2.33; P1g, 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 m?; 95%
Cl, -1.43 to0 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.®-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.*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.

STUDY SAMPLE

STUDY DESI

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 |n 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 1251-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.1”-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.

GN 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.

N Engl J Med. Author manuscript; available in PMC 2022 May 04.
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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 creatining,
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 Crameréas 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]1° and Modification
of Diet in Renal Disease [MDRD] study equations!?). 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 P1g) and within 30%
of measured GFR (termed P3g) (i.e., accuracy). We constructed 95% confidence intervals
using the 2.5th and 97.5th percentiles from 1000 bootstrapped samples of the validation data

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

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

N Engl J Med. Author manuscript; available in PMC 2022 May 04.
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minute per 1.73 m? 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 m? (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 P (42%; 95% CI, 34 to 50) than models that did not include such a term ( 31%;
95% ClI, 24 to 39) (Table 2). Both RMSE and precision (Table S3) were also better when

a race or an ancestry term was included, whereas P3p 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%
Cl, 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%
Cl, 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.2°

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%
Cl, 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

N Engl J Med. Author manuscript; available in PMC 2022 May 04.
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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% ClI, —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 m%; 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 equation?! (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).414-16
Although estimation of GFR based on the serum creatinine level can be imprecise at an
individual patient level 10.11.21.22 oyr 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 information® 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

N Engl J Med. Author manuscript; available in PMC 2022 May 04.
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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,2°: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.?” 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, 129 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.2%: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 12%|-jothalamate 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,3! 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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1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hsu et al.

Page 10

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.
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