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ABSTRACT

BACKGROUND

Current equations for estimated glomerular filtration rate (eGFR) that use serum
creatinine or cystatin C incorporate age, sex, and race to estimate measured GFR.
However, race in eGFR equations is a social and not a biologic construct.

METHODS
We developed new eGFR equations without race using data from two development
data sets: 10 studies (8254 participants, 31.5% Black) for serum creatinine and 13
studies (5352 participants, 39.7% Black) for both serum creatinine and cystatin C.
In a validation data set of 12 studies (4050 participants, 14.3% Black), we compared
the accuracy of new eGFR equations to measured GFR. We projected the preva-
lence of chronic kidney disease (CKD) and GFR stages in a sample of U.S. adults,
using current and new equations.

RESULTS

In the validation data set, the current creatinine equation that uses age, sex, and
race overestimated measured GFR in Blacks (median, 3.7 ml per minute per 1.73 m?
of body-surface area; 95% confidence interval [CI], 1.8 to 5.4) and to a lesser de-
gree in non-Blacks (median, 0.5 ml per minute per 1.73 m?% 95% CI, 0.0 to 0.9).
When the adjustment for Black race was omitted from the current eGFR equation,
measured GFR in Blacks was underestimated (median, 7.1 ml per minute per 1.73 m?
95% CI, 5.9 to 8.8). A new equation using age and sex and omitting race underes-
timated measured GFR in Blacks (median, 3.6 ml per minute per 1.73 m?; 95% CI,
1.8 to 5.5) and overestimated measured GFR in non-Blacks (median, 3.9 ml per minute
per 1.73 m?; 95% CI, 3.4 to 4.4). For all equations, 85% or more of the eGFRs for
Blacks and non-Blacks were within 30% of measured GFR. New creatinine—cys-
tatin C equations without race were more accurate than new creatinine equations,
with smaller differences between race groups. As compared with the current cre-
atinine equation, the new creatinine equations, but not the new creatinine—cystatin
C equations, increased population estimates of CKD prevalence among Blacks and
yielded similar or lower prevalence among non-Blacks.

CONCLUSIONS

New eGFR equations that incorporate creatinine and cystatin C but omit race are
more accurate and led to smaller differences between Black participants and non-
Black participants than new equations without race with either creatinine or cystatin
C alone. (Funded by the National Institute of Diabetes and Digestive and Kidney
Diseases.)
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HE GLOMERULAR FILTRATION RATE

(GFR) is generally estimated from serum

concentrations of endogenous filtration
markers such as creatinine or cystatin C. During
the past two decades, automated clinical labora-
tory reporting of GFR estimated with the use of
creatinine (eGFRcr) has become widespread, co-
incident with increased awareness of chronic kid-
ney disease (CKD) in the United States.’* Equations
for estimated GFR (eGFR) incorporate demo-
graphic variables to explain variation in serum
concentrations of endogenous filtration markers
that are unrelated to GFR, thereby minimizing
systematic errors in subgroups defined by these
variables and systematic differences between
groups.’ The current guideline-recommended ap-
proach is to use eGFRcr as the initial test in GFR
evaluation, with an equation that includes race
(Black vs. non-Black), because previous studies
indicated a higher average serum creatinine level
for the same measured GFR level in Black par-
ticipants than in non-Black participants.’” Al-
though not yet widely used, the serum cystatin C
level is recommended for confirmatory testing
of eGFR.? The current equation for eGFR that uses
serum cystatin C (eGFRcys) does not include race
and has similar accuracy to eGFRcr. The current
equation that uses both markers (eGFRcr-cys) is
more accurate than either eGFRcr or eGFRcys
but includes race.>’

Inclusion of race in GFR estimating equa-
tions, along with other algorithms in medicine,
is facing increasing scrutiny because race is a
social and not a biologic construct; its inclusion
ignores diversity within and among racial groups
and may contribute to systemic racism in medi-
cine.®3 In response, some institutions omit
Black race in computation of eGFR, thus assign-
ing the value for non-Black persons to Black
persons. However, the accuracy of this approach
as compared with measured GFR has not been
evaluated; it could lead to underestimates of
measured GFR, with effects on clinical decision
making and public health. This is particularly
important given that Black Americans already
bear a disproportionate burden of kidney fail-
ure.> Systematic differences in GFR-based care
could exacerbate health disparities.’**

This study evaluated the accuracy of current
guideline-recommended GFR estimating equa-
tions and compared them with new equations
that do not use race. We also evaluated the effect
of these equations on prevalence estimates for
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CKD and GEFR stages used for clinical decisions
among a representative sample of U.S. adults.

METHODS

STUDY OVERSIGHT

The study was conducted by the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI).
The study was funded by the National Institute
of Diabetes and Digestive and Kidney Diseases,
which had no role in the analysis of data, the
preparation or approval of the manuscript, or
the decision to submit the manuscript for publica-
tion. The authors vouch for the completeness and
accuracy of the data and for the fidelity of the
study to the statistical analysis plan. The institu-
tional review boards at all participating institu-
tions approved each study that was used as a data
source, and the institutional review board at Tufts
Medical Center approved the overall analyses.

EQUATIONS TO ESTIMATE GFR AND ACCURACY
AS COMPARED WITH MEASURED GFR
Data Sources and Laboratory Methods

We pooled data from research studies and clini-
cal populations in which GFR was measured
with the use of urinary or plasma clearance of
exogenous filtration markers (Table S1 and Fig.
S1 in the Supplementary Appendix, available
with the full text of this article at NEJM.org).>’
For development of new equations, we used the
data sets previously used for development of cur-
rent equations (development data sets): CKD-EPI
2009 for eGFRer (10 studies, 8254 participants)
and CKD-EPI 2012 for eGFRcys and eGFRcr-cys
(13 studies, 5352 participants)*® (Table S2). For
external validation, we used a new data set
(CKD-EPI 2021), consisting of the CKD-EPI 2012
external validation data set and new studies (12
studies [7 newl], 4050 participants) (validation
data set), to compare the performance of current
and new equations. All the participants were 18
years of age or older. Race was reported by the
participant in most studies (Table S3) and was
categorized as Black or non-Black (hereafter, race
groups), consistent with current equations and
the purposes of these analyses. Measurement of
creatinine, cystatin C, and GFR followed previ-
ously reported methods.>*2122

Development and Validation of Equations
Our goal was to compare the current CKD-EPI
eGFRcr, eGFRcys, and eGFRer-cys equations with
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equations developed with the use of two new
approaches for GFR estimation that do not in-
volve race.>® As we described previously, the cur-
rent approach to the development of CKD-EPI
equations has been to model eGFR with the use
of least-squares linear regression to relate log-
transformed measured GFR to log-transformed
filtration markers, age, sex, and race with sepa-
rate slopes for higher as compared with lower
levels of creatinine and cystatin C.>° Race is an
explanatory variable in the current eGFRcr and
eGFRcr-cys equations but not in the current
eGFRcys equation.

The first set of new equations uses the same
coefficients for the intercept, age, sex and cre-
atinine level as in the current eGFRcr and eGFR-
cr-cys equations but removes the Black race co-
efficient in computing eGFR, thereby assigning
the eGFRcr and eGFRcr-cys values for non-Black
persons to Black persons. For the second set of
new equations, we fit new models using eGFRcr
and eGFRcr-cys by means of the same regression
function as the current equations but without
inclusion of race as an explanatory variable. In
total, we evaluated seven equations (three cur-
rent and four new equations). Because all equa-
tions were developed by the CKD-EPI research
group, we refer to them only by the filtration
marker or markers (creatinine [eGFRcr], cys-
tatin C [eGFRcys], or creatinine—cystatin C
[eGFRcr-cys]) and the demographic factors (age,
sex, and race [ASR] or age and sex [AS]) that
were used in their development. We use the
term non-Black (NB) to refer to ASR equations
that were fit with a race term but in which the
Black race coefficient was removed for compu-
tation of eGFR. Additional details are provided
in the Methods section in the Supplementary
Appendix.

In the development data sets, we assessed
bias (systematic error) as the difference between
measured GFR and eGFR and assessed model fit
using root-mean-square error.> In the validation
data set, we assessed accuracy overall and with-
in race groups as bias, percentage of estimates
less than 30% different from measured GFR
(P,,, with 1-P,corresponding to large errors
that may be clinically significant), and agree-
ment of eGFR with measured GFR categories
using guideline-recommended GFR stages (<30,
30 to 44, 45 to 59, 60 to 89, and >90 ml per
minute per 1.73 m* of body-surface area).® A P,
value of 80 to 90% is considered to be acceptable
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for GFR evaluation in many circumstances, and
a P, value of 90% or higher is preferred; these
values correspond to approximately 60 to 70%
agreement and more than 70% agreement of
eGFR with measured GFR in GFR categories,
respectively.>®® We also focused on differential
bias (systematic differences) between race groups
because it could lead to systematic differences in
treatment for the same measured GFR level.
Confidence intervals for bias were calculated by
means of bootstrap methods. We assessed ac-
curacy in subgroups according to eGFR (as de-
fined above), age (<40, 40 to 65, and >65 years),
sex, and body-mass index (BMI, the weight in
kilograms divided by the square of the height in
meters: <25, 25 to <30, and >30).

In sensitivity analyses, we weighted the pro-
portion of Black participants in the development
data set from 0 to 100% to evaluate the effect on
accuracy. In the validation data set, we calibrat-
ed measured GFR to account for differences be-
tween measurement methods as compared with
the development data sets,>** and we compared
equations that were developed by other research
groups to estimate GFR in adults.?*?

ESTIMATION OF PREVALENCE OF CKD AND GFR
STAGES IN U.S. ADULTS

We estimated CKD prevalence using data from
4563 participants from the 1999-2000 and
2001-2002 cycles of the National Health and
Nutrition Examination Survey (NHANES) who
were 20 years of age or older and had data avail-
able on serum creatinine or cystatin C levels
(Tables S4 and S5).2 We used recommended
NHANES methods for weighting and variance
estimation.’*** CKD was defined as an eGFR of
less than 60 ml per minute per 1.73 m? with the
use of the equations described above or persistent
albuminuria (urinary albumin-to-creatinine ratio
[with albumin measured in milligrams and cre-
atinine measured in grams] of >30) and the
guideline-recommended GFR stages.** We as-
sessed the number of participants with CKD or
an eGFR lower than key thresholds for clinical
decision making (60, 45, and 30 ml per minute
per 1.73 m?) as compared with the number of par-
ticipants according to the current eGFRcr(ASR)
equation. Prevalence estimates were applied to
the 2019 U.S. Census estimate of 246.6 million
adults 20 years of age or older. Additional details
are provided in the Methods section in the Sup-
plementary Appendix.
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RESULTS opment data set, and 14.3% of the 2021 valida-
tion data set; the mean (=SD) measured GFR in
DEVELOPMENT OF EQUATIONS AND ACCURACY AS each overall data set was 67.6+39.6, 67.9+38.6,

COMPARED WITH MEASURED GFR

. and 76.4+29.6 ml per minute per 1.73 m?, respec-
Participants

tively (Table 1 and Fig. S2). Tables S6 through S9
Black participants made up 31.5% of the 2009 show demographic and clinical characteristics
development data set, 39.7% of the 2012 devel- within each study used as a data source.
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Figure 1 (facing page). Comparison of Measured GFR
and Estimated GFR (eGFR) According to Race Group
across Alternative GFR Estimating Equations.

The equations are referred to by the filtration marker
or markers (creatinine [eGFRcr], cystatin C [eGFRcys],
or creatinine—cystatin C [eGFRcr-cys]) and the demo-
graphic factors (age, sex, and race [ASR] or age and
sex [AS]) that were used in their development. Non-
Black (NB) refers to equations in which the Black race
coefficient was omitted in computation of the eGFR
value. Data from the validation data set are shown.
Data from the development data set are shown in Fig-
ure S4 in the Supplementary Appendix. Bias is defined
as the median difference between measured GFR and
eGFR. A positive sign indicates underestimation of
measured GFR, and a negative sign indicates overesti-
mation of measured GFR. P, is the proportion of
eGFR within 30% of measured GFR. Correct classifica-
tion refers to agreement between measured GFR and
eGFR categories of more than 90, 60 to 89, 45 to 59,
30 to 44, 15 to 29, and less than 15 ml per minute per
1.73 m%.

Description of Current and New Equations

Table 2 shows the variables included in the cur-
rent and new equations. By design, coefficients
are the same for the ASR and ASR-NB equations
except for the presence or absence of the Black
race coefficient. All coefficients for the new AS
equations differed from those for the current
ASR and new ASR-NB equations (Table 2). For
the same age, sex, and creatinine level, eGFRcr
for Black participants was highest for the cur-
rent ASR equation, lowest for the new ASR-NB
equation, and intermediate for the new AS equa-
tion. For non-Black participants, eGFRcr was
equal for the ASR and ASR-NB equations and
higher for the AS equation (Fig. S3 and Table
§10). Differences in eGFR values between race
groups were smaller for new eGFRcr-cys equa-
tions than for new eGFRcr equations.

Bias in Equations Involving Black and Non-Black
Participants in Development Data Sets

In the development data sets, the current
eGFRcr(ASR) and eGFRcr-cys(ASR) equations
were unbiased in both race groups (Fig. S4 and
Table S11). The new ASR-NB equations underes-
timated measured GFR in Black participants.
The new AS equations underestimated measured
GFR in Black participants less than the ASR-NB
equations but overestimated measured GFR in
non-Black participants. Bias was smaller for new
eGFRcr-cys equations than for corresponding

N ENGL J MED

new eGFRcr equations. In sensitivity analyses for
the new AS equations, varying the proportion of
Black participants in the development data sets
changed the magnitude of the bias in each race
group but not the differential bias between race
groups and had less effect on the bias for eGFR-
cr-cys equations than on the bias for eGFRcr
equations (Fig. S5 and Table S12).

Creatinine-Based eGFR in Validation Data Set

In the validation data sets, the current
eGFRcr(ASR) equation overestimated measured
GFR in Black participants by a median of 3.7 ml
per minute per 1.73 m? (95% confidence interval
[CI], 1.8 to 5.4) and minimally overestimated
measured GFR in non-Black participants by a
median of 0.5 ml per minute per 1.73 m? (95%
CI, 0.0 to 0.9); the differential bias was 3.2 ml
per minute per 1.73 m? (95% CI, 1.3 to 5.0)
(Fig. 1, Fig. S6, and Table 3). In a sensitivity
analysis that was calibrated for differences in
GFR measurement methods, the equation was
unbiased in Black participants and underesti-
mated measured GFR in non-Black participants,
without a change in the differential bias (Figs.
S7 and S8 and Table S13). The new eGFRcr(ASR-
NB) equation underestimated measured GFR in
Black participants (7.1 ml per minute per 1.73
m?; 95% CI, 5.9 to 8.8). The new eGFRcr(AS)
equation underestimated measured GFR in Black
participants (3.6 ml per minute per 1.73 m?; 95%
CI, 1.8 to 5.5) and overestimated measured GFR
in non-Black participants (3.9 ml per minute per
1.73 m?; 95% CI, 3.4 to 4.4). The differential bias
was 7.6 ml per minute per 1.73 m? for both new
ASR-NB and AS equations. P, was 85 to 90% for
both race groups for all eGFRcr equations (Ta-
ble 3). Agreement between GFR categories was
59 to 69% and was lower in Black participants
than in non-Black participants for all eGFRcr
equations, especially for the ASR-NB equation
(Table 3 and Table S14).

eGFR Based on Creatinine and Cystatin C in
Validation Data Set

The current eGFRcr-cys(ASR) equation overesti-
mated measured GFR in Black participants (2.5 ml
per minute per 1.73 m?% 95% CI, 1.2 to 3.7) and
minimally overestimated measured GFR in non-
Black participants (0.6 ml per minute per 1.73 m?;
95% CI, 0.2 to 0.9). The differential bias was 1.9 ml
per minute per 1.73 m? (95% CI, 0.6 to 3.2). The
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Table 3. Accuracy of Current and New Approaches for GFR Estimation as Compared with Measured GFR in the Validation Data Set.

Creatinine
eGFRcr(ASR), current
eGFRcr(ASR-NB), new
eGFRcr(AS), new

Cystatin C
eGFRcys(AS), current

Creatinine—cystatin C
eGFRcr-cys(ASR), current
eGFRcr-cys(ASR-NB), new
eGFRcr-cys(AS), new

Creatinine
eGFRcr(ASR), current
eGFRcr(ASR-NB), new
eGFRcr(AS), new

Cystatin C
eGFRcys(AS), current

Creatinine—cystatin C
eGFRcr-cys(ASR), current
eGFRcr-cys(ASR-NB), new
eGFRcr-cys(AS), new

Creatinine
eGFRcr(ASR), current
eGFRcr(ASR-NB), new
eGFRcr(AS), new

Cystatin C
eGFRcys(AS), current

Creatinine—cystatin C
eGFRcr-cys(ASR), current
eGFRcr-cys(ASR-NB), new
eGFRcr-cys(AS), new

Filtration Marker and Equation*

Black Participants Non-Black Participants
Bias: Median Difference between Measured GFR and eGFR (95% Cl)i:

milliliters per minute per 1.73 square meters

3.7 (-5.4t0-1.8)
7.1 (5.910 8.8)
3.6 (1.8t0 5.5)

-0.1 (-1.5t0 1.6)
2.5 (-3.7t0-1.2)

3.4 (1.5t0 4.5)
0.1 (-0.9 to 1.6)

0.5 (-0.9 0 0.0)
-0.5 (-0.9 t0 0.0)
3.9 (-4.4 to -3.4)

0.7 (0.2t0 1.2)
-0.6 (-0.9 to -0.2)

-0.6 (0.9 t0 -0.2)
-2.9 (-3.3t0-2.5)

Agreement within 30% of Measured GFR (P, )§

85.1 (82.2 to 87.9)
86.4 (83.4t0 89.1)
87.2 (84.5 t0 90.0)

84.6 (81.7 to 87.6)
88.6 (85.8 t0 91.2)

90.8 (88.4 to 93.1)
90.5 (88.1t0 92.9)

Percent Agreement between eGFR and Measured GFR Categories|

63.2 (59.3 to 67.1)
59.2 (55.2 to 63.2)
61.8 (57.9 to 65.8)

62.5 (58.6 to 66.5)
67.9 (64.1t0 71.7)

66.5 (62.6 to 70.3)
68.4 (64.6 t0 72.2)

percent

89.5 (88.5 to 90.4)
89.5 (88.5 to 90.4)
86.5 (85.4 to 87.6)

88.9 (87.9 to 89.9)

92.4 (91.5 t0 93.2)
92.4 (91.5 t0 93.2)
90.8 (89.9 to 91.8)

68.5 (67.0 to 70.1)
68.5 (67.0to 70.1)
66.7 (65.1t0 68.2)

66.1 (64.5 to 67.7)
70.8 (69.3 to 72.4)

70.8 (69.3 to 72.4)
70.2 (68.6 to 71.7)

Difference between Black
Participants and Non-Black
Participants (95% Cl)7

3.2 (-5.0t0-1.3)
7.6 (6.1 t0 9.0)
7.6 (5.6 10 9.5)

-0.8 (-2.5 t0 0.8)

-1.9 (-3.2t0 -0.6)
40 (2.6t05.3)
3.0 (1.6 to 4.4)

percentage points

~4.4 (-7.6t0-1.2)
-3.1(-6.2t00)
0.7 (-2.4103.8)

-43 (-7.5t0-1.1)

-3.8 (-6.7 t0 -0.9)
-16 (4210 1)
-0.3 (-3.0t0 2.4)

-5.3 (9.6 to-1)
-9.3 (-13.7 to -4.9)
-4.9 (-9.3 t0 -0.5)

-3.6 (-8.0t0 0.8)
2.9 (-7.1t0 1.3)

4.3 (-8.6 10 0)
1.8 (-6t0 2.4)

* The equations are referred to by the filtration marker or markers (creatinine [eGFRcr], cystatin C [eGFRcys], or creatinine—cystatin C [eGFRcr-
cys]) and the demographic factors (age, sex, and race [ASR] or age and sex [AS]) that were used in their development. Non-Black (NB) refers

to equations in which the Black race coefficient was removed.

7 Difference between race groups was defined as the metric in Black participants minus non-Black participants. A negative sign for difference
in bias indicates underestimation of measured GFR in Black participants relative to non-Black participants. A negative sign for P, or GFR
category agreement indicates less agreement in Black participants as compared with non-Black participants. Differences for agreement
within 30% of measured GFR and for percent agreement between eGFR and measured GFR categories are expressed as percentage points.

I Bias is defined as the median difference between measured GFR and eGFR. A positive sign indicates underestimation of measured GFR,

and a negative sign indicates overestimation of measured GFR.

§ P, is the proportion of eGFR within 30% of measured GFR.
9§ Correct classification refers to agreement between measured GFR and eGFR categories of more than 90, 60 to 89, 45 to 59, 30 to 44, 15 to
29, and less than 15 ml per minute per 1.73 m?.
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new eGFRcr-cys(ASR-NB) and eGFRcr-cys(AS)
equations had smaller bias in Black participants,
similar bias in non-Black participants, and
smaller differential bias than the corresponding
new eGFRcr equations. P, was greater than 90%
for Blacks and non-Blacks, and agreement be-
tween GFR categories was 67 to 71% and more
similar for Black and non-Black participants than
with eGFRer equations. The eGFRcys equation
had minimal bias in both groups but lower P,
and lesser agreement for GFR categories than with
the current and new eGFRcr-cys equations.

Results for bias and P,  were generally consis-
tent across subgroups of eGFR, age, sex, diabe-
tes status, and BMI (Fig. S7). Other eGFRcr or
eGFRcr-cys equations that were developed previ-
ously in mainly White populations showed great-
er bias in Black participants (Table S13).

PREVALENCE OF CKD AND GFR STAGES ACCORDING
TO EQUATION

Figure S10 shows the distribution of eGFR with
the use of different equations. As compared
with the current eGFRcr(ASR) equation, the
estimated prevalence of CKD among Black per-
sons was higher for the new eGFRcr(ASR-NB)
and eGFRcr(AS) equations, but the estimated
prevalence was lower among non-Black persons
for the eGFRcr(AS) equation, mostly owing to
differences in the prevalence of CKD stage G3
(GFR of 30 to 59 ml per minute per 1.73 m?
(Table 4 and Tables S15 and S16). With the use
of the current eGFRcys equation, the estimated
prevalence was similar to that for the current
eGFRcr(ASR) equation among Black persons but
was higher among non-Black persons. As com-
pared with the current eGFRcr(ASR) equation,
the new eGFRcr-cys equations had less effect on
CKD prevalence than the new eGFRcr equations.
For GFR thresholds, the new ASR-NB and AS
equations moved more persons across higher GFR
thresholds than across lower GER thresholds (Ta-
ble 4). Movement across the eGFR threshold of
60 ml per minute per 1.73 m? was generally more
frequent among Black persons than among non-
Black persons and was less frequent with all
eGFRcr-cys equations than with eGFRcr equations.

DISCUSSION

National kidney disease organizations recommend
replacement of current eGFR equations by equa-

N ENGL J MED

tions that do not use race and that are accurate,
inclusive, and standardized in every laboratory
in the United States.®® A change in estimating
equations could affect care of patients and esti-
mates of the public health burden of CKD. In a
large population of adults with or without CKD,
we evaluated the accuracy with respect to mea-
sured GFR of new approaches without race (ASR-
NB and AS) as compared with the currently
recommended approach with race (ASR) and
estimated their effects on the national preva-
lence of CKD and GFR stages. The new eGFRcr
equations may introduce inaccuracies for both
race groups and differences in eGFR between
groups. The magnitude of these inaccuracies was
generally smaller than the 30% margin of error,
which is considered adequate for clinical decision
making in many circumstances. However, the
larger biases that were observed for the new
eGFRcr equations in each race group and dif-
ferential bias between groups led to differences
in estimates of CKD prevalence and GFR stages.
This could lead to systematic differences in care
between race groups, especially at higher GFR.
In contrast, new eGFRcr-cys equations minimized
inaccuracy for both race groups, differences in
eGFR between race groups, and differences in
estimated CKD prevalence. More frequent use of
eGFRcr-cys may improve the accuracy of CKD
diagnosis and GFR staging while eliminating
the use of race in GFR estimating equations.

Uniform implementation by clinical laborato-
ries of new GFR estimating equations without
race will be essential for consistent care.* Our
results show that the new eGFRcr(ASR-NB)
equation, as has been adopted by some institu-
tions, could lead to large errors in GFR estima-
tion in some Black persons — for example, as
Hsu et al. now report in the Journal.>* The new
eGFRcr(AS) equation may be more equitable
than the new eGFRcr(ASR-NB) equation because
it averages observed differences across all per-
sons and may be more appropriate for the in-
creasingly diverse U.S. population. As compared
with the ASR-NB equation, the AS equation de-
creases the bias in Black persons but also intro-
duces a bias in non-Black persons; the magni-
tude of the bias in each group reflects the
proportion of Black participants included in the
development data set, which emphasizes the im-
portance of including diverse populations in these
data sets.®*3¢
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Table 4. Estimated Prevalence of Chronic Kidney Disease and GFR Stages among U.S. Adults.*

Equationy Black Persons Non-Black Persons
No. in Weighted Change from No. in Weighted Change from
Millions Percent eGFRcr(ASR) Millions Percent eGFRcr(ASR) i
percent percent
Chronic kidney diseasef
Creatinine
eGFRcr(ASR), current 4.56+0.36 14.34+1.13 Reference 25.17+2.00 11.72+0.93 Reference
eGFRcr(ASR-NB), new 5.65+0.40 17.77+1.26 3.4+0.42 25.17+1.99 11.72+0.93 0
eGFRcr(AS), new 5.18+0.38 16.32+1.21 2.0+0.30 22.02+2.05 10.25+0.95 -1.5+0.16
Cystatin C
eGFRcys(AS), current 4.52+0.42 14.23+1.32 -0.1+0.45 28.57+2.14 13.30+1.00 1.6+0.57
Creatinine—cystatin C
eGFRcr-cys(ASR), current 4.33+0.37 13.63+1.15 -0.7+0.25 25.55+2.05 11.89+0.95 0.2+0.31
eGFRcr-cys(ASR-NB), new 4.68+0.37 14.72+1.18 0.4+0.28 25.55+2.04 11.89+0.95 0.2+0.31
eGFRcr-cys(AS), new 4.42+0.38 13.92+1.19 -0.4+0.28 23.72+2.09 11.04+0.97 -0.7+0.32
eGFR <60 ml/min/1.73 m?
Creatinine
eGFRcr(ASR), current 2.08+0.18 6.54+0.56 Reference 14.75+0.89 6.86+0.41 Reference
eGFRcr(ASR-NB), new 3.32+0.24 10.43+0.76 3.9+0.46 14.75+0.89 6.86+0.41 0
eGFRcr(AS), new 2.72+0.18 8.55+0.56 2.0+0.26 11.34+0.78 5.28+0.36 -1.6+0.16
Cystatin C
eGFRcys(AS), current 2.17+0.27 6.84+0.84 0.3+0.66 19.04+1.49 8.86+0.69 2.0+0.62
Creatinine—cystatin C
eGFRcr-cys(ASR), current 1.90+0.20 5.97+0.63 -0.6+0.39 15.49+1.02 7.21+0.47 0.3+0.35
eGFRcr-cys(ASR-NB), new 2.30+0.21 7.24+0.65 0.7+0.37 15.49+1.02 7.21+0.47 0.3+0.35
eGFRcr-cys(AS), new 1.99+0.20 6.28+0.63 -0.3+£0.41 13.39+0.98 6.23+0.46 -0.6+0.35
eGFR <45 ml/min/1.73 m?
Creatinine
eGFRcr(ASR), current 0.89+0.14 2.80+0.44 Reference 4.90+0.46 2.28+0.21 Reference
eGFRcr(ASR-NB), new 1.35+0.13 4.23+0.41 1.4+0.27 4.90+0.46 2.28+0.21 0
eGFRcr(AS), new 1.03+0.14 3.23+0.44 0.4+0.12 3.97+0.40 1.85+0.19 -0.4+0.07
Cystatin C
eGFRcys(AS), current 1.05+0.13 3.32+0.41 0.5+0.23 8.09+0.75 3.76+0.35 1.5+0.24
Creatinine—cystatin C
eGFRcr-cys (ASR), current 0.91+0.12 2.85+0.37 0.1+0.18 5.61+0.50 2.61+0.23 0.3+0.09
eGFRcr-cys(ASR-NB), new 1.12+0.14 3.51+0.43 0.7+0.15 5.61+0.50 2.61+0.23 0.3+0.09
eGFRcr-cys(AS), new 0.99+0.12 3.12+0.36 0.3+0.21 5.01+0.48 2.33+0.22 0.1+0.10
eGFR <30 ml/min/1.73 m?
Creatinine
eGFRcr(ASR), current 0.45+0.08 1.40+0.25 Reference 1.10+0.22 0.51+0.10 Reference
eGFRcr(ASR-NB), new 0.57+0.09 1.79+0.29 0.4+0.12 1.10+0.22 0.51+0.10 0
eGFRcr(AS), new 0.49+0.09 1.54+0.27 0.1+0.07 0.81+0.16 0.38+0.08 -0.1+0.04
10 N ENGLJ MED NEJM.ORG
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Table 4. (Continued)

Equationy Black Persons Non-Black Persons
No. in Weighted Change from No. in Weighted
Millions Percent eGFRcr(ASR) i Millions Percent
percent
Cystatin C
eGFRcys(AS), current 0.57+0.09 1.81+0.29 0.4+0.14 2.56+0.40 1.19+0.19
Creatinine—cystatin C
eGFRcr-cys(ASR), current 0.55+0.09 1.72+0.27 0.3+0.12 1.85+0.35 0.86+0.16
eGFRcr-cys(ASR-NB), new 0.57+0.09 1.80+0.28 0.4+0.13 1.85+0.35 0.86+0.16
eGFRcr-cys(AS), new 0.55+0.09 1.72+0.27 0.3+0.12 1.71+0.29 0.80+0.13

Change from

eGFRcr(ASR)

percent

0.7+0.11

0.4+0.08

0.4+0.08
0.3+0.07

* Plus—minus values are means +SE.

7 The equations are referred to by the filtration marker or markers (creatinine [eGFRcr], eGFRcys [cystatin C], or creatinine—cystatin C [eGFRcr-
cys]) and the demographic factors (age, sex, and race [ASR] or age and sex [AS]) that were used in their development. Non-Black (NB) refers
to equations in which the Black race coefficient was removed.

i Change was calculated as the difference in weighted percent from eGFRcr(ASR).

§ Chronic kidney disease was defined as a GFR of less than 60 ml per minute per 1.73 m? or persistent albuminuria (urinary albumin-to-creati-
nine ratio [with albumin measured in milligrams and creatinine measured in grams] of >30).

As compared with the current eGFRcr(ASR)
equation, the new AS equation would have less
effect than the new ASR-NB equation on the
prevalence of CKD and GFR stages among Black
persons but a greater effect among non-Black per-
sons™!*? Assigning a lower eGFR to Black persons
would increase the estimated prevalence of CKD
among Black persons and could enable earlier
diagnosis and treatment. However, it could also
lead to potential overdiagnosis of CKD and
missed opportunities for therapies that are con-
traindicated at a low GFR.®'"% Assigning a
higher eGFR to non-Black persons would de-
crease the estimated prevalence of CKD and
could lead to underdiagnosis of CKD and inap-
propriate exposure to interventions contraindi-
cated at a lower GFR.

Increased use of estimating equations that
incorporate cystatin C could mitigate limitations
of the new eGFRcr(ASR-NB) and eGFRcr(AS)
equations. The current eGFRcys(AS) equation is
nearly unbiased in both race groups, but agree-
ment with measured GFR is not as high as with
new eGFRcr-cys equations, and the prevalence of
CKD may be overestimated in non-Black per-
sons. The new eGFRcr-cys equations had smaller
differences in bias between race groups than the
corresponding eGFRcr equations, with less ef-
fect on prevalence estimates for CKD and GFR
stages than the corresponding eGFRcr equations.

N ENGL J MED

Enhanced systems for rapid, cost-effective mea-
surement of cystatin C levels could facilitate its
increased use.

The strengths of our study are its design,
with separate large data sets that include both
Black participants and non-Black participants
for development and validation of new equations
that eliminate race from GFR estimation. The
limitations are that categorization of race into
two groups does not adequately represent the
diversity within and among racial groups, some
of the included studies that were used in the
development of the equations are old, and none
were in representative populations. We had a
smaller number of Black participants than non-
Black participants in the validation set, so the
estimates of accuracy may be less precise in
Black persons, and we had an insufficient repre-
sentation of racial and ethnic groups other than
Black and White.*” We did not use the same data
sets in the development of different eGFR equa-
tions, which could explain some of the differ-
ence in bias between those equations. The stud-
ies involved only ambulatory adult populations
without serious coexisting conditions; thus, our
results may not apply to patients in acute care
settings.

We present new eGFRcr equations without
race that would be considered sufficiently accu-
rate for clinical practice in many circumstances
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but may lead to systematic differences in accuracy
of eGFRcr between race groups, with implica-
tions for individual patients and public health.
New eGFRcr-cys equations without race more
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accurately estimated measured GFR than equa-
tions with either the creatinine or cystatin C
level alone and led to smaller differences from
measured GFR between race groups. These data
may inform ongoing discussions on eGFR equa-
tions for use in clinical practice, research, and
public health.®
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