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Assessment of a patient’s kidney function is central to
proper patient care in many settings (1). One of the
most commonly measured analytes in routine blood
testing is serum (or plasma) creatinine, which is available
in almost all clinical laboratories. The analytical accu-
racy of serum creatinine measurement has been a great
success story of clinical laboratory test standardization
(2, 3). Glomerular filtration rate (GFR) is considered
the best overall diagnostic for assessing kidney function.
However, directly measuring GFR (mGFR) with exoge-
nous glomerular filtration agents (e.g., inulin, iohexol,
iothalamate) is complex and beyond the capabilities of
most hospitals and clinics. Therefore, equations were
developed using creatinine and other blood biomarkers
that have differing non-GFR determinants producing a
mathematical estimated GFR (eGFR). At present, the
most widely accepted equation for this purpose was de-
veloped by the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) that uses serum creatinine
concentration for GFR estimation (i.e., eGFRcreatinine).
Two additional CKD-EPI equations are also available:
one incorporating both serum creatinine and cystatin
C (eGFRcreatinineþcystatin) and one with only cystatin C
(eGFRcystatin) (4). Briefly, the CKD-EPI group used
rather complex least-squares linear regression statistical
methodology to develop the equations using 5353
patients to relate mGFR to serum creatinine and cysta-
tin C concentrations. They found when including
several demographic factors the accuracy of eGFR im-
proved. They subsequently validated these 3 equations
in 1117 additional patients. For 2 of the CKD-EPI
eGFR equations, beyond age and sex, self-identified race
was found to be an important variable to include for
accurate eGFR results. These CKD-EPI equations are
presently recommended nationally [e.g., the United
States National Institute of Health’s National Institute
of Diabetes and Digestive and Kidney Diseases

(NIH-NIDDK), National Kidney Foundation-Kidney
Disease Outcomes Quality Initiative (NKF-KDOQI)]
and internationally by numerous kidney organizations
[e.g., Kidney Disease: Improving Global Outcomes
(KDIGO)] (5, 6). Nevertheless, one must keep in mind
that these eGFR equations generate only estimates of
GFR, with at best 80 to 90% of the computed eGFR
values within 630% of a patient’s mGFR.

A major issue with the CKD-EPI creatinine-based
eGFR equations under recent increased scrutiny is
inclusion of the race-related factor (i.e., non-Black
vs Black) (7). Unlike more well-defined demographic
factors of age and (in most cases) sex, race is primarily a
social or psychological construct that can be unknown
by many individuals. Individuals in the United States
who self-identify as Black or African-American have
genome-wide markers consistent with 73.2% African
ancestry on average; however, there is regional variation
in African ancestry ranging from <70% to >90% (8).
Furthermore, creatinine-based CKD-EPI eGFR equa-
tions are simply not available for large segments of
North American populations (e.g., Asian, Hispanics,
Native Americans, and mixed-race patients). In addi-
tion, the CKD-EPI team used only Blacks from North
America in development of the equations rather than
Blacks from outside of North America. Although skele-
tal muscle mass and normal endogenous conversion of
muscle creatine into creatinine is perceived to be the
main factor influencing circulating serum creatinine
concentrations, other non-GFR determinants may be
important, such renal tubular or extra-renal handling of
creatinine and perhaps even diet (9).

We anticipate many questions will be posed to clin-
ical laboratories and their directors surrounding the use
of the race-related factors in eGFR equations. While
most laboratories have little direct information on a
patient’s racial background, we believe how the clinical
laboratories respond to clinician and patient inquiries re-
garding the inclusion of the race-related factor in eGFR
calculations could have a substantial impact on whether
to use or to abandon the race-related factor as Eneanya
and colleagues have suggested (7). Thus, we believe lab-
oratory directors need to understand the background
for incorporating and implications of dropping the race-
related factor in eGFR equations. Laboratory directors
must also be cognizant that racism has existed in
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medicine with documented reports dating back to the
1800s and continues into the present day (10).

While we agree with Eneanya and colleagues that
the use of a race-related factor in eGFR computations is
problematic in many cases, we believe all potential
implications of eliminating a race-related factor from
eGFR computation need to be carefully assessed before
simply abandoning its use. The Black race-related factor
increases eGFR for any given serum creatinine by
15.9% compared to a non-Black with the same age, sex,
and serum creatinine. It is because of this increase in
eGFR, Eneanya and colleagues suggest that use of the
race-related factor is inappropriate since it may place
Blacks at a disadvantage for early treatment of advanced
chronic kidney disease and for kidney transplantation.
However, using a non-Black equation for Black patients
means use of an equation that was not derived from
Black patients’ mGFR data, presenting a potential ethi-
cal dilemma for providers. A recent report from Levey
and colleagues illustrates differences in the CKD-EPI
eGFRcreatinine equation with or without use of the race-
related factor and its performance with respect to
mGFR (1). That report clearly shows the eGFRcreatinine

is more accurate and better correlated with mGFR when
the race-related factor remains in the equation.
Eliminating use of the race-related factor clearly would
introduce a systematic bias in a Black patient’s eGFR
relative to their mGFR, such that Black patients would
have a lower eGFR relative to their mGFR. Many
laboratories, including ours, report an eGFRcreatinine,
calculated for both Black and non-Black patients with
each serum creatinine result as recommended by the
NIDDK; this allows the clinician and patient to discuss
benefits and drawbacks of using each estimating
equation (5). Levey and colleagues point out several
potential adverse clinical consequences of ignoring the
race-related factor (see Fig. 1) (1). Examples of specific
negative consequences of using the non-Black eGFR
equation for Blacks include rejection of potentially eligi-
ble kidney donors, false indications of lower than actual
GFR resulting in lower and less effective doses of
chemotherapeutics, avoidance of potentially effective di-
abetic medication and exclusion from clinical trials.
Thus, we believe that great care needs to be taken with
input from all stakeholders, before deciding simply to
eliminate the race-related factor in the eGFRcreatinine

equation as several medical centers appear to be doing.
We believe this is not simply a racial equality issue,
but an issue regarding what is the most scientifically
accurate estimate of a GFR to benefit the patient.
Clearly, ambiguities of whether or not to include the
race-related factor in the eGFR computation when
racial background is unknown are very problematic.
Levey and colleagues also recommend alternative

confirmatory methods such as cystatin C-based eGFR
and mGFR in ambiguous cases (1).

We believe this issue warrants very careful and
thoughtful scrutiny for all the potential consequences
before eliminating a race-related term in computing
eGFR. For this very reason, the National Kidney
Foundation and the American Society of Nephrology,
which are the largest group of kidney disease health care
providers and patients, have formed a joint task force to
reassess the positive vs negative impacts of race-related
factors in all eGFR equations for diagnosing kidney dis-
eases (11). The task force hopes to issue initial recom-
mendations in the fall of 2020. While the best solution
is presently unclear for this challenging issue, we believe
that sound scientifically based recommendations will be
forthcoming.

With all these issues surrounding creatinine-based
eGFR equations and race, it is important to recognize
that alternative approaches already exist in assessing
GFR. The cystatin C-based CKD-EPI equation
(eGFRcystatin) has no racial factor (4). Besides being far
more costly to measure, the accurate measurement of
cystatin C concentration has been problematic (12).
However, more recent College of American Pathologists
Survey data suggest laboratories’ analytical accuracy is
improving (13). Another option is to measure GFR di-
rectly with an exogenous filtration agent (14, 15). While
directly measuring GFR requires careful attention to
detail and is likely not available to providers at many
institutions (16), should an accurate assessment of kid-
ney function be required for a very important clinical
decision, obtaining a mGFR may be the best course of
action. Creatinine clearance has been proposed as an
alternative to creatinine-based eGFR. However, with
modern serum creatinine measurement procedures, cre-
atinine clearance systematically overestimates mGFR by
10 to 20% in the normal through moderately impaired
renal dysfunction ranges, and becomes >50% higher
than mGFR as a patient approaches end stage renal dis-
ease (17). Unfortunately, we believe that the magnitude
of bias in creatinine clearance is not appreciated by
many practicing clinicians.

In summary, use of serum creatinine-based eGFR
equations has numerous advantages. Serum creatinine
measurement is one of the best standardized, most
widely available, and lowest cost laboratory tests. On the
other hand, we completely agree that incorporation of a
race-related factor in creatinine-based eGFR computa-
tions can be very problematic in many cases. We think
that creatinine-based eGFR results should be reported
with calculations for both Black and non-Black patients.
This additional information will enable clinicians
and patients to have an open discussion surrounding
implications of race on eGFR. It should be noted that
the KDIGO task force recommends the CKD-EPI
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eGFRcystatin equation when eGFRcreatinine is ambiguous
or borderline (6). Although relatively few clinical labora-
tories, at least in the US, offer cystatin C measurements,
essentially all larger clinical reference laboratories now
offer this test. Recommendations should be forthcoming
quite soon from the task force that has been formed by
the National Kidney Foundation and the American
Society of Nephrology regarding the use of race in the di-
agnosis of chronic kidney disease. This task force’s
recommendation should provide further guidance for lab-
oratory directors, clinicians, and other healthcare

professionals around the use of race-related factors in
eGFR computations. In the meantime, we believe it is not
appropriate simply to eliminate the race-related factor in
creatinine-based eGFR equations, as there may be unin-
tended negative consequences for proper patient care.

Nonstandard Abbreviations GFR, glomerular filtration rate; mGFR,
measured glomerular filtration rate; eGFR, estimated glomerular fil-
tration rate; CKD-EPI, Chronic Kidney Disease Epidemiology
Collaboration; eGFRcreatinine, glomerular filtration rate estimating
equation using only serum creatinine; eGFRcreatinineþcystatin,

Fig. 1. Clinical decisions can be affected by accuracy of GFR assessment among Black people. Data from 2601 Black participants
from the Chronic Kidney Disease Epidemiology Collaboration development and internal validation sample were used in this
plot (4). We computed eGFR from serum creatinine (eGFRcr) values with (blue) and without (red) the application of the Black
(AA) coefficient and removed values below and above the 2.5 and 97.5 percentiles of these distributions, leaving 2463 partici-
pants for the analysis. The model plotted represents generalized additive models for eGFRcr (mL per minute per 1.73 m2) on
the difference between eGFRcr and measured GFR (mGFR) (mL per minute per 1.73 m2). We truncated the horizontal axis to
eGFRcr values from 15 to 105 mL/min per 1.73 m2, excluding 190 participants from the plot. The colored areas along the line
represent 95% confidence intervals of the estimate. Upper boxes represent hypothetical situations of eGFRcr values for the
same mGFR, with numbers in blue representing the eGFRcr with the Black coefficient and the numbers in red representing the
eGFRcr without the Black coefficient. AA, Black; BSP, bisphosphonate; SGLT2, sodium-glucose transport protein 2. Reproduced
with permission from Levey et al. (1).

Racial Demographics in GFR Estimating Equations Opinion

Clinical Chemistry 66:12 (2020) 1487



glomerular filtration rate estimating equation using both serum creati-
nine and serum cystatin C; eGFRcystatin, glomerular filtration rate esti-
mating equation using only cystatin C; NIH-NIDDK, United States
National Institute of Health’s National Institute of Diabetes and
Digestive and Kidney Diseases; NKF-KDOQI, National Kidney
Foundation-Kidney Disease Outcomes Quality Initiative; AA, Black;
SGLT2, sodium-glucose transport protein 2
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