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Abstract

Purpose of Review—Bedside estimates of renal function are essential for clinical practice in 

the modern era and have largely relied on serum creatinine concentrations despite the known 

drawbacks associated with this choice of biomarker, including the fact that creatinine clearance 

overestimates the glomerular filtration rate.

Recent Findings—Initial estimates relied primarily on equations that incorporated factors 

known to influence creatinine concentrations such as age, gender and anthropometric measures. 

More recent estimates of glomerular filtration rate have replaced the anthropometric measures 

with the social construct of race, suggesting that glomerular filtration rates for black individuals 

are higher at the same concentration of creatinine. This approach has led to large variations in the 

estimated differences in glomerular filtration rate between black and non-black individuals in the 

United States that have not been reproducible, resulting in a plethora of population specific 

formulae across the country.

Summary—The introduction of race in estimated glomerular filtration rate (eGFR) equations 

may have potential unintended negative consequences for the very population with the greatest 

burden of kidney disease. These potential disadvantages underscore the need to perhaps return to 

the replacement of race with more objective anthropometric measures without the loss of 

precision.
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Introduction

The estimation of the glomerular filtration rate (eGFR) quickly at the bedside has been a 

fundamental need for clinicians for both the identification of renal disease and the 

appropriate dosing of medications that are excreted by the kidneys. Recent eGFR equations 

developed in North American cohorts have utilized black race as a modifying variable. Here 

we review the historical basis and potential pitfalls of this practice.

Development of Creatinine Clearance Estimation Equations

Early suggestions of the use of endogenous creatinine clearance measurements as being 

superior to urea date back to 1950’s, with Effersoe demonstrating the utility of the 

relationship of a measured 24-hour creatinine clearance and serum creatinine concentration.1 

The utility of a simple bedside creatinine clearance estimate as a measure of renal function 

in the absence of a urine collection was suggested by Jelliffe as far back as 1971.2 Jelliffe’s 

contribution was the development, using hypothetical data, of simplified equations which 

used reciprocal of the serum creatinine, where creatinine clearance in ml/min was estimated 

as [(100/SCr) −12] for men and [(80/Cr) – 7] for women.2 In some ways, his formulae 

continue to be used in the simplified approach of the reciprocal of creatinine, i.e. 100/

creatinine. Although the proposed formulae from Jelliffe underscored the differences 

between men and women, it failed to account for other factors that would influence 

endogenous production of creatinine including age and weight. Siesbaek-Nielsen et al, in 

their response to Jelliffe, included a proposed normogram that accounted for age and gender.
3 Cockcroft and Gault also noted their concern with the absence of age and associated 

declining excretion of creatinine in the estimation in a letter in 1975 that predated their 

seminal paper in 1976.4, 5

The original analysis from Cockcroft and Gault was limited to a study of 249 white male 

patients that were derived from a cohort of 534 patients with 2 creatinine clearance 

measurements at the Queen Mary Veterans Hospital – and notably excluded anyone with a 

creatinine excretion rate of < 10mg/Kg.5 They noted that a 24 hour creatinine excretion 

could be estimated at [28 –(0.2*age)]*wt (in Kg) which could then be transformed to 

estimate the creatinine clearance in mL/min to the Cockcroft-Gault equation that we all now 

know.5 However, their analysis also made 2 important observations: 1)changes in muscle 

mass influenced the estimate; and 2) it was not unreasonable to assume that women may 

have lower creatinine concentrations, but acknowledged their inability to study this directly 

given their study cohort.5 Effersoe’s cohort of patients in Copenhagen included both men 

and women, and the observed differences in creatinine concentrations for the same clearance 

per 1.73m2 body surface area had already been attributed to differences in muscle mass.1 As 

a result, in a rather crude approximation, Cockcroft and Gault suggested a 15% reduction for 

women as a midpoint of prior recommendations of 10–20% from prior studies – and hence 

the 0.85 multiplier in the Cockcroft-Gault equation for women.5 It should also be noted that 

the mean difference between the measured and estimated creatinine clearance was 20.9 

mL/min and that 95% of estimates were within 35% of the measured value – a degree of 

precision that has not really been improved on much in the intervening half century with the 

newer equations. The authors also acknowledged the need for special considerations for 
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patients with low muscle mass and liver disease as well as the impact of diet, but notably 

made no mention of race - perhaps a reflection of the era and their patient population. 

Despite the many limitations of the original study as described in detail by others, this 

became the most widely used estimate of renal function and continues to be used in clinical 

practice even today.5, 6

Glomerular Filtration Rate Estimation Equations: The Introduction of Black 

Race as a Modifying Variable

While multiple other efforts have been made to improve on the bedside estimate of renal 

function, the most notable next step in the wide adoption of estimates came with the 

introduction of the Modification of Diet in Renal Disease (MDRD) formula in 1999, which 

leveraged the precise measurements of GFR performed as part of the MDRD study.7 Levey 

et al used a stepwise regression approach using data from 1628 individuals to develop an 

equation to estimate GFR rather than the creatinine clearance, which overestimates GFR.7 In 

this cohort that was 80% white, black men and women, who made up only 12% of the 

cohort, had significantly higher creatinine excretion rates than their white counterparts. (Of 

note, the study cohort included 87 Hispanics, 17 Asian Americans and 23 others, all of 

whom are referred to as “white” in the text).7, 8 Superficially, this finding was consistent 

with a report in the preceding year from NHANES that also suggested that non-Hispanic 

black individuals had higher serum creatinine concentrations, but given the absence of any 

objective data on the glomerular filtration rate and known differences in the prevalence of 

CKD, the value of this finding was at best unclear and potentially meaningless.9 The higher 

serum creatinine concentrations at the same GFR for the black patients in the MDRD cohort 

meant that, in addition to age and sex, black race was also an independent predictor of the 

GFR. It should be noted, however, the 95% confidence intervals for the difference between 

the measured and the estimated GFR using the MDRD formula ranged from approximately 

−20 to +30mL/min for at a measured GFR of 60mL/min – a margin of error not unlike that 

seen with the Cockcroft Gault estimate of creatinine clearance.10

Around the time of the development of the MDRD equation were efforts from the African 

American Study of Kidney Disease (AASK). In the AASK pilot study, the creatinine index 

(i.e. the creatinine excretion rate in mg/Kg/day) demonstrated a wide range of 8.6 – 46 for 

men and 3.3 – 30.8 for women across all ages – approximating the original creatinine 

excretion rates reported by Cockcroft and Gault in a white cohort.11 Subsequent to the 

release of the MDRD equation, an eGFR formula was developed specifically for African 

Americans using the full AASK cohort. While having different coefficients, it performed 

similarly to the MDRD formula and may have contributed to the notion that we would need 

specific formulae tailored to specific populations.8 Also notable was that the Cockcroft 

Gault equation for creatinine clearance underestimated the GFR in the AASK cohort of 

patients.8

Black patients have a multiplicative factor of 1.18 in the MDRD formula resulting in 18% 

increased eGFR at a given creatinine than non-black patients. The simpler 4 variable MDRD 

formula was subsequently developed and reported which included 21.2% increase in eGFR 
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for blacks.12 A decade after the introduction of the MDRD came the development of the 

CKD-EPI equation from a pooled cohort of 8254 participants.10 In addition to resulting in 

an equation with better (though suboptimal) precision and lower bias, the development 

cohort had a sizable (32%) proportion of blacks, and resulted in a smaller increase (15.9%) 

in the eGFR for blacks compared to non-blacks.10 Further refinements in the estimating 

questions led to the inclusion of cystatin C, a biomarker whose concentration is independent 

of diet and muscle mass.13 Notably, equations that excluded race and used only cystatin C 

did not provide a more or less accurate measure of renal function and equations that used 

both creatinine and cystatin C suggested only an 8% higher eGFR for blacks compared to 

non-blacks with the same serum creatinine concentration.13 The variations in the relative 

adjustment provided for blacks in these related formulae is perhaps an early sign that race, 

which is a social rather than a biological construct, may not belong in our estimation 

equations. We should also note that the mere introduction of another marker of renal 

function that is not based on muscle mass may not provide necessary clarity, as evidenced by 

the dramatic discordance that has been reported between Cystatin C-based and creatinine-

based estimates of GFR in certain populations.14, 15

While these eGFR equations would appear to represent a forward march in the ability to 

determine the renal function at the bedside without a urine collection with reasonable 

accuracy, the relatively recent introduction of race/ethnicity in the equations developed in 

North America has resulted in researchers in other parts of the world feeling the need to do 

the same for their patients. As a result, there are now separate equations for individuals of 

Chinese, Japanese, and South Asian descent.16–20 Studies from the African continent 

including locations as disparate as Ghana and South Africa suggest that GFR estimates are 

in fact more accurate without the race/ethnicity adjustment used for blacks derived using 

cohorts in the United States, although this has not been a consistent finding.21–24 Moreover, 

these equations do not appear to be adequate for individuals with non-African ancestry 

living in these countries.25 This is similarly true for African Europeans, where the CKD-EPI 

formula resulted in an overestimation of renal function when using the adjustment for 

blacks. 26

Race-based eGFR Reporting: Perils and Pitfalls

The MDRD formula remains the most widely reported GFR estimate in the United States – a 

function of the important, widespread and successful efforts spearheaded by the National 

Kidney Disease Education Program (NKDEP) to improve the recognition of kidney disease 

and facilitate an understanding that the same creatinine concentration in different individuals 

can imply very different levels of kidney function. As a result, by 2017, 86% of laboratories 

were reporting an eGFR with every creatinine 27 but in 2013 only 54% were using IDMS-

traceable creatinine calibration – with a surprising 34% of labs using the inappropriate 

formula.28 Despite the limited data to which laboratories have access, or perhaps because of 

it, the NKDEP recommends eGFR reporting accompany every creatinine measurement. As a 

result, laboratories report the eGFR without evidence of whether it is appropriate to do so, 

i.e, is there a steady state creatinine or not or if there is a clinical circumstance that makes 

the eGFR less reliable. Laboratories do not have access to the patients self-reported race 

either, which forces them to report the eGFR for both black and non-black patients together 
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and allowing clinicians to make the determination of which result is appropriate. This 

approach has led to the introduction of the social construct of race in a laboratory report 

while simultaneously doing away with more objective anthropometric measures that are 

easier for patients and providers in the estimating equations. This choice is particularly 

perplexing for patients who are often surprised if not confused by the sharp dichotomization 

of race. There is also the conundrum faced by individuals who are left out of this binary 

categorization when they encounter their laboratory test results.

The potential negative implications of reporting higher eGFR for all black patients in a 

vacuum of additional information needed to inform the estimate is immediately obvious in 

certain situations. Clinicians are also confronted with the challenge of attempting to 

understand how to interpret the estimates for individuals who are black but perhaps not 

African Americans given data from other parts of the world. While one could argue that at 

the individual patient level what matters most over time is the progression of disease and 

that the slope of decline in renal function would be the same regardless of which category 

one picked, that is not particularly reassuring to patients, especially when clinical decisions 

are often based on eGFR thresholds. Important clinical decisions including medication 

dosing, screening for metabolic complications of CKD, timing of vascular access placement, 

pre-emptive listing for and access to transplantation, acceptance as potential living donors or 

even initiation of renal replacement therapy are predicated on achieving eGFR thresholds.29 

Higher GFR estimates may result in a delay in these events occurring. For example, the 

increased prevalence of metabolic complications at higher eGFR among blacks may in fact 

be the result of inappropriate GFR inflation.30 In addition, the resulting higher eGFR may 

potentially underestimate the true prevalence of chronic kidney disease among black 

individuals in the United States and to a greater extent, in other parts of the world, resulting 

in inadequate attention and resources provided to address this public health challenge.31–33 

Given the evidence that racial differences in creatinine production are related to objective 

anthropometric measures such as height, weight and lean body mass this particular choice to 

invoke race in reports of kidney function seem odd.23

Variations in dietary composition are often cultural but also influenced by socioeconomic 

status which make these likely confounders of direct comparisons of serum creatinine 

concentrations across racial groups. Families with low socioeconomic status In the United 

States tend to consume diets poor in fruits and vegetables but rich in prepared foods that 

include large amounts of phosphorus and animal protein.34 In contrast, access to animal 

protein is considerably diminished for those living in poverty in the rest of the developing 

world and the resultant lower serum creatinine concentrations likely contributes to the 

differences in eGFR formula performance, even among cohorts that might share ancestry, 

especially when direct anthropometric measures are replaced with surrogates such as race.

It is important to remember that the United States is among a small minority of countries 

that collects racial classification data in the census which may reflect why innate racial 

differences are invoked more often even in the presence of evidence to the contrary in 

medicine.35 The inclusion of race, in estimation formulae raises complex questions around 

identity (cultural and/or biological) and ancestry. Thresholds and criteria that are developed 

using these measures can be difficult to eliminate once entrenched.36, 37 With the recent 
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discovery of the APOL1 genetic variants and their strong association with sub-Saharan 

African ancestry, difficult questions about identifying individuals at risk are being asked in 

nephrology as the limits of self-identification of race are becoming increasingly evident.38 In 

the case of a genetic variant like APOL1, it’s clear that the primary determinant of the 

likelihood of having 2 risk variants (but not risk of overt disease) is one of biological 

ancestry, as difficult as that might be to ascertain.

Thus the value of “self-reported race” is being called into question in circumstances where 

what is actually being sought is an individual genetic ancestry rather than how one might 

identify culturally. However, those limitations also likely apply in a situation such as 

estimation of GFR where race is a surrogate for body composition, dietary choices, cultural 

preferences, socioeconomic status and perhaps genetics - all intertwined in a manner that 

teasing them apart is likely impossible. The use of the social construct of race is even more 

problematic when one considers that the race recorded in the medical record is often not that 

reported by the patient but rather inferred, often erroneously, by the medical staff or the 

provider using visual cues.39, 40

Conclusion

Given the value of having a bedside tool to estimate renal function, abandoning estimation 

formulae is both unrealistic and undesirable. Instead, a return to formulae that reflect known 

biological factors that impact creatinine production rather than regression formulae that 

include social constructs that may be poor surrogate measures of factors that directly 

influence creatinine production such as diet and body composition appears to be the way 

forward.41 In fact, analyses have already demonstrated the ability of existing equations to 

perform reasonably well without accounting for race.42 Estimating equations that include 

urea nitrogen or even phosphorus as a marker of dietary protein intake (and thus indirectly 

creatinine) as well as anthropometric measurements (height and weight being the simplest 

and most widely available), with the removal of race will probably result in similar precision 

and bias as existing formulae. Given the ubiquity of creatinine assays and the growing 

standardization globally, our patients deserve estimates of renal function that are easily 

accessible, accurate, reproducible that rely on our understanding of the underlying biology 

while also being free of potentially harmful social constructs.
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Key Points

1. The accurate estimation of renal function is a necessary cornerstone of 

clinical medicine in the modern era.

2. Race is a social construct and likely a poor surrogate for known factors that 

influence the production of creatinine

3. Similarly precise estimates of glomerular filtration rate are possible with the 

elimination of race and reintroduction of simple objective anthropometric 

measures
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