
UC Irvine
UC Irvine Previously Published Works

Title
Traditions and innovations in assessment of glomerular filtration rate using creatinine to 
cystatin C

Permalink
https://escholarship.org/uc/item/3d76h94v

Journal
Current Opinion in Nephrology & Hypertension, 32(1)

ISSN
1062-4821

Authors
Tio, Maria Clarissa
Shafi, Tariq
Zhu, Xiaoqian
et al.

Publication Date
2023

DOI
10.1097/mnh.0000000000000854
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/3d76h94v
https://escholarship.org/uc/item/3d76h94v#author
https://escholarship.org
http://www.cdlib.org/


Traditions and innovations in assessment of glomerular filtration 
rate using creatinine to cystatin C

Maria Clarissa Tio, MD, MPHa, Tariq Shafia,b, Xiaoqian Zhuc, Kamyar Kalantar-Zadehd, 
Alexandre Chane, Lee Nguyen, PharmD, APh, BCPS, BCIDPe

aDepartment of Medicine, Division of Nephrology, University of Mississippi Medical Center, 
Jackson, Mississippi,

bDepartment of Medicine, Division of Nephrology, Houston Methodist, Houston, Texas,

cThe Memory Impairment and Neurodegenerative Dementia (MIND) Center, University of 
Mississippi Medical Center, Jackson, Mississippi,

dDepartment of Medicine, Division of Nephrology, Hypertension, and Kidney Transplantation, 
University of California Irvine, Orange

eDepartment of Clinical Pharmacy Practice, School of Pharmacy and Pharmaceutical Sciences, 
College of Health Sciences, University of California Irvine, Irvine, California, USA

Abstract

Purpose of Review—Glomerular filtration rate (GFR) is the best index for kidney function 

and estimated GFR (eGFR) calculated from endogenous filtration markers like serum creatinine 

and cystatin C is widely used in clinical practice for chronic kidney disease diagnosis and 

prognostication. We sought to review the evolution of GFR estimating equations, nuances of eGFR 

interpretation, and utility of eGFR in drug dosing.

Recent Findings—The Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) serum 

creatinine eGFR equation was recently updated to exclude the race variable and the CKD-EPI 

creatinine–cystatin C equation demonstrated the highest reliability. Although calculated creatinine 

clearance by Cockcroft Gault has been traditionally used for drug dosing, the use of eGFR is 

slowly being adapted by the Food and Drug Administration for pharmacokinetic studies. However, 

the individual-level accuracy of eGFR using the CKD-EPI 2021 equations remained low, with the 

distribution of measured GFR at a given eGFR value spanning several CKD stages.

Summary—Although current methods of estimating GFR have improved in population measures 

of reliability, all have significant individual-level inaccuracies that can be an issue when clinical 

decision-making is contingent on the actual level of GFR. Modern methods of GFR measurements 

should be made widely available to enhance individualized patient decision-making.
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INTRODUCTION

The assessment of kidney function carries significant diagnostic, prognostic, and treatment 

implications relevant to clinical medicine, research, and epidemiology. The glomerular 

filtration rate (GFR) – the rate of plasma ultrafiltrate formation across all glomerular 

capillaries – is a metric for global kidney function [1]. Although measuring the timed 

clearance of an exogenous substance (i.e., inulin, iothalamate) is the gold standard for 

assessing GFR, this is not routinely performed in clinical practice. Instead, clinical 

decision-making now almost exclusively relies on estimated GFR (eGFR), calculated from 

endogenous filtration markers such as serum creatinine and serum cystatin C, which can be 

measured in routine blood tests [2–4,5■■].

The use of eGFR offers clinicians a simple but imperfect method for diagnosing and staging 

chronic kidney disease (CKD) [6]. Serum creatinine and cystatin C can be conveniently 

monitored through time to track disease progression. GFR is also used to determine the 

safety of renally active or renally cleared medications such as sodium-glucose co-transporter 

2 inhibitors, metformin, antibiotics, and certain chemotherapeutic agents [7■,8]. Many 

individual patient-level decision making also relies on GFR cut-offs, from drug eligibility to 

dialysis preparation and transplant referrals. In clinical practice, eGFR is now routinely used 

as a direct measured GFR replacement to make these clinical decisions. In this review, we 

will discuss the evolution of GFR estimating equations, the changing prevalence of CKD in 

the United States, the application of estimating equations for drug dosing, and the limitations 

of eGFR in the context of its intra-individual inaccuracies.

A REVIEW OF THE EVOLUTION OF CREATININE-BASED ESTIMATING 

EQUATIONS USED TO ESTIMATE GLOMERULAR FILTRATION RATE

Metrics for assessing glomerular filtration rate estimating equations

Population-level metrics to assess estimating equations include bias, precision, accuracy 

(commonly P30). Bias is the median of the individual differences between measured GFR 

(mGFR) and eGFR. Precision is determined by the interquartile range of the bias. Accuracy 

is determined by both bias and precision. The most common expression of accuracy for 

eGFR equations is P30, which is the percentage of the eGFRs that differ by >30% from the 

mGFR [2]. The P30 has since been adapted by the National Kidney Foundation Disease 

Outcomes Quality Initiative as the acceptable metric for accuracy [9]. More stringent 

measures of accuracy, such as P10 or the percentage of eGFRs that differ by >10% 

from the mGFR, have been suggested by some as an error of 30% for GFR estimation 

is considered to be large [10]. Moreover, the application of these population-level metrics in 

individual-level clinical decision making is limited – the P30 metric is uninterpretable on an 

individual-level as it is interpretable only if mGFR is available.
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Serum creatinine

Serum creatinine (molecular weight: 113 Da) is the most common endogenous filtration 

marker used to estimate GFR. It is mainly produced in skeletal muscles from the continuous 

nonenzymatic degradation of creatine, a nitrogenous organic acid produced by the liver, 

kidneys, and pancreas that is phosphorylated in skeletal muscles as an accessible source of 

energy for muscle contraction. Creatinine is primarily eliminated by the kidneys – it is freely 

filtered through the glomerulus and secreted by the organic anionic and cationic transporters 

mainly in the proximal tubules [11■,12]. Proximal tubular secretion of creatinine is variable 

among individuals. It increases in certain conditions, such as sickle cell disease, and as 

kidney function declines [13]. Thus, creatinine clearance overestimates GFR by about 10–

20%, particularly at the lower levels of GFR [14].

Non-glomerular filtration rate determinants of serum creatinine

Serum creatinine is influenced by conditions that affect muscle mass [15]. It has also been 

shown to be a marker of health status independent of kidney function (Fig. 1) [16]. Chronic 

conditions that lead to a reduced muscle mass and sarcopenia such as liver cirrhosis can 

lead to lower levels of creatinine and thus GFR overestimation [17]. Medications such as 

cimetidine and trimethoprim that competitively inhibit kidney tubular secretion of creatinine 

lead to a rise in serum creatinine and a lower eGFR without causing true kidney injury [18].

Diet can also affect serum creatinine. Creatine supplementation has been reported to 

cause an elevated serum creatinine leading to a misdiagnosis of CKD [19]. High protein 

intake, particularly cooked meat, can increase serum creatinine and thus lead to GFR 

underestimation [20–23]. Consumption of cooked beef was shown to increase serum 

creatinine, but not cystatin C, among healthy participants [24]. In another study of healthy 

volunteers and patients with diabetic kidney disease, intake of protein from a cooked meat 

meal led to an increase in serum creatinine, and this was not observed in the group 

that consumed the same amount of protein from a nonmeat meal [25]. Timing of the 

consumption of animal protein may also affect levels of serum creatinine. In the same study, 

it was observed that the peak rise of serum creatinine was more delayed among those with 

more advanced kidney disease compared to those with more preserved kidney function [25].

In another reported case, the daily intake of ‘beef tea’ (boiled beef slurry with high 

concentrations of protein and creatinine) led to serum creatinine fluctuations from 1 mg/dl to 

6.3 mg/dl.

Cessation of the ‘beef tea’ led to a drop in serum creatinine to 1.0 mg/dl 24 h thereafter 

[26]. The individual-level variation of measured serum creatinine throughout 24 h is 

substantial particularly among persons without kidney disease, as levels usually increased 

postprandially [27]. The effects of diet and daily variability of measured serum creatinine 

are often underappreciated; however, this context is relevant given that modern creatinine-

based GFR estimating equations were developed from cohorts with variable timing of 

sample collection (i.e., fasting samples were obtained in the Modification of Diet in Renal 

Disease [MDRD] cohort while the fasting status was variable for the blood samples used to 
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measure creatinine in the Chronic Kidney Disease Epidemiology Collaboration [CKD-EPI] 

cohort).

The Cockcroft–Gault equation for estimating creatinine clearance

The first widely used renal function estimating equations was the Cockcroft–Gault (CG) 

equation. It was developed in 1973 using data from 249 hospitalized adult males with 

timed urinary creatinine clearance. The mean creatinine clearance per decade of age was 

reported in the study, ranging from a mean of 114.9 ml/min among those age 18–29 years, 

to a mean of 37.4 ml/min among those age 80–92 years. The CG equation accounts for 

non-GFR determinants of creatinine by using age, weight, and sex [28]. As the equation was 

developed from a cohort with a mean weight of 72 kg, one of its biggest limitations is the 

resulting bias of creatinine clearance estimation at the extremes of weight, especially for the 

purpose of drug dosing. Although no consensus exists on the application of the CG equation 

to patients at the extremes of weight, suggested practices include weight-based adjustments 

in the equation – using actual body weight for underweight persons (BMI < 18.5 kg/m2), 

ideal body weight for persons with normal weight (BMI 18.5–24.9 kg/m2), and adjusted 

body weight for obese persons (BMI ≥ 30 kg/m2; adjusted body weight is 40% of actual 

body weight) Did we intentionally exclude the overweight population, BMI 25–29.9? [29]. 

Another practical solution for drug dosing proposed using a functional creatinine clearance 

range with the ideal body weight and total body weight determining the lower and upper 

bounds, respectively, as drug dosing recommendations are contingent on ranges of creatinine 

clearance and its absolute value [30]. Another limitation with creatinine based estimates of 

GFR is the accuracy among elderly people. The geriatric population can have lower body 

mass and relatively low creatinine levels (<0.8 mg/dl) [31]. The GFR estimates in elderly 

patients will vary substantially from small variations in their lower levels of serum creatinine 

[32].

The modification of diet in renal disease estimated glomerular filtration rate equation

The MDRD equation was developed to estimated glomerular filtration rate (eGFR) using 

the data from 1628 participants in the MDRD study who had GFRs measured using urinary 

clearance of 125I-iothalamate. This was derived from 1070/1628 participants and validated 

using datapoints from the remaining 558 participants. The mGFR of the cohort was 39.8 

ml/min/1.73 m2. Although the MDRD cohort was well balanced in sex and age distribution, 

its participants were predominantly White. The final MDRD-eGFR equation included serum 

creatinine and demographic variables including age, sex, and race (Black vs. non-Black). 

The race coefficient was 1.212, such that a Black person will have a 21% higher eGFR 

compared to a non-Black person with the same serum creatinine, age, and sex.

At a population level, the MDRD-eGFR equation was shown to perform better than other 

creatinine clearance estimating equations.

It also performed as well among the subgroup of MDRD participants with higher serum 

creatinine concentrations (>2.5 mg/dl; more advanced kidney disease) [2]. Since its 

development in 1999, the MDRD-eGFR equation had been applied broadly in clinical 
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laboratories nationwide and had been used to determine CKD prevalence in the United 

States and the global burden of CKD [33–35].

The chronic kidney disease epidemiology collaboration estimated glomerular filtration rate 
equation

One of the limitations of the MDRD-eGFR equation was a higher bias (population level 

difference between mGFR and eGFR) and lower reliability in estimating GFR in those 

with GFR ≥60 ml/min/1.73 m2 [36]. To address this limitation, the CKD-EPI developed 

a new estimating equation which is less biased at both higher and lower levels of GFR. 

Ten different CKD cohorts using urinary iothalamate clearance to measure GFR were 

used and randomly divided for the derivation and internal validation of the CKD-EPI 

serum creatinine (CKD-EPIcr) 2009 equation. Sixteen other CKD cohorts were used for 

external validation. Overall mean mGFR of the cohort was 68 ml/min/1.73 m2. Although 

the distribution of sex was balanced, persons <65 years were heavily represented in the 

cohorts (>80% of the derivation and internal/external validation data sets). Compared to the 

MDRD population, the proportion of Black participants increased to >30% in the derivation 

and internal validation cohorts, albeit making up only 10% of the external validation cohort. 

The final CKD-EPIcr 2009 equation was still determined by serum creatinine and similar 

demographic variables (age, sex, and dichotomous race variables), with the coefficient for 

Black race decreasing from 1.212 in MDRD-eGFR to 1.159 in CKD-EPIcr 2009 [3]. Thus, 

with CKD-EPIcr 2009, a Black person is assigned a 16% higher eGFR compared to a non-

Black person with similar age, sex, and serum creatinine. Compared with the performance of 

MDRD-eGFR, CKD-EPIcr 2009 had reduced bias and improved accuracy and precision for 

both eGFR <60 ml/min/1.73 m2 and eGFR ≥60 ml/min/1.73m2 subgroups in the validation 

cohort [3].Since the estimating equation is generalizable to its development cohort, it is 

important to note that the CKD-EPI cohorts did not include patients with acute illnesses, 

hospitalized patients, decompensated heart failure, cirrhosis, sickle cell disease, and patients 

with malignancy undergoing cancer chemotherapy. Thus, eGFR may not be reliable for 

individual level decisions in these patient populations.

In recent years, the use of the race variable in eGFR calculations and other aspects of 

medicine has faced increasing scrutiny given the risks of inequities that disproportionately 

affect minority groups, most especially African American patients [37]. Consequently, 

some institutions responded by removing the race variable from the original CKD-EPIcr 

2009 equation. The effects of this policy change were evaluated using the Chronic Renal 

Insufficiency Cohort, which had >30% self-identified Black participants. This study found 

that simply omitting the race variable led to larger biases in eGFR underestimation among 

self-identified Black participants in the study [38].

To address these evolving issues in GFR estimation, the CKD-EPI group reexamined the 

accuracy of current estimating equations at that time and redeveloped new equations to 

estimate GFR without the use of the race variable, published in 2021. The derivation dataset 

used for CKD-EPIcr 2021 was similar to the one used for CKD-EPIcr 2009, whereas a 

different dataset comprised of 12 studies (14% Black participants) was used for external 

validation. Consistent with Hsu et al. [38] the CKD-EPI group found that omission of 
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the race coefficient from CKD-EPIcr 2009 led to larger population-level biases with GFR 

underestimation among Black participants compared to CKD-EPIcr 2009 with the race 

variable and CKD-EPIcr 2021. The newly developed CKD-EPIcr 2021 equation reduced the 

overestimation of GFR among Black patients but had increased overestimation among non-

Black, patients, compared to CKD-EPIcr 2009. Accuracy of the creatinine-base equations 

were overall acceptable [5■■].

CYSTATIN C FOR GLOMERULAR FILTRATION RATE ESTIMATION

Cystatin C is an endogenous 13-kDa cysteine proteinase constitutively produced by all 

nucleated cells, freely filtered through the glomerulus, and completely reabsorbed and 

catabolized by proximal tubular cells [39]. Extrarenal elimination of cystatin C occurs 

through the liver and the gut [40].

Non-estimate glomerular filtration rate determinants of cystatin C

Epidemiologic studies of the associations of clinical variables with cystatin C have found 

age and sex were less associated with cystatin C than creatinine. Black race was not 

associated with cystatin C [41,42]. Cystatin C has been shown to be unaffected by lean body 

mass [43], but has been positively associated with weight and BMI, which is postulated 

to be due to its association with fat mass [41]. Cystatin C has also been shown to be 

associated with a proinflammatory state, with positive associations seen with the presence 

of diabetes, surrogates of increased fat mass, white blood cell count, hemoglobin, C-reactive 

protein, and proteinuria [41]. Although dietary protein intake does not affect serum cystatin 

C [20], certain conditions such as diabetes [41], steroid administration [44,45], and thyroid 

dysfunction [46] may affect its levels.

Cystatin C-based estimating equations of kidney function

Equations using cystatin C to estimate GFR were developed in 2012 by the CKD-EPI 

group. Thirteen studies were included randomly divided into the derivation (n = 3522) 

and internal validation (n = 1830) datasets. In this pooled cohort, mean age was 47 years 

with a high proportion of those ≤65 years, 42% were female, and 40% belonged to the 

Black race. Over 30% of the participants had a BMI >30 kg/m2. Another five studies 

with 1119 participants, 3% of which belonged to the Black race, were pooled to comprise 

the external validation dataset. The CKD-EPI cystatin-C (CKD-EPIcys) 2012 equation was 

determined by cystatin C, age, sex, and without the race variable, while the CKD-EPI 

creatinine-cystatin C (CKD-EPIcr-cys) 2012 equation was determined by creatinine, cystatin 

C, age, sex, and the dichotomous race variable. In terms of performance metrics, bias was 

generally similar across the CKD-EPIcr 2009, CKD-EPIcys 2012, and CKD-EPIcr-cys 2012 

equations. CKD-EPIcr-cys 2012 was found to have better accuracy and improved precision 

over CKD-EPIcr 2009 and CKD-EPIcys 2012. The CKD-EPIcr-cys 2012 equation improved 

the reclassification of CKD (eGFR 60 ml/min/1.73 m2 as cutoff) among those with milder 

forms of the disease (eGFR range 45–74 ml/min/1.73m2) [4].

The combined CKD-EPIcr-cys equations were remodeled in 2021 without the race variable. 

Among all the equations studied, the CKD-EPIcr-cys 2021 equation, compared to CKD-
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EPIcr 2009, CKD-EPIcys 2012, and CKD-EPIcr 2021, had the least bias among Black 

participants and best accuracy overall [5■■].

DIAGNOSIS AND PREVALENCE OF GLOMERULAR FILTRATION RATE

Current guidelines in glomerular filtration rate diagnosis

The 2021 National Kidney Foundation-American Society of Nephrology Task Force on 

Reassessing the Inclusion of Race in Diagnosing Kidney Disease recommend the following: 

immediate implementation of the CKD-EPIcr 2021 race-free equation to estimate GFR, and 

increase in routine use of cystatin C as a confirmatory test for eGFR in clinical decision 

making [47■■].

The diagnosis of CKD requires assessment of GFR and in routine practice, eGFR is used to 

make management decisions. Guidelines from Kidney Disease Improving Global Outcomes 

2012 state that CKD is diagnosed when the GFR is reduced (<60 ml/min/1.73 m2) or there 

are positive markers of kidney damage such as albuminuria (albumin excretion rate ≥30 

mg/24h or urine albumin-to-creatinine ratio ≥30 mg/g) for over 3 months [6].

Changing prevalence of glomerular filtration rate in the United States using estimating 
equations

The advent of GFR estimating equations has allowed their use as a population health metric 

to estimate the prevalence and burden of CKD in the population. Using MDRD-eGFR, 

it was estimated that the prevalence of CKD stages 1–4 (persons with eGFR <15 ml/min/

1.73 m2 were excluded in this study) in the United States increased from 10.03% in 1988–

1994 to 13.07% in the 1999–2004 National Health and Nutrition Examination Survey 

(NHANES) periods. The increase in prevalence was consistent across each stage of CKD 

[34]. Comparing the use of MDRD-eGFR to CKD-EPIcr 2009, the prevalence of CKD 

in the United States during the 1999–2006 NHANES survey period decreased with the 

use of the latter (13.1% for MDRD-eGFR vs. 11.5% for CKD-EPIcr 2009) due to the 

reclassification of a proportion of those with CKD stage 3 to stage 2 when CKD-EPIcr 2009 

was used [3]. Prevalence of CKD stages 3 and 4 remained stable at around 6.9% in the 

following decade from 2011–2012 vs. 2003–2004 [48].

Prevalence estimates of CKD are highly dependent on the equation used. Thus, the 

prevalence changed with the implementation of the CKD-EPIcr 2021 equation. Among 

Black persons, CKD prevalence increased from 14.3% using CKD-EPIcr 2009 to 16.3% 

using CKD-EPIcr 2021. Conversely, non-Black persons had a decrease in estimated CKD 

prevalence, from 11.7% using CKD-EPIcr 2009 to 10.25% using CKD-EPIcr 2021. CKD 

prevalence had less changes per subgroup using the CKD-EPIcr-cys 2012 and 2021 

equations – from 13.6% to 13.9% among Black persons and 11.9% to 11.0% among 

non-Black persons, respectively [5■■]. The reclassification of a proportion of Black persons 

to a more severe CKD stage and of non-Black persons to milder stages using CKD-EPIcr 

2021 has been demonstrated in other cohorts and real-world patient data [49■,50,51].
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THE USE OF CYSTATIN C ESTIMATED GLOMERULAR FILTRATION RATE IN 

DRUG DOSING

Historically, the Food and Drug Administration (FDA) recommended the use of the CG 

equation to determine kidney function and the corresponding drug dose adjustment [52]. 

These recommendations have evolved overtime to be more inclusive of other assessment 

of eGFR including the MDRD and CKD-EPI equations [53]. The FDA recommends the 

use of eGFR pharmacokinetic studies due to the widespread availability and incorporation 

of eGFR into clinical practice. No recommendations were made regarding preference of 

eGFR methodology or incorporation of accuracy (P30) for dosing. These recommendations 

continuously evolve, but the guidance may not always keep up with the most recent 

advances in determining eGFR such as using cystatin C [4].

Accurately determining kidney function is vital to medication initiation and dose 

adjustments. There are numerous medications in various classes that require adjustments 

based on the severity of kidney impairment [54]. Medications requiring dose adjustment 

based on kidney function and narrow therapeutic indexes (Table 1) would benefit from more 

precision in estimating GFR. “The presence of kidney impairment can alter the medication 

choice as well as the safest, most effective dose.”

Despite the lack of data validating the CKD-EPI equations in hospitalized patients, 

several studies have compared different drug dosing strategies using eGFRCys. Peters 

et al. evaluated the potential dosing implications when eGFRCys was used in place 

of the CG creatinine clearance estimations [55]. They found that in most cases the 

medication dose would have been lower if eGFRCys were used. Inappropriate medication 

doses can lead to supra-/sub-therapeutic levels and medication toxicity. Several studies 

have compared different dosing strategies involving eGFRCys. Predication of vancomycin 

elimination based on eGFRCys performed better than CG to estimate eGFR based [56]. In a 

prospective evaluation comparing two vancomycin dosing strategies based on either CG or 

eGFRCys, less overall trough concentration variability with fewer supra- and sub-therapeutic 

concentrations were seen with eGFRCys compared to CG [57]. Cystatin C was shown 

to be more predictive than serum creatinine in determining vancomycin concentrations 

in critically ill patients [58]. Similar results were also seen with carboplatin elimination 

when cystatin C in combination with creatinine was used to estimate GFR compared to 

creatinine alone [59,60]. The use of cystatin C also has the potential for detecting medication 

related toxicity. Iversen et al. [61] evaluated various biomarkers to detect vancomycin 

induced kidney injury. They found that cystatin C was significantly elevated patients 

with vancomycin induced kidney injury compared to the two control groups (with and 

without vancomycin therapy). Cystatin C showed strong negative correlation with eGFR 

and remained a significant factor associated with the development for kidney injury in the 

multivariable logistic regression model [62].

LIMITATIONS OF ESTIMATING EQUATIONS

Recently, the limitations of estimating equations have been rigorously explored. Although 

the performances of these equations have been routinely quantified by population-level 
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metrics such as bias, precision, and accuracy, these benchmarks are usually not as intuitive 

and applicable in the context of individual-level patient decision-making. In a cross-sectional 

study of a pooled cohort comprising of persons with and without CKD (N = 3223; mean age 

59 years, 32% Black participants), our group employed the 95% prediction interval (PI) as 

a metric to quantify the range of expected mGFRs (2.5th to 97.5th percentile) for a person 

with a given eGFR value. Overall, the individual-level differences between mGFR and 

eGFR were very wide, with the 95% PI ranging from 50 to 55 ml/min/1.73 m2 depending on 

which estimating equation was used to calculate the eGFR. The degree of magnitude of the 

95% PI was consistent across age, sex, and race groups. In practical terms, at a calculated 

CKD-EPIcr 2021 eGFR of 60 ml/min/1.73 m2 in the pooled cohort, 50% of the mGFRs 

ranged from 52 to 67 ml/min/1.73 m2, 80% of the mGFRs ranged from 45 to 76 ml/min/1.73 

m2, and 95% of the mGFRs ranged from 36 to 87 ml/min/1.73 m2 (Fig. 2) [63■■]. As 

mGFR is the gold standard of quantifying kidney function, the study showed that the range 

of plausible true kidney function for a given eGFR spans across several stages and severity 

of kidney disease. Given this individual-level inaccuracy, there is a role for measuring GFR 

as part of clinical care when clinical decision-making is contingent on the actual kidney 

function, especially since modern methods of GFR measurements are simpler and no longer 

cumbersome [64,65■■].

SUMMARY/CONCLUSION

Widely used methods to estimate GFR have evolved from the CG creatinine clearance 

equation, to the MDRD eGFR equation and CKD-EPI creatinine and cystatin C equations. 

In 2021, the CKD-EPIcr equation was redeveloped to exclude the race variable with the 

aim of reducing health inequities that disproportionately affect minority groups. Although 

the newly developed CKD-EPIcr-cys 2021 equation was shown to be more reliable in terms 

of population-level metrics, individual-level inaccuracies are still significant in all current 

available methods to estimate GFR. Given the importance of GFR as the most important 

index of kidney function and use in clinical decision-making, measuring GFR should be 

considered in situations where clinical management is dependent on the actual level of 

kidney dysfunction. This is of particular importance in drug dosing where some agents have 

very narrow therapeutic indices.
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KEY POINTS

• The Chronic Kidney Disease Epidemiology Collaboration serum creatinine 

(CKD-EPIcr) and CKD-EPIcr-cys 2021 equations are the most current 

methods to estimate glomerular filtration rate (GFR). The NKF-ASN task 

force recommends the immediate use of the CKD-EPIcr race-free equation 

and the increased use of cystatin C as a confirmatory testing for GFR 

estimation.

• Creatinine clearance by the Cockcroft--Gault equation has traditionally been 

used to estimate kidney function for the purpose of drug dosing, but in 

recent years, FDA recommendations have slowly evolved to include modern 

methods to estimate GFR including the use of cystatin C.

• The individual-level inaccuracies of modern GFR estimating methods are 

significant, with the distribution of measured GFR at a given estimated GFR 

value spanning several CKD stages.
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FIGURE 1. 
Serum creatinine to cystatin C ratio as a marker of health status independent of kidney 

function. Data from a retrospective cohort study of US veterans showing the association 

of low creatinine-to-cystatin C ratio (<0.75 compared to the reference group 1 to <1.25) 

with mortality among both Black and non-Black veterans. In contrast, a higher creatinine-to-

cystatin C ratio (≥1.25) was associated with reduced mortality compared to the reference 

group with race affecting the strength of these associations.
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FIGURE 2. 
Distribution of measured GFR at selected CKD-EPI 2021 eGFR threshold for CKD 

Diagnosis and Staging based on four prospective US cohorts - GENOA, ECAC, ALTOLD, 

and CRIC. eGFR was calculated using CKD-EPIcr 2021. Selected eGFR cut-off values 

correspond to the thresholds for CKD diagnosis and staging. GFR was measured 

using urinary clearance nonradiolabeled iothalamate in GENOA and ECAC, radiolabeled 

iothalamate in CRIC, and plasma clearance of iohexol in ALTOLD. Each percentile value 

is from a separate quantile (2.5th, 10th, 25th, 50th, 75th, 90th, and 97.5th) regression model 

of mGFR on CKD-EPIcr 2021. Sample interpretation: at an eGFR of 30, 50% of mGFRs 

ranged from 27 ml/min/1.73 m2 to 38 ml/min/1.73 m2, 80% of mGFRs ranged from 23 

ml/min/1.73 m2 to 44 ml/min/1.73 m2, while 95% of mGFRs ranged from 17 ml/min/1.73 

m2 to 54 ml/min/1.73 m2. ALTOLD, Assessing Long-term Outcomes in Living Kidney 

Donors Study; CKD, chronic kidney disease; CRIC, Chronic Renal Insufficiency Cohort; 
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ECAC, Epidemiology of Coronary Artery Calcification Cohort Study; GGFR, glomerular 

filtration rate; ENOA, Genetic Epidemiology Network of Arteriopathy Study.
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