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Purpose of review

The CKD-EPI equations were updated in 2021 to remove the race variable from eGFR estimation. In the
same year, the creatinine-based EKFC equation was published, subsequently supplemented by the cystatin
C-based EKFC equation. Recent findings suggest that the prevalence of chronic kidney disease (CKD) can
vary depending on the equation, the biomarker, and the population studied.

Recent findings

Using the CKD-EPI2021 equation instead of the CKD-EPI2009 equation results in an increased prevalence of
CKD among Black individuals in the U.S. and a decreased prevalence among non-Blacks. The CKD-EPI
equations may underestimate the prevalence of CKD in India and in some sub-Saharan African
populations. This is corrected by using the EKFC equation and dedicated Q-values. In general, the
prevalence of CKD is slightly higher with EKFC than with the CKD-EPI equations. The CKD-EPIcys equation
generally leads to a higher CKD prevalence than the CKD-EPIcrea equations. Few epidemiological data
are available for EKFCcys.

Summary

The choice of biomarkers and equations has an impact on the prevalence of CKD, with implications that
also depend on the characteristics of the population being studied.
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INTRODUCTION

Serum creatinine has been used to evaluate kidney
function for close to one century [1,2]. However, it is
well known that its concentration is not only
dependent on the glomerular filtration rate (GFR),
butonmuscularmass anddiet [3,4]. Thisdependency
probably explains the difference observed in serum
creatinine in healthy men and women. This argu-
ment has also been frequently advanced to explain
differences between populations [the classical exam-
ple being the difference between Black and White
people from the United States of America (US)],
but the scientific proofs sustaining this assertion
are lacking [5,6]. This is only one amongmany other
limitations of serum creatinine. We can cite the
impact of diet, tubular secretion, and the hyperbolic
(non-linear) association between serum creatinine
and GFR [3]. For all these reasons, serum creatinine
is not used as it is, but in equations including other
variables (like sex and age) that are sensed to im-
prove GFR estimation. At least using estimating GFR
 2025 Wolters Kluwer H
equations (eGFR), the same thresholds can be used
both in men and women and in all populations to
define chronic kidney disease (CKD). Recently, cys-
tatin C has gained more and more interest as a
variable for eGFR. First, this biomarker (and thus
the related eGFR) are less dependent on populations
characteristics, including sex [6,10,11]. Second, if the
performance of cystatin C-based equations (eGFRcys)
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KEY POINTS

� The choice of the creatinine- and/or cystatin C-based
eGFR equation has an impact on the epidemiology of
chronic kidney disease.

� In non-Black U.S. individuals, the prevalence of CKD is
decreased when using the creatinine-based CKD-
EPI2021 equation instead of the CKD-EPI2009 equation
or the EKFC equation.

� These results have been confirmed in European and
Asian populations.

� The prevalence of CKD is generally higher with the
cystatin C-based eGFR equations than with those based
on creatinine, but few epidemiological data exist for
the cystatin C-based EKFC equation.

� The creatinine-based EKFC equation is adaptable, via a
dedicated Q factor, to specific populations for which
creatinine-based eGFR is commonly overestimated by
the usual equations.

Impact of the choice of biomarkers and equations Delanaye et al.
are not obviously better than creatinine-based
equations (eGFRcrea), the equations combining both
biomarkers (eGFRcreaþcys) perform better than equa-
tions using either single biomarker [10,11]. Third, the
eGFRcys could be of interest in specific populations
for whom the eGFRcrea are particularly poor [12–18],
but this last assertion remains debatable [19]. In the
current article aboutCKD epidemiology, wewill focus
on the impact of GFR estimation (both the choice of
the equation and biomarker) on the prevalence of
CKD. We will not discuss the role of cystatin C in
its ability to predict outcomes, and notably cardiovas-
cular outcomes [20,21].
HOW CAN THE CHOICE OF AN EQUATION
IMPACT THE PREVALENCE OF CHRONIC
KIDNEY DISEASE (WHEN THE SAME
BIOMARKER IS USED)?

Bias of an equation and its impact on
chronic kidney disease prevalence

In this paragraph, we will discuss how a different
eGFRcrea can impact the CKD epidemiology. To
assess the performance of an equation to estimate
GFR, studies are comparing eGFR with measured
GFR (mGFR) by a reference method. Then, classi-
cally, three metrics are used: bias, precision and
accuracy [22–24]. Bias is the systematic difference
between eGFR and mGFR and is calculated as the
median difference between eGFR and mGFR. Preci-
sion is the interquartile range around the bias and
represents the spread of the results around the bias.
Precision conceptualized the random error between
1062-4821 Copyright © 2025 Wolters Kluwer Health, Inc. All rights rese
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eGFR and mGFR (Fig. 1). Accuracy is a metric spe-
cifically used in the little world of eGFR. This metric
is dependent on both the systematic and random
error and is calculated as the proportion of estimated
results (eGFR) within plus or minus 30% of the
paired measured results (mGFR). Even if not free
from criticisms [24], this concept has the advantage
to be easy to interpret for clinicians. The relation-
ship of bias, precision and accuracy is illustrated in
Figure 1, where in 1A imprecisionwith no bias, leads
to suboptimal accuracy, yet the prevalence of eGFR
< 60 ml/min/1.73 m2 is identical to that of mGFR <
60 ml/min/1.73 m2. In 1B, positive bias with the
same imprecision illustrates what may be seen when
using an eGFR equation in a population that would
on average have lower muscle mass and/or protein
intakes than the population in which the eGFR
equation was initially developed. Finally in 1C, no
bias and improved precision leads to accuracy
approaching 100%. This may be achieved through
improvement in the GFR estimation method (com-
bining several endogenous markers, for example)
and/or to the application of the eGFR equation to
a population that is highly homogeneous for the
non-GFR determinants of the endogenous GFR
marker(s) used (Fig. 1).

At the individual level, the performance of an
equation will be, above all, dependent on its preci-
sion (randomerror).At thepopulation level, and thus
in the context of epidemiology, the impact of bias
(systematic error)will be crucial on theCKDepidemi-
ology, as positive bias (overestimation of mGFR),
would likely result in a reduced estimated population
prevalence of CKD and vice versa. The consequences
of moving from one eGFRcrea to another one on the
CKD prevalence can be easily anticipated by analyz-
ing the bias of the respective equations (Table 1).
Moving from Modified Diet in Renal Disease
study to CKD-EPI2009 equation

In 2009, the Chronic Kidney Disease Epidemiology
consortium proposed to move from the Modified
Diet in Renal Disease study (MDRD) equation to the
Chronic Kidney Disease Epidemiology (CKD-EPI)
equation [25,26]. The CKD-EPI equation had com-
parable precision to the MDRD equation (IQR 16.6
[15.9–17.3] versus 18.3 [17.4–19.3] ml/min/1.73m2,
respectively) [26], and thus, the added value of the
CKD-EPI equation at the individual was moderate
[22]. However, at the population level, the impact
was huge. Indeed, the MDRD study equation under-
estimated mGFR in healthy subjects (thus MDRD
had a systematic negative bias). The CKD-EPI equa-
tion had a better bias (-3.5ml/min.1.73m2) than
MDRD (�10.6ml/min/1.73m2) in individuals with
rved. www.co-nephrolhypertens.com 337
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FIGURE 1. Bland Altman plots of the different metrics used to assess the performance of glomerular filtration rate estimation
equations, based on a hypothetical sample of 975 patients, of whom 29% have an mGFR < 60 ml/min/1.73 m2. using
Bland Altman plots. The y-axis represents the difference between eGFR and mGFR and the x-axis the mean of eGFR and
mGFR. Mean or median bias is represented by the thick black line. Precision of eGFR is the distance between the third and
the first quartile of the bias and corresponds to the dispersion of the scatterplot. Accuracy is represented by the black dots
located between the dotted lines. eGFR is unbiased, but because of imperfect precision, accuracy is nonoptimal. eGFR
significantly overestimates mGFR (positive bias), precision is the same as in example A, and accuracy is reduced due to the
bias, with eGFR prevalence < 60 ml/min/1.73 m2 being underestimated. There is no bias, and the precision is significantly
better than in the previous examples, leading to an accuracy approaching 100%.

Special commentary
GFR more than 60ml/min/1.73m2. It can thus be
expected that the CKD prevalence would be lower
with the CKD-EPI study equation compared to the
MDRD study equation. This has been already illus-
trated in the seminal article about the CKD-EPI
equations, using the epidemiological data from
National Health and Nutrition Examination Survey
(NHANES): the CKD prevalence (defined as
eGFR<60ml/min/1.73m2) was 11.5 versus 13.1%
with the CKD-EPI and MDRD equations, respec-
tively. This observation has been thoroughly con-
firmed by other authors [27–29].
Moving from CKD-EPI2009 to race-free
CKD-EPI2021

Recently, the racial coefficient, present both in the
MDRD and original CKD-EPI equation, has been
criticized and considered as a source of discrimina-
tion in USA [5,30,31]. The criticisms were mainly
338 www.co-nephrolhypertens.com
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driven by US nephrologists, as the coefficient into
question should not be used in Africa and Europe
[9,30–33]. This led the authors of the CKD-EPI equa-
tion to propose a new equation without the race
variable in 2021 (CKD-EPI2021 versus CKD-EPI2009).
Focusing on bias, the CKD-EPI2021 equation over-
estimated GFR in non-Black populations, whereas
the 2009 version was unbiased. In Black US popu-
lations, the new equation underestimated GFR
whereas the 2009 version with the race coefficient
was overestimating GFR [11]. What could be the
impact of moving from the 2009 to 2021 CKD-EPI
equation? Once again, the results on CKD epidemi-
ology can be anticipated. In Black US populations,
the CKD prevalence should increase and, in non-
Black population, the prevalence should decrease
[34]. This has been illustrated and confirmed in
several studies and we consider here only some
illustrative examples. In the seminal article where
the CKD-EPI2021 equation has been developed, the
Volume 34 � Number 4 � July 2025
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authors used once again the NHANES database. The
prevalence of CKD (defined as eGFR below 60ml/
min/1.73m2) was decreasing from 6.9 to 5.3% in
non-Black populations and increasing from 6.5 to
8.5% in Black populations when the CKD-EPI 2009
or 2021 equations were considered, respectively
(Table S16 in [11]). From a large nationwide Danish
database (predominantly non-Black population),
moving from CKD-EPI2009 to CKD-EPI2021 was asso-
ciated a 25% lower CKD prevalence (from 5.5 to
4.2%, CKD being defined as two eGFR below 60ml/
min/1.73m2 at least 90days apart) [35]. These
results have been confirmed in a recent analysis
from Sweden [the Stockholm CREAtinine Measure-
ments (SCREAM)] showing that 9.9% of the partic-
ipants were reclassified to a higher CKD stage with
the CKD-EPI2021 equation. Among patients with
eGFR below 60ml/min/1.73m2, 36.2% were reclas-
sified to a higher stage and CKD prevalence
decreased from 5.1 to 3.8% [36

&

]. Data from the
US Veteran cohort were also analyzed. The authors
studied the prevalence of CKD (defined as GFR
between 15 and 60ml/min/1.73m2 at least 90days
apart). As expected, the CKD-EPI2021 equation iden-
tified an increase inCKD among Black patients and a
decrease among non-Black individuals [37]. In
another publication using US Military Health Sys-
tem, the number of Black individuals diagnosed as
having CKD (defined as eGFR below 60ml/min/
1.73m2 90days apart) increased by 58.1% (from
1.47 to 2.32%) and the number of non-Black CKD
patients decreased by 30.4% (from 2.26 to 1.58%)
when moving from CKD-EPI2009 to CKD-EPI2021
[38]. In a joint analysis of the US NHANES database
including self-reported Asian individuals and the
Korean Health and Nutrition Examination Survey,
the authors showed that 32.8% of patients originally
classified with eGFR below 60ml/min/1.73m2

using the CKD-EPI2009 equation in the Korean pop-
ulation and 30.1% in the US Asian population were
reclassified as healthy with CKD-EPI2021 [39]. Inter-
estingly, a multicenter African study (Uganda,
Malawi, and South Africa) found that the CKD-
EPI2009 without ethnicity coefficient and the CKD-
EPI2021 equations both overestimated iohexol-
derived mGFR (median bias 12 [IQR 11–13] and
15 [IQR 14–16] ml/min/1.73m2) [33]. Similar find-
ings were reported in an Indian cohort (n¼492),
with substantial overestimation of iohexol-derived
mGFR reported from both equations (17.0�21.4
and 19.2�21.6ml/min/1.73m2) [40]. The findings
from both studies, also illustrated in other data in
Africa and Asia [9,41–43], would predict an under-
estimate of the true population prevalence of CKD
and highlight the limitations of the CKD-EPI equa-
tion in non-White non-American populations. The
342 www.co-nephrolhypertens.com
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last example comes from Australia. In a large cohort
of individuals older than 70years (99% of European
ancestry), using the CKD-EPI2021 instead of CKD-
EPI2009 was associated with a lower prevalence of
eGFR values below 60ml/min/1.73m2 (12 and 17%,
respectively). Twenty percent of the population
considered were classified in a higher CKD stage
with the CKD-EPI2021 equation [44].
Moving from CKD-EPI to European Kidney
Function Consortium

In 2019, a new equation has been proposed by the
European Kidney Function Consortium (EKFC). This
equation is based on the ratio of serum creatinine on
the Q value which is the median serum creatinine
concentrationof ahealthypopulation. This equation
better conceptualizes the age variable [7,8,45,46] and
allows a continuum in eGFR results between chil-
dren, adolescents and adults [46,47]. This equation is
very flexible andcanbeused indifferentpopulations,
including with a concept of race-free Q values
[7,9,48]. Focusingoncegainonthebias, this equation
was shown to have a better performance than the
CKD-EPI (both 2009 and 2021) equations. This was
especially the case in European and US populations
younger than 30years and in patients older than
70years in which the CKD-EPI equations overesti-
mateGFR (the overestimation is particularly relevant
in young healthy people) [9,33,40,46,48,49

&

].
Accordingly, one can expect that using the EKFC
equation insteadof theCKD-EPI equationwould lead
to a higher CKD prevalence in young people, and
maybe in elderly people. This has been well illus-
trated in amathematicalmodel [34]. Until now, only
some studies are available about the impact of mov-
ing from CKD-EPI to EKFC equations on epidemio-
logical results. In a large adult cohort fromtheKorean
Health and Nutrition Examination Survey, the
authors showed that the prevalence of eGFR below
60ml/min/1.73m2 was higher with the EKFC equa-
tion (5.3%) than with CKD-EPI2009 (3.8%) or CKD-
EPI2021 (3%) equations [50]. Another publication
using laboratory data from Korea also compared
the three equations. The percentage of eGFR below
60ml/min/1.73m2 was 26.2, 22.9, and 30.3% with
the CKD-EPI2009, CKD-EPI2021, and EKFC equations,
respectively [51]. Lu et al. [52] analyzed the results of
the US NHANES study but restricting the analysis to
non-Black people and considering only the CKD-
EPI2009. They found that the prevalence of CKD
was higher with the EKFC equation (11.9%) com-
pared to the CKD-EPI 2009 equation (9.2%) [52].
Unfortunately, the results of the CKD prevalence in
these studies were not analyzed according to age.
Moreover, they all used the European-Q values,
Volume 34 � Number 4 � July 2025
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which is questionable in non-European cohorts
[7,48]. Using data from SCREAM (but limited to
6174 individuals with mGFR available), the authors
showedandcompared thedensity of eGFRvalues in a
Swedish population with the different equations
used (Supplement Figure 3 in [53]). Once again, the
prevalence of CKD was higher with the EKFC equa-
tion compared to the CKD-EPI2009 equation and still
more the CKD-EPI2021 [53]. Further epidemiological
studies arenecessary to illustrate thepotential impact
of using the EKFC equation instead of the CKD-EPI
equations on the prevalence of CKD in diverse pop-
ulations (notably in Africa and Asia) and in different
ages ranges.
IMPACT OF USING CYSTATIN C INSTEAD
OF CREATININE TO ESTIMATE
GLOMERULAR FILTRATION RATE ON THE
CHRONIC KIDNEY DISEASE PREVALENCE

Cystatin C, as a renal biomarker, has been discov-
ered in 1985 by Anders Grubb [54]. Since then,
many cystatin C-based equations (eGFRcys) have
been proposed. Among them, the cystatin C-based
equation proposed by the CKD-EPI consortium
in 2012 (CKD-EPIcys) has been the most studied
[55]. In the seminal article about the race-free
CKD-EPI2021 equation, the authors have compared
the impact of using the CKD-EPI2021 equation versus
CKD-EPIcys or the equation combining the two bio-
markers (eGFRcreaþcys) on the CKD prevalence in the
NHANES cohort (Table S16 in [11]). The prevalence
of eGFR less than 60ml/min/1.73m2 in the overall
population was 5.6, 8.7, and 6.2% for CKD-EPI2021,
CKD-EPIcys, and CKD-EPIcreaþcys, respectively. In
non-Black populations, the prevalence was 5.3%,
8.9%, and 6.2%, respectively. In Black populations,
the prevalence was 8.5%, 6.8%, and 6.3%, respec-
tively [11]. In the whole population, using the CKD-
EPIcys could thus lead to a higher CKD prevalence.
This has been recently illustrated in the Atheroscle-
rosis Risk in Communities Study (ARIC) in a US
community-based cohort with a mean age of 75.8
�5.3 years. Moving from CKD-EPI2021 to the
CKD-EPIcys is associated with a huge increase in
CKD prevalence (eGFR below 60ml/min/1.73m2):
from 25.7 to 48.7% (using the CKD-EPIcreaþcys, the
prevalence is 32.5%) [56]. The assertion that CKD
prevalence is higher with eGFRcys could however not
be true for Black populations in which the CKD-
EPI2021 equation could lead to a higher prevalence of
CKD than CKD-EPIcys (unfortunately, this has not
been analyzed in the ARIC study). Further studies
are needed.

Other cystatin C-based equations are considered
as ‘valid’ by the recent Kidney Disease-Improving
1062-4821 Copyright © 2025 Wolters Kluwer Health, Inc. All rights rese
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Global Outcomes (KDIGO) guidelines [57]. Among
them, we would like to evoke the new cystatin C-
based EKFC equation (EKFCcys) [10]. Of interest, this
equation has the same mathematical form as the
creatinine-based EKFC (EKFCcrea) equation, but
using a Q value dedicated to cystatin C. Like
CKD-EPIcys, EKFCcys is totally race-free, but addition-
ally, EKFCcys is also gender or sex-free (as the cystatin
C Q value is independent of this variable) [10].

In the seminal article validating the EKFCcys

against mGFR (and in comparison to the respective
CKD-EPI equations), it can be deducted that the
differencebetweenCKD-EPIcrea andEKFCcrea ismuch
important than between CKD-EPIcys and EKFCcys

(Fig. 1 in [10]), at least in the main European cohort.
It can thus be anticipated that using either EKFCcys or
CKD-EPIcys could have relatively few (or fewer
impact) on the CKD prevalence in comparison to
differences observed when respective creatinine-
based equations are considered. If an impact is still
seen, it should be theoretically higher eGFR results
with EKFCcys thanwithCKD-EPIcys in themajority of
scenarios [58]. From the SCREAM cohort limiting to
older individuals (mean age of 77years), the authors
calculated the number of patients re-classified in a
different CKD stage if the CKD-EPI2021 versus the
CKD-EPIcreaþcys are used. They found that using the
combined equation would lead to a reclassification
to amore severe category in 31.2%of cases (older the
individual is and more the rate of reclassification is
high). Moreover, the authors showed that the den-
sity of low eGFR was still higher when GFR is esti-
mated with cystatin C than with creatinine [the
density being inmiddle of the two for the combined
equations (Supplement Figure 2)]. Interestingly, the
authors also considered the EKFC equations. A direct
comparisonbetweenCKD-EPI andEKFCequations is
difficult because only density figures are available
(density of eGFR according to EKFC equations is
shown in Supplement Figure 8), but two observa-
tions canbemade. First, in this specific populationof
old European individuals, the prevalence of individ-
uals with eGFR below 60ml/min/1.73m2 is larger
with EKFCcys than with EKFCcrea (the EKFC combin-
ing both biomarkers being in the middle of two).
Second, it seems interesting to underline that the
difference in CKD prevalence seems much less
important between EKFCcrea and EKFCcys than
between CKD-EPI2021 and CKD-EPIcys [59

&&

]. Accord-
ingly, the rate of discordant results between eGFRcrea

and eGFRcys could be much lower with the EKFC
than CKD-EPI equations, which has also been sug-
gested by other authors [53,60,61]. Further studies
are, however, needed to compare these four equa-
tions and their impact on CKD epidemiology in
other age-ranges and populations.
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CONCLUSION

In the current article, we showed that the choice of
both the biomarkers and the equations has a real and
important impact on the CKD prevalence, and thus
on CKD epidemiology. Most of the consequences of
using one or another equation or biomarker can be
anticipated knowing the bias of these equations with
mGFR. Wemust however keep in mind that we only
showtheconsequencesofmoving fromoneequation
to another one in large cohorts in “general popula-
tions”.Because thebiasof all eGFRequationscanvary
according to age, co-morbidities, and CKD category,
the impact of moving from one equation to another
one (or one biomarker to another) can be different in
more selected populations. In the same way, both
creatinine and cystatin C concentrations are influ-
enced by non-GFR determinants [62]. In selected
populations,moving from one biomarker to another
one can thus have different consequences on CKD
prevalence than in the general population.
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