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Introduction: Discordant results between cystatin C and creatinine in estimating glomerular filtration rate

(GFR) are an important medical issue. However, the equation that should be used when GFR estimates are

discordant remains unclear.

Methods: This cross-sectional analysis included 15,485 participants with GFR measured by the clear-

ance of an exogenous marker, serum creatinine, and cystatin C. We studied the proportion of

discordant results defined as an absolute (> 15 ml/min per 1.73 m2) or relative (> 20%) difference

between creatinine-based estimated GFR (eGFR, eGFRcrea) and cystatin C–based eGFR (eGFRcys) using

different equations (Chronic Kidney Disease Epidemiology Collaboration [CKD-EPI], European Kidney

Function Consortium [EKFC], and reexpressed Lund-Malmö [r-LMR]). We also researched for the best

estimating equations to be used in subjects with concordant or discordant results to estimate

measured GFR (mGFR).

Results: In the total cohort, the proportion of subjects with discordant results (absolute or relative) was

larger for CKD-EPI (35.1 and 40.6%) than for EKFC (21.9 and 31.7%) or r-LMR (22.8 and 32.8%) equations.

Among discrepant results, the proportion of eGFRcys < eGFRcrea was significantly higher than the pro-

portion of eGFRcrea < eGFRcys for the CKD-EPI equations, whereas the occurrence of discrepancy was
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Kidney
similar in the 2 discrepant groups for EKFC or r-LMR. For the EKFC and r-LMR equations, but not for the

CKD-EPI, the equation combining creatinine and cystatin C was consistently the closest to the mGFR in the

discrepant groups.

Conclusion: Based on the lower discrepancy proportion, better balance between eGFRcrea and eGFRcys,

and better concordance with mGFR, the EKFC, and r-LMR equations should be preferred over the CKD-EPI

to estimate GFR.

Kidney Int Rep (2025) 10, 1248–1259; https://doi.org/10.1016/j.ekir.2025.01.030

KEYWORDS: creatinine; cystatin C; glomerular filtration rate
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T
he new Kidney Disease Improving Global Out-
comes (KDIGO) guidelines for the evaluation and

management of chronic kidney disease (CKD) support
the wide spread use of cystatin C to estimate GFR.1

Although eGFRcys does not outperform eGFRcrea,
2,3

equations combining both biomarkers (eGFRcreaþcys)
perform significantly better. Because cystatin C is
more commonly used, it must be anticipated that
some results between eGFRcys and eGFRcrea will be
discordant. The proportion of discordant results has
been found to be between 10% and 55% depending
on the population considered and the definition for
discrepancy. In all studies, the number of discordant
results with eGFRcys < eGFRcrea was much higher
than the number of discordant results with
eGFRcrea< eGFRcys,

4-11 although no clear explanation
for this observation has been provided. Several
studies have shown that discrepancies between the 2
biomarkers were associated with worse outcomes
(mortality and frailty).4,10,12-14 In terms of estimating
GFR, there is still a debate about which results,
creatinine- and/or cystatin C-based, should be used
when eGFR estimations are discordant.6,7,15 However,
it must be emphasized that the vast majority of
studies have been performed with the CKD-EPI
equations3,16; whereas new equations such as the
EKFC2,17 or the r-LMR equations,18 both based on
rescaled biomarkers, are also considered as valid to
estimate GFR, and have been shown to better perform
for estimating GFR.1,19,20 In the current analysis, we
aimed to study the proportion of discordant results
between eGFRcrea and eGFRcys according to both the
definition of discrepancy and the equations used to
estimate GFR. We also studied the characteristics of
patients with discordant results compared with those
with concordant results. Finally, using the available
mGFR, we studied the performance of the following
different equations in 3 groups: subjects with
concordant results, subjects with discordant results
and eGFRcys < eGFRcrea, and subjects with discordant
results and eGFRcrea < eGFRcys.
International Reports (2025) 10, 1248–1259
METHODS

Design Overview and Participants

The dataset used to validate the EKFC cystatin C-based
equation has been augmented with additional data
from The Netherlands and France.2 Only adult subjects
(aged $ 18 years) were included. The cohorts are
described in Supplementary Table S1.

Covariates

Briefly, in all cohorts, creatinine was directly measured
using an isotope dilution mass spectrometry traceable
assay, and cystatin C was measured using standardized
assays.17,21,22 GFR was measured using validated
reference methods (Supplementary Table S1).23-25

The CKD-EPI, r-LMR, and EKFC equations are
described in Supplementary Table S2.2,16-18 We used
the race-free CKD-EPI equation for the entire cohort
and race-free Q value for the US cohort.16,22,26

Outcomes

Discrepancy was defined by different thresholds and
using either the relative or the absolute (the term ab-
solute is used in the meaning of opposite to “relative,”
not in the meaning of an absolute number, because we
kept the signs “þ” or “�“) difference between eGFRcys
and eGFRcrea. The absolute difference (in ml/min per
1.73 m2) is thus calculated as eGFRcys� eGFRcrea, and
the relative difference (in%) is calculated as ([eGFRcys –
eGFRcrea]/ eGFRcrea] * 100). As thresholds, we consid-
ered absolute differences of 5, 10, 15, 20, and 30 ml/min
per 1.73 m2 and relative differences of 5%, 10%, 20%,
and 30%. The proportion of discordant results was also
calculated in subgroups according to the population
(White Europeans, White Americans, Black Europeans,
and Black Africans). Owing to the limited sample
size in other subgroups, subanalyses according to sex
assigned at birth, age, mGFR, and body mass index
(BMI) were performed only in White Europeans. The
absolute and relative differences between the mGFR
and the respective eGFR equations were graphically
represented (the x-axis being the mGFR and the y-axis
1249
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being the [absolute or relative] difference between
eGFRcys and eGFRcrea).

Thereafter, we considered the 2 most used thresholds
in the literature and those proposed in the KDIGO
guidelines, that is, an absolute difference of 15ml/min per
1.73 m2 and a relative difference of 20%.1,5,6,8 We
compared the EKFC, r-LMR, and CKD-EPI equations. The
following 3 groups were defined accordingly: (i) the
group of subjectswith concordant results (GFRC) between
eGFRcrea and eGFRcys, (ii) the group of subjects with
discordant results and eGFRcys < eGFRcrea (GFRDCys, the
group with an absolute or relative difference >�15 ml/
min per 1.73m2 or�20%), (iii) the group of subjects with
discordant results and eGFRcrea < eGFRcys (GFRDCrea, the
group with an absolute or relative difference over þ
15 ml/min per 1.73 m2 or þ20%). We compared the
characteristics of the different groups and the perfor-
mance of all equations (eGFRcrea, eGFRcys, and eGFR
combinedwith creatinine and cystatin C [eGFRcreaþcys]) to
estimate the GFR in the 3 groups relative to the mGFR
(focusing on accuracy results).

Statistical Analysis

Analyses and calculations were performed using SAS
9.4 (SAS Institute Inc., Cary, NC) and R (version 4.2.0;
R Foundation for Statistical Computing, Vienna,
Austria) software. Data are presented as medians and
interquartile ranges.

The association between characteristics and
belonging to one of the discrepant groups was modeled
using multivariate multinomial logistic regression,
allowing the assessment of relative risk ratios. The
covariates included were age, sex, BMI, and mGFR, and
were included a priori. The reference group exhibited
concordant results. Collinearity was evaluated by
calculating the variance inflation factor, which mea-
sures multicollinearity among the predictor variables in
a regression model. A variance inflation factor > 5
suggests moderate multicollinearity, whereas a vari-
ance inflation factor > 10 indicates a high level that
may affect model reliability.

The performance of eGFR equations was compared
with usual metrics: median bias (i.e., eGFR � mGFR)
with 95%CI, imprecision (interquartile range), aswell as
P30 and P20 accuracy (percentage of eGFR values within
�30% or 20% of mGFR) with 95% CI. An absolute
bias < 5 ml/min per 1.73 m2 was considered reason-
able.2,17 Imprecision should be as low as possible.27 To
test if an equation is different from another equation in
the same population, we did not use statistical tests to
avoid numerous P-value calculations; however, the
reader may consider an equation as different when the
95% CI between equations was not overlapping, which
is a more conservative criterion.2,17
1250
We also repeated the subgroup analyses according to
sex, age, mGFR, and BMI in the White European sub-
group. Linear regression of the (relative or absolute)
differences against mGFR (note that eGFRcys � eGFRcrea

and mGFR were independent) and age is graphically
represented.

RESULTS

Characteristics of Participants

mGFR, serum creatinine, and cystatin C were available
in 15,485 individuals. Among them, the population of
White Europeans was the largest (n ¼ 13,022), with
smaller sample sizes in other populations (White
Americans, n ¼ 1093; Black Europeans, n ¼ 862; and
Black Africans, n ¼ 508). In the entire study popula-
tion, the median age was 60 years (range: 49–69 years),
and 47% were women. Median BMI was 26.0 (23.1–
29.5) kg/m2. The median mGFR, serum creatinine, and
serum cystatin C were 70 (47–90) ml/min per 1.73 m2,
0.98 (0.77–1.39) mg/dl, and 1.07 (0.83–1.57) mg/l,
respectively. The median serum creatinine was 1.13
(0.90–1.58) in men and 0.83 (0.69–1.12) mg/dl in
women. Descriptions of the populations and every
single cohort are presented in Supplementary Table S1.

Percentage of Discordant Results According to

the Equations and the Definition

The percentage of discordant results was, as expected,
higher if a more stringent definition of discrepancy was
considered (Table 1). We observed that the proportion
of discordant results was systematically and signifi-
cantly lower when the EKFC or r-LMR equations were
used than when the CKD-EPI equations were used. The
proportions of the discrepancies were similar for the
EKFC and r-LMR equations. For the commonly used
thresholds (15 ml/min per 1.73 m2 and 20%), the per-
centages of discordant results with the EKFC equations
(21.9% and 31.7%, respectively) were 13% and 9%
lower than those with the CKD-EPI equations (35.1%
and 40.6%, respectively) (Table 1).

In Figure 1, we show the association between abso-
lute (15 ml/min per 1.73 m2, 1a [CKD-EPI] and 1b
[EKFC]) or relative (20%, 1c [CKD-EPI] and 1d [EKFC])
differences and mGFR. The figure shows a higher
discordance of results with the CKD-EPI equations
(Figure 1a and c) than with the EKFC equations
(Figure 1b and d). Moreover, we observed a more
balanced distribution of discordant results for the EKFC
and r-LMR equations than for the CKD-EPI equations.
With CKD-EPI, the proportion of discordant results
with eGFRcys < eGFRCrea was much higher than the
proportion of discordant results with eGFRCrea <
eGFRcys, that is, 25.4% versus 9.7% (absolute differ-
ence) and 30.5% versus 10.2% (relative difference).
Kidney International Reports (2025) 10, 1248–1259



Table 1. Percentage of discordant results between creatinine- and cystatin C-based equations according to the equations and the definitions

All results in %

Absolute difference (eGFRcrea-eGFRcys) of more than

Relative difference
([eGFRcrea-eGFRcys]/eGFRcrea)

of more than

±5 ml/min
per 1.73 m2

±10 ml/min
per 1.73 m2

±15 ml/min
per 1.73 m2

±20 ml/min
per 1.73 m2

±30 ml/min
per 1.73 m2 ±5% ±10% ±20% ±30%

All N ¼ 15,485

CKD-EPI 73.7 51.8 35.1 23.1 9.4 82.1 66.1 40.6 23.8

EKFC 62.7 37.2 21.9 12.7 3.9 75.0 56.4 31.7 16.3

r-LMR 65.8 40.5 22.8 12.2 3.5 80.0 61.4 32.8 16.3

White Europeans n ¼ 13,022

CKD-EPI 74.0 52.5 35.8 23.7 9.8 82.5 66.9 42.0 24.8

EKFC 62.7 37.4 22.0 13.0 4.1 75.7 57.5 32.5 16.6

r-LMR 65.4 40.4 22.9 12.6 3.8 80.3 62.1 33.5 16.9

Black Europeans n ¼ 862

CKD-EPI 72.0 48.7 32.5 23.9 9.5 84.1 70.8 45.0 28.9

EKFC 68.7 41.9 27.5 16.7 4.8 80.4 63.3 39.7 23.7

r-LMR 68.4 43.4 26.9 14.3 3.7 83.5 65.8 40.1 21.0

White Americans n ¼ 1093

CKD-EPI 72.6 48.0 29.5 16.5 4.0 75.8 54.3 23.5 10.1

EKFC 56.4 29.0 13.6 5.2 0.7 62.8 38.7 16.0 5.8

r-LMR 67.2 41.0 18.3 7.2 0.7 74.1 52.7 19.7 6.3

Africans n ¼ 508

CKD-EPI 70.9 48.6 33.1 21.5 8.9 80.7 61.8 34.3 18.9

EKFC 67.7 40.2 26.4 16.1 4.1 72.4 55.1 31.3 18.7

r-LMR 67.5 38.0 22.8 11.6 3.5 77.6 55.1 29.7 15.6

CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFRcrea, creatinine-based estimation of glomerular filtration rate; eGFRcys, cystatin C–based estimation of glomerular
filtration rate; EKFC, European Kidney Function Consortium; r-LMR, re-expressed Lund-Malmö.
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Using the EKFC equations, the proportion of discordant
results was 11.7% versus 10.1% (for the absolute dif-
ference) and 14.7% versus 17% (for the relative dif-
ference) (the results for r-LMR were very similar to
those for EKFC; Tables 2 and 3). Finally, the differences
between eGFRcys and eGFRcrea were not dependent on
mGFR or age for the EKFC and r-LMR equations,
whereas the difference was significantly influenced by
mGFR and age when the CKD-EPI equations were used
(Figure 1 and Supplementary Figure S1).

Similar findings of a lower proportion of discordant
results with the EKFC and r-LMR equations were
observed when stratified by population (Table 1). In the
cohort ofWhite Europeans, we repeated the analyses and
obtained the same observations in subgroups according
to age, sex, mGFR, and BMI (Supplementary Table S3).

Comparison of Characteristics of the Subjects

With Concordant (GFRC) or Discordant Results

(GFRDCys and GFRDCrea)

In the current paragraph, we only report the analyses
performed in the European White cohort (because the
sample size in other populations was too small)
comparing CKD-EPI and EKFC equations and using the
thresholds of 15 ml/min per 1.73 m2 and 20%. The
characteristics (age, sex, mGFR, and BMI) of the par-
ticipants in the concordant and discordant groups are
shown in Supplementary Table S4. Using multivariable
multinomial logistic regression models (Table 4), we
Kidney International Reports (2025) 10, 1248–1259
showed that males were less likely to have a discrepant
result, with eGFRcrea lower than eGFRcys using the
EKFC equation (both relative and absolute differences).
In contrast, no association was observed between sex
and discrepancy as assessed using the CKD-EPI equa-
tion. For both equations, age was significantly associ-
ated with the risk of belonging to one of the 2
discrepant groups (the younger the participant, the
higher the risk of belonging to one discrepant group).
Increasing BMI was associated with a lower risk of
having a lower eGFRcrea according to the EKFC equa-
tion, with the discrepancy defined by absolute or
relative thresholds, but only when considering the
relative threshold for the CKD-EPI equation. Results
concerning mGFR were conflicting with an increased
risk of a lower eGFRcrea with EKFC and an absolute
difference with the threshold of 15 ml/min per 1.73 m2;
however, a decrease in this risk with the CKD-EPI
equation and with EKFC when considering the rela-
tive difference of 20%. The variance inflation factor for
sex, age, BMI, and mGFR were all < 1.3, indicating the
absence of collinearity.

Performance of the Different Equations in the 3

Groups With Concordant (GFRC) or Discordant

Results (GFRDCys and GFRDCrea) to Estimate

mGFR

In White Europeans, the results are shown for the 3
equations (eGFRcrea, eGFRcys, and eGFRcreaþcys) in
1251



Figure 1. Association between differences in creatinine and cystatin C-based equations and measured GFR. CKD-EPI, Chronic Kidney Disease
Epidemiology Collaboration (1a and c); crea, creatinine; cys, cystatin C; EKFC, European Kidney Function Consortium (1b and 1d). The absolute
differences are shown in Figures 1a and b. The green dashed lines are corresponding to the interval of 15 ml/min per 1.73 m2. The relative
differences are shown in Figures 1c and d. The green dashed lines correspond to the intervals of 20%. Redlines are the zero-bias line. The grey
line corresponds to the regression line. The n values are the number of results beyond the thresholds of 15 ml/min per 1.73 m2 or 20%.
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Table 2 and Supplementary Table S5 for the criteria of
20% and 15 ml/min per 1.73 m2, respectively.
Considering the entire White European population
(first column of Table 2 and Supplementary Table S5),
P30 and P20 were better (a in Table 2 and
Supplementary Table S5) for the combined equations,
and this was shown for both the EKFC, r-LMR, and
CKD-EPI equations.

In each of the 3 groups (concordant and 2 discordant),
we analyzed and compared the P20 and P30 results (a in
Table 2 and Supplementary Table S5 assigned to the best
results in each group). Considering the EKFC and r-LMR
equations, the combined eGFRcreaþcys equations were
systematically the best (or among the best), regardless of
the threshold used. However, using the CKD-EPI equa-
tions, the results were not systematically better for the
combined eGFRcreaþcys equation. Indeed, considering
the threshold of 15 ml/min per 1.73 m2, P20 was better
for eGFRcrea both in the GFRC and GFRDCrea. groups.
Considering a threshold of 20%, P20 and P30 were
1252
better for eGFRcrea and eGFRcys in GFRC. The P30 was
also better for eGFRcrea than in the GFRDCrea groups.

In other populations (Table 3 and Supplementary
Table S6), the same results were observed, because
the combined eGFRcreaþcys equation was systematically
among the best equations in the concordant and
discordant groups, at least when the EKFC and r-LMR
equations were considered (although this was not
systematically the case for the CKD-EPI equations,
notably in White American populations).

In White Europeans, this type of analysis was
repeated in subgroups according to sex, age, mGFR,
and BMI (Supplementary Tables S7–S10) with a
threshold of 20% and only for the EKFC and CKD-EPI
equations, leading to the same global conclusions.

DISCUSSION

In the current study, we showed that using the EKFC
or r-LMR instead of the CKD-EPI equations led to a
lower prevalence of discrepant results between the
Kidney International Reports (2025) 10, 1248–1259



Table 2. Performance of the different equations in the concordant and discordant groups in White Europeans (relative difference)
Performance Whole GFRDCys GFRC GFRDCrea

CKD-EPI and 20%

n (%) 13,022 4444 (34.1) 7547 (58.0) 1031 (7.9)

Bias (ml/min per 1.73 m2) eGFRcrea 5.40 [5.14;5.65] 11.31 [10.87;11.82] 3.46 [3.16;3.79] �6.04 [�6.75;�5.20]

Bias (ml/min per 1.73 m2) eGFRcys �1.59 [�1.82;�1.31] �9.11 [�9.43;�8.84] 2.31 [1.99;2.61] 12.69 [11.10;14.11]

Bias (ml/min per 1.73 m2) eGFRcreaþcys 3.14 [2.90;3.35] �0.26 [�0.60;0.14] 5.79 [5.50;6.18] 5.42 [4.49;6.46]

IQR (ml/min per 1.73 m2) eGFRcrea 16.6 [�2.1;14.5] 16.7 [4.0;20.7] 15.1 [�3.3;11.8] 13.1 [�13.3;�0.2]

IQR (ml/min per 1.73 m2) eGFRcys 17.7 [�9.3;8.4] 12.9 [�16.3;�3.4] 16.8 [�4.9;11.9] 18.9 [3.4;22.2]

IQR (ml/min per 1.73 m2) eGFRcreaþcys 15.9 [�3.4;12.5] 11.6 [�5.9;5.6] 17.5 [�1.6;15.9] 16.8 [�1.5;15.3]

P20 (ml/min per 1.73 m2) eGFRcrea 63.5 [62.7;64.3] 41.8 [40.4;43.3] 74.9 [74.0;75.9]a 73.0 [70.3;75.7]a

P20 (ml/min per 1.73 m2) eGFRcys 62.9 [62.1;63.8] 47.0 [45.5;48.5] 73.8 [72.8;74.8]a 52.0 [48.9;55.5]

P20 (ml/min per 1.73 m2) eGFRcreaþcys 70.1 [69.3;70.9]a 71.6 [70.3;73.0]a 69.0 [68.0;70.1] 71.0 [68.2;73.8]a

P30 (ml/min per 1.73 m2) eGFRcrea 78.7 [78.0;79.4] 58.6 [57.1;60.0] 88.9 [88.2;89.6]a 90.4 [88.6;92.2]a

P30 (ml/min per 1.73 m2) eGFRcys 82.7 [82.0;83.3] 73.0 [71.6;74.3] 89.7 [89.0;90.3]a 73.3 [70.6;76.0]

P30 (ml/min per 1.73 m2) eGFRcreaþcys 86.5 [85.9;87.1]a 87.1 [86.1;88.1]a 86.1 [85.3;86.9] 86.4 [84.3;88.5]

EKFC and 20%

n (%) 13,022 2118 (16.3) 8789 (67.5) 2115 (16.2)

Bias (ml/min per 1.73 m2) eGFRcrea �0.51 [�0.74;�0.27] 9.81 [9.23;10.36] �0.79 [�1.08;�0.56] �7.06 [�7.45;�6.53]

Bias (ml/min per 1.73 m2) eGFRcys �0.46 [�0.69;�0.20] �8.39 [�8.94;�7.82] �0.56 [�0.82;�0.31] 6.77 [6.40;7.33]

Bias (ml/min per 1.73 m2) eGFRcreaþcys �0.30 [�0.48;�0.11] 0.77 [0.23;1.38] �0.70 [�0.92;�0.46] 0.22 [�0.21;0.66]

IQR (ml/min per 1.73 m2) eGFRcrea 15.1 [�8.0;7.1 ] 15.2 [3.1;18.4] 13.7 [�7.8;5.9] 12.2 [�13.7;�1.5]

IQR (ml/min per 1.73 m2) eGFRcys 14.8 [�8.2;6.5] 14.5 [�16.4;�1.9] 13.7 [�7.7;6.0] 11.9 [1.6;13.5]

IQR (ml/min per 1.73 m2) eGFRcreaþcys 12.5 [�6.7;5.8] 12.8 [�5.6;7.2] 12.9 [�7.2;5.6] 10.1 [�5.2;4.9]

P20 (ml/min per 1.73 m2) eGFRcrea 71.4 [70.6;72.2] 46.9 [44.8;49.1] 79.8 [78.9;80.6] 61.2 [59.2;63.3]

P20 (ml/min per 1.73 m2) eGFRcys 71.1 [70.3;71.9] 51.3 [49.2;53.5] 79.0 [78.2;79.9] 58.1 [56.0;60.2]

P20 (ml/min per 1.73 m2) eGFRcreaþcys 78.7 [78.0;79.4]a 67.7 [65.7;69.7]a 81.8 [81.0;82.6]a 76.7 [74.9;78.5]a

P30 (ml/min per 1.73 m2) eGFRcrea 86.3 [85.7;86.9] 62.3 [60.2;64.3] 92.3 [91.8;92.9]a 85.5 [84.0;87.0]

P30 (ml/min per 1.73 m2) eGFRcys 87.2 [86.6;87.8] 75.9 [74.1;77.7] 92.7 [92.2;93.2]a 75.6 [73.8;77.4]

P30 (ml/min per 1.73 m2) eGFRcreaþcys 91.2 [90.7;91.7]a 84.1 [82.5;85.6]a 93.3 [92.8;93.8]a 89.6 [88.3;90.9]a

r-LMR and 20%

n (%) 13,022 2186 (16.8) 8655 (66.6) 2181 (16.7)

Bias (ml/min per 1.73 m2) eGFRcrea �3.14 [�3.38;�2.94] 7.47 [6.89;8.02] �3.67 [�4.01;�3.41] �9.59 [�10.13;�9.10]

Bias (ml/min per 1.73 m2) eGFRcys �3.11 [�3.34;�2.85] �10.80 [�11.41;�10.19] �3.25 [�3.56;�3.02] 4.70 [4.30;5.00]

Bias (ml/min per 1.73 m2) eGFRcreaþcys �2.96 [�3.17;�2.79] �1.57 [�1.94;�1.10] �3.50 [�3.74;�3.28] �2.13 [�2.68;�1.75]

IQR (ml/min per 1.73 m2) eGFRcrea 15.1 [�10.9;4.2] 14.5 [1.1;15.6] 13.7 [�11.0;2.8] 12.8 [�16.4;�3.6]

IQR (ml/min per 1.73 m2) eGFRcys 15.0 [�11.0;3.9] 14.4 [�18.8;�4.4] 13.9 [�10.7;3.3] 11.6 [�0.9;10.6]

IQR (ml/min per 1.73 m2) eGFRcreaþcys 12.6 [�9.6;3.0] 12.6 [�7.7;4.9] 12.9 [�10.4;2.6] 10.9 [�8.1;2.7]

P20 (ml/min per 1.73 m2) eGFRcrea 70.0 [69.2;70.8] 54.4 [52.3;56.5] 77.9 [77.1;78.8] 54.2 [52.2;56.3]

P20 (ml/min per 1.73 m2) eGFRcys 70.0 [69.2;70.8] 41.9 [39.8;43.9] 77.6 [76.7;78.5] 68.3 [66.4;70.3]

P20 (ml/min per 1.73 m2) eGFRcreaþcys 78.2 [77.5;78.9]a 70.7 [68.8;72.6]a 80.2 [79.4;81.1]a 77.6 [75.9;79.4]a

P30 (ml/min per 1.73 m2) eGFRcrea 87.3 [86.7;87.8] 70.4 [68.5;72.3] 92.9 [92.4;93.5]a 81.7 [80.1;83.3]

P30 (ml/min per 1.73 m2) eGFRcys 87.1 [86.5;87.6] 69.2 [67.3;71.1] 92.5 [91.9;93.1]a 83.4 [81.8;85.0]

P30 (ml/min per 1.73 m2) eGFRcreaþcys 91.9 [91.5;92.4]a 86.5 [85.1;87.9]a 93.5 [93.0;94.0]a 91.2 [90.0;92.4]a

CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFRcrea, creatinine-based estimating glomerular filtration rate; eGFRcreaþcys, estimating glomerular filtration rate
combining creatinine and cystatin C; eGFRcys, cystatin C-based estimating glomerular filtration rate; EKFC, European Kidney Function Consortium; GFRC, group of subjects with
concordant estimating glomerular filtration rate results; GFRDCrea, group of subjects with discordant estimating glomerular filtration rate results and with creatinine-based results lower
than cystatin C-based results; GFRDCys, group of subjects with discordant estimating glomerular filtration rate results and with cystatin C-based results lower than creatinine-based
results; IQR: interquartile range; P20: accuracy within 20%;P30, accuracy within 30%; r-LMR: re-expressed Lund-Malmö.
aThe best P20 and P30 results within each group.
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eGFRcrea and eGFRcys equations. With the release of the
recent KDIGO guidelines, it can be anticipated that
cystatin C will be increasingly used in the future to
estimate GFR.1,4,6-8 If cystatin C is concomitantly or-
dered with creatinine, it is important to help clinicians
interpret eGFR results in cases where they are discor-
dant for the 2 biomarkers.1,20 It is known that the
proportion of discordant results could differ according
to the population studied, and this was confirmed here
by the different percentages of discrepancy observed
Kidney International Reports (2025) 10, 1248–1259
in the different cohorts included in the current analysis
(Supplementary Table S1). This is probably explained
by our multivariate logistic regression analysis
showing that the proportion of discrepancies is influ-
enced by sex, age, BMI, and, to a lesser extent, mGFR.
We found that sex influenced the risk of discrepancies
with EKFC and non-not with CKD-EPI. This can
probably be explained, at least in part, by the fact that
the variable “sex” is not included in the EKFC eGFRcys
equation. Indeed, using the version of EKFCcys with the
1253



Table 3. Performance of the different equations in the concordant and discordant groups in other populations (relative difference)
Performance Whole GFRDCys GFRC GFRDCrea

Black Europeans CKD-EPI and 20%

n (%) 862 125 (14.5) 474 (55.0) 263 (30.5)

Bias (ml/min per 1.73 m2) eGFRcrea �5.09 [�5.70;�4.20] 6.30 [4.12;8.82] �3.12 [�4.20;�2.04] �13.26 [�14.82;�12.06]

Bias (ml/min per 1.73 m2) eGFRcys �1.19 [�2.27;�0.31] �10.12 [�12.20;�8.94] �2.46 [�3.31;�1.26] 7.55 [5.51;10.00]

Bias (ml/min per 1.73 m2) eGFRcreaþcys �2.08 [�2.73;�1.32] �3.39 [�5.35;�2.31] �1.52 [�2.58;�0.44] �1.57 [�3.13;0.15]

IQR (ml/min per 1.73 m2) eGFRcrea 16.7 [�12.7;4.0] 14.1 [�0.5;13.6] 14.2 [�9.1;5.1] 12.3 [�19.3;�7.0]

IQR (ml/min per 1.73 m2) eGFRcys 17.4 [�3.3;9.0] 11.6 [�16.7;�5.1] 14.6 [�9.0;5.6] 19.4 [�0.6;18.9]

IQR (ml/min per 1.73 m2) eGFRcreaþcys 14.0 [�7.9;6.1] 11.6 [�8.6;3.0] 15.0 [�7.9;7.1] 13.4 [�7.1;6.3]

P20 (ml/min per 1.73 m2) eGFRcrea 62.1 [58.8;65.3] 58.4 [49.8;67.0]a 71.5 [67.5;75.6]a 46.8 [40.7;52.8]

P20 (ml/min per 1.73 m2) eGFRcys 60.9 [57.6;64.2] 39.2 [30.6;47.8] 68.8 [64.6;72.9]a 57.0 [51.1;63.0]

P20 (ml/min per 1.73 m2) eGFRcreaþcys 70.0 [66.9;73.0]a 68.0 [59.8;76.2]a 70.5 [66.4;74.6]a 79.1 [74.2;84.0]a

P30 (ml/min per 1.73 m2) eGFRcrea 82.3 [79.7;84.8] 73.6 [65.9;81.3] 88.2 [85.3;91.1]a 75.7 [70.5;80.9]

P30 (ml/min per 1.73 m2) eGFRcys 81.3 [78.7;83.9] 64.0 [55.6;72.4] 87.8 [84.8;90.7]a 77.9 [72.9;83.0]

P30 (ml/min per 1.73 m2) eGFRcreaþcys 89.1 [87.0;91.2]a 89.6 [84.2;95.0]a 88.2 [85.3;91.1]a 90.5 [86.9;94.0]a

EKFC and 20%

n (%) 862 101 (11.7) 520 (60.3) 241 (28.0)

Bias (ml/min per 1.73 m2) eGFRcrea �2.43 [�3.24;�1.37] 10.13 [7.27;13.56] �0.73 [�1.56;0.10] �9.47 [�10.79;�8.41]

Bias (ml/min per 1.73 m2) eGFRcys 1.40 [0.38;2.21] �7.42 [�9.43;�4.70] 0.15 [�0.41;0.96] 7.19 [5.46;9.04]

Bias (ml/min per 1.73 m2) eGFRcreaþcys �0.49 [�1.15;0.27] 1.68 [�1.23;3.47] �0.50 [�1.18;0.42] �1.26 [�2.42;0.27]

IQR (ml/min per 1.73 m2) eGFRcrea 14.8 [�9.4;5.4] 15.9 [2.5;18.4] 13.5 [�7.3;6.2] 11.7 [�16.0;�4.3]

IQR (ml/min per 1.73 m2) eGFRcys 14.3 [�5.5;8.8] 13.0 [�13.9;�0.9] 12.5 [�5.7;6.8] 14.6 [1.1;15.7]

IQR (ml/min per 1.73 m2) eGFRcreaþcys 12.4 [�6.0;6.4] 13.3 [�5.1;8.2] 12.5 [�6.1;6.4] 10.3 [�6.0;4.2]

P20 (ml/min per 1.73 m2) eGFRcrea 67.7 [64.6;70.9] 43.6 [33.9;53.2] 77.3 [73.7;80.9]a 57.3 [51.0;63.5]

P20 (ml/min per 1.73 m2) eGFRcys 70.2 [67.1;73.2] 55.4 [45.8;65.1]a 77.5 [73.9;81.1]a 60.6 [54.4;66.8]

P20 (ml/min per 1.73 m2) eGFRcreaþcys 78.7 [75.9;81.4]a 69.3 [60.3;78.3]a 79.6 [76.2;83.1]a 80.5 [75.5;85.5]a

P30 (ml/min per 1.73 m2) eGFRcrea 85.5 [83.1;87.8] 60.4 [50.9;69.9] 91.7 [89.4;94.1]a 82.6 [77.8;87.4]

P30 (ml/min per 1.73 m2) eGFRcys 87.5 [85.3;89.7] 82.2 [74.7;89.6]a 92.1 [89.8;94.4]a 79.7 [74.6;84.7]

P30 (ml/min per 1.73 m2) eGFRcreaþcys 91.9 [90.1;93.7]a 83.2 [75.9;90.5]a 93.1 [90.9;95.3]a 92.9 [89.7;96.2]a

r-LMR and 20%

n (%) 862 108 (12,5) 516 (59.9) 238 (27.6)

Bias (ml/min per 1.73 m2) eGFRcrea �5,46 [�6,21;�4,51] 7,85 [2,70;9,92] �3,40 [�4,59;�2,46] �12,18 [�13,68;�11,04]

Bias (ml/min per 1.73 m2) eGFRcys �2,11 [�3,19;�1,23] �11,00 [�13,87;�8,80] �3,40 [�4,19;�2,57] 2,74 [1,33;4,30]

Bias (ml/min per 1.73 m2) eGFRcreaþcys �3,61 [�4,49;�3,01] �2,24 [�5,47;0,27] �3,26 [�4,34;�2,46] �4,96 [�6,21;�3,79]

IQR (ml/min per 1.73 m2) eGFRcrea 14,5 [�12,6;1,8] 17,3 [�2,1;15,2] 12,6 [�10,1;2,5] 11,9 [�18,8;�6,9]

IQR (ml/min per 1.73 m2) eGFRcys 13,2 [�8,7;4,5] 15,5 [�18,9;�3,3] 11,8 [�8,8;3,0] 12,4 [�2,0;10,4]

IQR (ml/min per 1.73 m2) eGFRcreaþcys 11,4 [�9,1;2,3] 15,5 [�9,8;5,8] 11,0 [�8,6;2,5] 10,0 [�9,3;0,7]

P20 (ml/min per 1.73 m2) eGFRcrea 65,0 [61,9;68,2] 56,5 [47,1;65,8]a 78,4 [74,9;82,0]a 39,9 [33,7;46,1]

P20 (ml/min per 1.73 m2) eGFRcys 72,7 [69,7;75,7] 39,8 [30,6;49,0] 80,0 [76,5;83,5]a 71,8 [66,1;77,6]a

P20 (ml/min per 1.73 m2) eGFRcreaþcys 78,9 [76,1;81,6]a 65,7 [56,8;74,7]a 81,2 [77,8;84,5]a 79,8 [74,7;84,9]a

P30 (ml/min per 1.73 m2) eGFRcrea 85,1 [82,8;87,5] 72,2 [63,8;80,7] 92,4 [90,1;94,7]a 75,2 [69,7;80,7]

P30 (ml/min per 1.73 m2) eGFRcys 88,0 [85,9;90,2] 66,7 [57,8;75,6] 93,2 [91,0;95,4]a 86,6 [82,2;90,9]a

P30 (ml/min per 1.73 m2) eGFRcreaþcys 92,5 [90,7;94,2]a 88,0 [81,8;94,1]a 93,8 [91,7;95,9]a 91,6 [88,1;95,1]a

White Americans CKD-EPI and 20%

n (%) 1093 95 (8.7) 836 (76.5) 162 (14.8)

Bias (ml/min per 1.73 m2) eGFRcrea 7.11 [6.13;7.95] 17.47 [14.87;21.05] 7.19 [6.09;8.27] �0.47 [�2.47;2.50]

Bias (ml/min per 1.73 m2) eGFRcys 10.89 [9.91;12.14] �3.76 [�8.23;�1.55] 10.44 [9.08;11.58] 23.64 [21.22;26.03]

Bias (ml/min per 1.73 m2) eGFRcreaþcys 13.89 [13.05;14.84] 9.30 [3.14;10.38] 14.17 [12.91;15.20] 17.35 [14.24;19.01]

IQR (ml/min per 1.73 m2) eGFRcrea 18.7 [�2.2;16.5] 16.8 [8.2;25.0] 17.8 [�1.5;16.3] 18.3 [�9.2;9.1]

IQR (ml/min per 1.73 m2) eGFRcys 21.4 [0.4;21.8] 15.7 [�13.5;2.2] 18.9 [0.5;19.4] 17.8 [15.3;33.2]

IQR (ml/min per 1.73 m2) eGFRcreaþcys 18.1 [5.1;23.2] 15.4 [�0.8;14.6] 18.4 [5.2;23.6] 18.7 [7.9;26.6]

P20 (ml/min per 1.73 m2) eGFRcrea 65.9 [63.1;68.7]a 36.8 [27.1;46.5] 67.7 [64.5;70.9]a 73.5 [66.7;80.3]a

P20 (ml/min per 1.73 m2) eGFRcys 57.3 [54.3;60.2] 67.4 [57.9;76.8]a 61.8 [58.8;65.1]a 27.8 [20.9;34.7]

P20 (ml/min per 1.73 m2) eGFRcreaþcys 52.3 [49.4;55.3] 60.0 [50.1;69.9]a 53.2 [49.8;56.6] 43.2 [35.6;50.8]

P30 (ml/min per 1.73 m2) eGFRcrea 81.0 [78.6;83.3]a 49.5 [39.4;59.5] 82.8 [80.2;85.3]a 90.1 [85.5;94.7]a

P30 (ml/min per 1.73 m2) eGFRcys 74.9 [72.4;77.5] 83.2 [75.6;90.7]a 79.2 [76.4;81.9]a 48.1 [40.5;55.8]

P30 (ml/min per 1.73 m2) eGFRcreaþcys 72.1 [69.4;74.8] 81.1 [73.2;88.9]a 72.5 [69.5;75.5] 64.8 [57.5;72.2]

EKFC and 20%

n (%) 1093 22 (2.0) 918 (84.0) 153 (14.0)

Bias (ml/min per 1.73 m2) eGFRcrea �0.62 [�1.60;0.45] 15.80 [3.98;19.40] 0.11 [�1.11;1.29] �5.19 [�7.28;�2.66]

(Continued on following page)
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Table 3. (Continued) Performance of the different equations in the concordant and discordant groups in other populations (relative difference)
Performance Whole GFRDCys GFRC GFRDCrea

Bias (ml/min per 1.73 m2) eGFRcys 4.26 [3.32;5.02] �4.21 [�13.36;1.16] 3.26 [2.33;4.24] 12.73 [10.01;15.15]

Bias (ml/min per 1.73 m2) eGFRcreaþcys 2.23 [1.17;3.18] 5.14 [�5.82;12.14] 1.65 [0.82;2.62] 4.46 [1.54;5.60]

IQR (ml/min per 1.73 m2) eGFRcrea 18.4 [�9.5;8.9] 17.9 [4.1;22.0] 18.6 [�9.2;9.4] 16.7 [�14.9;1.9]

IQR (ml/min per 1.73 m2) eGFRcys 18.3 [�5.3;13.0] 15.8 [�13.2;2.6] 17.8 [�6.3;11.5] 17.7 [4.1;21.8]

IQR (ml/min per 1.73 m2) eGFRcreaþcys 17.5 [�7.2;10.3] 18.8 [�5.5;13.3] 17.8 [�7.6;10.2] 16.4 [�4.3;12.0]

P20 (ml/min per 1.73 m2) eGFRcrea 73.6 [70.9;76.2]a 40.9 [20.4;61.5]a 75.6 [72.8;78.4]a 66.0 [58.5;73.5]a

P20 (ml/min per 1.73 m2) eGFRcys 69.9 [67.2;72.6]a 59.1 [38.5;79.6]a 73.6 [70.8;76.5]a 49.0 [41.1;56.9]

P20 (ml/min per 1.73 m2) eGFRcreaþcys 75.0 [72.5;77.6]a 54.5 [33.7;75.4]a 75.8 [73.0;78.6]a 73.2 [66.2;80.2]a

P30 (ml/min per 1.73 m2) eGFRcrea 88.5 [86.6;90.4]a 50.0 [29.1;70.9]a 88.7 [86.6;90.7]a 92.8 [88.7;96.9]a

P30 (ml/min per 1.73 m2) eGFRcys 83.9 [81.7;86.1] 72.7 [54.1;91.3]a 87.0 [84.9;89.2]a 66.7 [59.2;74.1]

P30 (ml/min per 1.73 m2) eGFRcreaþcys 87.0 [85.0;89.0]a 72.7 [54.1;91.3]a 87.9 [85.8;90.0]a 83.7 [77.8;89.5]a

r-LMR and 20%

n (%) 1,093 25 (16.8) 878 (80,3) 190 (17.4)

Bias (ml/min per 1.73 m2) eGFRcrea �3,16 [�4,20;�2,42] 14,90 [1,55;16,54] �2,83 [�3,79;�1,88] �6,22 [�8,67;�4,86]

Bias (ml/min per 1.73 m2) eGFRcys 2,06 [1,23;2,99] �4,54 [�13,49;�2,41] 0,65 [�0,37;1,52] 11,62 [8,94;14,61]

Bias (ml/min per 1.73 m2) eGFRcreaþcys �0,41 [�1,25;0,67] 4,97 [�6,34;8,15] �0,87 [�1,97;�0,06] 2,98 [0,09;4,79]

IQR (ml/min per 1.73 m2) eGFRcrea 18,8 [�12,7;6,2] 17,7 [1,1;18,9] 18,6 [�11,8;6,7] 17,0 [�15,5;1,5]

IQR (ml/min per 1.73 m2) eGFRcys 18,5 [�7,4;11,1] 13,2 [�13,9;�0,7] 17,9 [�8,8;9,1] 17,5 [2,7;20,2]

IQR (ml/min per 1.73 m2) eGFRcreaþcys 17,3 [�9,2;8,0] 16,9 [�6,4;10,5] 17,6 [�10,3;7,4] 16,7 [�6,1;10,5]

P20 (ml/min per 1.73 m2) eGFRcrea 73,4 [70,8;76,0]a 44,0 [24,5;63,5]a 76,3 [73,5;79,1]a 63,7 [56,8;70,5]a

P20 (ml/min per 1.73 m2) eGFRcys 71,7 [69,1;74,4]a 56,0 [36,5;75,5]a 75,3 [72,4;78,1]a 57,4 [50,3;64,4]

P20 (ml/min per 1.73 m2) eGFRcreaþcys 76,4 [73,9;78,9]a 64,0 [45,2;82,8]a 77,0 [74,2;79,8]a 75,3 [69,1;81,4]a

P30 (ml/min per 1.73 m2) eGFRcrea 89,6 [87,8;91,4]a 64,0 [45,2;82,8]a 90,1 [88,1;92,1]a 90,5 [86,4;94,7]a

P30 (ml/min per 1.73 m2) eGFRcys 85,9 [83,8;88,0] 68,0 [49,7;86,3]a 89,4 [87,4;91,4]a 72,1 [65,7;78,5]

P30 (ml/min per 1.73 m2) eGFRcreaþcys 90,0 [88,3;91,8]a 80,0 [64,3;95,7]a 91,3 [89,5;93,2]a 85,3 [80,2;90,3]a

Black Africans CKD-EPI and 20%

n (%) 508 59 (11.6) 334 (65.7) 115 (22.6)

Bias (ml/min per 1.73 m2) eGFRcrea 2.48 [0.73;4.11] 15.01 [8.40;20.04] 4.58 [2.57;6.75] �10.35 [�14.66;�7.78]

Bias (ml/min per 1.73 m2) eGFRcys 2.24 [0.84;3.58] �12.79 [�16.57;�9.24] 3.39 [1.81;5.08] 7.38 [2.59;13.75]

Bias (ml/min per 1.73 m2) eGFRcreaþcys 4.08 [2.37;5.67] �0.34 [�6.37;3.89] 6.77 [4.39;8.58] �0.99 [�3.54;2.03]

IQR (ml/min per 1.73 m2) eGFRcrea 23.2 [�8.9;14.3] 24.3 [1.6;25.9] 20.8 [�5.5;15.3] 17.9 [�18.6;�0.7]

IQR (ml/min per 1.73 m2) eGFRcys 23.4 [�8.2;15.3] 16.9 [�21.6;�4.6] 21.7 [�6.2;15.5] 28.8 [�6.6;22.2]

IQR (ml/min per 1.73 m2) eGFRcreaþcys 21.9 [�7.3;14.6] 20.1 [�9.3;10.8] 20.6 [�3.8;16.8] 22.4 [�10.9;11.4]

P20 (ml/min per 1.73 m2) eGFRcrea 59.6 [55.4;63.9]a 47.5 [34.7;60.2] 68.6 [63.6;73.5]a 40.0 [31.0;49.0]a

P20 (ml/min per 1.73 m2) eGFRcys 58.9 [54.6;63.1]a 59.3 [46.8;71.9]a 65.6 [60.5;70.7]a 39.1 [30.2;48.1]a

P20 (ml/min per 1.73 m2) eGFRcreaþcys 62.0 [57.8;66.2]a 74.6 [63.5;85.7]a 65.6 [60.5;70.7]a 45.2 [36.1;54.3]a

P30 (ml/min per 1.73 m2) eGFRcrea 74.4 [70.6;78.2]a 61.0 [48.6;73.5] 83.5 [79.6;87.5]a 54.8 [45.7;63.9]a

P30 (ml/min per 1.73 m2) eGFRcys 77.4 [73.7;81.0]a 76.3 [65.4;87.1]a 84.7 [80.9;88.6]a 56.5 [47.5;65.6]a

P30 (ml/min per 1.73 m2) eGFRcreaþcys 77.6 [73.9;81.2]a 86.4 [77.7;95.2]a 82.9 [78.9;87.0]a 57.4 [48.4;66.4]a

EKFC and 20%

n (%) 508 32 (6.3) 349 (68.7) 127 (25.0)

Bias (ml/min per 1.73 m2) eGFRcrea �1.59 [�3.08;0.07] 14.11 [0.07;21.23] 2.33 [�0.63;4.41] �13.21 [�15.23;�9.53]

Bias (ml/min per 1.73 m2) eGFRcys 1.74 [0.28;3.23] �11.25 [�19.24;�9.60] 2.12 [0.70;3.79] 3.93 [0.18;7.21]

Bias (ml/min per 1.73 m2) eGFRcreaþcys 0.28 [�1.05;1.42] 0.42 [�9.88;7.16] 2.24 [0.54;3.73] �3.77 [�6.01;�1.93]

IQR (ml/min per 1.73 m2) eGFRcrea 20.8 [�11.0;9.8] 23.8 [�0.8;23.0] 17.9 [�6.5;11.4] 14.0 [�18.2;�4.2]

IQR (ml/min per 1.73 m2) eGFRcys 19.3 [�7.4;11.9] 14.4 [�20.3;�5.9] 18.8 [�6.3;12.4] 19.4 [�6.0;13.4]

IQR (ml/min per 1.73 m2) eGFRcreaþcys 17.3 [�7.4;9.9] 18.6 [�11.2;7.4] 17.3 [�5.2;12.1] 13.3 [�11.1;2.2]

P20 (ml/min per 1.73 m2) eGFRcrea 63.8 [59.6;68.0] 46.9 [29.6;64.2]a 74.2 [69.6;78.8]a 39.4 [30.9;47.9]a

P20 (ml/min per 1.73 m2) eGFRcys 66.7 [62.6;70.8]a 59.4 [42.4;76.4]a 72.8 [68.1;77.4]a 52.0 [43.3;60.7]a

P20 (ml/min per 1.73 m2) eGFRcreaþcys 72.4 [68.6;76.3]a 78.1 [63.8;92.4]a 77.9 [73.6;82.3]a 55.9 [47.3;64.5]a

P30 (ml/min per 1.73 m2) eGFRcrea 78.9 [75.4;82.5]a 71.9 [56.3;87.5]a 88.8 [85.5;92.1]a 53.5 [44.9;62.2]

P30 (ml/min per 1.73 m2) eGFRcys 83.5 [80.2;86.7]a 81.3 [67.7;94.8]a 87.4 [83.9;90.9]a 73.2 [65.5;80.9]a

P30 (ml/min per 1.73 m2) eGFRcreaþcys 84.3 [81.1;87.4]a 90.6 [80.5;100.7]a 90.0 [86.8;93.1]a 66.9 [58.7;75.1]a

r-LMR and 20%

n (%) 508 29 (5.7) 357 (70.3) 122 (20.4)

Bias (ml/min per 1.73 m2) eGFRcrea �6,21 [�7,69;�5,05] 11,35 [�0,62;18,46] �5,02 [�6,24;�3,82] �13,45 [�16,29;�10,49]

Bias (ml/min per 1.73 m2) eGFRcys �4,28 [�5,60;�2,96] �15,76 [�23,05;�9,53] �4,89 [�6,18;�3,56] 0,52 [�2,12;2,83]

Bias (ml/min per 1.73 m2) eGFRcreaþcys �5,57 [�6,78;�4,61] �2,27 [�12,00;4,26] �5,15 [�6,77;�4,26] �6,95 [�9,52;�5,39]

IQR (ml/min per 1.73 m2) eGFRcrea 17,7 [�15,5;2,2] 26,4 [�6,0;20,4] 16,2 [�13,1;3,1] 16,3 [�20,6;�4,2]

(Continued on following page)
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Table 3. (Continued) Performance of the different equations in the concordant and discordant groups in other populations (relative difference)
Performance Whole GFRDCys GFRC GFRDCrea

IQR (ml/min per 1.73 m2) eGFRcys 17,2 [�12,1;5,1] 19,0 [�25,7;�6,7] 17,6 [�13,1;4,6] 15,4 [�7,5;7,9]

IQR (ml/min per 1.73 m2) eGFRcreaþcys 15,2 [�12,0;3,2] 19,9 [�13,1;6,8] 15,1 [�11,7;3,3] 13,6 [�12,7;0,9]

P20 (ml/min per 1.73 m2) eGFRcrea 64,0 [59,8;68,2]a 48,3 [30,1;66,5]a 77,3 [73,0;81,7]a 28,7 [20,7;36,7]

P20 (ml/min per 1.73 m2) eGFRcys 71,1 [67,1;75,0]a 55,2 [37,1;73,3]a 78,2 [73,9;82,4]a 54,1 [45,3;62,9]a

P20 (ml/min per 1.73 m2) eGFRcreaþcys 71,1 [67,1;75,0]a 75,9 [60,3;91,4]a 78,7 [74,5;83,0]a 47,5 [38,7;56,4]a

P30 (ml/min per 1.73 m2) eGFRcrea 80,1 [76,6;83,6] 86,2 [73,7;98,8]a 91,0 [88,1;94,0]a 46,7 [37,9;55,6]

P30 (ml/min per 1.73 m2) eGFRcys 84,4 [81,3;87,6]a 72,4 [56,1;88,7]a 90,5 [87,4;93,5]a 69,7 [61,5;77,8]a

P30 (ml/min per 1.73 m2) eGFRcreaþcys 86,6 [83,7;89,6]a 93,1 [83,9;102,3]a 93,0 [90,3;95,6]a 66,4 [58,0;74,8]a

CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFRcrea, creatinine-based estimating glomerular filtration rate; eGFRcreaþcys: estimating glomerular filtration rate
combining creatinine and cystatin C; eGFRcys, cystatin C-based estimating glomerular filtration rate; EKFC, European Kidney Function Consortium; GFRC, group of subjects with
concordant estimating glomerular filtration rate results; GFRDCrea, group of subjects with discordant estimating glomerular filtration rate results and with creatinine-based results lower
than cystatin C-based results; GFRDCys, group of subjects with discordant estimating glomerular filtration rate results and with cystatin C-based results lower than creatinine-based
results; IQR, interquartile range; P20, accuracy within 20%; P30, accuracy within 30%; r-LMR: re-expressed Lund-Malmö.
aThe best P20 and P30 results within each group.
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sex variable makes the hazard ratio much closer to 1
(data not shown). However, in both males and females,
all EKFC equations performed better than the respec-
tive CKD-EPI equations.

From our dataset, we showed that the proportion of
discordant results was dependent on the definition and
the choice of the threshold as well as on the eGFR
equation considered. As expected, for more stringent
thresholds, higher percentages of discrepancies are
seen. The choice of the threshold is somewhat arbitrary
Table 4. Results of the multinomial logistic regression models
assessing the association between subjects’ characteristics and
belonging to one of the discrepant group
Covariate GFRDCrea GFRDCys

CKD-EPI and absolute difference of 15 ml/min per 1.73 m2

Sex (ref: female) 0.98 [0.86;1.12] 1.04 [0.97;1.13]

Age (yrs) 0.99 [0.98;0.99]a 0.995 [0.992;0.998]a

BMI (kg/m2) 0.98 [0.96;0.99]a 1.00 [0.99;1.01]

mGFR (ml/min per 1.73 m2) 1.02 [1.02;1.03]a 0.999 [0.997;1.002]

CKD-EPI and relative difference of 20%

Sex (ref: female) 0.94 [0.83;1.07] 1.11 [1.03;1.21]a

Age (yrs) 0.98 [0.98;0.99]a 1.00 [0.997;1.003]

BMI (kg/m2) 0.99 [0.98;1.00] 1.01 [1.00;1.02]a

mGFR (ml/min per 1.73 m2) 0.99 [0.99;0.99]a 0.97 [0.97;0.97]a

EKFC and absolute difference of 15 ml/min per 1.73m2

Sex (ref: female) 0.45 [0.40;0.51]a 1.34 [1.20;1.49]a

Age (yrs) 0.97 [0.97;0.98]a 0.98 [0.97;0.98]a

BMI (kg/m2) 0.98 [0.96;0.99]a 0.99 [0.98;0.997]a

mGFR (ml/min per 1.73 m2) 1.007 [1.004 ;1.009]a 0.999 [0.997;1.001]

EKFC and relative difference of 20%

Sex (ref: female) 0.58 [0.52;0.63]a 1.35 [1.23;1.50]a

Age (yrs) 0.99 [0.98;0.99]a 0.99 [0.98;1.00]a

BMI (kg/m2) 0.99 [0.98;0.997]a 0.998 [0.99;1.01]

mGFR (ml/min per 1.73 m2) 0.98 [0.97;0.98]a 0.97 [0.97;0.98]a

95%CI: 95% confidence interval; BMI, body mass index; CKD-EPI, Chronic Kidney Dis-
ease Epidemiology Collaboration; EKFC, European Kidney Function Consortium;
GFRDCrea, group of subjects with discrepant estimated glomerular filtration rate results
and with creatinine-based results lower than creatinine-based results; GFRDCys, group
of subjects with discrepant estimated glomerular filtration rate results and with cystatin
C-based results lower than creatinine-based results; mGFR, measured glomerular
filtration rate.
aP < 0.05.
The Relative Risk Ratio is the exponential of the coefficient of the multinomial logistic
regression models.
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but can be briefly discussed. First, as the KDIGO sug-
gests,1 we think it is of interest to consider both rela-
tive and absolute differences, because they might
provide different information. However, we must keep
in mind that an absolute threshold (e.g., 15 ml/min per
1.73 m2) will have a different meaning at a low or high
GFR level. In this view, the use of a relative difference
maybe more relevant. The choice of 20% difference as
the relevant threshold can be indirectly justified by
exclusion. Indeed, 10% is probably a too stringent
criterion because this value corresponds to the least
significant change of measured GFR.24,28 In contrast, a
threshold of 30% is probably not strict enough,
because this threshold is used when eGFR equations are
compared with mGFR.

To the best of our knowledge, this is the first time
that a comparison has been made between the EKFC
(and r-LMR) and CKD-EPI equations regarding the
proportion of discrepancies between creatinine-and
cystatin C–based equations. The 2 main results are
the lower occurrence of discrepant results with EKFC
or r-LMR compared with CKD-EPI and, among
discrepant results, a much more balanced repartition
between eGFRcys < eGFRcrea and eGFRcrea<eGFRcys
with the EKFC and r-LMR equation than with the CKD-
EPI equation (with this last equation, a much higher
occurrence of eGFRcys < eGFRcrea is observed). First, a
much lower proportion of discordant results with the
EKFC and r-LMR equations was confirmed in the whole
population, in our main group (White Europeans), and
in all subgroup analyses according to age, sex, BMI,
and mGFR. This is probably explained by the fact that
the mathematical structures of the EKFC and r-LMR
equations are the same for both creatinine and cys-
tatin.2,17 In contrast, age and sex were modelled
mathematically differently in the 2 CKD-EPI equa-
tions.3,16 Second, we observed a more balanced repar-
tition in discordant results with the EKFC than with the
CKD-EPI equations. Indeed, with the CKD-EPI
Kidney International Reports (2025) 10, 1248–1259
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equations, the proportion of discordant results with
eGFRcys < eGFRcrea was much higher than that with
eGFRcrea < eGFRcys, a phenomenon that has already
been observed in other studies.6,12 However, there is
no well-known explanation for this observation, and it
seems more logical to observe a more balanced repar-
tition among discrepant results, similar to the EKFC
equations. Indeed, with the EKFC equations, the per-
centage of discordant results with eGFRcys lower than
that with eGFRcrea was similar to the percentage of
discordant results with eGFRcrea lower than that with
eGFRcys. Moreover, we observed a clear but unex-
pected association between the differences in eGFRcrea
and eGFRcys and mGFR or age (Figure 1 and
Supplementary Figure S1) when the CKD-EPI equations
were used, whereas there was virtually no dependency
on mGFR and age when the EKFC equations were
considered. Even if indirect, these results are argu-
ments for preferring the use of the EKFC equations over
the CKD-EPI equations, as well as in subjects with
discordant results between eGFRcrea and eGFRcys.

The current study confirms the better performance
of the EKFC equations, which is, at least for European
cohorts, explained by the fact that some of the cohorts
considered were used for the partial development
(determination of some of the coefficients) of the serum
creatinine–based EKFC equation. However, a lower
percentage of discordant results with the EKFC and a
more balanced repartition of discordant results with
the EKFC than with the CKD-EPI equations were
confirmed when analyses were restricted to cohorts not
used in the development of the EKFC creatinine-based
equation (Supplementary Table S11).

Another important strategic question is which
equation should be used, notably when eGFR with
creatinine and cystatin C is discordant. The KDIGO
suggests that the eGFRcreaþcys CKD-EPI equation should
be used in these cases. This is supported by
some,6,8,9,15,29 but not all data in the literature.30,31

However, we have shown that the strategy of using
eGFRcreaþcys when the results based on each biomarker
are discordant is only systematically true when the
EKFC equations are considered, but not when the CKD-
EPI equations are used (notably, in White Europeans,
in the group of discordant results with eGFRcrea <
eGFRcys, the best CKD-EPI equation is eGFRcrea, not
eGFRcreaþcys). For the EKFC and r-LMR equations,
eGFRcreaþcys is the average of eGFRcrea and eGFRcys.

To the best of our knowledge, our dataset is the
largest with creatinine, cystatin C, and mGFR levels
available, allowing several subgroup analyses. How-
ever, this study has some limitations. First, our largest
cohort was limited to White Europeans, and sub-
analyses could only be conducted in this cohort. We
Kidney International Reports (2025) 10, 1248–1259
did not have data on Black US or Asian subjects.
Moreover, in the subgroup analyses, the sample size
may be limited; thus, the results must be interpreted
with caution. Second, our analysis was restricted to the
performance of eGFR equations to estimate GFR and not
to predict outcomes such as mortality or cardiovascular
mortality. This would be a totally different analysis;
however, several studies have already shown the su-
periority of cystatin C to predict outcomes.12,13,32

Third, the performance of the multinomial logistic
regression models was suboptimal (accuracies of the
models are between 0.64 and 0.78 for EKFC and CKD-
EPI) because of the imbalance in the distribution of
the 3 discrepancy groups. This imbalance limited the
explanatory power of the model. Fourth, mGFR was
measured using different techniques, which may have
contributed to differences between cohorts. Finally, the
discrepant results between the creatinine- and cystatin
C–based equations may be explained, at least in part,
by the non-GFR determinants of creatinine (muscular
mass, protein intake, and creatinine tubular secretion)
and cystatin C (dysthyroidism and high-dose steroids
are the most well-defined), and most of these variables
were not available in our study.13,33 Therefore, if we
observed a lower occurrence of discrepant results and a
more balanced repartition among discrepant results
with EKFC or r-LMR, further studies including more
variables are required to explain why such results are
found.

In conclusion, we have shown that the proportion
of discordant results between eGFRcrea and eGFRcys is
significantly lower when the EKFC equations are used
instead of the CKD-EPI equations. Moreover, the
distribution of the discordant results is more
balanced with the EKFC equations and less dependent
on age and mGFR. The strategy of considering the
combined eGFRcreaþcys equations when the results are
discordant between the biomarkers is valid, but only
if the EKFC equations are used. However, all equa-
tions provide an estimation of the GFR. Even when
eGFRcrea and eGFRcys are fully concordant, the result
is different of more than 30% of the measured GFR in
approximately 10% of the cases using EKFC and 15%
of the cases using the CKD-EPI equation. Moreover,
in some subgroups (notably in patients with discor-
dant results and extreme BMI or mGFR), the perfor-
mance of all equations is insufficient and measuring
GFR makes more sense.
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