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Background: New creatinine-based estimated glomerular filtration rate (eGFR) equations,
including the 2021 Chronic Kidney Disease Epidemiology Collaboration (2021 CKD-EPI)
and European Kidney Function Consortium (EKFC) equations, have been introduced re-
cently. We assessed the performance of the 2021 CKD-EPI and EKFC equations in the
Korean population.

Methods: We analyzed 1,654 Korean patients aged > 18 years who underwent chromium-
51-ethylenediamine tetraacetic acid GFR measurements (mMGFR). Bias (eGFR-mGFR),
root mean square error (RMSE), and proportion of eGFR within 30% of mGFR (P30) of
the 2009 CKD-EPI, 2021 CKD-EPI, and EFKC equations were compared. The concor-
dance rate between eGFR and mGFR categories was evaluated. Both eGFR and mGFR
categories were classified into six groups: >90, 89-60, 59-45, 44-30, 29-15, and <15
mlL/min/1.73 m2.

Results: The median bias (mL/min/1.73 m?) was 1.8 for the 2009 CKD-EPI equation, 4.8
for the 2021 CKD-EPI equation, and —0.3 for the EKFC equation. The P30 and RMSE were
78.2% and 17.0 for the 2009 CKD-EPI equation, 75.6% and 17.4 for the 2021 CKD-EPI
equation, and 80.0% and 16.7 for the EKFC equation, respectively. The overall GFR cate-
gory concordance rate between eGFR and mGFR was 63.4% for the 2009 CKD-EPI equa-
tion, 60.5% for the 2021 CKD-EPI equation, and 61.0% for the EKFC equation.

Conclusions: Among the three eGFR equations, the EKFC equation had the smallest bias
and highest P30 in Koreans. The 2009 CKD-EPI equation had a lower bias than the 2021
CKD-EPI equation.
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INTRODUCTION

Over the past few decades, the estimated glomerular filtration
rate (eGFR) based on the serum creatinine concentration has
been used as a representative index to evaluate overall kidney
function in clinical practice, research, and public health assess-
ments [1-5]. Numerous eGFR equations have been introduced,
and new eGFR equations are continuously being developed and
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validated [6]. Advances in hospital and/or laboratory information
systems and the introduction of the Modification of Diet in Renal
Disease (MDRD) study equation have provided a basis for auto-
mated eGFR calculation and reporting in clinical laboratories [6,
71. In the USA, for example, more than 90% of clinical laborato-
ries currently report the eGFR along with the creatinine concen-
tration [7]. In contrast to the USA, Europe, and Australia, many
other countries have low eGFR reporting rates [6, 8, 91.
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eGFR equations reflect the characteristics of the population
used for equation development. An ethnicity-based constant
was applied in the eGFR calculation based on the MDRD equa-
tion to account for the finding that the average measured GFR
(mGFR) of black participants was 21.2% higher than that of non-
black participants with the same serum creatinine concentration,
sex, and age [10, 11]. Similarly, in the 2009 Chronic Kidney Dis-
ease Epidemiology Collaboration (2009 CKD-EPI) equation in-
troduced after the MDRD equation, the mGFR of black partici-
pants was 15.9% higher than that of matched non-black partic-
ipants, and thus, an ethnicity-based constant was included [12].
However, ethnicity is widely understood as a social rather than a
biological factor; therefore, in the context of global efforts to re-
solve health inequities, ethnicity-based medical decisions have
been questioned [13-171. In the USA, where ethnicity-related
issues have received considerable attention, in-depth discus-
sions have arisen regarding the removal of the ethnicity-based
constant from the eGFR equation. Consequently, the 2021 CKD-
EPI equation no longer includes this constant [1].

The recently developed modified full age spectrum (FAS) equa-
tion, or European Kidney Function Consortium (EKFC) equation,
can be applied to adults and children over 2 years of age [18].
This equation is an improvement of the previously published FAS
equation [19]. The Kidney Disease: Improving Global Outcomes
(KDIGO) recommends the 2009 CKD-EPI for adults and the
Updated Bedside Schwartz for children; however, the guidelines
specifically state that an alternative creatinine-based equation is
acceptable if it improves the accuracy of GFR estimates [20].
As the eGFR equations for adults and children differ, it is diffi-
cult to assess the continuity of eGFR trends during the transition
from adolescence to adulthood [18].

There are few studies on the use of new creatinine-based eGFR
equations, such as the 2021 CKD-EPI and EKFC equations, mostly
limited to Western populations, with no studies in Asian popula-
tions [21, 22]. We evaluated the performance of the above two
equations in Koreans and investigated the clinical impact with
respect to the estimation of the prevalence of CKD in the Korean
general population.

MATERIALS AND METHODS

Study patients and data collection
We reviewed electronic medical records and collected study data.

In total, 3,784 patients received GFR measurement using chro-
mium-51-ethylenediamine tetraacetic acid (°'Cr-EDTA) between
July 2009 and March 2019 at Asan Medical Center, Seoul, Ko-
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rea. Among them, 2,441 patients had serum creatinine concen-
tration measured on the day of GFR measurement, and 1,702
patients were >18 years. For patients with multiple GFR mea-
surements, the first measurement was selected. After excluding
cases of mMGFR <5 mlL/min/1.73 m? (N=39) and those with
missing body mass index (BMI) data (N=9), 1,654 adult pa-
tients were enrolled as the final study cohort. The characteristics
of the study patients are summarized in Table 1. This study was
conducted according to the criteria set by the declaration of Hel-

Table 1. Characteristics of the study patients

Variable Overall
N 1,654
Age, yr 61 (50-69)
Age category, N (%)

<50 yr 395(23.9)

50-64 yr 617 (37.3)

>65yr 642 (38.8)
Height, cm 164.5 (156.6-170.0)
Weight, kg 65.0 (57.1-72.6)
BMI, kg/m? 24.3 (22.1-26.6)
BMI category, N (%)

<20 kg/m? 151 (9.1)

20to <25 kg/m? 817 (49.4)

25t0 <30 kg/m? 584 (35.3)

>30 kg/m? 102 (6.2)

1.00 (0.80-1.45)
69.1(43.3-92.1)

Creatinine, mg/dL
mGFR, mL/min/1.73 m?
mGFR category, N (%)

<15 mU/min/1.73 m? 114 (6.9)

15-29 mU/min/1.73 m? 142 (8.6)
30-44 mL/min/1.73 m? 183 (11.1)
45-59 mL/min/1.73 m? 223 (13.5)
60-89 mL/min/1.73 m? 544 (32.9)

>90 m/min/1.73 m? 448 (27.1)

eGFR, mU/min/1.73 m?

CKD-EPI 72.3 (46.8-92.4)
2021 CKD-EPI 76.6 (49.8-97.1)
EKFC 69.5 (45.3-88.2)

Continuous variables are expressed as median (25 percentile to 75 percen-
tile) because they are not normally distributed. Conversion factors for units:
serum creatinine in mg/dL to pmol/L, 88.4x.

Abbreviations: BMI, body mass index; CKD-EPI, Chronic Kidney Disease Epi-
demiology Collaboration; eGFR, estimated glomerular filtration rate; EKFC,
European Kidney Function Consortium; mGFR, measured glomerular filtra-
tion rate.
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sinki and was approved by the Institutional Review Board (IRB)
of Asan Medical Center (approval number: 2021-1076). This
study involved no greater than minimal risk to participants, and
the IRB approved an informed consent waiver.

Laboratory measurements and eGFR calculation

All patients were injected intravenously with a single dose of
SICr-EDTA solution to assess mGFR. Venous blood was drawn 3
and 5 hours after injection. The *!Cr-EDTA plasma clearance rate
was determined using the slope-intercept method. The Broch-
ner—Mortensen equation was used to correct body-surface-area-
corrected GFR values [23]. 5!'Cr-EDTA GFR values served as a
reference. The serum creatinine concentration was measured
by the rate-blanked compensated kinetic Jaffe method (Roche
Diagnostics, Indianapolis, IN, USA) using an isotope dilution
mass spectrometry-traceable calibrator. eGFR was calculated
using the 2009 CKD-EPI [12], 2021 CKD-EPI [1], and 2021 EKFC
[18] equations.

Analysis of CKD prevalence in the Korean general population
based on the eGFR equations

Data from the Korea National Health and Nutrition Examination
Survey (KNHANES), collected from 2019 to 2020, were used to
evaluate differences in the prevalence of CKD in the general pop-
ulation according to the eGFR equations. CKD was defined as
eGFR <60 mL/min/1.73 m? or a urinary albumin-to-creatinine
ratio >30 mg/g [20]. The 15,469 KNHANES participants com-
prised 12,881 adults (>18 years). In 11,444 participants, se-
rum creatinine, urine albumin, and urine creatinine were mea-
sured. We compared the eGFR category proportion and CKD
prevalence in these 11,444 adults according to the three eGFR
equations.

Statistical analysis

Statistical analysis was performed using MedCalc version 20.106
(MedCalc Software, Ostend, Belgium) and Analyse-it for Micro-
soft Excel 5.92 (Analyse-it Software, Leeds, UK). P<0.05 was
considered to indicate statistical significance.

The normal distribution of continuous variables was assessed
using the Kolmogorov—-Smirnov test, and the mean or median
value was reported according to the data distribution. The bias
of the three eGFR equations was calculated as eGFR-mGFR.
The 95% confidence interval (Cl) for the median of non-para-
metric data was determined [24]. The Wilcoxon signed-rank test
was used to compare the bias between eGFR equations.

To evaluate clinical accuracy, the proportion of patients with
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an eGFR within 30% of the mGFR was calculated and expressed
as the P30. The P30 value is an indicator of clinical accuracy
that is used to achieve good medical decision-making based on
the eGFR [25]. The 95% ClI for the P30 was calculated as fol-
lows:

p(1-p)

95% CI = p + 1.96 x

where p is the proportion and N is the number of samples.

The P30 values of the three eGFR equations were compared
using the McNemar test. The root mean square error (RMSE)
was calculated to evaluate the imprecision of the three eGFR
equations.

The concordance rate between mGFR and eGFR was assessed
for the three equations using the GFR categories of CKD stages
recommended by the 2012 KDIGO guidelines (GFR category
G1, =90 mL/min/1.73 m? G2, 89-60 mL/min/1.73 m? G3A,
59-45 mL/min/1.73 m? G3B, 44-30 mL/min/1.73 m?; G4, 29—
15; and G5, <15 ml/min/1.73 m?). Lin’s concordance correla-
tion coefficient (CCC) was used to analyze the concordance rate
for each group.

RESULTS

For the group of study patients (N=1,654), the median bias
(95% Cl) was 1.8 (1.2-2.4) mL/min/1.73 m? for the 2009 CKD-
EPI equation, 4.8 (4.1-5.4) mL/min/1.73 m? for the 2021 CKD-
EPI equation, and 0.3 (-1.2-0.4) mL/min/1.73 m? for the EKFC
equation. The P30 values and RMSE were 78.2% and 17.0 for
the 2009 CKD-EPI equation, 75.6% and 17.4 for the 2021 CKD-
EPI equation, and 80.0% and 16.7 for the EKFC equation, re-
spectively. The bias of the EKFC equation was significantly lower
than that of the other two equations, and its P30 value was the
highest. The 2009 CKD-EPI equation had a significantly lower
bias and higher P30 than the 2021 CKD-EPI equation (Table 2).
The results of subgroup analysis according to sex, age, mGFR,
and BMI are presented in Table 2 and Supplemental Data Table
S1. Scatter and Bland—Altman plots of the mGFR and three eGFR
equations are presented in Fig. 1.

The overall GFR category concordance rate between eGFR
and mGFR and Lin’s CCC were 63.4% and 0.895 for the 2009
CKD-EPI equation, 60.5% and 0.884 for the 2021 CKD-EPI
equation, and 61.0% and 0.891 for the EKFC equation, respec-
tively. There was no significant difference in Lin's CCC for group
concordance (Table 3).

The proportion of eGFR category G3 (G3a and G3b) in the
Korean general population was 3.4% according to the 2009 CKD-
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Table 2. Accuracy and imprecision of three eGFR equations

eGFR equation P

froup 2009 CKD-EPI[A] 2021 CKD-EPI [B] EKFC [C] Alvs.B]  [(Avs.(Cl  [Blvs [C]

All (N=1,654)
Median bias* (95% Cl) 1.8(1.2-2.4) 4.8 (4.1-5.4) -0.3 (-1.2-0.4) <0.001 <0.001 <0.001
P30" (95% Cl), % 78.2 (76.2-80.2) 75.6 (73.5-77.6) 80.0 (78.1-82.0) <0.001 0.003 <0.001
RMSE (95% Cl) 17.0 (16.2-17.8) 17.4 (16.5-18.1) 16.7 (15.8-17.5)

mGFR >60 mL/min/1.73 m? (N=992)
Median bias* (95% Cl) -1.6 (-3.1t0-0.4) 2.4 (1.1-4.0) -5.2 (6.8 to—4.0) <0.001 <0.001 <0.001
P30" (95% Cl), % 88.6 (86.6-90.6) 88.1 (86.1-90.1) 89.9 (88.0-91.8) 0.522 0.098 0.066
RMSE (95% Cl) 19.3 (18.2-20.4) 18.9 (17.9-20.0) 19.4 (18.2-20.5)

mGFR <60 mL/min/1.73 m? (N=662)
Median bias* (95% Cl) 4.3 (3.4-5.0) 6.6 (5.4-1.5) 3.2(2.6-4.2) <0.001 <0.001 <0.001
P30" (95% Cl), % 62.7 (59-66.4) 56.8 (53-60.6) 65.3 (61.6-68.9) <0.001 0.012 <0.001
RMSE (95% Cl) 12.9 (11.6-14.0) 14.7 (13.4-15.8) 11.6 (10.5-12.6)

BMI <20 (N=151)
Median bias* (95% Cl) 11.1(7.8-14.4) 13.8(9.8-17.0) 8.0 (4.8-11.7) <0.001 <0.001 <0.001
P30" (95% Cl), % 47.7 (39.7-55.6) 45.7 (37.7-53.6) 55.0 (47.0-62.9) 0.453 0.003 0.001
RMSE (95% Cl) 23.0(19.5-25.9) 24.6 (21.2-27.6) 19.6 (16.5-22.3)

20 < BMI <25 (N=817)
Median bias* (95% Cl) 2.7(1.9-3.6) 6.0 (5.0-6.9) 0.7 (-0.2-1.5) <0.001 <0.001 <0.001
P30" (95% Cl), % 80.2 (77.4-82.9) 75.4 (72.4-78.4) 81.4 (78.7-84.1) <0.001 0.164 <0.001
RMSE (95% Cl) 16.0 (14.8-17.1) 16.7 (15.5-17.7) 155 (14.3-16.7)

25 < BMI <30 (N=584)
Median bias* (95% Cl) -12(-2.7t0-0.2) 1.9(0.7-3.1) -3.1(-4.2t0-1.6) <0.001 <0.001 <0.001
P30" (95% Cl), % 82.2 (79.1-85.3) 81.2 (78-84.3) 83.6 (80.6-86.6) 0.377 0.215 0.087
RMSE (95% Cl) 16.5 (15.0-17.8) 16.1(14.8-17.3) 16.9 (15.3-18.4)

BMI =30 (N=102)
Median bias* (95% Cl) -52(82t0-15  -22(-5.1-2.0) —6.2 (-9.3t0-3.6) <0.001 <0.001 <0.001
P30" (95% Cl), % 85.3(78.4-92.2) 89.2 (83.2-95.2) 86.3 (79.6-93.0) 0.219 1.000 0.508

RMSE (95% Cl)

17.6 (14.7-20.1)

16.7 (14.0-19.0)

19.5(15.9-22.5)

*Bias is calculated as eGFR minus mGFR in units of mL/min/1.73 m?. The Wilcoxon signed-rank test was used—-compare the bias between eGFR equations.
P30 is the proportion of eGFR within 30% of mGFR. The P30 of three eGFR equations was compared using McNemar test.

Abbreviations: BMI, body mass index (kg/m?); Chronic Kidney Disease Epidemiology Collaboration; Cl, confidence interval; eGFR, estimated glomerular fil-
tration rate; EKFC, European Kidney Function Consortium; mGFR, measured glomerular filtration rate; RMSE, root mean square error.

EPI equation, 2.6% according to the 2021 CKD-EPI equation,
and 5.1% according to the EKFC equation (Fig. 2A). The preva-
lence of CKD in the general population was 11.0%, 10.3%, and
12.4%, respectively (Fig. 2B). There was a significant difference
in the prevalence of CKD stage 3 depending on the eGFR equa-
tion. A detailed comparison of the data for each eGFR category
and the differences in CKD prevalence are summarized in Sup-
plemental Data Fig. S1 and Supplemental Data Table S2.

https://doi.org/10.3343/alm.2023.43.3.244

DISCUSSION

Among the three eGFR equations evaluated, the EKFC equation
had the smallest bias, and the bias of the 2021 CKD-EPI equa-
tion was significantly greater than that of the 2009 CKD-EPI equa-
tion in Koreans. The performance of the eGFR equations can be
affected by various factors, such as study participant character-
istics, the mGFR measurement method, and the uncertainty in
the serum creatinine concentration measurement [6].
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Fig. 1. Scatter and Bland-Altman plots of the concordance rate between mGFR and eGFR. (A, B) for 2009 CKD-EPI, (C, D) for 2021 CKD-

EPI, and (E, F) for EKFC.

Abbreviations: CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular filtration rate; EKFC, European Kidney Function

Consortium; mGFR, measured glomerular filtration rate; IQR, interquartile range.
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Table 3. Concordance rate between eGFR and mGFR categories
N participants Overall group  Lin's CCC for group
eGFR, mL/min/1.73 m? mGFR, mL/min/1.73 m? concocrdance rate agreement
<15 1529 3044 4559  60-89 >90 (%) (85% Cl)
2009 CKD-EPI <15 13 1 0 0 0 63.4 0.895 (0.885-0.904)
15-29 11 0 0 0
30-44 3 m 13 0
45-59 4 9 0
60-89 0 2
>90 0 1 6
01ckD-EP <15 B2 11 1 0 0 0 60.5 0.884 (0.873-0.894)
15-29 2 e 7 0 0 0
30-44 6 57 e s 2 0
45-59 4 10 7 8 % 0
60-89 0 2 2 103 62
>90 0 1 0 8 188
EKFC <15 12 1 0 0 0 61.0 0.891 (0.881-0.901)
15-29 4 12 1 0 0
30-44 3 n o [N 50 5 0
45-59 2 9 60 [N 7 0
60-89 0 1 10 66 382 169
>90 0 1 0 3 84 -

Abbreviations: Cl, confidence interval; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular filtration rate; EKFC, Euro-
pean Kidney Function Consortium; Lin's CCC, Lin's concordance correlation coefficient; mGFR, measured glomerular filtration rate.

() (5]

*P<0.05
P<0.001
*Non-significant

Percentage (%)

CKD prevalence (%)

-
G3a G3b G4 G5
= 2009 CKD-EPI 2.53 0.90 0.19 0.04
= 2021 CKD-EPI 1.90 0.65 0.18 0.03
= EKFC 3.95 1.14 0.22 0.04
eGFR category

12

10

. P<0.001
:
! 12.38
10.97
I 10.31
2009 CKD-EPI 2021 CKD-EPI EKFC
eGFR equation

Fig. 2. Distribution of eGFR categories and CKD stages according to eGFR equation in the Korean general population. Data from the KNH-
ANES 2019-2020. eGFR (mL/min/1.73 m?) categories: G3a, 59-45; G3b, 44-30; G4, 29-15; G5, <15. CKD was defined as an eGFR
<60 mL/min/1.73 m? or urinary albumin-to-creatinine ratio >30 mg/g. For details, see Supplemental Data Fig. S1 and Supplemental Table

S2. *P<0.05, 'P<0.001, *not significant.

Abbreviations: eGFR, estimated glomerular filtration rate; CDK, chronic kidney disease; KNHANES, Korea National Health and Nutrition Examination Survey.

https://doi.org/10.3343/alm.2023.43.3.244

www.annlabmed.org 249



ANN
LAB
MED

Pottle, et al. [18] reported that the overall bias of the EKFC
equation was lower than that of the 2009 CKD-EPI equation for
Europeans, whereas Levey, et al. [22] found a lower bias of the
2009 CKD-EPI equation than of the EKFC equation for Ameri-
cans. In the present study, the median bias of the EKFC equa-
tion was —0.3 mL/min/1.73 m?, which was the lowest among the
three eGFR equations. The 95% Cl was —1.2 to 0.4, including O;
there was no significant difference from the zero bias.

In a previous study comparing the accuracies of the 2009 CKD-
EPI and 2021 CKD-EPI equations in a non-black population, Inker,
et al. [1] reported a median bias (eGFR-mGFR in mL/min/1.73
m?) and P30 of 0.5 and 89.5%, respectively, for the 2009 CKD-
EPI equation and of 3.9 and 86.5%, respectively, for the 2021
CKD-EPI equation. Meeusen, et al. [21] reported a median bias
and P30 of -3.1 mL/min/1.73 m? and 78.6%, respectively, for
the 2009 CKD-EPI equation and of 0.2 mL/min/1.73 m? and
78.7%, respectively, for the 2021 CKD-EPI equation. Thus, in
these studies targeting Western populations, the 2021 CKD-EPI
equation overestimated the eGFR by approximately 3 mL/min/
1.73 m? compared to the 2009 CKD-EPI equation, whereas the
P30 was similar or slightly lower in non-black participants. This
pattern was consistent with the results of the present study. The
tendency for a difference in bias between the two equations per-
sisted in subgroup analysis according to sex, age, mGFR, se-
rum creatinine concentration, and BMI category.

According to a systematic review, there is insufficient medical
evidence supporting the use of a black ethnicity modifier in eGFR
calculations [26]. The Task Force on Reassessing the Inclusion
of Race in Diagnosing Kidney Disease of the National Kidney
Foundation-American Society of Nephrology in the United States
recommended that the 2021 CKD-EPI equation be immediately
applied in eGFR calculation in American adults [27]. We agree
that eliminating ethnicity as a variable in the eGFR equation leads
to a more equitable diagnosis and treatment of kidney disease.
As Koreans are non-black, all clinical laboratories in Korea that
use the 2009 CKD-EPI equation have applied the so-called unify-
ing 2009 CKD-EPI (only for whites or others) to all Koreans. As
noted above, in Koreans, the bias of the 2021 CKD-EPI equation
was higher than that of the 2009 CKD-EPI equation. Therefore,
additional research and discussion are needed to support the
adoption of the 2021 CKD-EPI equation in clinical practice in Ko-
rea.

In the subgroup analysis based on BMI, all three eGFR equa-
tions had a relatively high bias for the BMI <20 kg/m? group.
This group had a higher serum creatinine concentration and a
lower mGFR than the other groups, resulting in a larger bias of
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the eGFR equation. In the subgroup analysis based on mGFR
category, the bias in the mGFR >90 mL/min/1.73 m? group was
relatively high. In this group, the serum creatinine concentration
was lower than in the other groups. However, the creatinine as-
say based on the non-enzymatic method overestimates the se-
rum creatinine concentration and consequently underestimates
the eGFR, especially in low-concentration samples [28]. This
characteristic of the creatinine assay may explain the relatively
high bias of the eGFR equation in the mGFR >90 mL/min/1.73
m? group.

There were significant differences in the prevalence of CKD in
the general Korean population according to the eGFR equation.
For example, the proportion of the CKD stage 3 eGFR category
was 3.4% for the 2009 CKD-EPI equation, 2.6% for the 2021
CKD-EPI equation, and 5.1% for the EKFC equation. In particu-
lar, there was a roughly two-fold difference in the proportion be-
tween the 2021 CKD-EPI and the EKFC equations, most likely
due to the aforementioned bias trend in the eGFR equations. In
the GFR category concordance rate analysis between eGFR and
mMGFR, the concordance rate of CKD G3 was the highest for the
EKFC equation (45.3%), followed by the 2009 CKD-EPI equa-
tion (41.0%), and the 2021 CKD-EPI equation (37.7%). How-
ever, there was no significant difference in the GFR category
concordance rate between the three equations. In the mGFR
>90 mL/min/1.73 m? group (GFR category G1), there was no
significant difference in the concordance rate between the 2009
CKD-EPI and 2021 CKD-EPI equations; however, the concor-
dance rate of the EKFC equation was significantly lower than
that of the other two equations (EKFC vs. 2009 CKD-EPI, 62.3%
vs. 78.6%, P<0.05; EKFC vs. 2021 CKD-EPI, 62.3% vs. 86.2%,
P<0.001).

The prevalence of CKD may vary depending on the eGFR equa-
tion used to calculate it [29, 30]. Ideally, GFR should be mea-
sured using exogenous markers, as this will provide a more ac-
curate assessment of CKD prevalence [30]. However, this is prac-
tically impossible. Therefore, the eGFR equation with the small-
est bias should be applied instead. To compare CKD prevalence
across countries or regions, the same eGFR equation must be
used. However, it should be taken into account that the accuracy
of the same eGFR equation may vary from country to country or
from region to region.

This study had several limitations. First, data from one tertiary
medical hospital were used, without external validation. Second,
cystatin C-related equations could not be included because of a
lack of laboratory data. The National Kidney Foundation Labora-
tory Engagement Working Group recommends using the cys-
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tatin C marker in conjunction with creatinine to increase the ac-
curacy of the eGFR [7]. Third, the use of the Jaffe method for
creatinine is not recommended and may introduce additional
bias compared to the enzymatic method. Fourth, mGFR is not a
perfect method for determining the actual GFR. Finally, CKD was
defined based on single eGFR and albuminuria measurements.

In conclusion, among the three eGFR equations, the EKFC
equation had the smallest bias and the highest P30 in Koreans.
The 2009 CKD-EPI equation had a lower bias than the 2021
CKD-EPI equation. The introduction of the 2021 CKD-EPI equa-
tion serves as a reminder that all patients have the right to equal
medical decision-making, regardless of ethnicity. The use of the
eGFR equation, with its minimal bias, is good laboratory prac-
tice to evaluate kidney function.
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