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Abstract: [ Objective] To assess the predictive performance of four creatinine—based equations for estimated glomeru-
lar filtration rate (eGFR) : 2012 chronic kidney disease epidemiology collaboration (CKD—EPIcr) equation , 2021CKD-

EPler equation, Xiangya equation and European kidney function consortium (EKFC) equation. [ Methods] A total of 198
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patients with chronic kidney disease from the Third Affiliated Hospital of Sun Yat—sen University and the Kiang Wu Hospi-
tal in Macau were enrolled. We compared the GFR measured (mGFR) by iohexol plasma clearance and the eGFR calculat-
ed by four equations. The agreement between mGFR and eGFR was analyzed by Bland—Altman plots, concordance correla-
tion coefficient (CCC), coverage probability (CP) and total deviation index (TDI). The performance of eGFR equations,
including their bias, precision, root square mean error (RSME) , and percentage of estimates within 30% deviation of mea-
sured GFR (P,,) , were evaluated. Bootstrap method (2 000 samples) was used to calculate bias, interquartile range
(IQR), RSME, and 95% confidence intervals (CI) for P, After selecting the optimal eGFR equation as the reference, we
statisticlly tested other equations by (D Wilcoxon signed—rank test for bias; @ McNemar—Bowker test for P,,; &) compar-
ing RMSE and IQR with independent samples ¢ test after 2 000 bootstrap samples were obtained. [ Results] The median
mGFR and four eGFR equations (EKFC, 2012CKD-EPIcr, 2021CKD-EPlcr and Xiangya equation) in the overall popu-
lation were 56.2 mL-min™+ (1.73m?)™, 67.1 mL-min™+ (1.73m?)™", 73.0 mL-min™"* (1.73m?)™", 66.9 mL-min'*
(1.73m*)™" and 63.8 mL-min"'+ (1.73m*)"', respectively. The Bland—Altman plots showed that EKFC equation had the low-
est mean difference and the narrowest 95% limit of agreement. The EKFC equation had the optimal performance on CCC,
TDI and CP with values of 0.90, 24.41 and 0.50, respectively. Overall, the bias, accuracy, P,, and RSME from the EKFC
equation was —0.99, 14.64, 0.80, and 14.68, respectively, with 95% CI ranging from -2.53 to 0.94, 11.82 to 17.35,
0.73 to 0.85, and 12.69 to 17.35, respectively, which were superior to those values from other three eGFR equations. The
differences were statistically significant (all P < 0.05). The results in the mGFR subgroups were basically consistent with
the overall trend. [ Conclusions] Of the four eGFR equations validated in this study, the EKFC equation comprehensively
surpasses 2012CKD~-EPIcr equation, 2021CKD-EPlcr equation, and Xiangya equation. With P,>75%, the EKFC equa-
tion can meet clinical diagnostic needs. Therefore, the EKFC equation is recommended for estimating GFR in a Chinese
population, but more participants need be included to further support this conclusion.

Key words: estimted glomerular filtration rate (eGFR) ; predictive performance; chronic kidney disease epidemiology
collaboration (CKD-EPI) equation; Xiangya equation; European kidney function consortium (EKFC) equation
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Table 1 Four eGFR equations
eGFR equations Gender  Secr/(mg/dL) Formula
2012CKD - EPler Female <07 144 % (Ser/0.7) "™ x 0,993
Female > 0.7 144 % (Ser/0.7) ™" x 0,993
Male <09 141 x (Ser/0.9 ) ™" x 0,993
Male > 09 141 x (Ser/0.9) ™" x 0.993*
AIZICIAD = L8 Female 0.7 144 % (Ser/0.7) " x 0.994*
Female >0.7 144 x (Ser/0.7) ™" x 0,994
Male <09 142 x (Ser/0.9 ) "™ x 0.994%
Male > 0.9 142 % (Ser/0.9 )™ x 0.994%
Xiangya Female 2374.78 x (Scr x 88.4) " x Age ! x 0.853
Male 2374.78 x (Scr x 88.4) "™ x Age 020N
EKFC )

Age < 40 years old, Ser/Qer < 1, 107.3 X (Scr/QCr
Age < 40 years old, Ser/Qer = 1, 107.3 X (Scr/ch)il‘132
~0322 (Age - 40)
Age > 40 years old, Scr/Qer < 1, 107.3 X (Scr/ch) x 0.990

Age > 40 years old, Ser/Qer > 1, 107.3 % (Ser/Qer) - x 0.990! =)

GFR: glomerular filtration rate; eGFR: estimated GFR; Cr: creatinine; Scr: serum creatinine; CKD—EPI: chronic kidney disease epidemiol-

ogy collaboration; EKFC: European Kidney Function ConsortiumThe Q value of Cr is the median value of serum concentration in normal population.
the Qcr value in population aged 18-25 is: Male: In(Q)=3.200+0.259xage—0.543XIn (age) —0.007 63xage’+0.000 079 Oxage’; Female: In(Q)=
3.080+0.177xage—0.223%In (age) —0.005 96xage’+0.000 068 6xage’; the Qcr in population older than 25 years old: male is 0.9 mg/dL, female is

0.7 mg/dL.
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Table 2 Population characteristics of the overall population and mGFR subgroups

[n (%) or M (P,~P.,) or (X +5) ]

Overall

Group 1

Group 2

Characteristics (n=198) (n=95) (n=103) v r

Male 102 (51.5) 43 (45.3) 59 (57.3) 2.858  0.091
Agelyears 60 (44~72) 48 (37~64) 69 (57~81) -6.540  <0.001
Height/cm 160 (154~169) 162 (154~172) 160 (154~168) 1.174  0.241
Weight/kg 64.3 (54.0~70.7)  64.2(54.5~71.0)  64.6 (52.4~70.5) 0218  0.827
Body mass index/(kg/m?) 23.9 (21.2~26.4)  23.5(21.0~26.1)  24.1 (21.6~26.82) -0.787  0.431
Systolic blood pressure/(mmHg) 133.8 = 17.9 130.3 = 15.6 137.1+19.2 -2.752  0.007
Diastolic blood pressure/(mmHg) 78.1+13.5 79.0+12.3 77.2 +14.5 0.935  0.351
Serum creatinine/(mg/dL) 1.1 (0.8~1.6) 0.8 (0.7~1.0) 1.5 (1.1~3.5) -9.723  <0.001
Diabetes 55 (27.8) 13 (13.7) 42 (40.8) 18.001  <0.001
Hypertenstion 96 (48.5) 24 (25.3) 72 (69.9) 39.427  <0.001
Coronary heart disease 29 (14.6) 7(7.4) 22 (21.4) 7738 0.005
Hyperuricemia 33 (16.7) 14 (14.7) 19 (18.4) 0.490  0.484

mGFR/[mL/(min-1.73m?) ]
2012CKD~EPIer/[ mL/(min-1.73m*) ]
2021CKD~EPIer/[ mL/(min-1.73m*) ]
Xiangya/[ mL/(min+1.73m’) |
EKFC/[mL/(min-1.73m*) ]

56.2 (33.4~82.7)
67.1 (37.3~91.6)
73.0 (40.7~97.5)
66.9 (50.3~79.7)
63.8 (35.9~86.7)

85.3 (72.1~101.8)
93.2 (76.6~106.9)
98.0 (80.9~111.0)
79.7 (71.4~85.7)

86.7 (73.9~103.2)

34.2 (18.9~46.6)
38.6 (16.8~55.9)
42.0 (18.4~60.7)
52.0 (35.6~60.1)
37.6 (17.0~50.8)

mGFR: measured glomerular filtration rate; CKD—EPI: chronic kidney disease epidemiology collaboration; EKFC: European kidney function
consortium; cr: creatinine; Group 1: mGFR=60 mL/(min- 1.73m?%), Group 2: mGFR< 60mL/(min- 1.73m?).

2.2 mGFR#1eGFR—E {41

i 45 2R
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ﬁﬁmﬁ%%ﬂﬁm 78 1Y 95% —F Mk B A5 X ] .
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il N, EKFC 77 F2 TDI95%CI Yl [l 4 (20.57, 27.69)
AR A EKFC 7 FE (9 CP el {0 0.5, X %
H150% Y eGFR 1% 22 K T +10% B mGFR, EKFC
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eGFR: estimated glomerular filtration rate; mGFR: measured glomerular filtration rate; CKD-EPI: chronic kidney disease epidemiology collabora-

tion; EKFC: European kidney function consortium; cr: creatinine.

1 P07 eGFR 7 £ #) Bland—Altman
Fig.1 Bland-Altman plots of four eGFR equations
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M P, MY, ZE R TG T EE L, P{E>0.05, 7E
2P 4, 2012CKD-EPler J5 #2 B9 Py, N 0.75
(0.64,0.81) , M & Al EKFC )5 B2 A4, 22 %0
Gt 2E L, P>0.05, A WA b A Y 25 1 R

PR EE 2R 1 SRR — 50, EKFC J5 B2 A S At B9 A
FERE

3

A L BIUTER [ (14 110375 B 5 1) GFR 2
M A — BRI W22 RSB BE P, F RSME L3
T WA JEF o Cr 2 AL B eGFR J7 FE (EKFC,
2012CKD-EPI,2021CKD-EPI Al Xiangya ) 1Y 7 4
i AWFFE R EKFC J5 2 1) T4 8 42 1 i
2012CKD-EPIecr, 2021CKD-EPIer F13# # 5 7 , H.
A EKFC 5 34K P, >75% . 1E mGFR 20 73 Hr
o, EKFC 7 B A L T 804 45 T 2012CKD-EPI,
2021CKD-EPI il Xiangya T il ¥£ G . [H It , EKFC
AT DABEHERE S T v AR () GFR A

Mok |, EKFC. 2012CKD-EPler J5 & FiI
2021CKD-EPIer 77 T2 4 Fl il 58 o7 FAs fidt 4 =5 T
M5 L. 3% Al fES2 K EKFC Fl CKD-EPI J5 £ #4
Z: I8 GFR Sl i AMIEPERR I 04 13 /38 BRI B %
DU B, T IR AfE R ) 2 IR GFR J& 38 3 " Te—-DT-
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Table 3 Concordance analysis between eGFR and mGFR
Equations CCC (95%CI) TDI (95%C1) CP (95%C1)

Overall population (n = 198)

2012CKD-EPIer
2021CKD-EPIer
Xiangya

EKFC

Female (n =96)
2012CKD-EPIer
2021CKD-EPIer
Xiangya

EKFC

Male (n =102)
2012CKD-EPIer
2021CKD-EPIer
Xiangya

EKFC

0.88 (0.84, 0.90)
0.85 (0.81, 0.88)
0.79 (0.75, 0.83)
0.90 (0.87, 0.92)

0.86 (0.84, 0.88)
0.84 (0.78, 0.89)
0.79 (0.73, 0.84)
0.90 (0.86, 0.93)

0.88 (0.86, 0.92)
0.86 (0.80, 0.90)
0.79 (0.71, 0.83)
0.89 (0.84, 0.92)

mGFR<60 mL/(min*1.73m?) (n=103)

2012CKD-EPlcr
2021CKD-EPIcr
Xiangya

EKFC

mGFR>60 mL/(min*1.73m*) (n =95)

2012CKD-EPIcr
2021CKD-EPIcr
Xiangya

EKFC

0.71 (0.63, 0.77)
0.66 (0.58, 0.73)
0.55 (0.46, 0.63)
0.76 (0.68, 0.82)

0.61 (0.47, 0.72)
0.55 (0.41, 0.67)
0.51 (0.39, 0.62)
0.66 (0.52, 0.76)

27.50 (23.77, 31.29)
30.90 (27.16, 34.63)
29.37 (26.85, 31.69)
24.41 (20.57, 27.69)

29.07 (23.85, 34.59)
33.19 (27.67, 38.63)
29.62 (25.78, 33.13)
24.10 (19.37, 28.99)

26.04 (21.10, 31.32)
28.69 (23.81, 33.97)
29.28 (25.91, 32.43)
24.43 (19.32, 29.64)

26.05 (20.38, 31.58)
30.13 (24.11, 35.59)
30.68 (27.52, 33.40)
22.23 (17.09, 27.27)

29.11 (24.30, 34.20)
31.83 (26.66, 36.47)
27.89 (23.52, 32.05)
26.31 (21.24, 31.22)

0.45 (0.41, 0.48)
0.40 (0.37, 0.43)
0.42 (0.39, 0.45)
0.50 (0.47, 0.53)

0.42 (0.37, 0.47)
0.36 (0.31, 0.41)
0.42 (0.37, 0.47)
0.50 (0.45, 0.55)

0.47 (0.42, 0.53)
0.43 (0.38, 0.48)
0.42 (0.38, 0.46)
0.50 (0.45, 0.55)

0.47 (0.42, 0.53)
0.40 (0.36, 0.44)
0.22 (0.17, 0.27)
0.53 (0.48, 0.58)

0.42 (0.38, 0.46)
0.39 (0.34, 0.44)
0.44 (0.39, 0.49)
0.46 (0.41, 0.51)

eGFR: estimated glomerular filtration rate; mGFR : measured glomerular filtration rate; CKD-EPI: chronic kidney disease epidemiology col-

laboration; EKFC: European kidney function consortium; cr: creatinine; CCC: concordance correlation coefficient; TDI: total deviation index;

CP: coverage probability; CI: confidence intervals.
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Table 4 Predictive performance of eGFR equations
eGFR equations Bias (95%CI) Precision (95%CI) P,, (95%CI) RSME (95%CI)

Overall population (n = 198)

EKFC
2012CKD-EPIcr
2021CKD-EPIcr
Xiangya

Female (n =96)
EKFC
2012CKD-EPIcr
2021CKD-EPIcr
Xiangya

Male (n =102)
EKFC
2012CKD-EPIcr
2021CKD-EPIcr

Xiangya

-0.99 (-2.53, 0.94)
-3.21 (-6.25, -1.60) *
-7.38 (-9.44, -4.89) ¥
-9.41 (-10.99, -5.34) ”

-0.59 (-3.97, 1.82)
-5.82 (-9.39, -2.21)”
-9.64 (-13.42, -5.66)”
-8.20 (-11.26, -2.02)”

-1.09 (-2.71, 1.32)
-1.85 (-4.67, 0.06)*
-5.15 (-8.26, -3.16) "
-9.66 (-13.08, -5.90) ¥

mGFR=60 mL/(min-1.73m?) (n=95)

EKFC
2012CKD-EPler
2021CKD-EPler
Xiangya

0.06 (-2.68, 2.93)
-4.51(-9.32, -1.27) ”
-8.57 (-13.42, -5.32) ¥

6.19 (2.56, 8.99)

mGFR<60 mL/(min-1.73m?) (n=103)

EKFC
2012CKD-EPIcr
2021CKD-EPIcr

Xiangya

-1.76 (=3.73, 0.21)
-2.43 (-5.58, -0.97) ¥
-5.04 (-9.34, -3.91) ¥

-15.46 (-17.49, -14.32) ¥

14.64 (11.82, 17.35)

17.86 (14.36, 20.99) ¥
20.82 (17.44, 24.00) ¥
21.98 (18.24, 26.31) ¥

15.92 (11.81, 20.43)

19.09 (14.65, 24.86) ¥
19.34 (13.63, 23.36) ¥
20.97 (16.72, 28.02) ¥

13.46 (9.62, 17.40)

16.74 (12.01, 21.35) ¥
19.78 (13.94, 24.25) ¥
22.75 (16.02, 29.49) ¥

17.89 (12.76, 22.97)

21.73 (17.27, 27.25) ¥
22.07 (16.76, 26.34) ¥
19.43 (15.04, 26.04) ¥

12.48 (9.40, 17.32)

15.75 (10.23, 20.19) ¥
18.21 (12.09, 23.38) ¥
10.64 (8.05, 12.65) ¥

0.80 (0.73, 0.85)

0.73 (0.66, 0.78) %
0.68 (0.61, 0.73) ¥
0.58 (0.49, 0.64) ¥

0.79 (0.69, 0.85)

0.71 (0.60, 0.79) "
0.64 (0.52, 0.72) %
0.59 (0.48, 0.68)*

0.80 (0.70, 0.86)
0.75 (0.64, 0.81)
0.72 (0.62, 0.79) "
0.56 (0.45, 0.65)*

0.92 (0.83, 0.95)
0.88 (0.79, 0.93)
0.83 (0.73, 0.88)
0.94 (0.85, 0.97)

0.69 (0.58, 0.76)

0.58 (0.48, 0.67)”
0.53 (0.42, 0.62) ¥
0.24 (0.16, 0.32) ¥

14.68 (12.69, 17.35)

16.68 (14.75, 19.44) %
18.75 (16.85, 21.52) ¥
17.82 (16.42, 19.49)*

14.58 (11.93,18.22)

17.30 (14.66, 21.47)”
20.11 (17.02, 24.21)¥
17.92 (15.78, 20.37)?

14.78 (12.16, 18.73)

15.76 (13.13, 19.57)
17.37 (14.69, 21.11)*
17.72 (15.83, 20.22) ¥

15.91 (13.50, 19.98)

17.61 (15.21, 21.31)*
19.27 (16.72, 22.89) "
16.89 (14.61, 19.72)

13.46 (10.84, 17.79)

15.77 (12.83, 19.97)?
18.25 (15.17, 22.80) ¥
18.63 (17.09, 20.78) "

1)

compared with EKFC equation, P<0.05;

? compared with EKFC equaiton, P<0.01; * compared with EKFC equaiton, P<0.001. 95%CI

was calculated by bootstrap method (2 000 samples). eGFR: estimated glomerular filtration rate; CKD-EPI: chronic kidney disease epidemiology

collaboration; EKFC: European kidney function consortium; cr: creatinine; P, : percentage of estimates within 30% deviation of mGFR; RSME':

root square mean error; Cl: confidence intervals.
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