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Performance of the New CKD-EPI Creatinine- 
and Cystatin C–based Glomerular Filtration Rate 
Estimation Equation in Living Kidney Donor 
Candidate
Yoichi Kakuta , MD, PhD,1 Yoko Maegawa-Higa, MD,1 Soichi Matsumura, MD,1 Shota Fukae, MD,1 
Ryo Tanaka, MD,1 Hiroaki Yonishi, MD, PhD,2 Shigeaki Nakazawa, MD, PhD,1 Kazuaki Yamanaka, MD, PhD,1 
Yoshitaka Isaka, MD, PhD,2 and Norio Nonomura, MD, PhD1

Background. Accurate preoperative evaluation of renal function in living kidney donor candidates (LKDCs) is crucial to 
prevent kidney failure after nephrectomy. We examined the performance of various estimated glomerular filtration rate (eGFR) 
equations, including the new chronic kidney disease epidemiology collaboration (CKD-EPI) equation in LKDCs.  Methods. 
We analyzed 752 LKDCs who were assessed for measured GFR by inulin clearance as part of routine pretransplant exami-
nation from 2006 to 2020. CKD-EPI2012 from cystatin C (CKD-EPI12cys), CKD-EPI2021 from creatinine (CKD-EPI21cr), 
CKD-EPI21cr-cys, Japanese modified (JPN) eGFRcr, and JPN eGFRcys were compared in determining the suitability for 
LKDCs.  Results. CKD-EPI12cys had the lowest absolute and relative biases, with higher P30 and P10, followed by 
JPN eGFRcys, CKD-EPI21cr, and CKD-EPI21cr-cys. The root mean square error was least for CKD-EPI12cys, then JPN 
eGFRcys, CKD-EPI21cr-cys, CKD-EPI21cr, and JPN eGFRcr. CKD-EPI21cr, CKD-EPI12cys, and CKD-EPI21cr-cys esti-
mated GFR higher, whereas JPN eGFRcr estimated GFR lower. At the threshold of 90 mL/min/1.73 m2, CKD-EPI21cr had 
the highest percentage of misclassification at 37.37%, whereas JPN eGFRcr had the lowest percentage of misclassification 
at 6.91%. Using the age-adapted approach, JPN eGFRcr had the lowest percentage of misclassification into overestimation 
at 7.31%. All eGFR had >5.0%, and CKD-EPI21cr had the highest percentage of misclassification at 21.94%. Conversely, 
CKD-EPI21cr-cys had the lowest percentage of misclassification into underestimation at 3.19%, both at the threshold of 
90 mL/min/1.73 m2 and the age-adapted approach. JPN eGFRcr had the highest percentage at 33.38% and 40.69%, 
respectively.  Conclusions. In evaluating the renal function of Japanese LKDCs, the new CKD-EPI equation had a lower 
rate of underestimation but a relatively high rate of overestimation. New GFR estimation formulas are needed to be tailored 
to each ethnic group to enhance the accuracy and reliability of donor selection processes. 

(Transplantation Direct 2024;10: e1712; doi: 10.1097/TXD.0000000000001712.) 

Evaluation of renal function in potential living kidney 
donors is crucial for the success of living kidney trans-

plantation. Compared with deceased transplantation, living 
kidney transplantation has several advantages to the recipi-
ents, including higher HLA compatibility, lower frequency 
of delayed graft function, and higher graft survival rates.1 
Conversely, it has the disadvantage of removing a kidney 
from a healthy donor, and it is important to carefully con-
sider the potential risks associated with kidney donation for 
each donor. The evaluation process for potential living kidney 
donors encompasses various tests, with renal function assess-
ment being paramount. According to the Kidney Disease 
Improving Global Outcomes (KDIGO) clinical practice guide-
line, the initial assessment is made by estimating glomerular 
filtration rate (GFR) from serum creatinine, and donor GFR 
should be confirmed using ≥1 of the following measurements: 
measured GFR (mGFR) using exogenous filtration marker, 
creatinine clearance, estimated GFR (eGFR) from the combi-
nation of serum creatinine and cystatin C, and repeat eGFR 
from serum creatinine.2 According to the same guidelines, a 
GFR of ≥90 mL/min/1.73 m2 is considered an acceptable level 
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for a donor, and a GFR of <60 mL/min/1.73 m2 is consid-
ered not indicated for a donor. In the British Transplantation 
Society (BTS) guideline, the assessment method is almost 
the same as in KDIGO, but the recommended threshold lev-
els differ by sex and age.3 The European renal best practice 
transplantation guideline also recommends age-specific GFR 
threshold levels.4,5 In any case, efforts must be made to accu-
rately assess the potential donor’s renal function and ensure 
that the donor will not suffer from chronic kidney disease 
(CKD) or other diseases after renal transplantation and that 
both the donor and the recipient will have long-term survival.

The gold standard method of assessing GFR is the meas-
urement of inulin clearance (Cin). However, the test is compli-
cated and cannot be performed at all facilities. Other methods 
of GFR evaluation using exogenous tracers include urinary or 
plasma clearance of iothalamate, urinary or plasma clearance of 
51Cr-EDTA, urinary or plasma clearance of iohexol, or urinary 
clearance of 99mTc-DTPA. Using those mGFRs, various GFR 
estimation formulas have been developed during the past 20 y. 
eGFR is a simple and efficient method to help assess the risk of 
CKD in patients with risk factors, such as diabetes, hyperten-
sion, and cardiovascular disease, and to follow-up with patients 
with CKD. The creatinine-based eGFR formula is widely used 
in routine clinical practice. The serum cystatin C–based formula 
is recommended for confirmatory testing of eGFR, although it 
is not yet widely used. Recently, a new creatinine- and cystatin 
C–based CKD-EPI2021 equation that does not consider ethnic-
ity has been developed.6 However, the utility of this equation in 
living donor candidates for renal transplantation is unknown. 
Moreover, it is known that the modification of diet in renal 
disease (MDRD) and CKD epidemiology collaboration (CKD-
EPI) equations are not applicable to Asians, including Japanese; 
therefore, a Japanese version of the creatinine- or cystatin C–
based GFR estimation equation was developed.

This study investigates the reliability of these formulas as 
screening alternatives to mGFR for evaluating potential living 
kidney donors, aiming to enhance the transplantation pro-
cess’s safety and efficiency.

MATERIALS AND METHODS

We analyzed 752 living kidney donor candidates (LKDCs) 
who were assessed for mGFR by Cin as part of routine pre-
transplant examination at 2 centers in Osaka University 
Kidney Transplant Group from 2006 to 2020. Among the 
participants, there are individuals who were deemed ineli-
gible as donors because of low mGFR. The LKDCs were 
also measured for serum creatinine and cystatin C on the 
same day as Cin.

The method of measuring Cin has been described previ-
ously.7 Briefly, LKDCs refrained from eating before the exam-
ination, and a 2-h continuous intravenous infusion of 1% 
inulin was administered with varying infusion rates. Blood 
and urine samples were collected at specified intervals. The 
candidates were hydrated to maintain urine flow. Cin was 
determined by enzymatic methods, and the mean of 3 values 
was used as the standardized mGFR for a body surface area 
of 1.73 m². Creatinine was measured by enzymatic methods. 
Serum cystatin C was measured using nephelometric immu-
noassay (Siemens) and calibrated to the standardized value 
traceable to ERM-DA471/IFCC using an equation reported 
previously.8

The eGFR (mL/min/1.73 m2) was calculated using the fol-
lowing equation:

CKD-EPI12cys: 133 × min (Scys/0.8, 1)−0.499 × max 
(Scys/0.8, 1)−1.328 × 0.996Age (× 0.932 if woman)9

CKD-EPI21cr: 142 × min (Scr/κ, 1)α × max (Scr/κ, 1)–1.200 × 
0.9938Age × 1.012 [if woman], where: κ = 0.7 (women) or 0.9 
(men), α = –0.241 (woman) or –0.302 (man)6

CKD-EPI21cr-cys: 135 × min (Scr/κ, 1)α × max(Scr/κ, 1)–0.544 
× min (Scys/0.8, 1)–0.323 × max (Scys/0.8, 1)–0.778 × 0.9961Age × 
0.963 (if woman), where κ = 0.7 (women) or 0.9 (men), α = 
–0.219 (woman) or –0.144 (man)6

JPN eGFRcr: 194 × Scr–1.094 × Age–0.287 × 0.739 (if woman)7

JPN eGFRcys: 96 × Scys−1.324 × 0.996Age × 0.894 (if woman)8

Scr is serum creatinine, and Scys is serum cystatin C. Min 
indicates the minimum of Scr/κ or 1, and max indicates the 
maximum of Scr/κ or 1.

This study was approved by the appropriate research ethics 
committee (approval No.: 21375) and conducted according 
to the Declaration of Helsinki. All participants provided writ-
ten informed consent.

All data were collected and analyzed on November 30, 
2023, using the Research Electronic Data Capture electronic 
registration software (Vanderbilt University, Nashville, TN). 
Each equation was evaluated by absolute and relative bias, 
root mean square error, and accuracy within 30% (P30) and 
10% (P10). The performance of each GFR estimation formula 
was evaluated to determine mGFR ≥90 mL/min/1.73 m2 and 
age-adapted thresholds, according to the BTS guidelines3 
(Table S1, SDC, http://links.lww.com/TXD/A701).

RESULTS

Patient Background
The study participants comprised 465 men (61.83%) and 

287 women (38.16%). Their age, height, weight, body mass 
index, and mGFR were 59.01 ± 11.22 y, 160.73 ± 8.91 cm, 
59.39 ± 11.05 kg, 22.88 ± 3.13. kg/m2, and 90.88 ± 17.29 mL/
min/1.73 m2, respectively. Their CKD-EPI12cys, CKD-EPI21cr, 
CKD-EPI21cr-cys, JPN eGFRcr, and JPN eGFRcys were 
95.61 ± 16.49, 99.64 ± 14.07, 100.98 ± 15.71, 78.13 ± 19.33, 
and 95.61 ± 16.49 mL/min/1.73 m2, respectively.

Performance of Each Equation
Table 1 shows the performance of each equation, with 

CKD-EPI12cys having the lowest absolute bias of 1.76 (95% 
confidence interval [CI], 0.67-2.87) and a relative bias of 
3.48% (95% CI, 2.17-4.80). The JPN eGFRcys had an abso-
lute bias of 3.24 (95% CI, 2.80-3.70) and a relative bias of 
–2.35% (95% CI, –3.63-1.06), followed by CKD-EPI21cr 
with lower bias. The CKD-EPI12cys and JPN eGFRcys also 
had higher P30 and P10, with 90.69 (95% CI, 89.63-91.75) 
and 91.36% (95% CI, 90.33-92.38) for P30, respectively, 
and 45.35 (95% CI, 43.53-47.16) for P10, respectively. CKD-
EPI21cr and CKD-EPI21cr-cys were next with similarly high 
P30 and P10. Root mean square error was lower for CKD-
EPI12cys, JPN eGFRcys, CKD-EPI21cr-cys, CKD-EPI21cr, 
and JPN eGFRcr in that order. The correlation coefficients in 
descending order were CKD-EPI12cys: 0.61, CKD-EPI21cr-
cys: 0.61, JPN eGFRcys: 0.59, CKD-EPI21cr: 0.50, and 
JPN eGFRcr: 0.39. The relationship between the mean val-
ues of eGFR and mGFR and the difference (Bland-Altman 
plot) is shown in Figure 1. CKD-EPI21cr, CKD-EPI12cys, 

http://links.lww.com/TXD/A701
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TABLE 1.

Performance of each equation

Equation estimating GFR
Absolute bias, mL/min/ 
1.73 m2, mean (95% CI)

Relative bias,
%, mean (95% CI) P30, % (95% CI) P10, % (95% CI) RMSE, mL/min/1.73 m2

CKD-EPI12cys 1.76
(0.67 to 2.87)

3.48
(2.17 to 4.80)

90.69
(89.63 to 91.75)

45.35
(43.53 to 47.16)

15.57

CKD-EPI21cr 8.75
(7.61 to 9.90)

7.88
(6.67 to 9.10)

83.11
(81.75 to 84.48)

37.90
(36.13 to 39.67)

18.20

CKD-EPI21cr-cys 10.10
(9.04 to 11.15)

13.11
(11.77 to 14.45)

83.51
(82.16 to 84.86)

37.23
(35.47 to 39.00)

17.83

JPN eGFRcr 12.75
(11.30 to 14.21)

–12.44
(–14.07 to –10.80)

73.94
(72.34 to 75.54)

24.73
(23.16 to 26.31)

23.99

JPN eGFRcys 3.24
(2.80 to 3.70)

–2.35
(–3.63 to –1.06)

91.36
(90.33 to 92.38)

45.35
(43.53 to 47.16)

16.39

CI, confidence interval; CKD-EPI, chronic kidney disease epidemiology collaboration; CKD-EPI12cys, CKD-EPI2012 from cystatin C; CKD-EPI21cr, CKD-EPI2021 from creatinine; eGFR, estimated 
glomerular filtration rate; eGFRcys, cystatin C–based eGFR; eGFRCr, creatinine-based eGFR; JPN, Japanese modified; mGFR, measured GFR; RMSE, root mean square error.

FIGURE 1.  Bland-Altman plot between mGFR and (A) CKD-EPI21cr, (B) CKD-EPI21cr-cys, (C) CKF-EPI12cys, (D) JPN eGFRcr, and (E) JPN 
eGFRcys. CKD-EPI, chronic kidney disease epidemiology collaboration; CKD-EPI12cys, CKD-EPI2012 from cystatin C; CKD-EPI21cr, CKD-
EPI2021 from creatinine; eGFR, estimated glomerular filtration rate; JPN, Japanese modified; mGFR, measured GFR.
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and CKD-EPI21cr-cys estimated GFR higher, whereas JPN 
eGFRcr estimated GFR lower.

Impact of eGFR on Donor Selection
Table 2 displays the percentage of misclassified LKDCs 

into overestimation, where the eGFR meets the threshold cri-
teria, but mGFR does not meet the criteria at 90 mL/min/1.73 
m2 and age-adapted threshold. At the threshold of 90 mL/
min/1.73 m2, CKD-EPI21cr had the highest percentage of 
misclassification into overestimation at 37.37%, whereas 
JPN eGFRcr had the lowest percentage of misclassification 
at 6.91%. At the age-adapted approach, JPN eGFRcr had the 
lowest percentage of misclassification into overestimation at 

7.31%. The other eGFR had >10%, and CKD-EPI21cr had 
the highest percentage of misclassification into overestima-
tion at 21.94%. Conversely, both at the threshold of 90 mL/
min/1.73 m2 and the age-adapted approach, CKD-EPI21cr-cys 
had the lowest percentage of misclassification into underesti-
mation at 3.19% (Table 3). JPN eGFRcr had the highest per-
centage of misclassification into underestimation at 33.38% 
and 40.69%, respectively.

Number of Eligible Donors
Differences in eligibility of LKDCs according to the 

method of GFR evaluation at a threshold of 90 mL/min/1.73 
m2 are presented in Table 4. The number of eligible donors 

TABLE 2.

Proportions of misclassified overestimated potential donors for 2 GFR thresholds

GFR threshold, mL/min/1.73 m2

Equation estimating GFR

CKD-EPI12cys CKD-EPI21cr CKD-EPI21cr-cys JPN eGFRcr JPN eGFRcys

90 mL/min/1.73 m2 20.21 (17.34-23.08) 37.37 (33.91-40.82) 31.52 (28.20-34.84) 6.91 (5.10-8.73) 11.04 (8.80-13.28)
Age-adapted threshold 15.96 (13.34-18.57) 21.94 (18.98-24.90) 20.74 (17.85-23.64) 7.31 (5.45-9.17) 10.24 (8.07-12.41)

Values are percentages with 95% confidence intervals within parentheses.
Misclassified overestimated potential donors mean LKDCs with eGFR compatible with a donor and mGFR not compatible with a donor.
CKD-EPI, chronic kidney disease epidemiology collaboration; CKD-EPI12cys, CKD-EPI2012 from cystatin C; CKD-EPI21cr, CKD-EPI2021 from creatinine; eGFR, estimated glomerular filtration rate; 
eGFRcys, cystatin C–based eGFR; eGFRCr, creatinine-based eGFR; JPN, Japanese modified; LKDC, living kidney donor candidate; mGFR, measured GFR.

TABLE 3.

Proportions of misclassified underestimated potential donors for 2 GFR thresholds

GFR threshold, mL/min/1.73 m2

Equation estimating GFR

CKD-EPI12cys CKD-EPI21cr CKD-EPI21cr-cys JPN eGFRcr JPN eGFRcys

90 mL/min/1.73 m2 9.97 (7.83-12.12) 3.86 (2.48-5.23) 3.19 (1.94-4.45) 33.38 (30.01-36.75) 17.29 (14.58-19.99)
Age-adapted threshold 9.71 (7.59-11.82) 3.86 (2.48-5.23) 3.19 (1.94-4.45) 40.69 (37.18-44.20) 19.15 (16.34-21.96)

Values are percentages with 95% confidence intervals within parentheses.
Misclassified underestimated potential donors mean LKDCs with eGFR not compatible with a donor and mGFR compatible with a donor.
CKD-EPI, chronic kidney disease epidemiology collaboration; CKD-EPI12cys, CKD-EPI2012 from cystatin C; CKD-EPI21cr, CKD-EPI2021 from creatinine; eGFR, estimated glomerular filtration rate; 
eGFRcys, cystatin C–based eGFR; eGFRCr, creatinine-based eGFR; JPN, Japanese modified; LKDC, living kidney donor candidate; mGFR, measured GFR.

TABLE 4.

Simulation of the numbers of eligible donors in GFR of 90 mL/min/1.73 m2 thresholds according to the methods of GFR 
evaluation and interpretation

Equation estimating 
GFR Eligible, n (%) Difference, n (%)

Misclassified

Overestimation, 
n (%)

Mean difference, mL/
min/1.73 m2

Underestimation, 
n (%)

Mean difference, 
mL/min/1.73 m2

mGFR 370
(49.20)

0 0 0 0 0

CKD-EPI12cys 447
(59.44)

77
(10.24)

152
(20.21)

–18.93 75
(9.97)

17.96

CKD-EPI21cr 622
(82.71)

252
(33.51)

281
(37.37)

–22.08 29
(3.86)

17.26

CKD-EPI21cr-cys 583
(77.53)

213
(28.32)

237
(31.52)

–22.09 24
(3.19)

15.64

JPN eGFRcr 171
(22.74)

–199
(26.46)

52
(6.91)

–25.29 251
(33.38)

28.87

JPN eGFRcys 323
(42.95)

–47
(6.25)

83
(11.04)

–17.28 130
(17.29)

20.37

Mean difference: mGFR – eGFR in overestimated or underestimated potential donors.
Misclassified overestimation means LKDCs with eGFR acceptable for kidney donation but mGFR that is not acceptable.
Misclassified underestimation means LKDCs with eGFR not acceptable for kidney donation but mGFR that is acceptable.
CKD-EPI, chronic kidney disease epidemiology collaboration; CKD-EPI12cys, CKD-EPI2012 from cystatin C; CKD-EPI21cr, CKD-EPI2021 from creatinine; eGFR, estimated glomerular filtration rate; 
eGFRcys, cystatin C–based eGFR; eGFRCr, creatinine-based eGFR; JPN, Japanese modified; LKDC, living kidney donor candidate; mGFR, measured GFR.
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was lower for the JPN eGFRcr and JPN eGFRcys than for 
mGFR. The other 3 eGFR equations had a higher number 
of eligible donors than mGFR. Similarly, when age-adapted 
normal values were considered, the use of eGFR resulted 
in fewer eligible donors in JPN eGFRcr and JPN eGFRcys 
(–251 [33.38%] and –67 [8.91%], respectively) compared 
with mGFR. All other equations had higher eligible donors 
(Table 5). However, some of the LKDCs determined to be eli-
gible by eGFR were misclassified. For instance, 601 LKDCs 
(79.92%) were determined to be eligible by CKD-EPI12cys, 
differing from mGFR by only 8, whereas 120 LKDCs 
(15.96%) were misclassified into overestimation with an 
average of –19.53 mL/min/1.73 m2 and 73 LKDCs (9.71%) 
were misclassified into underestimation with an average of 
16.74 mL/min/1.73 m2. The mean difference of the misclassi-
fied cases was relatively high in each equation.

DISCUSSION

Our study underscores the importance of accurate renal 
function evaluation in the selection of LKDCs. The novel 
race-independent CKD-EPI21cr-cys formula shows good 
performance in the evaluation of renal function, demonstrat-
ing a balanced performance. However, the formula is not 
without its limitations, particularly the risk of misclassifica-
tion through overestimation, which could deem about 20% 
of otherwise ineligible donors as suitable in the age-adapted 
thresholds. In the absolute threshold of 90 mL/min/1.73 m2, 
most eGFR equations showed a higher risk of overestimation 
for LKDCs, whereas JPN eGFRcr had a relatively low overes-
timation rate. JPN eGFRcr has a lower GFR but a higher risk 
that LKDCs with a sufficiently high GFR will be determined 
ineligible for living kidney donors.

Living donor renal transplantation offers numerous ben-
efits for the recipient, yet it poses risks for donors, includ-
ing the potential for reduced life expectancy associated with 
decreased GFR. In the general population, a decrease in GFR 
has been reported to be associated with a reduction in life 

expectancy in both men and women.10 However, living donors 
typically hail from a healthier segment of the population, sug-
gesting their long-term outcomes may be as good as, if not bet-
ter than, the general populace.11-13 In a comparative analysis 
involving 9750 living kidney donors in the United Kingdom 
and 19 071 participants from the Health Improvement 
Network database, living kidney donors had significantly 
lower mortality rates at 10 y of follow-up.14 A meta-analysis 
of mid- and long-term follow-up studies reported no evidence 
to suggest that donors are at higher risk for all-cause mortal-
ity compared with healthy nondonors.15

The human body can compensate for the removal of one 
kidney, restoring GFR to approximately 70% of its initial 
function, although this comes with the long-term risk of glo-
merular hyperplasia and hyperfiltration, potentially leading 
to kidney failure. The relative risk of kidney failure is also 
thought to be increased in living kidney transplant donors. 
Muzaale et al16 reported that the estimated risk of kidney fail-
ure 15 y after kidney donation was 30.8 per 10 000 for kidney 
donors and 3.9 per 10 000 for matched healthy nondonors. 
Accurate preoperative assessment of renal function is crucial 
to minimize postdonation kidney failure risk. The KDIGO 
clinical practice guidelines recommend eGFR from serum cre-
atinine as the initial assessment; they also suggest confirm-
ing GFR with more precise methods when necessary.2 The 
European renal best practice transplantation guideline recom-
mends that when an accurate assessment of GFR is required 
or when the accuracy of eGFR is questionable GFR should be 
measured directly using the exogenous clearance method. We 
measured Cin in all cases in the evaluation of renal function 
in potential donors, although there is no evidence to support 
its usefulness, but other guidelines also recommend it in view 
of the imprecision of eGFR.

According to the KDIGO guidelines, a GFR of ≥90 mL/
min/1.73 m2 is considered an acceptable donor indication, 
whereas a GFR of <60 mL/min/1.73 m2 is not; the decision to 
approve a potential donor with a GFR of 60–89 mL/min/1.73 
m2 should be based on demographic and health profiles related 

TABLE 5.

Simulation of the numbers of eligible donors in age-adapted thresholds according to the methods of GFR evaluation and 
interpretation

Equation estimating 
GFR Eligible, n (%) Difference, n (%)

Misclassified

Overestimation, 
n (%)

Mean difference, mL/
min/1.73 m2

Underestimation, 
n (%)

Mean difference, 
mL/min/1.73 m2

mGFR 554
(73.67)

0 0 0 0 0

CKD-EPI12cys 601
(79.92)

47
(6.25)

120
(15.96)

–19.53 73
(9.71)

16.74

CKD-EPI21cr 690
(91.76)

136
(18.09)

165
(21.94)

–26.25 29
(3.86)

18.15

CKD-EPI21cr-cys 686
(91.22)

132
(17.55)

156
(20.74)

–23.94 24
(3.19)

13.57

JPN eGFRcr 303
(40.29)

–251
(33.38)

55
(7.31)

-23.35 306
(40.69)

27.31

JPN eGFRcys 487
(64.76)

-67
(8.91)

77
(10.24)

-17.10 144
(19.15)

18.34

Mean difference: mGFR – eGFR in overestimated or underestimated potential donors.
Misclassified overestimation means LKDCs with eGFR acceptable for kidney donation but mGFR that is not acceptable.
Misclassified underestimation means LKDCs with eGFR not acceptable for kidney donation but mGFR that is acceptable.
CKD-EPI, chronic kidney disease epidemiology collaboration; CKD-EPI12cys, CKD-EPI2012 from cystatin C; CKD-EPI21cr, CKD-EPI2021 from creatinine; eGFR, estimated glomerular filtration rate; 
eGFRcys, cystatin C–based eGFR; eGFRCr, creatinine-based eGFR; JPN, Japanese modified; LKDC, living kidney donor candidate; mGFR, measured GFR.
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to the acceptable risk thresholds of the transplant program.2 
Notably, KDIGO does not categorically reject measurements 
of GFR of 80 mL/min/1.73 m2 (ie, <90 mL/min/1.73 m2). If the 
lifetime risk estimation of kidney failure, calculated consider-
ing multiple parameters/risk factors by Grams et al,17 is below 
the transplant center’s acceptance threshold, then that GFR 
level is considered acceptable. In the BTS guideline, the rec-
ommended threshold levels differ by sex and age.3,5 Our insti-
tution modifies the criteria for donor eligibility with respect to 
the donor’s age. In our investigation, none of the GFR estima-
tion formulas proved entirely reliable at the 90 mL/min/1.73 
m2 threshold, with all exhibiting a significant propensity for 
overestimation, except for JPN eGFR. This misclassification 
risk underscores the need for cautious interpretation of GFR 
estimates in donor selection. When the age-adapted threshold 
was used, the risk of misclassification into overestimation was 
lower for each GFR estimation formula. We believe this value 
should be <5% to ensure donor safety, and none of the esti-
mation formulas achieved this threshold. JPN eGFRcr had the 
highest percentage of misclassification into underestimation. 
This means that if JPN eGFR is used to determine LKD indi-
cations, there is a high risk that people who would normally 
have good renal function will be determined as not indicated. 
A combination of several GFR estimation formulas may be 
effective. Indeed, when the mean of JPN eGFRcr and CKD-
EPI21cr-cys was used to determine indications of LKDCs, 
the risk of misclassification into over- and underestimation 
was 14.6% and 13.7%, with mean differences at –16.8 and 
10.7 mL/min/1.73 m2, respectively.

One of the limitations of this study is that it primarily, 
if not exclusively, focused on LKDCs of Japanese ethnicity. 
Therefore, the results of this study may not be applicable 
to non-Japanese ethnic groups. In Korea, the Japanese-
GFR equation has been reported to be less biased and more 
accurate than the CKD-EPI and MDRD study equations.18 
Conversely, it is known that the ethnic coefficients of the 
MDRD study equation differ between Japanese and Chinese 
individuals.19 In addition to possible biases such as differ-
ences in GFR measurement methods and creatinine assay 
calibration, ethnic differences in creatinine production, 
muscle mass, dietary protein, and tubular secretion of cre-
atinine have been suggested as possible explanations. In the 
CKD-EPI21cr-cys, the removal of the “race” variable, while 
innovative, has not been adequately validated in ethnicities 
other than Caucasian and African American in the general 
population or in the LKDC cohort; the removal of the “race” 
variable in 2 ethnicities does not mean that it has been vali-
dated for all ethnic groups. Furthermore, GFR equations are 
often created for patients with CKD and may not apply to 
healthy people like living kidney donors. In the selection of 
living kidney donors, it is necessary to prevent misclassifica-
tion into overestimation for the safety of both donors and 
recipients. To ensure the safety of both donors and recipi-
ents, it is imperative to develop new GFR estimation for-
mulas tailored to the specific characteristics of living kidney 
donors from various ethnic backgrounds. Further research 
and refinement in GFR estimation and its clinical interpreta-
tion will be vital in enhancing the outcomes for living kidney 
donors and recipients alike.

This study reconfirms the accuracy and importance of 
renal function assessment in the selection of LKD. In par-
ticular, it suggests that the use of the new CKD-EPI21cr-cys 

formula allows for a race-independent assessment of kidney 
function. However, it also became clear that there is a risk 
of misclassification, especially because of overestimation, and 
further investigation and improvement are needed to ensure 
the safety of potential donors. Based on our findings, in the 
evaluation of LKDCs, the precision of the 5 eGFR equation 
is not sufficient, and they are not reliable enough to replace 
nuclear GFR. In the future, the development and application 
of appropriate GFR estimation formulas for LKDCs from dif-
ferent ethnic backgrounds will be required. Such efforts will 
be an important step toward better clinical outcomes for both 
donors and recipients. Our study can serve as a milestone on 
the path to improving the accuracy of renal function assess-
ment, and we eagerly await further research and advancement 
in this field.
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