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Implication for health policy/practice/research/medical education:
There are very few studies on Indian kidney donors and in this study among the existing estimated glomerular filtration rate 
(eGFR) equations, the modification of diet in renal disease (MDRD)-6 variable equation showed the highest precision and 
accuracy in correlation to measured (mGFR) by technetium-99m diethylenetriaminepentaacetic acid (Tc-99m DTPA) in our 
population. As per the authors’ knowledge, this is the first study wherein we are comparing the measured GFR by technetium-
99m diethylenetriaminepentaacetic acid (Tc-99m DTPA) against all the creatinine-based GFR estimation equations and 24-
hour urinary creatinine clearance. This study highlights the fact that for donor evaluation in the Indian population none of the 
existing GFR estimation equations is accurate and there is a need for a correction factor to existing equations or a newer equation 
for our population. 24-hour urinary creatinine clearance should not be considered as a donor GFR estimation measure due to its 
variability and poor reliability.
Please cite this paper as: Nagaraju SP, Srinivas K, Bhojaraja MV, Shenoy SV, Rao IR, Prabhu RA, Rangaswamy D, Guddattu V, 
Krishna VN, Nayak MN. Comparison of creatinine-based glomerular filtration rate estimation equations in voluntary Indian 
kidney donors: A single centre study. J Nephropharmacol. 2022;11(2):e10443. DOI: 10.34172/npj.2021.10443.
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Introduction: In transplantation, accurate estimation of the donor glomerular filtration rate (GFR) 
is crucial. While various creatinine-based equations are in use, none are validated in Indians. 
Objectives: This study was conducted to judge the accuracy of creatinine-based GFR estimation 
equations and urinary creatinine clearance.
Patients and Methods: A single-centre, observational and retrospective study at a tertiary 
care hospital. Adult voluntary donors GFR measured (mGFR) by technetium-99m 
diethylenetriaminepentaacetic acid (Tc-99m DTPA) were included. The primary outcome was the 
performance of estimated GFR (eGFR) by “Cockcroft-Gault’s formula corrected for body surface 
area (CG-BSA) formula”, “modification of diet in renal disease (MDRD) 4 and 6 variable equation” 
and “Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation”; secondary 
outcome was the performance of “24-hour urinary creatinine clearance (Cr Cl)”.
Results: 102 kidney donors were analysed with mean age of 45.89 ± 9.98 years and 85.3% females. 
Mean ± SD mGFR by Tc-99m DTPA was 82.11 ± 14.32 mL/min/1.73 m2. Mean ± SD eGFR by “CG-
BSA” was 99.68 ± 23.71 mL/min/1.73 m2, by “MDRD-4 variable equation” was 98.25 ± 28.61 mL/
min/1.73 m2, by “MDRD-6 variable equation” was 93.66 ± 19.44 ml/min/1.73 m2 and by “CKD-EPI” 
was 111.14 ± 31.61 mL/min/1.73 m2. The lowest bias (2.3), highest precision (16.23), and accuracy 
(97.1%) were with “MDRD-6 variable equation”; “24-hour urinary Cr Cl” highly overestimated 
GFR (158.27 mL/min/1.73 m2) with the highest bias, lowest precision, and accuracy.
Conclusion: The “MDRD-6 variable equation” was the most precise and accurate of the equations, 
whereas “24-hour urinary Cr Cl” was the least dependable. This study highlights the need for a 
correction factor or a new GFR estimation equation and not to consider urinary Cr Cl to assess 
donor GFR.
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Introduction 
Kidney failure in India has a prevalence of about 150–
230 per million people, out of which around 220,  000 
people need renal transplants but the actual number of 
transplants to occur is only about 7500 and approximately 
90% of which come from live donors (1).

The best parameter to determine overall kidney 
function is by glomerular filtration rate (GFR). A 
precise assessment of GFR and prediction of future risk 
of kidney failure are the objectives in the evaluation of 
living kidney donors. GFR can be measured (mGFR) 
using different methods with Inulin clearance considered 
the gold standard, however, it is invasive and not easy to 
conduct in daily clinical practice. Thus radiotracers that 
are cleared exclusively by glomerular filtration without 
substantial tubular secretion or reabsorption are chosen. 
Technetium-99m diethylenetriaminepentaacetic acid 
(Tc-99m DTPA) gamma camera (2) method is the most 
widely used method to measure GFR in kidney donors 
because of its simplicity and precision (3).

Among the various GFR estimation equations in 
kidney donors, “chronic kidney disease-epidemiology 
collaboration (CKD-EPI)” and “modification of diet in 
renal disease (MDRD)” which include variables such as 
age, gender, and race validated mostly in the Caucasian 
population are commonly used in practice to calculate 
estimated GFR (eGFR). Whenever eGFR is <60 mL/
min/1.73 m2, both are comparable but “CKD-EPI” is 
preferable at higher eGFR values (4).

While several eGFR equations using serum creatinine 
exist, none of them have proven to provide accurate 
results in Indian kidney donors, thus extrapolating these 
equations for Indians is likely to yield inaccurate results 
which are validated by a recent Indian study by Kumar et 
al (4) which showed that the GFR estimation equations 

currently in practice overestimates GFR in Indians and 
hence the latest equation or correction factor for precise 
assessment is essential in our population (5).

Objectives
This study was conducted to assess the accuracy and 
reliability of creatinine-based GFR estimation equations 
for donor evaluation in comparison to mGFR by DTPA 
which is the most frequently used method in transplant 
centres across India.

Patients and Methods
Study design
This single-centre retrospective study was conducted 
from January 2015 to December 2019 after obtaining 
institutional ethics committee clearance. 

Inclusion criteria; All adult voluntary kidney donors 
of either gender who were advised GFR measurement by 
Tc-99m DTPA as a part of donor evaluation were included 
after informed consent.

All donors had serum creatinine measured using kinetic 
compensated Jaffe assay traceable to isotope dilution mass 
spectrometry (IDMS traceable) in the Cobas 8000 analyser 
(Roche Diagnostics GmbH Mannheim, Germany®) at our 
laboratory.

For mGFR by Tc-99m DTPA, donors were given bolus 
intravenous injection of Tc-99m-labeled DTPA, and 
scintigraphy images were taken by the Gamma camera 
(2 minutes per frame for 30 minutes each). A region of 
interest (ROI) was manually drawn for each kidney, 
background ROI was assigned, uptake by each kidney was 
assessed, and GFR was automatically calculated by Infinia 
Hawkeye software GE (3).

The primary outcome was the performance of 
creatinine-based eGFR by various equations (Table 1) 

Table 1. Creatinine based GFR estimation equations and urinary creatinine clearance

Equations Formulae

“Cockcroft and Gault's formula (CG)” (140-Age) × lean body weight (kg) × 0.85 (females)
Serum creatinine (mg/dL) × 72

Correction of CG for BSA (“CG-BSA”) CG Cr Cl × 1.73
       BSA 

“MDRD-4 variable” 175 (serum creatinine)-1.154 × (Age)-0.203 ×(0.742 if female)

“MDRD-6 variable” 198 × [serum creatinine (mg/dL)] −0.858 × [age] −0.167 × [0.822 if patient is female] × [1.178 if patient is 
black] × [Serum urea nitrogen concentration (mg/dL)] −0.293 × [urine urea nitrogen excretion (g/d)] 0.249

“CKD-EPI” GFR = 141 × min (Scr*/κ, 1) α × max (Scr/κ, 1)-1.209 × 0.993Age × 1.018 [if female] × 1.159 [if black]
Scr is serum creatinine (mg/dL), κ is 0.7 for females and 0.9 for males, α is -0.329 for females and -0.411 
for males, min indicates the minimum of Scr/κ or 1, and max indicates the maximum of Scr/κ or 1.

“24-hour urinary Cr Cl” Urine creatinine (mg/dL) × Total urine volume (mL)
      Serum creatinine (mg/dL) × 1440

“24 hour urinary Cr Cl” normalised 
to BSA

Cr Cl × 1.73
   BSA

BSA, body surface area; Cr Cl, creatinine clearance; CG-BSA, Cockcroft-Gault’s formula corrected for body surface area; MDRD, modification of diet in 
renal disease; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration.
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[“Cockcroft and Gault’s corrected for body surface area 
(CG-BSA)”, MDRD 4 variable and 6 variable equations”, 
CKD-EPI] in comparison to mGFR using DTPA and 
secondary outcome was the reliability of 24-hour urinary 
creatinine clearance in comparison to mGFR. 

Statistical analysis
The mean ± standard deviation (SD) of different variables 
was calculated and the differences were expressed in 
absolute values with confidence limits of 95%. In terms 
of their bias, precision, and accuracy, the efficiency of 
different prediction equations was evaluated. The mean 
difference between mGFR and each eGFR equation was 
termed as total bias; the mean percentage difference to 
mGFR was defined as relative bias. Total precision was 
defined as standard deviation (SD) of total bias and relative 
precision as SD of relative bias. Proportion (%) of patients 
with eGFR within 15% and 30% of the mGFR was termed 
accuracy. Statistical Package for the Social Sciences (SPSS) 
version 20.0 was conducted for data analysis.

Results
A total of 102 voluntary kidney donors included during 
the study period were analysed in this study. The majority 
were females 87 (85.3%) and the mean age was 45.89 ± 
9.98 years. The mGFR by Tc-99m DTPA was 82.11 ± 14.32 
mL/min/1.73 m2. 

Primary outcome
The performance of eGFR equations in the donor group 
in terms of bias, precision, and accuracy was estimated 
compared to mGFR.

Table 2 shows the correlation of mGFR by DTPA 
with other GFR predicting equations. Mean eGFR±SD 
calculated by CG-BSA (6) was 99.68 ± 23.71 mL/min/1.73 
m2, by “MDRD-4 variable equation” (7) was 98.25 ± 28.61 
mL/min/1.73 m2, by “MDRD-6 variable equation” (8) 
was 93.66 ± 19.44 mL/min/1.73 m2, and by “CKD-EPI” 
equation (9) was 111.14 ± 31.61 mL/min/1.73 m2.

Total bias (defined as a mean difference to measured 
GFR) among the equations was least with “MDRD-6 

variable equation” (2.3), followed by “MDRD-4 variable 
equation” (6.89), “CG-BSA” (8.26), and highest with 
“CKD-EPI” (19.8).

The highest precision (defined as SD to bias) amongst 
equations was with “MDRD-6 variable equation” (16.23), 
followed by “MDRD-4 variable equation” (24.32), “CKD-
EPI” (28.96), and least with “CG-BSA” equation (34.3).

In our study, the “MDRD-6 variable equation” (97.1%) 
had the highest accuracy followed by the “MDRD-4 
variable equation” (91.2%), “CKD-EPI” (90.2%), and the 
least with the “CG-BSA” equation (86.3%).

Secondary outcome
The predictive capability of 24-hour urinary creatinine 
clearance in the donor group when compared to mGFR 
was analysed. In this study, 24-hour urinary creatinine 
clearance highly overestimated GFR (158.27 mL/min/1.73 
m2) in comparison to mGFR by DTPA. It also showed 
the highest total bias (66.98), relative bias (0.13), lowest 
precision (94.92), and lowest accuracy (55.9%) when 
compared to eGFR estimation equations.

Discussion
The calculation of GFR is indeed a challenging task since 
several equations and methods have been developed and 
yet not one method correlates exactly with the other. As 
GFR is a valuable indicator in the evaluation of kidney 
donors there ought to be an effective and reproducible 
method for estimation in our population.

Most of the creatinine-based GFR equations to estimate 
GFR have been derived based on studies on the western 
population who have a higher GFR when compared to the 
Indian population who typically have lower GFR values 
(5). Thus the primary objective of this research was to 
estimate GFR using different creatinine-based equations 
and compare it with measured GFR by DTPA.

In this study among the 102 voluntary kidney donors, 
the majority were females (85.3%) which is similar to the 
recent study by Sawinski et al (10) and Sakuja et al (11) 
in India, both of which portrayed that in the spectrum of 
living renal donor females were a majority.

Table 2. Comparison of bias, precision and accuracy of estimation  equations with measured GFR (DTPA-mean: 82.11 ± 14.32 mL/min/ 1.73 m2)

eGFR equations

Total Bias Relative Bias Relative Precision Accuracy

eGFR (mL/min/1.73 m
2 
) 

Mean ± SD
(Mean diff. to 

mGFR)
(Mean % diff. to 

mGFR) (SD of Relative Bias) Within ± 15% Within ± 30%

“CG-BSA” 99.68 ± 23.71 -8.26 -0.10 34.40 80.40% 86.30%

“MDRD-4 variable” 98.25 ± 28.61 -6.89 0.04 24.32 89.20% 91.20%

“MDRD-6 variable” 93.66 ± 19.44 -2.30 0.007 16.23 87.30% 97.10%

“CKD-EPI” 111.14 ± 31.61 -19.80 -0.05 28.96 80.40% 90.20%

“24 hour urinary Cr Cl” 158.27 (IQR 95.4 - 180.4) -66.98 -0.13 94.92 53.90% 55.90%

eGFR, estimated GFR; CG-BSA, Cockcroft-Gault’s formula corrected for body surface area; MDRD, modification of diet in renal disease; CKD-EPI, 
Chronic Kidney Disease Epidemiology Collaboration; Cr Cl, creatinine clearance; IQR, Interquartile range.
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In our study, the mean age of kidney donors was 45.89 ± 
9.98 years which is similar to the study by Zhao et al (12) 
where 224 donors were evaluated with an average age of 
45.1 ± 8.6 years and the Indian study by Prasad et al (13) 
wherein 897 donors were analysed with the median age of 
44.81 years.

The mean ± SD GFR measured by Tc-99m DTPA was 
82.11 ± 14.32 mL/min/1.73m2 which is substantially 
lower in comparison to western literature (106-125 mL/
min/1.73 m2), however, is similar to Indian study by 
Kumar et al (3) where analysis of 66 voluntary kidney 
donors showed an average mean measured GFR of 83.3 
mL/min/1.73 m2. The reason for a lower GFR in the Indian 
population is postulated due to two possible explanations, 
first lower animal protein consumption given the cultural 
and religious beliefs; a second explanation for lower GFR 
observed in Indians is the low-nephron number at birth 
associated with low birth weight (14).

In this study, we analysed the extent of bias, precision, 
accuracy of these GFR prediction equations and ranked 
them according to their performance. Our results showed 
that every single equation overestimated the GFR when 
compared to mGFR by DTPA. 

The eGFR by “CG-BSA” in this study was 99.68 ± 23.71 
mL/min/1.73 m2 with a total bias of 8.26 and an accuracy 
of 86.3% (within 30%). The estimation of GFR by CG 
equation was understandably poorer because the equation 
was derived by creatinine clearance calculated from 24-
hour urinary creatinine collections in healthy hospitalised 
adults (the majority were males), and also it overestimates 
GFR due to associated tubular creatinine excretion 
which is similar to Indian studies by Kumar et al (3) and 
Hephzibah et al (15).

Levey et al (7, 8) proposed “MDRD 4 and 6 variable 
equations” from a study involving the majority of 
Caucasian patients with CKD and excluded those with GFR 
>60 mL/min/1.73 m2, thus it underestimates in patients 
with higher levels of GFR. Because of this inaccuracy at 
higher levels of GFR, it fares well only in those with GFR 
<60 mL/min/1.73 m2 (8). In our study, the estimated 
GFR by “MDRD-4 variable equation” was 98.25 ± 28.61 
mL/min/1.73 m2 and by “MDRD-6 variable equation” 
was 93.66 ± 19.44 mL/min/1.73 m2 with accuracy being 
highest for “MDRD-6 variable equation” (97.1%) followed 
by “MDRD-4 variable equation” (82.70%). Therefore, 
the “MDRD-6 variable equation” fared best in this study 
followed by the “MDRD-4 variable equation” which is 
similar to the study by Pöge et al (16) and also an Indian 
study on 173 kidney donors conducted by Mahajan et al 
(17). The possible explanation for the better performance 
of the “MDRD-6 variable equation” over other equations 
is the incorporation of urinary urea nitrogen in GFR 
estimation which overall improves the predictive ability. 
It is therefore tempting to assume that underestimation 
of urinary urea nitrogen can neutralise this creatinine 

dependant GFR overestimation.
To overcome the drawbacks of the “MDRD equation”, 

the “CKD-EPI” equation was developed which is 
as accurate as “MDRD equations” at GFR <60 mL/
min/1.73 m2 and is more accurate at higher GFR levels. 
It was derived using two slopes with multicentre samples 
involving the majority of patients with CKD and a small 
percentage without CKD (9). “CKD-EPI” formula eGFR 
was 111.14 ± 31.61 mL/min/1.73 m2 with 90.2 % accuracy 
in this study. Thus, compared to the MDRD equation, 
it did not do well in terms of accuracy and precision in 
our study which is similar to the study by Carter et al 
(18) in the United Kingdom (UK) wherein they assessed 
the predictive capability of “MDRD” and “CKD-EPI” 
formulae in a sizeable adult population which showed 
that “CKD-EPI” overestimated GFR in 18-59 years’ age 
group. This overestimation, lesser precision, and accuracy 
of the “CKD-EPI” equation has also been observed in 
the Chinese study by Ji et al (19) and also in the Japanese 
study by Horio et al (20) wherein they have suggested 
the requirement of correction coefficients which were 
derived from multiple linear regression models with 
variables involving age, gender, serum urea nitrogen, 
and serum albumin. Recently an Indian study by Kumar 
et al (4) also concluded that most of the GFR estimation 
equations overestimate GFR in our population, hence 
recommending the need for a correction coefficient.

Previously, “24-hour urine creatinine clearance (Cr 
Cl)” calculated by multiplying the urine creatinine to 
serum creatinine ratio by 24-hour urine volume was 
widely utilised for GFR measurement. However, the 
use of urinary Cr Cl for GFR estimation is obsolete for 
the last two decades as one of the earliest studies by 
Greenblatt et al (21), revealed that creatinine excretion 
differed significantly in healthy individuals leading to 
erratic GFR estimation since urinary creatinine clearance 
was related to timing and accuracy of collection, body 
surface area, dietary pattern and physical activity which 
is similar to this study where “24-hour urinary Cr Cl” 
grossly overestimated GFR and showed the highest total 
and relative bias, lowest precision, and accuracy when 
compared to all creatinine-based eGFR formulae (21).

Conclusion
In this study among the existing eGFR equations, the 
“MDRD-6 variable equation” showed the highest precision 
and accuracy in correlation to mGFR by DTPA in our 
population. “24-hour urinary creatinine clearance” should 
not be considered as a donor GFR estimation measure 
due to its variability and poor reliability. Thus this study 
highlights the fact that for donor evaluation in the Indian 
population none of the existing GFR estimation equations 
is accurate and there is a need for a correction factor to 
existing equations or a newer equation for our population.
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Limitations of the study
The small sample size and retrospective nature of the 
study was the limitation of our study and serum cystatin-c 
was not measured.

Authors’ contribution
SPN, KS, MVB, and SVS were the principal investigators 
of the study. SPN, KS, MVB, SVS, VNK, and MNN were 
included in preparing the concept and design. IRR, RAP, 
DR, VG, VNK, and MNN revisited the manuscript and 
critically evaluated the intellectual contents. All authors 
participated in preparing the final draft of the manuscript, 
revised the manuscript, and critically evaluated the 
intellectual contents. All authors have read and approved 
the content of the manuscript and confirmed the accuracy 
or integrity of any part of the work. 

Conflicts of interest
The authors declare that they have no competing interests. 

Ethical issues
The research followed the tenets of the Declaration of 
Helsinki. The institutional ethical committee at Kasturba 
Medical College, Manipal (Manipal Academy of Higher 
Education) approved all study protocols (IEC 943-2020). 
Accordingly, written informed consent was taken from all 
participants before any intervention.

Funding/Support
None.

References
1. Shroff S. Current trends in kidney transplantation in 

India. Indian J Urol. 2016;32:173-4. doi: 10.4103/0970-
1591.185092. 

2. Gates GF. Computation of glomerular filtration rate with 
Tc-99m DTPA: an in-house computer program. J Nucl 
Med. 1984;25:613-8. 

3. Kumar M, Arora G, Damle NA, Kumar P, Tripathi M, 
Bal C, et al. Comparison between Two-sample Method 
with 99mTc-diethylenetriaminepentaacetic acid, Gates’ 
Method and Estimated Glomerular Filtration Rate Values 
by Formula Based Methods in Healthy Kidney Donor 
Population. Indian J Nucl Med. 2017;32:188-193. doi: 
10.4103/ijnm.IJNM_17_17. 

4. Kakde S, Alexander S, David VG, Jacob S, Mohapatra A, 
Valson AT, et al. Relationship of Creatinine and Cystatin 
C-based Estimated Glomerular Filtration rates with 
Measured Glomerular Filtration Rate in Healthy Kidney 
Donors from South Asia. Indian J Nephrol. 2018;28:345-
350. doi: 10.4103/ijn.IJN_249_17. 

5. Kumar V, Yadav AK, Yasuda Y, Horio M, Kumar V, Sahni 
N, et al. Existing creatinine-based equations overestimate 
glomerular filtration rate in Indians. BMC Nephrol. 
2018;19:22. doi: 10.1186/s12882-018-0813-9. 

6. Cockcroft DW, Gault MH. Prediction of creatinine 
clearance from serum creatinine. Nephron. 1976;16:31-41. 

doi: 10.1159/000180580.
7. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. 

A more accurate method to estimate glomerular filtration 
rate from serum creatinine: a new prediction equation. 
Modification of Diet in Renal Disease Study Group. Ann 
Intern Med. 1999;130:461-70. doi: 10.7326/0003-4819-130-
6-199903160-00002. 

8. Levey AS, Coresh J, Greene T, Stevens LA, Zhang YL, 
Hendriksen S, et al; Chronic Kidney Disease Epidemiology 
Collaboration. Using standardized serum creatinine values 
in the modification of diet in renal disease study equation 
for estimating glomerular filtration rate. Ann Intern 
Med. 2006;145:247-54. doi: 10.7326/0003-4819-145-4-
200608150-00004. 

9. Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 
3rd, Feldman HI, et al; CKD-EPI (Chronic Kidney Disease 
Epidemiology Collaboration). A new equation to estimate 
glomerular filtration rate. Ann Intern Med. 2009 May 
5;150:604-12. doi: 10.7326/0003-4819-150-9-200905050-
00006. 

10. Sawinski D, Locke JE. Evaluation of Kidney Donors: Core 
Curriculum 2018. Am J Kidney Dis. 2018;71:737-747. doi: 
10.1053/j.ajkd.2017.10.018. 

11. Sakhuja V, Kumar V. Spouses as kidney donors in India: 
Trends and outcomes. Indian J Nephrol. 2014;24:1-2. doi: 
10.4103/0971-4065.125043. 

12. Zhao WY, Zeng L, Zhu YH, Wang LM, Zhou MS, Han S, 
et al. A comparison of prediction equations for estimating 
glomerular filtration rate in Chinese potential living 
kidney donors. Clin Transplant. 2009;23:469-75. doi: 
10.1111/j.1399-0012.2009.01027.x. 

13. Prasad N, Barai S, Gambhir S, Parasar DS, Ora M, Gupta 
A, et al. Comparison of glomerular filtration rate estimated 
by plasma clearance method with modification of diet in 
renal disease prediction equation and Gates method. Indian 
J Nephrol. 2012;22:103-7. doi: 10.4103/0971-4065.97123. 

14. Srinivas S, Annigeri RA, Mani MK, Rao BS, Kowdle PC, 
Seshadri R. Estimation of glomerular filtration rate in South 
Asian healthy adult kidney donors. Nephrol (Carlton). 
2008;13:440-6. doi: 10.1111/j.1440-1797.2008.00967.x. 

15. Hephzibah J, Shanthly N, Oommen R. Comparison of 
glomerular filtration rate measured by plasma sample 
technique, Cockroft Gault method and Gates’ method in 
voluntary kidney donors and renal transplant recipients. 
Indian J Nucl Med. 2013;28:144-51. doi: 10.4103/0972-
3919.119544. 

16. Pöge U, Gerhardt T, Palmedo H, Klehr HU, Sauerbruch T, 
Woitas RP. MDRD equations for estimation of GFR in renal 
transplant recipients. Am J Transplant. 2005;5:1306-11. doi: 
10.1111/j.1600-6143.2005.00861.x. 

17. Mahajan S, Mukhiya GK, Singh R, Tiwari SC, Kalra V, 
Bhowmik DM, et al. Assessing glomerular filtration rate in 
healthy Indian adults: a comparison of various prediction 
equations. J Nephrol. 2005;18:257-61. 

18. Carter JL, Stevens PE, Irving JE, Lamb EJ. Estimating 
glomerular filtration rate: comparison of the CKD-EPI 
and MDRD equations in a large UK cohort with particular 
emphasis on the effect of age. QJM. 2011;104:839-47. doi: 
10.1093/qjmed/hcr077.

19. Ji H, Zhang H, Xiong J, Yu S, Chi C, Bai B, et al. eGFRs from 

http://www.jnephropharmacology.com


Journal of Nephropharmacology, Volume 11, Issue 2, 2022 http://www.jnephropharmacology.com6 

Nagaraju SP et al

Asian-modified CKD-EPI and Chinese-modified CKD-
EPI equations were associated better with hypertensive 
target organ damage in the community-dwelling elderly 
Chinese: the Northern Shanghai Study. Clin Interv Aging. 
2017;12:1297-1308. doi: 10.2147/CIA.S141102. 

20. Horio M, Imai E, Yasuda Y, Watanabe T, Matsuo S. 
Modification of the CKD epidemiology collaboration 

(CKD-EPI) equation for Japanese: accuracy and use for 
population estimates. Am J Kidney Dis. 2010;56:32-8. doi: 
10.1053/j.ajkd.2010.02.344. 

21. Greenblatt DJ, Ransil BJ, Harmatz JS, Smith TW, Duhme 
DW, Koch-Weser J. Variability of 24-hour urinary 
creatinine excretion by normal subjects. J Clin Pharmacol. 
1976;16:321-8. doi: 10.1002/j.1552-4604.1976.tb01527.x. 

Copyright © 2022 The Author(s); Published by Society of Diabetic Nephropathy Prevention. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://www.jnephropharmacology.com

