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validated before applying. More research is needed in order 
to develop validated eGFR equations for specific popula-
tions and to improve upon the accuracies of currently 
acceptable equations to better guide therapy and improve 
patient outcomes.
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Introduction

Chronic kidney disease (CKD) is a recognized global pub-
lic health challenge, with it comes the importance of being 
able to properly identify kidney function in order to accu-
rately guide therapy. Glomerular filtration rate (GFR) is 
regarded as being a predicting factor for kidney function 
[1]. Measured glomerular filtration rate (mGFR) using an 
exogenous substance, such as inulin, is ideal; however, 
this can be costly and time-consuming [2]. Several equa-
tions have been developed to estimate glomerular filtration 
rate (GFR) in order to make GFR assessment faster, more 
accessible, and cheaper.

The 2002 Kidney Disease Outcomes Quality Initiative 
(KDOQI) guidelines recommended the use of the Modifica-
tion of Diet in Renal Disease (MDRD) equation or the Cock-
craft–Gault (CG) equation [3]. The MDRD equation is lim-
ited by underestimation of estimated GFR (eGFR) in patients 
with near normal to normal kidney function [1]. In 2009 the 
Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) equation was released. The CKD-EPI equation was 
shown to be equivalent to the MDRD equation in accuracy 
of eGFR compared to mGFR in patients with mGFR below 
60 mL/min/1.73 m2 in addition to being superior in patients 
with mGFR greater than 60 mL/min/1.73 m2 [1].
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CKD-EPI seems to be the superior equation; how-
ever, the initial paper had a limited patient population of 
patients from the USA with overwhelming racial majority 
of patients being Caucasian or black. Further validation in 
minorities is needed before the CDK-EPI can be general-
ized to other populations [1]. The 2013 published Kidney 
Disease Improving Global Outcomes (KDIGO) guidelines 
recommended the calculation of eGFR alongside any labs 
that measure a patient’s serum creatinine (SCr). KDIGO 
also recommended the use of the CKD-EPI equation for 
assessing eGFR unless there is an alternative equation, with 
higher accuracy, for the patient population being assessed 
[4, 5]. This review was undertaken to determine in which 
patient populations the CKD-EPI equation has since been 
validated and whether there is an alternative equation with 
higher accuracy for the given population.

Methods

Identification and selection of studies

Relevant validation studies of CKD-EPI equation and 
other creatinine-based equations were identified by a sys-
tematic literature searching of PubMed conducted from 
January 1st, 2009, through August 31st, 2014. Medical 
Subject Headings (MeSH) terms were utilized for the med-
ical searching terms related to the study. Searching terms 
included “CKD EPI”, “Kidney function test [MeSH] and 
validation”, and “Glomerular filtration rate [MeSH] and 
validation” without language or design of study restric-
tions. Systemic reviews, letters, animal studies, meta-anal-
yses, studies which included no other solely SCr-based 
equations outside of CKD-EPI, and studies which did not 
use an exogenous marker to obtain mGFR were excluded.

Data extraction and quality assessment

Review of all abstracts and full texts as well as data extrac-
tion were independently conducted by 2 investigators. Data 
extractions for the included studies were study design, 
number and characteristics of participants, standard equa-
tion used to determine glomerular rate filtration (GFR), 
tested equation, and accuracy of the equation, 30 % accu-
racy (P30).

The quality of each study was assessed using Quality 
Assessment of diagnostic Accuracy studies-2 (QUADAS-2) 
tool [6]. The QUADAS-2 tool includes the signal ques-
tions assessing risk of bias and applicability, and each item 
is rated “low risk,” “high risk,” or unclear. Discrepancies 
between the two investigators were resolved by discussion 
and consensus.

Results

All of 44 articles were collected to be reviewed after ini-
tial screening; 22 studies were dismissed due to not being 
validation studies or not using creatinine-based equations. 
Therefore, 22 studies were identified as validating CKD-
EPI against another Scr-based equation. Six studies were 
further dismissed, for the use of non-exogenous markers to 
determine mGFR. It has been known that inulin clearance 
is the gold standard for determining mGFR [2] but not all 
studies used inulin as an indicator. However, other exog-
enous markers for determining GFR have been shown to 
be comparable [7]. KDOQI warns against the use of non-
exogenous markers for determining GFR, such as 24-h 
urine collections, as non-exogenous derived determina-
tion may only be as accurate as an eGFR [3]. Six studies 
were further excluded because the populations of the stud-
ies were not Asian. Therefore, a total of ten studies were 
included in the systematic review (Fig. 1).

The results of quality assessment of the included stud-
ies by QUADAS-2 tools are shown in Table 1. Consider-
ing risk of bias, the present review found that there were 
three of ten studies which had high risk of bias in domain 
of patient selection. Besides, most of studies did not stated 
about the interval between the index test and reference 
standards which ideally should be collected on the same 
patients at the same time. Therefore, most of included stud-
ies were rated in domain of flow and timing as “unclear”. 
Moreover, the result of applicability concerns showed simi-
lar trend as the result of risk of bias (Table 1).

There are several ways to assess the equations, such as 
bias, precision, and least squares regression. This review 
looked at accuracy of the equation, 30 % accuracy (P30) 
because this measure has been recommended in the guide-
line [3] wildly used in many GFR validation studies. In 
addition, this measure is easy to be understood and is avail-
able for all of the included studies. P30 is the percentage of 
eGFR that falls within 30 % of the mGFR. KDOQI consid-
ers an equation to be significantly accurate enough for clin-
ical decision making if 75 % of the eGFR falls within 30 % 
of the mGFR [3]. The summary of P30 values of validated 
equations for all studies is illustrated in Table 2.

In Thai population, creatinine-based CKD-EPI valida-
tion has been tested in 3 studies. In 2011 Praditpornsilpa 
and colleagues tested the MDRD, CKD-EPI, Chinese 
MDRD, Japanese MDRD, Thai MDRD, and Thai eGFR 
equations in 350 Thai CKD patients. Of the reported P30 
values, the Thai eGFR and Thai MDRD performed with 
significantly greater (p < 0.05) P30 values of 90 and 73 %, 
respectively, compared to CKD-EPI and MDRD P30 val-
ues of 68 and 62.7 %, respectively [8]. In addition, a fol-
lowing study tested all these equations and CG equation, 



1513Int Urol Nephrol (2016) 48:1511–1517 

1 3

excepting for Chinese MDRD and Japanese MDRD equa-
tions, in 196 Thai HIV patients. Similar results to previous 

study [8] were observed which showing that Thai MDRD 
and the Thai eGFR were the best equations for estimation 
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10 studies were included  

Fig. 1  Flow diagram of study identification, inclusion, and exclusion

Table 1  Quality assessment of included studies using QUADAS-2

☺ = low risk; ☹ = high risk; ? = unclear risk

Study Risk of bias Applicability concerns

Patient selection Index test Reference standard Flow and 
timing

Patient selection Index test Reference 
standard

1. Praditpornsilpa et al. [7] ☺ ☺ ☺ ? ☺ ☺ ☺
2. Praditpornsilpa et al. [8] ☺ ☺ ☺ ? ☺ ☺ ☺
3. Townamchai et al. [9] ☺ ☺ ☺ ☺ ☺ ☺ ☺
4. Horio et al. [10] ☹ ☺ ☺ ? ☹ ☺ ☺
5. Xie et al. [11] ☺ ☺ ☺ ☺ ☺ ☺ ☺
6. Kong et al. [12] ☺ ☺ ☺ ? ☺ ☺ ☺
7. Liu et al. [13] ☺ ☺ ☺ ? ☺ ☺ ☺
8. Chen et al. [14] ☹ ☺ ☺ ? ☹ ☺ ☺
9. Jessani et al. [15] ☺ ☺ ☺ ☺ ☺ ☺ ☺
10. El-Minshawy and El-

bassuoni [16]
☹ ? ☺ ? ☹ ? ☺
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Table 2  Accuracy of serum creatinine-based equations for estimation GFR in Asian

Studies Populations mGFR standard measures Tested equations P30 values (%)

1. Praditpornsilpa et al. [7] Thai CKD patients
n = 350 (male = 55 %)

99mTc-DTPA 1. CKD-EPI
2. MDRD
3. Chinese MDRD
4. Japanese MDRD
5. Thai MDRD
6. Thai eGFR

1. 68 %
2. 62.7 %
3. N/Aa 

4. N/Aa

5. 73.3 %
6. 90 %

5 vs 1, 2; p < 0.05
6 vs 1, 2; p < 0.05

2. Praditpornsilpa et al. [8] Thai HIV patient
n = 196 (male = 43 %)

99mTc-DTPA 1. MDRD
2. CKD-EPI
3. Thai MDRD
4. Thai eGFR
5. CGb

1. 74
2. 80
3. 84
4. 84
5. 53

3. Townamchai et al. [9] Thai renal transplant patients
n = 98 (male = 60 %)

99mTc-DTPA 1. CKD-EPI
2. Nankivell
3. MDRD
4. Thai eGFR
5. Thai MDRD

1. 62.9 %
2. 51.5 %
3. 62.9 %
4. 54.6 %
5. 55.7 %

4. Horio et al. [10] Japanese population
Development group
n = 413 (male = 63 %)
Validation group
n = 350 (male = 58 %)

Inulin 1. Japanese MDRD
2. Japanese CKD-EPI

1. 73 %
2. 75 %

5. Xie et al. [11] Chinese CKD patients
n = 154 (male = 51.3 %)

99mTc-DTPA 1. CKD-EPI
2. 24 h CrCL
3. CG r
4. eGFR
5. MDRD

1. 72.08 %
2. 69.48 %
3. 58.44 %
4. 51.95 %
5. 70.13 %

6. Kong et al. [12] Chinese CKD patients
n = 682 (male = 51.3 %)

99mTc-DTPA 1. CKD-EPI two-level race
2. CKD-EPI four-level race
3. MDRD
4. Chinese equation

1. 73.4 %
2. 70.1 %
3. 69.8 %
4. 73 %

Healthy volunteers
n = 295 (male = 43.7 %)

1. CKD-EPI two-level race
2. CKD-EPI four-level race
3. Chinese equation

1. 78.6 %
2. 78.0 %
3. 75.9 %

7. Liu et al. [13] Chinese
DM type 2 n = 589
Non-DM n = 607

99mTc-DTPA 1. CKD-EPI
2. Asian modified CKD-EPI
3. Re-expressed 4 variable 

MDRD

1. Non-DM 66.7 %, DM 
57.3 %

2. Non-DM 65.0 %, DM 
53.0 %

3. Non-DM 64.4 %, DM 
51.3 %

DM vs Non-DM p ≤ 0.01 for all equations
DM; 1 vs 2; p = 0.01, 1 vs 3; p = 0.004

Chinese DM type 2
n = 210

99mTc-DTPA 1. CKD-EPI
2. Asian modified CKD-EPI
3. Re-expressed 4 variable 

MDRD
4. New modified equation

1. 62.9 %
2. 61.0 %
3. 55.2 %
4. 71.4 %

4 vs 1; p = 0.4
4 vs 2; p = 0.002
4 vs 3; p = 0.001

8. Chen et al. [14] Taiwanese adults
Development
n = 556 (CKD = 53 %, 

male = 47 %)
Validation population
n = 139 (CKD = 100 %, 

male = 51 %)

Inulin 1. CKD-EPI
2. MDRD
3. Japanese MDRD
4. Japanese CKD-EPI
5. Thai MDRD
6. Taiwanese MDRD
7. Taiwanese CKD-EPI

1. 60.4 %
2. 63.3 %
3. 71.2 %
4. 70.5 %
5. 52.5 %
6. 73.4 %
7. 73.4 %

6 vs 2; p < 0.01
6 vs 1,5; p < 0.001
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of GFR in Thai HIV populations with the P30 of 84 % [7]. 
However, the CKD-EPI was also effective to estimate GFR 
in this population with a P30 value of 80 %, making the 
CKD-EPI equation still a reasonable equation for determi-
nation of eGFR in this population [7]. Another study was 
conducted in 98 post-renal transplant patients. No equa-
tion was found to be significantly superior to the others; the 
CKD-EPI equation had the highest P30 value but failed to 
reach the 75 % threshold [9].

Japanese MDRD and Japanese CKD-EPI equations were 
developed in 413 and validated in 350 Japanese patients, 
both groups including CKD and non-CKD patients. The 
Japanese MDRD had a P30 value of 73 %, while the Japa-
nese CKD-EPI equation had a value of 75 % [10].

Another validation study was done in a group of Chinese 
CKD population comparing CKD-EPI and other creatinine-
based equations [11, 12]. A small study in Chinese CKD 
patient shows that CKD-EPI was better than other equa-
tions in predicting of GFR in the population [11]. Sup-
ported by a larger study in this population [12], CKD-EPI 
with 2-level race equation (black, white, or other) showed 
equally accuracy with Chinese equation and were better 
than other equations including CKD-EPI with 4-level race 
equation (Black, Asian, Native American and Hispanic, 
White and other). However, all equations failed to reach a 
P30 of 75 % or greater [11, 12].

Similar trend was reported in another recent study in 
Chinese population [13] which showed that CKD-EPI 
was superior to re-expressed 4-variable MDRD and Asian 
modified CKD-EPI equations in both type-2 diabetes and 
non-diabetes. However, the accuracy of these equations 
was low. Therefore, the new modified equation of CKD-
EPI was developed and validated in diabetes patients. The 

study found that the accuracy of the new modified equation 
was the highest value (71.4 %) compared to other 3 equa-
tions [13]. Considering SCr-based equations, CKD-EPI and 
modified versions of the CKD-EPI equations equally per-
form in predicting of eGFR in Chinese populations and bet-
ter than other equations.

Racial factors were developed for the CKD-EPI equa-
tion with a group of 556 Taiwanese adults with CKD rate of 
75 % and validated in a group of 136 adults, with CKD rate 
of 100 %. No equation reached a P30 of 75 % or greater 
including CKD-EPI. However, the Taiwanese four-level 
CKD-EPI, Taiwanese CKD-EPI, and Taiwanese MDRD 
had the highest accuracies more than 70 %. The authors 
recommended the use of the Taiwanese MDRD equation 
as it has the lowest root mean square error of 21.4 mL/
min/1.73 m2 even though it failed to reach a 75 % P30 [14].

Equations for estimation of kidney function in a South 
Asian population from Pakistan with a CKD rate of 16 % 
were also validated in 581 patients. The CKD-EPI, MDRD, 
Pakistani CKD-EPI, and two new formulated equations 
(PK#1 and PK#2) were tested. The Pakistani CKD-EPI 
equation had a significantly better accuracy compared to 
the original, 81.6 and 76.1 %, respectively (p < 0.001). 
PK#1 and PK#2 also had high P30 values of 82.7 % and 
82.5 %, respectively [15]. PK#1 and PK#2 had P30 values 
similar to the modified CKD-EPI; however, the PK equa-
tions are complicated and inconvenient for use; in con-
clusion the authors recommended the use of the Pakistani 
CKD-EPI [15]. Moreover, another study was conducted 
in 158 Arabic kidney transplant patients. No equation was 
found to be suitable replacements of mGFR as none of 
them reached P30 values of 75 % or greater [16]. Further 
investigation is needed in this patient population.

CG cockcroft and gault, CKD chronic kidney disease, CKD-EPI Chronic Kidney Disease Epidemiology Collaboration, DM diabetes, DTPA 
diethylenetriaminepentacetate, eGFR estimated glomerular filtration rate, HIV human immunodeficiency virus, MDRD modification of diet in 
renal disease
a P30 values were not reported
b Cockcroft-Gault Equation

Table 2  continued

Studies Populations mGFR standard measures Tested equations P30 values (%)

9. Jessani et al. [15] South Asian (Pakistani) 
population  
n = 581 (male = 50 %)

Inulin 1. CKD-EPI
2. MDRD
3. Pakistani CKD-EPI
4. PK#1
5. PK#2

1. 76.1 %
2. 68 %
3. 81.6 %
4. 82.7 %
5. 82.5 %

1 vs 2; p < 0.001
3 vs 1; p < 0.001

10. El-Minshawy and El-
bassuoni [16]

Arabic kidney transplant 
patients  
n = 158 (male = 58 %)

99mTc-DTPA 1. CKD-EPI
2. MDRD
3. Walser
4. Nankivell
5. CGb

6. El-Mina

1. 62 %
2. 65 %
3. 59 %
4. 59 %
5. 68 %
6. 67 %
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Discussion

This systematic review summarized the evidence of the 
validation of CKD-EPI equation to estimate GFR in Asian 
population. The CKD-EPI equation has been validated in 
several Asian population including Thai, Japanese, Chi-
nese, Taiwanese, Pakistani as well as Arabic. The results 
illustrated that CKD-EPI equation may need to be adjusted 
with some factors before it can be use more accurate in 
each population.

In Thai population, the Thai GFR equation derived from 
several crucial factors such as GFR, SCr, blood urea nitro-
gen (BUN), age, albumin, and body surface area [8] showed 
superior performance, compared to CKD-EPI, which possi-
bly due to its incorporation of body surface area into the 
equation, a variable that could be important for Thai GFR 
determination. Similar findings were observed in Thai HIV 
patients with the majority of patients had low skeletal mus-
cle mass and high body fat. This is likely a result of the 
disease and also a racial factor may play important role 
[7]. In contrast, the study in Thai renal transplant patients 
showed that the CKD-EPI equation performed better than 
other equations, although neither CKD-EPI nor other equa-
tion reached the 75 % of P30 value. This study provided 
evidence that other factors are needed to be taken into 
account outside of race for estimation of GFR in Thai renal 
transplant population [9]. These findings were supported by 
other studies in Arabic [16] and German kidney transplant 
populations [17]. Since the CKD-EPI equation is known to 
be the best at determining GFR in patients with higher lev-
els of kidney function, the equation may have performed 
better if a larger cohort had been obtained with some 
healthier kidney function added to the data pool. Moreover, 
BMI may not be an important factor for determining GFR 
in kidney transplant patients [16]. Since SCr-based equa-
tions may not be suitable, other endogenous markers pos-
sibly are needed to determine accurate eGFR equation for 
kidney transplant patients.

However, CKD-EPI and modified CKD-EPI equations 
were found to be better than other serum creatinine-based 
equations but their accuracy was still low (P30 < 75 %) 
in Chinese populations [11–13]. Another validation study 
using 99mTc-DTPA renal gamma imaging method was 
done in a group of Chinese elderly population to validate 
the CKD-EPI and a new formulated equation (Chinese 
elderly equation). Although the Chinese elderly equa-
tion performed significantly better than the CKD-EPI 
with reported P30 values of 71.1 and 47.2 % (p < 0.001), 
respectively, both equations failed to reach a P30 of 75 % 
or greater [18]. The Maclsaac equation was also studied in 
this population and showed high P30 > 80 %; however, this 
equation was not SCr-based equation [19].

A cystatin C (Cys-c)-based equation was also examined 
along with the CKD-EPI and MDRD equations. SCr-based 
equations have long been the norm to use for estimating 
GFR as SCr is a classic kidney function biomarker. How-
ever, Cys-c is the newer and possibly better biomarker 
to use. The racially modified CKD-EPI and MDRD per-
formed at a significantly better level compared to the origi-
nal equations, near that of the Cys-c equation, which did 
not improve significantly after modification [19]. This 
could indicate that SCr was more greatly affected by race 
than Cys-c, possibly suggesting that racial modification 
and validation were more crucial for SCr-based equations, 
compared to those of Cys-c-based equations. Although 
the new modified equation of CKD-EPI was more suita-
ble to determine GFR in Chinese DM population [13], the 
CKD-EPI and the Chinese equation were comparable in 
CKD populations [11, 12]. Further investigation is needed 
to determine an accurate correction factor in estimating 
eGFR in Chinese population regarding racial age and dis-
ease factors.

On the other hand, the MDRD equation performed bet-
ter than that of the CKD-EPI in Taiwanese adults, espe-
cially when restricting analysis to patients with lower 
than normal levels of mGFR (<60 ml/min/1.73 m2). After 
racial correction applied, these equations were com-
parable with P30 values of almost reaching 75 %. The 
explanation may be from the exogenous marker used to 
determine mGFR introduced bias. Since this study used 
inulin clearance to determine its mGFR, which could in 
turn predispose CKD-EPI to overestimate its GFR [14]. 
Moreover, similar to CKD-EPI equation derived by using 
iothalamate [1], the equations [7–9, 11–13, 16] using 
99mTc-DTPA as a standard biomarker also overesti-
mated mGFR, compared to those using inulin clearance 
[4, 10, 14].

The first general population study of South Asian (Paki-
stani) patients validated an eGFR equation by using the 
gold standard, inulin. However, both the MDRD and the 
CKD-EPI overestimated the mGFR and were needed for 
corrections of other factors such as BMI and waist circum-
ference to improve the accuracy [15]. This suggests that 
BMI and waist circumference may be important factors in 
determining GFR in South Asian population.

The correction factor determined in the study of Japa-
nese populations found that a coefficient of 0.813 was 
needed for the CKD-EPI equation. This suggests that Japa-
nese populations have lower SCr levels, compared to Cau-
casian populations. The explanation was most likely due to 
Japanese has lower skeletal muscle mass [10]. This finding 
reinforces that the CKD-EPI equation is needed to validate 
the equation and correction of crucial factors for specific 
races before being applied.
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Conclusions

This systematic review illustrated that the CKD-EPI 
equation met the clinically significant 75 % P30 value 
in several populations, although corrections of some fac-
tors may increase the accuracy of the equation. How-
ever, some populations may need to find more accurate 
equations or methods to estimate GFR for the patients. 
The review reinforced the accurate use of CKD-EPI in 
patients without suspected kidney function loss. On the 
other hand, racial correction may be needed before the 
equation can be generalized in patients with renal impair-
ment. Moreover, BMI and weight may be important 
cofactors of racial factor but not a specific disease state 
when modifying the equations. Besides, SCr-based equa-
tions are needed for racial correction, compared to Cys-
c-based equations.

Some limitations of this review were its use of only one 
search engine leading to the possibility of missed studies 
that may otherwise have been included. Other limitations 
were that this review only looked at SCr-based equations 
while Cys-c is a rapidly developing new endogenous 
marker being validated in new equations. As pointed out 
Cys-c may be a more suitable endogenous biomarker for 
determining GFR, such as in elderly populations, cirrhosis 
and kidney transplant patients.

This systematic review provides evidence that there is 
no one equation that can be generalized in all populations. 
CKD-EPI is a good equation to start with, especially in 
patients with normal kidney function, but for certain dis-
ease states and racial populations, the CKD-EPI should be 
validated before applying. More research is needed in order 
to develop validated eGFR equations for specific popula-
tions and to improve upon the accuracies of currently 
acceptable equations to better guide therapy and improve 
patient outcomes.
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