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Abstract 

Accurate assessment of kidney function is of critical importance for the management of solid- 

organ transplant recipients. In the general population, glomerular filtration rate (GFR) is most 

commonly estimated using the Chronic Kidney Disease-Epidemiology (CKD-EPI) equation and 

the Modification of Diet in Renal Disease (MDRD) Study equation. However, the accuracy of 

these and other GFR estimating equations in solid organ transplant recipients has not been 

carefully studied and there has been some hesitation among transplant physicians to use them. 

We performed a comprehensive review to identify all published creatinine-based eGFR 

equations and compared their performance to the CKD-EPI equation and the MDRD Study 

equation in a cohort of solid organ transplant recipients, all of whom had GFR measured 

(mGFR) by a gold standard method. Performance was evaluated using absolute bias (mean 

absolute error), P30 and P20 (absolute percent error less than 30% and 20% respectively). We 

also assessed the influence of various subject and equation level characteristics on equation 

performance. A total of 26 equations were included in the systematic review and were tested in 

the solid organ transplant recipient cohort (n=2050, mean age 53 years, mean mGFR 55 

ml/min/1.73 m2 BSA). The CKD-EPI equation was the most accurate (P30 0.79; 99% CI 0.77, 

0.81) followed by the MDRD Study equation (P30 0.78; CI 0.75, 0.8). The CKD-EPI and the 

MDRD Study equation performed better than or as well as the alternative equations in various 

categories based on subject characteristics. Equations that were developed using >1000 

subjects or included race variable were more accurate than those developed on smaller cohorts 

or did not included race. In solid organ transplant recipients, the CKD-EPI and the MDRD Study 

equations perform as well as or better than alternative equations. Since the CKD-EPI and the 

MDRD are the preferred equations in the general population, practical reasons support their use 

in transplant patients. 
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Introduction 

Accurate assessment of kidney function is of critical importance for the management of solid- 

organ transplant recipients. Glomerular filtration rate (GFR) is most commonly estimated using 

serum creatinine-based estimating equations. Numerous equations have been developed but 

their performance in transplant recipients has not been systematically and comprehensively 

evaluated. Clinical practice guidelines recommend monitoring kidney function to detect 

nephroxicity of immunosuppressive medications, to identify early signs of rejection in kidney 

transplant recipients, to guide testing and treatment for kidney disease complications, and to 

adjust doses of drugs that are excreted by the kidneys (1–3). However, guidelines provide 

conflicting recommendations about methods for GFR estimation in transplant recipients and 

there is some concern that currently available equations may be less accurate in transplant 

recipients than other clinical populations (4). The Kidney Disease Improvement Global 

Outcomes (KDIGO) Clinical Practice Guidelines for the Care of Kidney Transplant Patients 

recommend using any one of several creatinine-based equations to estimate GFR (1) .  The 

Food and Drug Administration (FDA) recommends the use of the Cockcroft and Gault equation 

for drug development programs and in package inserts (3).  Currently, the National Kidney 

Disease Education Program (NKDEP) recommends using the Modification of Diet in Renal 

Disease (MDRD) Study equation for reporting of estimated GFR (eGFR) by clinical laboratories 

(2), but the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation has 

recently been shown to be more accurate than the Modification of Diet in Renal Disease Study 

(MDRD Study) equation  and has begun to replace it in laboratory reports (5–7). There is a 

critical need to determine the accuracy of GFR estimating equations in solid-organ transplant 

recipients. 

We conducted a systematic evaluation of the development methods of all published creatinine-

based GFR estimating equations and evaluated their performance in a large and diverse 
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population of solid-organ transplant recipients. We compared the performance of the MDRD 

Study and the CKD-EPI equation with all the other creatinine-based equations. We also studied 

the associations of various subject and equation characteristics with equation performance. 
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Materials & Methods 

Our study had two parts. The first part was to develop an inventory of eGFR equations to test in 

solid-organ transplant recipients by performing a systematic review of published creatinine-

based equations and evaluation of their development methods. The second part was a study of 

diagnostic test accuracy where we compared the performance of all equations to measured 

GFR in solid-organ transplant recipients, and studied the associations of various subject and 

equation level covariates with equation performance. 

Systematic review: We conducted a systematic search on MEDLINE for articles that described 

creatinine-based GFR estimating equations from 1950 until October 2012 with no language 

restrictions (See Appendix Table 2 for search terms).  We supplemented this by searching the 

references of relevant articles that reported either a new eGFR equation or compared the 

performance of existing equations as well as the National Kidney Foundation Kidney Disease 

Outcomes Quality Initiative (NKF KDOQI) guidelines for the laboratory measurements for 

clinical assessment of kidney disease (8). 

One investigator (SKS) reviewed the articles for inclusion in the systematic review. Inclusion 

criteria included studies in which a GFR estimating equation (index text) was developed using a 

reference test that was either measured GFR using an exogenous filtration marker or measured 

creatinine clearance in a population older than 18 years of age. Exclusion criteria were; 1) 

reference test was creatinine clearance that was estimated using a population-based 

normogram: 2) equations that reported a normogram instead of an equation; 3) reported 

equation was a modification of an existing equation to improve its performance or for use in 

different racial and ethnic subgroups; 4) equations that used variables other than age, sex, race, 

weight, BMI, BSA, and serum creatinine for GFR estimation as other variables may not be as 

available in clinical practice. 
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We used criteria for developing and validating GFR estimating equations recommended by 

Early et al (6) to extract the information on the equation development cohort, index test and the 

reference test characteristics.  Information included:  year of equation development, 

development cohort characteristics (overall number, number of transplant patients included, 

mean GFR, mean age, and type of the population e.g. inpatient, outpatient or both); reference 

tests (filtration marker and its clearance method, whether the equation was developed using 

multiple GFR measurements from the same patients, whether the GFR was scaled to BSA, 

index tests (creatinine assay used and its traceability to a standard reference material (SRM), 

and whether equations were validated in an external validation cohort.  

Comparison of Equation Performance:  

Data source: The study population included subjects with one measurement of GFR, using 

urinary clearance of an exogenous filtration marker, and serum creatinine using assays that 

were standardized to the SRM. We included subjects from two previously published studies 

(7,9). We included a subset of solid organ transplant recipients from the Chronic Kidney 

Disease Epidemiology Collaboration (CKD-EPI) creatinine equation external validation cohort 

that comprised of subjects from 4 separate studies (n=1108) (10–13). In addition, we included 

solid organ transplant recipients from the Mayo Clinic transplant registry (n=942) (9). Inclusion 

and exclusion criteria of both populations have been previously described (7,9). For both 

populations, we only included subjects on whom we had information on relevant clinical and 

demographic variables required by equations for GFR estimation (Appendix table 2). Studies 

were approved by the institutional review boards at the participating medical centers and Tufts 

Medical Center. 

Reference and index tests: We considered measured GFR as the reference test and 

estimated GFR computed by the equations as the index tests. We compared the performance of 



6 
 

the CKD-EPI equation followed by the MDRD Study equation to the alternative equations 

identified in the systematic review. 

Statistical analysis: We evaluated the distribution of continuous variables by assessing the 

mean (SD) and categorical variables by n (%) in the whole data set as well as the data sub-

grouped according to the study population characteristics and transplant organ type (Appendix 

table 3). We defined error as the difference between mGFR and eGFR for each subject and 

percent error as the difference relative to mGFR. We also expressed error and percent error in 

absolute terms. Absolute percent error of greater than or less than 30% or 20% was further 

categorized as a binary variable. We computed bias as the mean error and accuracy as the 

mean absolute error (absolute bias),and proportion of subjects with absolute percent error less 

than 30% (P30) or 20% (P20) (14). We decided a priori to perform pair wise comparisons for only 

those alternative equations that had a P30 of > 0.60 and absolute bias of <20 ml/min/1.73 m2 

BSA to ensure that the comparisons are clinically meaningful. We used P30 as our primary 

outcome as it is a commonly used metric of accuracy in GFR estimating equations, and we 

used P20 and absolute bias as secondary outcomes. We used generalized estimating equations 

(GEE) to compare the performance of the alternative eGFR equations with the CKD-EPI and the 

MDRD Study equations to overcome the problem of non-independence of the observations. For 

the metrics of P30 and P20, the model provided us with the ratio of the odds of success (OR) of 

the each alternative equation to the CKD-EPI or the MDRD Study equations; where odds of 

success was defined as [P30 or 20 / (1-P30 or 20)] (see supplemental methods section in Appendix 

for further details). For absolute bias, the model provided the difference between the absolute 

bias of the CKD-EPI or the MDRD Study equations and each alternative equation (delta 

absolute bias). This approach provided robust standard errors from which we calculated robust 

99 % confidence intervals. We performed pair wise comparisons between the CKD-EPI or the 

MDRD Study equations and alternative equations, which would have led to the inflation of type 
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1 error rate. We used Bonferroni’s approach to set the significance level at 0.004 to achieve a 

type 1 error rate of 0.05. We also compared the performance (P30, P20, and absolute bias) of the 

CKD-EPI equation with the MDRD Study equation to each other. For this analysis, we set the 

significance level at 0.05. 

Subject level covariates: We assessed the interaction between the equations and various 

clinical and demographic variables, including age, sex, race, height, weight, transplanted organ, 

diabetes status and study/clinical population from where the subjects were enrolled, by adding 

interaction terms in the GEE model. We categorized the variables as follows: age (<55, >55 

years), sex, race (black, white), height (<167, 167-177, >177 cm), weight (< 75, 75-100, > 100 

kg), transplant organs (kidneys, liver, lungs, heart and pancreas, diabetes (presence or 

absence) and the study/clinical population from where the subjects were enrolled.  

Equation level covariates: Data for this analysis were obtained by combining the development 

cohort characteristics of each eGFR equation with its performance metrics in our dataset. 

Predictor variables included number of subjects in the equation development cohort (< 1000, > 

1000), whether the equation was developed by measuring GFR more than once in the same 

patients, presence of transplant patients, type of the development cohort (outpatient, inpatient or 

both), mean GFR (< 60, > 60 ml/min/1.73 m2 BSA), mean age (< 55, > 55 years), clearance 

marker used (Cr, other), clearance method of the filtration marker (urinary, plasma), whether the 

equation output was adjusted for BSA, whether creatinine was measured by a method traceable 

to SRM in the equation development cohort, and presence of age, and race variables in 

estimating equations. Our primary outcome variable was P30.We used Wilxcon Signed Rank test 

to compare the P30 of the equations sub grouped on the basis of previously described equation 

level covariates. For this analysis, we set the alpha at 0.05.  
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Results 

Systematic review:  

Our search for creatinine-based GFR estimating equation revealed 4,947 articles (Figure 1). 

After initial screening, we selected 78 articles for full text review of which 36 articles reported 37 

eGFR equations. We identified an additional 14 equations based on the review of articles and 

the KDOQI Clinical Practice Guidelines for Chronic Kidney Disease. Of the 51 equations, a total 

of 26 equations met our criteria for inclusion in the systematic review (7, 15–38). The results of 

the systematic review of the equation development cohort, reference test and index test 

characteristics are shown in table 1. The first equation was reported in 1959 while the most 

recent equation was reported in 2012 (15,38). Only 2 equations had a development cohort 

comprising greater than a 1000 subjects (7,29). Five equations had transplant recipients in their 

development cohort; of these, 2 equations were developed exclusively on kidney and 

simultaneous kidney pancreas transplant recipients (24,25), and the rest consisted of both 

transplant recipients and the general population (7,20,33). Twelve equations used creatinine as 

the filtration marker with the remainder using iothalamate, inulin, ethylenediaminetetraacetic 

acid (EDTA) or diethylene triamine pentaacetic acid (DTPA). In most of the equations (n=19), 

GFR was measured by urinary clearance of the filtration marker. The mean mGFR in the 

development cohort was 57 ml/min/1.73 m2 for the equations that reported GFR scaled to 

1.73m2 BSA (n=12), and 62 ml/min for the equations that did not scale estimated GFR to body 

size (n=11) (table2). A total of 2 equations did not report the mean GFR in the development 

cohort and 1 equation reported eGFR scaled to 3 m2/BSA. Five equations used a creatinine 

assay that was traceable to SRM (7,35,37–39). Sixteen equations were developed in a 

population in whom creatinine was in a steady state. Age, sex and race variable were used in 

19, 20, and 2 equations, respectively. Fifteen equations were evaluated in a validation cohort in 

the original publication 
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Comparison of Equation Performance: The clinical and demographic characteristics of the 

2050 subjects that were used for evaluation of equation performance are shown in table 2. Of 

the overall study population, the mean age was 53 years, 97% of the subjects were white and 

56% were males. The mean measured GFR was 55 ml/min/1.73 m2 BSA. Kidney (45%) and 

liver (38%) transplant recipients were most common, with recipients of heart, lung, pancreas or 

more than one organ comprising the remainder (17%). There was a wide variation in clinical and 

demographic variables among recipients of different organs (Appendix table 3). 

Table 3 shows the performance of all equations. The CKD-EPI equation had a bias of 0.8 

ml/min/1.73 m2 (99% CI -0.8, 1.7)) and P 30 of 0.79 (CI 0.77, 0.81) (table 3). The MDRD Study 

equation had a bias of 4.4 ml/min/1.73m2 (CI 3.5, 5.3) and P30 of 0.78 (CI 0.75, 0.80) (table 3). 

There was a wide range in the performance of the other equations with bias ranging between     

-68 and 24 and ml/min/1.73 m2 and P30 between 0.05 and 0.79. Of the 26 equations, only 14 

met the criteria of a P30 > 0.60 and absolute bias <20 ml/min/1.73 m2 for further comparison to 

the CKD-EPI and the MDRD Study equations (Figure 1). 

For P30, the CKD-EPI and the MDRD Study equations outperformed all alternative equations 

(odds ratio [OR] range 0.41 to 0.79, p <0.001 for all pair wise comparisons with the CKD-EPI 

equation; and OR range 0.44 to 0.85, p <0.001 for all pair wise comparison with the MDRD 

Study equation) (Figure 2). For P20, the CKD-EPI equation performed better than all alternative 

equations (OR range 0.53 to 0.85, p <0.001 for all pair wise comparisons), and the MDRD 

Study equation performed better than 10 of the 12 alternative equations (OR range 0.57 to 0.85, 

p <0.001 for pair wise comparisons), but not for the Virga equation (34) [OR 0.91 (CI 0.79, 

1.05)] or the CHUQ (36) equation [OR 0.89 (CI 0.77, 1.03)] (Figure 2). Similarly, the CKD-EPI 

equation had lower absolute bias than the alternative equations (difference in absolute bias 

range -0.87 to -6.66 ml/min/1.73 m2, all pair wise comparisons p <0.001) (Figure 3). The MDRD 

Study equation had lower absolute bias than 11 of the 12 alternative equations (difference in 
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absolute bias range -0.75 to -6.13 ml/min/1.73 m2, all pair wise comparisons p <0.001), but not 

for the Virga equation [difference in absolute bias -0.4 (CI -0.89, 0.09) ml/min/1.73 m2]. The 

CKD-EPI equation showed a trend towards higher P30 and P20 than the MDRD Study equation 

[OR 0.93 (CI 0.83, 1.02) and 0.92 (CI 0.86, 1.00), respectively] and a significantly lower 

absolute bias (difference in absolute bias -0.4 (CI -0.8, -0.2) ml/min/1.73 m2]. 

Subject level covariates: There were significant interactions for many of the subject level 

covariates and the equations (Appendix figures 1-9). For all the covariates with significant 

interactions, the performance of the CKD-EPI equation was either superior or similar to the 

alternative equations across all levels of the covariate, with the exception of the subgroup with 

GFR>60 ml/min/1.73m2 where the Virga and Edwards equations performed better (Appendix 

figure 7). We observed similar findings for interactions of subject level covariates and equations 

in comparisons with the MDRD Study equation (Appendix figures 1-9). 

Equation level covariates: We also assessed associations of equation level covariates with 

equation performance (Table 5).  The equations that were developed in cohorts with > 1000 

patients or included a race variable had significantly higher P30 than the equations that did not 

have these characteristics. None of the other equation level covariates were associated with 

significant differences in P30 
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Discussion 

Clinicians monitor serum creatinine frequently in organ transplant recipients to detect 

immunologic rejection, infection or toxicity of medications. Most US clinical laboratories report 

eGFR using the CKD-EPI or the MDRD Study equations whenever serum creatinine is ordered 

(5). However, no single GFR estimating equation is optimal for all populations and GFR ranges 

(6), and there has been some reluctance by transplant physicians to use GFR estimates in the 

day-to-day management of solid organ transplant recipients because of the concern that these 

eGFR equations might be less accurate in transplant recipients (1). Our systematic review of 

creatinine-based GFR estimating equations revealed substantial variability in equation 

development methods and showed that the newer equations were more thorough in their 

reporting of development methods. Our evaluation of equation performance in a large cohort of 

solid organ transplant recipients revealed that the CKD-EPI and MDRD Study equations were 

more accurate in transplant recipients than the alternative equations and as accurate as 

observed in other clinical populations (6).  In addition, they performed either better than or as 

well as any other equation in almost all the subgroups that we examined. 

Several prior studies have compared the performance of creatinine-based GFR estimating 

equations in kidney, liver and heart transplant recipients and have shown conflicting results 

(13,9,40–47). The majority of the studies showed that the CKD-EPI and the MDRD Study 

equation performed better than other equations, whereas a few studies showed some of the 

alternative equations performed better.  Prior to the publication of the CKD-EPI equation, White 

et al performed a systematic review of studies to compare the performance of some creatinine-

based eGFR equations and concluded that the MDRD Study equation was the most accurate 

(48). The authors pointed out that the studies included in the systematic review were limited by 

the heterogeneity among test populations, use of non-standardized creatinine assays, 

incomplete reporting of the equation performance metrics and inclusion of multiple GFR 
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measurements on the same patients. In a subsequent cross-sectional study, White et al 

compared the performance of the CKD-EPI and the MDRD Study equations in a cohort of 207 

stable kidney transplant recipients and found that the CKD-EPI equation had less bias (49). Our 

findings are consistent with these two studies, but extend the findings to a larger and more 

diverse study population using uniform methods. 

Serum creatinine has long been used as an index of kidney function, but its serum levels are 

affected by factors other than GFR, such as creatinine generation by muscle mass and diet 

(50). GFR estimating equations use readily available clinical and demographic variables as 

surrogates for this and other non-GFR determinants. It has been suggested that muscle mass in 

solid organ transplant recipients may differ systematically from patients with native kidney 

diseases because of use of corticosteroids and immunosuppressive medications, periods of 

prolonged dialysis prior to kidney transplantation, chronic inflammatory state due to prolonged 

illness, bouts of rejection and infections (51,52). Our finding that the MDRD Study and CKD-EPI 

equations perform better or as well as they do in non-transplant populations suggest that the 

non-GFR determinants of serum creatinine may not differ systematically between solid organ 

transplant recipients and other patients.  

The better performance of the CKD-EPI and MDRD Study equations compared to the other 

equations is likely due to their development in a large study population, use of standardized 

creatinine and robust statistical methods and inclusion of a variable for race (53). Furthermore, 

the CKD-EPI equation development cohort comprised of diverse subjects with a wide range of 

GFRs. In our study, we found that some of these factors were associated with better equation 

performance.  We did not find that inclusion of solid organ transplant recipients in the 

development dataset was associated with better equation performance.  However, our findings 

are limited by insufficient power for multivariable analysis to assess the independence of 

equation-level factors. 
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The results of this study have important clinical implications. Our findings that the CKD-EPI and 

the MDRD Study equations are as accurate in solid organ transplant recipients as in other 

clinical populations enables transplant physicians to use the GFR estimates that are routinely 

reported by the laboratories for clinical purposes.  Some authors have noted that estimated 

GFR would not be expected to be more sensitive than serum creatinine for monitoring for 

changes in kidney function, as the relative change in estimated GFR is proportional to relative 

change in serum creatinine (1). However, serum creatinine alone cannot be used to determine 

the level of estimated GFR, which is essential for detection and staging of chronic kidney 

disease and for management of its various complications, including anemia, mineral and bone 

disease (1). In addition, the level of estimated GFR is required for drug dosing. Moreover, the 

level of estimated GFR has been shown to be a predictor of patient and allograft survival as well 

as health care expenditure in several large well-conducted studies (54,55). Finally, 

quantification of the change in kidney function is facilitated by the use of estimated GFR, since it 

does not require computation of relative changes, which may be difficult for physicians to 

recognize, particularly at the extremes of creatinine (14). Nonetheless, as in other clinical 

populations, GFR estimates based on creatinine are limited by imprecision and there is a need 

for further improvement (9).  Recent studies show that the use of cystatin C and creatinine in 

combination can improve the precision of GFR estimates, both in general population and kidney 

transplant recipients (56,57). Further work is required to evaluate these equations in kidney and 

other solid organ transplant recipients. 

Our study has several strengths. Our study population included recipients of various types of 

solid organs with a wide range of kidney function from multiple centers, which enhances its 

generalizability across transplant patients. Our methods were comprehensive and rigorous.  We 

examined all published creatinine-based equations. GFR was measured using well-accepted 

methods and serum creatinine assays were standardized to reference methods.  We used 
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robust statistical methods to circumvent the problems of non-independence of observations and 

multiple hypothesis testing. To our knowledge, this is the first instance of the use of generalized 

estimating equations for assessing the performance of GFR estimating equations and this 

technique can be used for future studies of diagnostic accuracy. Our study has some limitations. 

Imprecision in GFR measurements can lead to imprecision in GFR estimates, but this should 

not systematically bias the comparisons between GFR estimating equations. We had few non-

Caucasians, therefore our assessment of the equation performance in this subgroup is limited. 

In conclusion, we showed that the CKD-EPI and the MDRD Study equations are more accurate 

than any other currently available GFR estimating equations in solid organ transplant recipients, 

and are as accurate in this population as they are in other clinical populations. These equations 

can be used for routine monitoring of kidney function in solid organ transplant recipients as they 

are in other clinical populations.  Future studies should focus on developing more accurate GFR 

estimating equation in this and other populations.  
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Table 1: Characteristics of the creatinine-based equations identified by the systematic review 

 Development Population Reference Test Index Test Validation 

Cohort 

Equation Yr n 
Mean 
Age 

Population 
Transplant 
Recipients 
Included 

Urinary 
vs. 

Plasma 
Clearance 

Filtration 
marker 

Scaled 
to 

BSA 

Multiple 
measurements 

Mean 
GFR 

Cr 
assay 

SRM 
Cr in 

Steady 
State 

Age 
Variable 

Sex 
Variable 

Race 
Variable 

Edwards (15) 1959 44 U B N Ur Cr Y Y U PK N B N Y N N 

CG (16) 1974 249 55 OP N Ur Cr N Y 55* PK N Y Y Y N Y 

Rowe (17) 1976 548 U OP N Ur Cr Y N 79* PK N Y Y N N Y 

Mogensen (18) 1980 9 U U U U Iothal U U U PK N U N N N U 

Taylor (19) 1982 169 U B N P Cr Y N 69 PU N U Y N N N 

Gates (20) 1985 90 56 IP B Ur Cr Y Y 37 U N Y Y Y N Y 

Kaji (21) 1990 18 55 U N Ur Cr N N 32* PK N Y N N N Y 

Robinson (22) 1990 106 U IP N Ur Cr N Y 102* PU N N Y Y N Y 

Walser (23) 1993 85 U IP N Ur DTPA O Y 13† PK N Y Y Y N N 

Nankivell_SPK (24) 1995 33 42 OP E P DTPA N Y 55* PK N Y Y Y N Y 

Nankivell (25) 1995 146 43 B E P DTPA N Y 52* PU N B N Y N Y 

AASK_pilot (26) 1996 193 53 OP N Ur Iothal Y U 69 PK N Y Y Y N N 

Baracskay (27) 1997 41 73 OP N P Iothal N N 71* U N Y Y N N N 

Martin (58) 1998 80 62 U N P EDTA N N 66* EN N U N Y N Y 

MDRD4V (29,39) 1999 1070 51 OP N Ur Iothal Y N 40 PK Y Y Y Y Y Y 

Yukawa (30) 1999 179 60 IP N Ur Cr N Y 44* PK N U Y N N N 

AASK_main (31) 2001 1703 54 IP N Ur Iothal Y N 57 PK N Y Y Y N N 

Wright (32) 2001 62 58 IP N Ur EDTA N N 73* EN N N Y Y N Y 

Mayo (33) 2004 900 45 OP B Ur Iothal Y N 82 PK N Y Y Y N N 

Virga (34) 2005 530 57 U N Ur Cr N N 55* PK N Y Y Y N Y 

Nix_HPLC (35) 2006 27 51 OP N Ur Cr N N 71* HPLC Y Y N Y N N 

Nix_J (35) 2006 27 51 OP N Ur Cr N N 71* PK N Y N Y N N 

CHUQ (36) 2008 773 54 B N Ur Cr Y N 67 PK N B Y Y N Y 

CKD_EPI (7) 2009 5504 47 OP B Ur Iothal Y N 68 EN Y Y Y Y Y Y 

Matsuo (37) 2009 413 51 IP U Ur Inulin Y N 59 EN Y B Y Y N Y 

BIS_1 (37)  2012 570 78 OP N P Iohex Y N 60 EN Y Y Y Y N Y 

Abbreviations: Yr; Year of publication, SRM; Traceable to standardized reference material, Y; Yes, N; No, U; Unknown, B; Both, OP; Outpatient, IP; Inpatient, E: 
Exclusive, Ur; Urinary, P; Plasma, Filtration marker: Cr; Creatinine, Iothal; Iothalamate, DTPA; Diethylene triamine pentaacetic acid (DTPA), EDTA; 
Ethylenediaminetetraacetic acid,  GFR, glomerular filtration rate (ml/min/1.73 m

2
),PK; Picrate kinetic, PU; Picrate non-modified, EN; Enzymatic, HPLC; High precision 

liquid chromatography.* Units are ml/min, † Units are ml/min/ 3m
2
 BSA 
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Table 2: Clinical and demographic variables of the population subdivided according to the study/ enrollment center 

 Mayo Baylor Groningen Grubb CCFP Total 

n, row % 942 (46%) 687 (34%) 366 (18%) 43 (2%) 12 (1%) 2050 (100%) 

Age 53.9 (10.8) 42.0 (16.1) 48.7 (13.0) 51.3 (14.2) 55.1 (14.1) 53.4 (13.1) 

Female 409 (43%) 308 (45%) 158 (43%) 19 (44%) 4 (33%) 898 (44%) 

Non-Caucasian 11 (1%) 44 (6%) 3 (1%) 0 (0%) 1 (8%) 59 (3%) 

Height (cm) 171.3 (11.1) 174.7 (9.9) 173.1 (10.2) 169.8 (10.0) 171.3 (10.3) 171.6 (10.6) 

Weight (kg) 84.2 (20.3) 83.0 (18.9) 78.4 (15.1) 73.8 (17.2) 85.4 (22.2) 83.5 (20.5) 

BSA (m
2
) 1.96 (0.26) 1.98 (0.23) 1.92 (0.21) 1.84 (0.23) 1.97 (0.27) 1.95 (0.26) 

BMI (kg/m2) 28.6 (6.5) 27.2 (5.9) 26.1 (4.5) 25.5 (5.0) 29.0 (6.6) 28.3 (6.3) 

Cr (mg/dl) 1.47 (0.63) 1.81 (1.06) 1.62 (0.60) 1.95 (1.65) 1.49 (0.65) 1.52 (0.68) 

mGFR 
(ml/min/1.73 m

2
) 

59.3 (27.7) 51.3 (28.9) 51.8 (19.2) 43.6 (17.3) 53.6 (21.7) 55.0 (23.7) 

BUN (mg/dl) 28.1 (13.9) 36.3 (27.7) 28.9 (31.8) 77.9 (60.8) 27.6 (12.9) 29.1 (21.3) 

Diabetes 199 (21%) 173 (25%) 43 (12%) 12 (28%) 2 (17%) 429 (21%) 

Marker       

Iohexol 0 (0%) 0 (0%) 0 (0%) 43 (100%) 0 (0%) 43 (2%) 

Iothalamate 942 (100%) 687 (100%) 366 (100%) 0 (0%) 12 (100%) 2007 (98%) 

Transplant Organ       

Kidney 636 (68%) 0 (0%) 283 (77%) 0 (0%) 6 (50%) 925 (45%) 

Liver 43 (5%) 687 (100%) 0 (0%) 43 (100%) 1 (8%) 774 (38%) 

Multiple Organ 118 (13%) 0 (0%) 10 (3%) 0 (0%) 2 (17%) 130 (6%) 

Heart 105 (11%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 105 (5%) 

Lung 23 (2%) 0 (0%) 73 (20%) 0 (0%) 3 (25%) 99 (5%) 

Pancreas 17 (2%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 17 (1%) 

Data shown as n (column %) or mean (SD) as appropriate unless noted otherwise 
Mayo; Mayo Clinic; Baylor, Baylor University Medical Center; Groningen, Groningen Institute for Kidney Diseases; Grubb, Division of 
Nephrology Lund University; CCFP, Cleveland Clinic Foundation Prospective  
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Table 3: Descriptive statistics of the equation performance metrics of the eGFR equations (n=26) 

Equation Mean GFR 
(99% CI) 

Bias 
(99% CI) 

 Abs Bias 
(99% CI) 

 Percent Abs 
Bias (99% 

CI) 

P30 
(99%CI) 

P20 
(99%CI) 

CKD-EPI 54 (53 , 56) 0.8 (-0.1, 1.7) 11.0 (10.4, 11.6) 22% (21, 24) 0.79 (0.77, 0.81) 0.59 (0.56, 0.62) 

MDRD4V 51 (49 , 52) 4.4 (3.5, 5.3) 11.5 (10.8, 12.1) 22% (21, 23) 0.78 (0.75, 0.8) 0.57 (0.55, 0.6) 

Walser 49 (48 , 50) 6.1 (5.2, 7.0) 12.2 (11.5, 12.9) 23% (21, 24) 0.75 (0.72, 0.77) 0.53 (0.51, 0.56) 

Nix_J 50 (49 , 52) 4.5 (3.5, 5.4) 12.4 (11.8, 13.1) 25% (23, 26) 0.72 (0.7, 0.75) 0.53 (0.5, 0.55) 

Gates 49 (48 , 51) 5.5 (4.5, 6.5) 12.9 (12.2, 13.7) 24% (23, 26) 0.72 (0.7, 0.75) 0.5 (0.47, 0.53) 

Virga 59 (58 , 61) -4.4 (-5.3, -3.5) 11.9 (11.2, 12.5) 26% (24, 28) 0.72 (0.69, 0.74) 0.55 (0.52, 0.58) 

Nankivell_SPK 49 (48 , 50) 5.5 (4.5, 6.5) 12.9 (12.2, 13.6) 26% (24, 28) 0.71 (0.69, 0.74) 0.49 (0.46, 0.52) 

CHUQ 60 (59 , 62) -5.4 (-6.3, -4.4) 12.5 (11.8, 13.2) 26% (25, 28) 0.71 (0.68, 0.73) 0.55 (0.52, 0.57) 

Wright 62 (60 , 63) -6.5 (-7.4, -5.6) 12.7 (12.0, 13.4) 29% (27, 31) 0.68 (0.65, 0.71) 0.52 (0.49, 0.55) 

Edwards 62 (61 , 64) -7.2 (-8.2, -6.3) 13.3 (12.6, 14.0) 31% (29, 33) 0.66 (0.63, 0.69) 0.49 (0.46, 0.51) 

CG 61 (60 , 63) 9.2 (8.2, 10.2) 14.1 (13.3, 14.8) 31% (28, 33) 0.66 (0.63, 0.68) 0.51 (0.48, 0.53) 

Nix_HPLC 46 (45 , 47) -6.5 (-7.5, -5.5) 13.8 (13.0, 14.5) 26% (25, 27) 0.66 (0.63, 0.68) 0.45 (0.42, 0.48) 

Mayo 65 (64 , 67) -7.0 (-8.0, -6.0) 14.5 (13.8, 15.2) 33% (31, 35) 0.61 (0.58, 0.64) 0.44 (0.41, 0.46) 

BIS_1 66 (64 , 67) -10.3 (-11.3, -9.2) 15.7 (14.9, 16.4) 38% (35, 41) 0.61 (0.58, 0.64) 0.45 (0.42, 0.48) 

Yukawa 62 (61 , 63) -10.7 (-12.1, -9.2) 17.6 (16.4, 18.8) 35% (33, 38) 0.59 (0.56, 0.64) 0.43 (0.40, 0.46) 

AASK_main 67 (65 , 68) -11.8 (-12.8, -10.8) 15.8 (15.0, 16.6) 35% (33, 37) 0.59 (0.56, 0.62) 0.42 (0.39, 0.45) 

Matsuo 41 (40 , 42) 14.4 (13.5, 15.3) 16.2 (15.4, 17.0) 28% (27, 29) 0.57 (0.54, 0.6) 0.33 (0.3, 0.36) 

Nankivell 66 (65 , 67) -11.2 (-12.2, -10.1) 16.5 (15.8, 17.3) 40% (36, 44) 0.54 (0.51, 0.57) 0.39 (0.37, 0.42) 

AASK_pilot 76 (74 , 77) -10.5 (-11.8, -9.2) 19.3 (18.4, 20.2) 56% (52, 60) 0.54 (0.51, 0.57) 0.4 (0.37, 0.43) 

Baracskay 65 (64 , 67) 6.6 (4.6, 8.6) 21.7 (20.1, 23.4) 49% (45, 53) 0.52 (0.49, 0.54) 0.37 (0.34 ,0.40) 

Robinson 48 (46 , 51) -17.5 (-19.0, -15.9) 23.2 (21.9, 24.5) 67% (44, 90) 0.48 (0.45, 0.51) 0.33 (0.31, 0.36) 

Mogensen 72 (70 , 74) -15.1 (-16.3, -13.9) 20.5 (19.6, 21.4) 49% (46, 53) 0.47 (0.44, 0.5) 0.35 (0.32, 0.37) 

Taylor 70 (68 , 72) -20.6 (-21.8, -19.3) 23.9 (22.8, 24.9) 47% (44, 50) 0.46 (0.43, 0.49) 0.32 (0.3, 0.35) 

Kaji 31 (30 , 32) 24.2 (23.1, 25.2) 25.0 (24.0, 26.0) 42% (41, 44) 0.26 (0.24, 0.29) 0.14 (0.12, 0.16) 

Martin 97 (95 , 100) -42.5 (-43.9, -41.0) 43.0 (41.7, 44.4) 94% (90, 98) 0.11 (0.09, 0.13) 0.06 (0.05, 0.07) 

Rowe 
123 (122, 

123) -67.9 (-69.3, -66.5) 68.2 (66.9, 69.5) 
181% (170, 

192) 
0.05 (0.04, 0.07) 0.04 (0.03, 0.05) 

P30 and P20: Proportion of patients who have estimated GFR within 30 and 20 % of the measured GFR respectively. All estimates are 
scaled to 1.73 m

2
 BSA for validity of comparisons. Equations are ranked by P30 in descending order 

Equations that had a P30>60 and absolute bias < 20 ml/min/1.73m
2
 BSA were included in the final analysis where we compared the 

performance of the CKD-EPI equation and the MDRD Study equations with the alternative equations 
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Table 4: Comparison of the P30 of the equations grouped by equation level covariates 
Equation Development Population 
Characteristics 

Characteristic 
Number of 
Equations 

Median P30 p 

Development Population n 
<1000 12 0.69 

0.03 
> 1000 2 0.78 

Presence of Transplant recipients  
Yes 4 0.71 

0.63 
No 10 0.69 

Multiple measurements 
Yes 5 0.71 

1 
No 9 0.71 

Development population*  
Outpatient 8 0.68 

0.66 
Inpatient or both 5   0.71 

Mean GFR (ml/min/1.73m
2
 BSA)* 

<60 7 0.71 
0.94 

>60 6  0.69 

Mean Age (years)* 
<55 9 0.71 

0.68 
>55 4  0.69 

Clearance Marker 
Other 7 0.71 

0.74 
Cr 8 0.70 

Clearance Method 
Urinary 12 0.71 

0.35 
Plasma 2 0.66 

Scaled to BSA† 
Yes 7 0.71 

1 
No 6 0.71 

Cr Steady State 
Yes 11 0.71 

0.55 
No or both 3 0.68 

Creatinine Traceable to Standardized 
Reference Material 

Yes 4 0.70 
0.83 

No 10 0.71 

Variable age in equation 
Yes 11 0.71 

0.76 
No 3 0.65 

Variable Race in equation  
Yes 2 0.78 

0.03 
No 12 0.69 

Bold font signifies p value of < 0.05 indicating that median P30 for equations differs significantly according to the 
variable.  
*The characteristic of interest is unknown for 1 of the equations. 
† Walser equation was scaled to 3 m

2
/BSA 
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An OR <1.0 indicates that the point estimate for the performance of the alternative equation is less 
than the CKD-EPI or the MDRD Study equations.  If the upper margin of the 99 % CI is below 1.0, 
then the alternative equation is inferior.  If the upper margin includes 1.0, then the alternative 
equation is similar. 

Figure 2: ORs and 99% confidence intervals for the performance (P30 and P20) of 

the alternative equations vs. the CKD-EPI or the MDRD Study equations 
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An alternative equation is inferior to the CKD-EPI or the MDRD Study equation if the upper margin of the 
99 % CI is below 0.  If the upper margin includes 0, then the alternative equation is similar. 

Figure 3: Difference (99% CI) between the absolute bias of the CKD-EPI or the MDRD 
Study equations and the alternative equations 
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Supplemental Methods 

There is a reciprocal relationship between serum creatinine and glomerular filtration rate 

(GFR) which is used by all the creatinine-based equations to estimate GFR. Serum 

creatinine levels are determined by GFR as well as non-GFR determinants, including 

generation, tubular secretion and re-absorption, and extra-renal elimination. The eGFR 

equations incorporate easily measured clinical and demographic variables, such as age, 

sex, race, height, and weight, BMI and BSA, as surrogates for the unmeasured non-GFR 

determinants in the estimating equations. Therefore, GFRs estimated on the same 

subject using different equations would likely be correlated because most of the 

equations use similar variables. Since all the metrics used for assessing equation 

performance are based on estimated GFR, therefore these metrics would also be 

correlated.  

We used generalized estimating equations (GEE) to circumvent the problem of non-

independence of the variables. The GEE equations can be regarded as an extension for 

quasi-likelihood models for independent measurements. This approach assumes that 

measurements on different subjects are independent while the measurements on the 

same subjects are correlated. In our model, we used the subject as the grouping 

variable, and used an unstructured correlational matrix to account for within subject 

correlation of the variables. This approach provided robust standard errors from which 

we calculated robust confidence intervals. 

For the patient level variables of A30 and A20 (binary variables representing if the 

absolute percent error is less than 30, and 20 %, respectively) the model obtained the 

odds of success of the each eGFR equation, therefore we expressed the null hypothesis 

(H0) as that the odds of success of the each alternative equation was greater than or 
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equal to that of the CKD-EPI equation or the MDRD Study equation with the alternative 

hypothesis (HA) being that the odds of success of the alternative equation was lower 

than that of the CKD-EPI or the MDRD Study equations. 

 

Where P (A30) ~ P 30 is the probability of success (A30 =1) and 1 – P30 is the probability of 

failure (A30=0). The odds of success is the probability of success divided by the 

probability of failure and the odds ratio (OR) is the odds of success of each alternative 

equation divided by odds of success of the CKD-EPI or the MDRD Study equation.  

We used GEE models to obtain the estimated difference between the absolute bias of 

the CKE-EPI or the MDRD Study equations and the alternative equations. The null 

hypothesis was that the mean difference was greater than or equal to 0 with an 

alternative hypothesis that it was less than 0. 

 

 

 

We elected to use the generalized estimating equations (GEE) approach to test our 

hypotheses for two reasons. First, GEE models account for non-independence of 

variables. Second, GEE models are ideal for uncovering the population average effects 

such as P30, P20 and mean absolute bias.  

Patient level covariates: We estimated P30 of each equation in previously described 

subgroups by adding interaction terms as categorical variables in the GEE models to 



27 
 

assess their effect on equation performance.  We obtained the global p values for the 

interactions terms from our model. A significant p value (<0.05) means the difference 

between the performance of the CKD-EPI or the MDRD Study equation and the 

alternative equations varied significantly across the levels of the patient characteristics 

based categories. This could mean that an alternative equation would perform similar, 

worse or better than the CKD-EPI or the MDRD Study equation in one of the levels of a 

covariate. We explored this further by comparing the performance of the CKD-EPI or the 

MDRD Study equations with the alternative equations in each level of the category, and 

made a forest plot of the ORs.  If the upper limit of the 99 % confidence interval (CI) 

failed to cross 1, this meant that the alternative equation was inferior to the CKD-EPI or 

the MDRD Study equation; if the CI included 1, this meant the performance of the 

equations was similar while if the lower limit of the CI crossed 1, this meant the 

alternative equation was superior to the CKD-EPI or the MDRD Study equation in that 

category (Appendix figures 1-9). 
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Appendix Table 1: Medline search terms to identify creatinine-based eGFR 

equations 

1 glomerular filtration rate.af. or glomerular filtration rate.tw. 

2 gfr.af. 

3 exp Glomerular Filtration Rate/ 

4 exp Kidney Function Tests/ 

5 serum creatin*.af. or serum creatin*.tw. 

6 serum cysta$.af. or serum cysta$.tw. 

7 5 not 6 

8 1 or 2 or 3 or 4 or 7 

9 predict$.af. 

10 formula.af. 

11 development.af. 

12 equation.af. 

13 9 or 10 or 11 or 12 

14 7 and 13 

15 limit 14 to humans 

16 exp Adult/ 

17 15 and 16 
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Appendix Table  2: Equations included in the Systematic Review 

Equations 
 

Full name Sex Sex specific equation ( if applicable) 

Edwards  
F 69.9/ Cr + 2.2 

M 94.3/ Cr - 1.8 

CG Cockcroft-Gault 
F 1.73 x [(140 - Age) x [Wt / (72 x Cr)] x 0.85] / BSA 

M 1.73 x [(140 - Age) x [Wt / (72 x Cr)] / BSA 

Rowe  
M & 
F 

165.57 - 0.8 x Age 

Mogensen  
M & 
F 

1.73 x [ {10000 / (Cr x 88) -14} / 0.9 ] / BSA 

Robinson  
F 

[2.11 - (0.007 x Age) - 14.638 x {(Cr x 88) / 1000} + 0.0166 x 
Wt] - 0.329 ] x 60 

M 
[2.11 - (0.007 x Age) - 14.638 x {(Cr x 88) / 1000} + 0.0166 x 
Wt] x 60 

Walser  
F 

1.73 x [{6.06/ (Cr x 0.088)} - (0.08 x Age) + (0.096 x Wt) - 
4.81] x [{Ht/100}2 / 3]] /  BSA 

M 
1.73 x [{7.57/ (Cr x 0.088)} - (0.103 x Age) + (0.096 x Wt) - 
6.66] x [{Ht/100}2 / 3]] /  BSA 

MDRD4V 

Modification of 
Diet in Renal 
Disease Study 
Equation – 4 
variable 

F 175 x Cr -1.154 x Age -0.203 x 0.742 if black x 1.212 

M 175 x Cr -1.154 x Age -0.203 if black x 1.212 

Nankivell  
F 

1.73 x [{6.7 / (Cr x 0.0884)} + {Wt/ 4} - {Sun /3.57} - { 100 / 
(Ht /100)2} +25 ] / BSA 

M 
1.73 x [{6.7 / (Cr x 0.0884)} + {Wt/ 4} - {Sun /3.57} - { 100 / 
(Ht /100)2} +35 ] / BSA 

CKD-EPI 

Chronic Kidney 
Disease 
Epidemiology 
Equation 

 

141 × min(Cr/κ, 1)α × max(Scr/κ, 1)-1.209 × 0.993Age × 1.018 [if 
female]  X 1.159 [if black],  
where 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 

Gates  
F 1.73 x [60 x { Cr-1.2} + {56 - Age} x 0.3 x { Cr-1.1}] / BSA 

M 1.73 x [89.4 x { Cr-1.2} + {55 - Age} x 0.447 x { Cr-1.1}] / BSA 

Kaji  
M & 
F 

1.73 x [ 45/ Cr ] 

Nix_J 

Nix Equation – 
for Creatinine 
measured by 
Jaffe reaction 

F 1.73 x [ { (80 x 0.661) / Cr } x { Wt / 70} 0.75] / BSA 

M 1.73 x [ { 80 / Cr} x { Wt / 70}0.75 / BSA 

Mayo  
F 

EXP [1.911 + { 5.249 / Cr} - { 2.114 / Cr2} - 0.00686 x Age - 
0.205] 

M EXP [1.911 + { 5.249 / Cr} - { 2.114 / Cr2} - 0.00686 x Age] 

Yukawa  
M & 
F 

1.73 x [ {(470 - Age) x Wt} / (288 x Cr + 98.7)}] / BSA 

CHUQ 

Centre 
Hospitalier 
Universitaire de 
Québec 
equation 

F 
EXP[ { 10 - 1.16 x (log( Cr x 88)) } - 0.000084 x Age2 - 
0.319] 

M EXP[ { 10 - 1.16 x (log( Cr x 88)) } - 0.000084 x Age2] 
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Appendix Table  2: Equations included in the Systematic Review 

Equations 
 

Full name Sex Sex specific equation ( if applicable) 

Matsuo  
F 194 x Cr -1.094 x Age-0.287 x 0.739 

M 194 x Cr -1.094 x Age-0.287 

Baracskay  
M & 
F 

1.73 x [0.5 x [ {100 / Cr} + 88 - Age] / BSA 

BIS_1 
Berlin Initiative 
Study 
(BIS) equation 

F 3736 x Cr -0.87 x Age -0.95 x 0.82 

M 3736 x Cr -0.87 x Age -0.95 

Wright  
F 1.73 x [{(6580-38.8 x Age) x BSA*0.832}/ { Cr x 88} ] / BSA 

M 1.73 x [{(6580-38.8 x Age) x BSA}/ { Cr x 88} ] / BSA 

Martin  
F 1.73 x [{163 x Wt} x {1- 0.15} / {0.814 x ( Cr x 88)}] / BSA 

M 1.73 x [{163 x Wt } / {0.814 x ( Cr x 88)}] / BSA 

Virga  
F 1.73 x [ {57.3-0.37 x Age} + {0.51 x Wt} / {Cr - 2.9}] / BSA 

M 1.73 x [{69.4-0.59 x Age } + { 0.79 x Wt } /  {Cr -3} ] / BSA 

Nankivell_SPK 

Nankivell 
equation for 
simultaneous 
pancreas and 
kidney 
transplant 
recipients 

F 
1.73 x [ 50.4+ {5520/ ( Cr x 88) } + { 0.27 x Wt} - {0.50 x 
Age} - 0.29 x Ht ] / BSA 

M 
1.73 x [ 71.4+ {5520/ ( Cr x 88) } + { 0.27 x Wt} - {0.50 x 
Age} - 0.29 x Ht ] / BSA 

Taylor  
M & 
F 

-200.85 + {94.16/ Cr}  + {0.14 x Wt} + {1.33  x Ht} - {0.75 x 
Age} 

AASK_pilot 

African-
American Study 
of Kidney 
Disease- 
Equation 
developed from 
pilot data 

F -0.29 x {Age -52} + {88/ Cr}  - 0.77 x {BMI-30} 

M 0.30 x {Age -52} + {105/Cr} + {Wt - 86} 

AASK_main 

African-
American Study 
of Kidney 
Disease- 
Equation 
developed from 
main study data 

F 329x Cr-1.096 x Age-0.294 x 0.736 

M 329x Cr-1.096 x Age-0.294 

Nix_HPLC 

Nix Equation – 
for Creatinine 
measured by 
high precision 
liquid 
chromatography 

F 1.73 x [ {(74.3 x 0.619) / Cr} x { Wt /70}0.75] / BSA 

M 1.73 x [ {74.3 / Cr} x { Wt /70}0.75] / BSA 

F; Female, M; Male. Cr; serum creatinine (mg/dl), Age; Age (years), Ht; Height (cm), Wt; Weight (kg); SUN. Serum Urea Nitrogen 
(mg/dl). BSA; Body Surface Area (m

2
) calculated using DuBois and DuBois forumula [BSA = (W 

0.425
 x H 

0.725
) x 0.007184]. All 

equations are expressed to report GFR scaled to 1.73 m
2
 BSA 
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Appendix Table 3: Clinical and demographic variables of the study population by transplanted organ 

 Total Pancreas Multiple Organs Heart Kidney Liver Lung 

n 2753 22 171 116 1159 1181 104 

Age (years) 54 (13) 49 (9) 52 (12) 55 (14) 54 (14) 56 (12) 51 (11) 

Ht (cm) 172 (10.6) 170 (9.1) 172 (9.6) 174 (9.4) 172 (10.5) 171 (10.9) 172 (10.3) 

Wt (kg) 84 (21) 77 (17) 83 (21) 84 (21) 86 (21) 84 (20) 73 (16) 

BSA (m2) 1.96 (0.26) 1.87 (0.20) 1.95 (0.25) 1.97 (0.26) 1.97 (0.26) 1.95 (0.26) 1.85 (0.22) 

BMI 28 (6) 27 (6) 28 (6) 28 (6) 29 (6) 28 (6) 25 (5) 

GFR (ml /min/1.73 m2) 55 (23) 65 (26) 50 (22) 60 (25) 52 (20) 57 (26) 56 (23) 

Cr (mg/dl) 1.49 (0.65) 1.44 (0.59) 1.56 (0.71) 1.44 (0.49) 1.52 (0.65) 1.44 (0.65) 1.61 (0.67) 

Diabetes 592 (22%) 21 (4.5%) 133 (22.2%) 95 (18.1%) 926 (20.1%) 903 (23.5%) 83 (20.2%) 

Female 1193 (43%) 12 (54.5%) 78 (45.6%) 34 (29.3%) 490 (42.3%) 529 (44.8%) 50 (48.1%) 

Non-White 70 (3%) 0 (0.0%) 0 (0.0%) 1 (0.9%) 17 (1.5%) 51 (4.3%) 1 (1.0%) 

Study 

Mayo 1619 (59%) 22 (100.0%) 159 (93.0%) 116 (100.0%) 867 (74.8%) 428 (36.2%) 27 (26.0%) 

Baylor 708 (26%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 708 (59.9%) 0 (0.0%) 

CCFP 15 (1%) 0 (0.0%) 2 (1.2%) 0 (0.0%) 9 (0.8%) 1 (0.1%) 3 (2.9%) 

Groningen 367 (13%) 0 (0.0%) 10 (5.8%) 0 (0.0%) 283 (24.4%) 0 (0.0%) 74 (71.2%) 

Grubb 44 (2%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 44 (3.7%) 0 (0.0%) 

Marker 

Iohexol 2709(98.4%) 22(100.0%) 171(100.0%) 116(100.0%) 1159(100.0%) 1137(96.3%) 104(100.0%) 

Iothalamate 44 (1.6%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 44 (3.7%) 0 (0.0%) 

Data presented as Mean (SD) or n (%) as appropriate. Multiple organs category represents patients with more than 1 transplant 
(Heart/Kidney, Heart/Liver, Heart/Lung, Kidney/Liver, Kidney/Lung, Liver/Lung) 
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A significant global p value (< 0.05) means that the difference in the performance of the CKD-EPI (upper panels) or the MDRD Study equation (lower 

panels) and the alternative equations is different across the levels of the variable. An OR <1.0 indicates that the point estimate for the performance of 

the alternative equation is less than the CKD-EPI or the MDRD Study equation. If the upper margin of the 99 % CI is below 1.0, then the alternative 

equation is inferior; if the upper margin includes 1.0, then the alternative equation is similar 
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Appendix Figure 1: The ORs and 99% confidence intervals for the performance (P30) of the alternative equation vs. the CKD-EPI or the 

MDRD Study equations in subgroups of age (< 55, >55 years) 
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Appendix Figure 2: The ORs and 99% confidence intervals for the performance (P30) of the alternative equation vs. the CKD-

EPI or the MDRD Study equations in subgroups of sex (Female, Male) 

A significant global p value (< 0.05) means that the difference in the performance of the CKD-EPI (upper panels) or the MDRD Study equation (lower 

panels) and the alternative equations is different across the levels of the variable. An OR <1.0 indicates that the point estimate for the performance of the 

alternative equation is less than the CKD-EPI or the MDRD Study equation. If the upper margin of the 99 % CI is below 1.0, then the alternative equation 

is inferior; if the upper margin includes 1.0, then the alternative equation is similar 
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Appendix Figure 3: The ORs and 99% confidence intervals for the performance (P30) of the alternative equation vs. the 

CKD-EPI or the MDRD Study equations in subgroups of race (Non-White, White) 

A significant p value (< 0.05) means that the difference in the performance of the CKD-EPI (upper panels) or the MDRD Study equation (lower panels) 

and the alternative equations is different across the levels of the variable. An OR <1.0 indicates that the point estimate for the performance of the 

alternative equation is less than the CKD-EPI or the MDRD Study equation. If the upper margin of the 99 % CI is below 1.0, then the alternative 

equation is inferior; if the upper margin includes 1.0, then the alternative equation is similar 
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Appendix Figure 4: The ORs and 99% confidence intervals for the performance (P30) of the alternative equation vs. the CKD-

EPI or the MDRD Study equations in subgroups of height (<167, 167,177, >177 cm) 

A significant global p value (< 0.05) means that the difference in the performance of the CKD-EPI (upper panels) and the MDRD Study equation (lower 

panels) or the alternative equations is different across the levels of the variable. The OR <1.0 indicates that the point estimate for the performance of the 

alternative equation is less than the CKD-EPI or the MDRD Study equation. If the upper margin of the 99 % CI is below 1.0, then the alternative equation 

is inferior; if the upper margin includes 1.0, then the alternative equation is similar 
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Appendix Figure 5: The ORs and 99% confidence intervals for the performance (P30) of the alternative equation vs. the CKD-

EPI or the MDRD Study equations in subgroups of weight (< 75, >100, 76-99 kg) 

A significant global p value (< 0.05) means that the difference in the performance of the CKD-EPI (upper panels) or the MDRD Study equation (lower 

panels) and the alternative equations is different across the levels of the variable. The OR <1.0 indicates that the point estimate for the performance of 

the alternative equation is less than the CKD-EPI or the MDRD Study equation. If the upper margin of the 99 % CI is below 1.0, then the alternative 

equation is inferior; if the upper margin includes 1.0, then the alternative equation is similar 
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Appendix Figure 6: The ORs and 99% confidence intervals for the performance (P30) of the alternative equation vs. the CKD-

EPI or the MDRD Study equations in subgroups according to diabetes status(no, yes) 
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A significant global p value (< 0.05) means that the difference in the performance of the CKD-EPI (upper panels) or the MDRD Study equation (lower 

panels) and the alternative equations is different across the levels of the variable. An OR <1.0 indicates that the point estimate for the performance of the 

alternative equation is less than the CKD-EPI or the MDRD Study equation. If the upper margin of the 99 % CI is below 1.0, then the alternative equation 

is inferior; if the upper margin includes 1.0, then the alternative equation is similar 
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Appendix Figure 7: The ORs and 99% confidence intervals for the performance (P30) of the alternative equation vs. the CKD-

EPI or the MDRD Study equations in subgroups of GFR (< 60, >60 ml/min/1.73 m2 BSA) 

Only the ORs between 0 and 2 are shown for ease of representation. A significant global p value (< 0.05) means that the difference in the performance of 

the CKD-EPI (upper panels) or the MDRD Study equation (lower panels) and the alternative equations is different across the levels of the variable. An OR 

<1.0 indicates that the point estimate for the performance of the alternative equation is less than the CKD-EPI or the MDRD Study equation. If the upper 

margin of the 99 % CI is below 1.0, then the alternative equation is inferior. If the upper margin includes 1.0, then the alternative equation is similar, and if 

the upper margin crosses 1.0, then the alternative equation is superior 

 

<60 >=60

BIS_1

CG

Mayo

Nix_HPLC

Wright

CHUQ

Nankivell_SPK

Nix_J

Edwards

Virga

Gates

Walser

0 0.5 1 1.5 0 0.5 1 1.5
Reference :  CKD-EPI Study Equation

<60 >=60

BIS_1

CG

Mayo

Nix_HPLC

Wright

CHUQ

Nankivell_SPK

Nix_J

Edwards

Virga

Gates

Walser

0 0.5 1 1.5 0 0.5 1 1.5
Reference :  MDRD Study Equation

Global p 



41 
 

 

Appendix Figure 8: The ORs and 99% confidence intervals for the performance (P30 and P20) of the alternative equation vs. the CKD-

EPI or the MDRD Study equations in subgroups of transplant organ (Heart, Kidney, Liver, Lung, Multiple organs, Pancreas) 

Only the ORs between 0 and 2 are shown for ease of representation. A significant global p value (< 0.05) means that the difference in the performance of 

the CKD-EPI (upper panels) or the MDRD Study equation (lower panels) and the alternative equations is different across the levels of the variable. An OR 

<1.0 indicates that the point estimate for the performance of the alternative equation is less than the CKD-EPI or the MDRD Study equation. If the upper 

margin of the 99 % CI is below 1.0, then the alternative equation is inferior; if the upper margin includes 1.0, then the alternative equation is similar 
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Appendix Figure 9: The ORs and 99% confidence intervals for the performance (P30 and P20) of the alternative equation vs. the 

CKD-EPI or the MDRD Study equations in subgroups of study/center of enrollment (Baylor, CCFP, Groningen, Grubb, Mayo) 

Only the ORs between 0 and 2 are shown for ease of representation. A significant global p value (< 0.05) means that the difference in the performance 

of the CKD-EPI (upper panels) or the MDRD Study equation (lower panels) and the alternative equations is different across the levels of the variable. 

An OR <1.0 indicates that the point estimate for the performance of the alternative equation is less than the CKD-EPI or the MDRD Study equation. If 

the upper margin of the 99 % CI is below 1.0, then the alternative equation is inferior; if the upper margin includes 1.0, then the alternative equation is 

similar 
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