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Abstract

Background—The CKD-EPI equation reduces bias and improves accuracy for GFR estimation
compared to the MDRD Study equation. Creatinine generation differs among racial-ethnic groups
but both equations only consider Blacks vs other. We developed and validated a GFR-estimating

equation that includes a 4-level race variable.

Methods—Equations were developed in pooled data from 10 studies (N=8254) and validated in
17 additional studies from the US and Europe [CKD-EPI validation database (N=4014)], and in
studies from China (N=675), Japan (N=248) and South Africa (N=99). Race was defined as a 2-
level variable (Black vs other) and a 4-level variable (Black, Asian, Native American and
Hispanic vs other).

Results—Coefficients for Black, Asian and Native American and Hispanic resulted in 15%, 5%
and 1% higherlevels of estimated GFR, respectively, compared to others. The 2-level race
equation had minimal bias in Blacks, Native Americans, Hispanics and others [-0.8 (-2.0,0.6), 2.3
(-2.1,5.1), and 2.8 (2.4,3.2) ml/min/1.73 m?, respectively) in the CKD-EPI validation database.
The 4-level race equation improved bias in CKD-EPI Asians (0.8 (-2.2,2.6) vs 2.1 (0.3,4.4)
ml/min/1.73 m2) and in Chinese (1.3 (0.6,2.2) vs 2.7 (1.9,3.7) ml/min/1.73 m2). Both equations
had a large bias in Japanese [-17.8 (=0.1,-14.7) and —21.4 (-23.2,-18.2) mI/min/1.73 m2)] and
South Africans [-12.4 (-18.3,~7.6) and —12.5 (-18.3,~7.6) ml/min/1.73 m?.

Conclusions—A multilevel variable for race developed in one geographic region may not be
applicable in other regions. The 2-level race variable in the CKD-EPI equation can be used for all
racial-ethnic groups in the US and Europe.

Corresponding author and requests for single reprints: Lesley A. Stevens, Division of Nephrology, Tufts Medical Center, 800
Washington Street, Box #391, Boston, MA 02111; Tel 617 636 2569; fax: 617 636 5740; Istevens1l@tuftsmedicalcenter.org..
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Introduction

Methods

Chronic kidney disease (CKD) is a common health problem among all racial and ethnic
groups, both in the United States and worldwide 1. In the United States, chronic kidney
failure disproportionately burdens racial and ethnic minorities. Incidence rates for chronic
kidney failure treated by dialysis and transplantation are 3.6 and 1.4 times higher in Blacks
and Asians, respectively, compared to Whites, and 1.5 times higher in Hispanics compared
to non Hispanics2. Outside of the U.S., Asia, Taiwan and Japan have the highest prevalence
rates of treated kidney failure? 3. Data on the prevalence, etiology, and outcomes of earlier
stages of kidney disease in these groups may be imprecise, in part, due to the lack of
accurate GFR estimates.

The Modification of Diet in Renal Disease (MDRD) Study equation utilizes a 2-level racial
variable (Black vs. White and other). The coefficient for Blacks leads to higher values for
estimated GFR compared to Whites for the same level of creatinine, due to differences
between Blacks vs Whites in factors other than GFR that affect the serum level of creatinine
(non-GFR determinants), especially higher creatinine generation from muscle and diet 4 . It
is widely believed there are also differences in creatinine generation in other racial, ethnic
and geographic groups, which are not captured by current equations® 7. Consistent with this
assumption, introduction of coefficients for use in China and Japan improve performance of
the MDRD Study equation in these populations8: °.

We recently reported a new equation, the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation, based on creatinine, age, sex and a 2-level variable for
race, that is more accurate than the MDRD Study equation0. We hypothesized that the
performance of the CKD EPI equation could be improved in Asians and Native Americans
and Hispanics by utilizing coefficients specific for these groups. Here, we report on the
development of a GFR-estimating equation that includes a 4-level race variable, in a diverse
population from US and Europe, and its validation in separate populations from the US and
Europe as well as in populations from other countries.

Sources of Data and Measurements

CKD-EPI is a research group funded by the National Institute of Diabetes, Digestive and
Kidney Diseases (NIDDK) to address challenges in the study and care of CKD, including
development and validation of improved GFR estimating equations by pooling data from
research studies and clinical populations (hereafter referred to as “studies”)1. The design
and studies have been previously described and are briefly reviewed herel®. We developed
and internally validated the CKD-EPI equation in a database of 10 studies with a total of
8254 participants, divided randomly into separate datasets for development (n=5504) and
internal validation (n=2750). The equations were then externally validated in a separate
dataset of 16 other studies with a total of 3896 participants. In the current report, we use the
same dataset for development and internal validation. We use the same external validation
dataset, with the addition of more data from Native Americans that were not available in the
original report due to absence of creatinine calibration (herein referred to as “CKD-EPI
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validation dataset”) (N=4014)10. In addition, we also evaluated the equations in three
separate studies from outside of US and Europe; two are from Asia and one is from South
Africa, each of which has been previously described®: 1112 (herein referred to as ‘Non-US
and Europe validation datasets”). The appendix tables 1 and 2 describe the distribution and
race group for each study. GFR was measured using urinary clearance of iothalamate in the
development dataset and iothalamate and other filtration markers in the external validation
datasets, Serum creatinine values were calibrated to standardized creatinine measurements
using the Roche enzymatic method (Roche-Hitachi P-Module instrument with Roche
Creatininase Plus assay, Hoffman-La Roche, Ltd., Basel, Switzerland) at the Cleveland
Clinic Research Laboratory (Cleveland, OH)13. 14,

Development and validation

Methods for development and validation have been previously described in detail®. In brief,
we used least squares linear regression to relate measured GFR to serum creatinine and
clinical characteristics available in the development dataset. Predictor variables included
serum creatinine, age, sex, and race in all equations. GFR was adjusted for body surface area
(BSA)!®. GFR and serum creatinine were transformed to natural logarithms to reflect their
inverse relationship and to stabilize variance across the range of GFR. We tested multiple
forms of creatinine and age, and the final model includes a piecewise linear spline of log
serum creatinine with a knot at 0.7 mg/dl in men and 0.9 mg/dl in women, and linear age.

Race was defined as a 2-level variable (Black vs. White and other) and as a 4-level variable
(Black, Asian, Native American and Hispanic vs. White and other). The rationale for
grouping Native Americans and Hispanics together is that the majority of non-Black
Hispanics in the United States are from Mexico, and they are considered to be of mixed
European-Native American descent!6: 17, The rationale for grouping others with White is
that many of the other groups are defined as of Caucasian descent (for example, Arabs, non-
Black and non-Native American Hispanics), and misclassification of this small nhumber of
non-Caucasian patients is not likely to affect the model fit. We developed models in parallel
using 2-level and 4-level variables for race. The 4-level variable was forced into models,
even if not all coefficients were significant. We selected specific development models for
internal and then external validation based on analyses of the 2-level race variable, with
models using the 4-level race variable brought along in parallel.

Models created in the development database were first validated in the internal validation
database. The development and internal validation datasets were then combined and
equations were refit to yield more precise final coefficients to be used in subsequent
analyses. Models were then evaluated in the CKD-EPI validation dataset and a final model
was selected using a pre-specified series of steps. The 4-level race variable model presented
here is the final model and is compared to the previously described CKD-EPI equation using
a 2-level race variable. Results are also presented in the Non-US and Europe validation
dataset. For clarity of presentation, we will refer to the two equations as 2-level and 4-level
race equations.
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Statistical analyses

Results

Performance of the equations was evaluated using similar metrics in both the development
and two validation databases. Bias was expressed as the difference (NGFR-eGFR) and
percent difference (100*[mMGFR-eGFR] / mGFR) between measured and estimated GFR,
with positive values indicating lower eGFR than mGFR (under-estimation). Precision was
expressed as inter-quartile range (IQR) for the differences. Accuracy was expressed as the
percent of estimates within 30% of the measured GFR (P3p) which takes into account higher
errors at higher values. In addition, we also expressed the magnitude of large errors as 1-P3.

Analyses within subgroups were defined by the following clinical characteristics: age (less
than 40, 40-65, greater than 65 years); sex; race (Black, Asian, Native American and
Hispanic, White and other); diabetes (yes, no), prior organ transplant (yes, no); body mass
index (BMI, less than 20, 20 to 25, 26 to 30 and greater than 30 kg/m?). Level of eGFR was
categorized as less than 60, 60-89 and greater than 90 ml/min/1.73 m2.

Confidence intervals were calculated by bootstrap methods (2000 bootstraps) for difference,
percent difference and for P3g Significance testing between metrics for each equation was
computed using the sign test on the bootstrapped estimates. Analyses were computed using
R (Version 2, Free Software Foundation, Inc., Boston, MA) and SAS software (version, 9.1,
Cary, NC). Smooth estimates of the mean in the figures were created using the lowess
function in R.

The institutional review boards of all participating institutions approved the study.

There were significant differences in the characteristics among racial and ethnic groups
(Table 1). In the development dataset, measured GFR was lower in Blacks and Asians, and
higher in Native Americans and Hispanics, compared to Whites and others. Blacks were
older, more likely to be female, and had a larger body size compared to the other groups. In
the external validation dataset, measured GFR was lower in Asians and higher in Native
Americans and Hispanics compared to Whites and others. In the three datasets outside of US
and Europe, measured GFR ranged between 53 and 60 ml/min/1.73 m2, and participants had
lower BMI.

The coefficients for Black, Asian and Native American and Hispanic are larger than the
reference group (White and other) resulting in higher estimated GFR for the same level of
creatinine for all groups compared to White and others (Table 2). For both the 2- and 4-level
race equations, estimated GFR is 15% higher for Blacks than for Whites or others. In the 4-
level race equation, estimated GFR is 5% higher in Asians but only 1% higher and not
significant in Native Americans and Hispanics compared to Whites or others. Table 3 shows
the 2-level race equation and the 4-level race equation developed using the coefficients from
the combined development and internal validation datasets, expressed for specified race, sex
and serum creatinine.
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Tables 4 and 5 show the performance of the two models in the external validation datasets.
In the CKD-EPI validation dataset, performance of the equation with the 2-level and 4-level
race terms was similar in Blacks and Whites (Table 4). In Asians, there was a significant
difference in bias [0.8 (-2.2, 2.6) ml/min/1.73 m? for the 4-level race equation vs. 2.1 (0.3,
4.4) ml/min/1.73 m2 for the 2-level race equation (p <0.005)], IQR 12.3 (9.0,16.1) vs 10.5
(8.0,14.6) ml/min/1.73 m2, p=0.001] and RMSE 0.293(0.178,0.424) vs 0.302(0.188,0.436),
p=0.003) but no significant difference in P3g. There were no significant differences in
performance between the two equations for Native Americans and Hispanics. In the Chinese
dataset, as in the Asians in the CKD-EPI validation dataset, there was an improvement in
performance with the 4-level race equation compared to the 2-level race equation in bias
[1.3 (0.6,2.2) vs. 2.7 (1.9,3.7) ml/min/1.73 m2 (p <0.0001)], IQR 15.5 (14.4,17.4) vs 16.7
(15.0,18.5) ml/min/1.73 m2, p<0.0001], RMSE 0.318 (0.295,0.343) vs 0.325 (0.302,0.348)
ml/min/1.73 m2, p=0.002), as well as in P3q [72.1 (68.7,75.7) vs 73.2 (69.9,76.6), p=0.01].
In the Japanese datasets, performance for 2-level race equation was substantially worse than
in the Asians in the CKD-EPI validation dataset and not improved with the use of the 4-level
race equation. In the South African dataset, performance of both the 2-level and 4-level race
equations was substantially worse than in the Blacks in the CKD-EPI validation dataset.
Performance was better for the South African dataset when the Black coefficient was not
used [bias of —-12.4 (-18.3, —7.6) with the use of the Black term vs. -4.9 (=7.0,-0.5) ml/min/
1.73 m2 without the use of the Black term].

The figure shows the bias by level of eGFR. In the CKD-EPI validation dataset, using the 2-
and 4-level race equation, bias was less than approximately 5 ml/min/1.73 m2 except for
Blacks with eGFR greater than 90 ml/min/1.73 m2, as we reported previously. In the non-
US and Europe datasets, using both equations, bias was less than 5 ml/min/1.73 m? across
the range of GFR, but improved in China with the use of the 4-level race equation and
varied substantially throughout the GFR range in Japan and South Africa.

Discussion

Different relationships between serum creatinine and measured GFR primarily reflect
variation in creatinine generation due to muscle mass or diet. The definition of race as Black
vs other in the current equations cannot account for differences in creatinine generation
among other racial and ethnic groups. Our goal was to develop an equation that more
accurately estimated GFR in racial, ethnic and geographic groups than the currently
available equation. The developed equation has coefficients greater than 1.0 for all racial

and ethnic groups compared to Whites and others. The larger coefficient translates into
higher GFR estimates for these groups compared to Whites and others for a given serum
creatinine level. Compared to the 2-level race equation, the 4-level equation is more accurate
in Asians in the CKD-EPI validation dataset as well as in the Chinese dataset. Both the 2-
level or 4-level race equation are as accurate in Native Americans and Hispanics as in
Blacks and Whites and others in the CKD-EPI validation dataset, but neither equation
resulted in accurate estimates in the Japanese and South African datasets. Based on the
heterogeneous results among these populations, we concluded that 4-level race equation that
we derived is not accurate enough to be implemented in clinical practice. Nevertheless, these
results are informative for use of the 2-level race CKD-EPI equation in these groups and
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also suggest future research directions to derive generalizable racial and ethnic coefficients
for GFR estimating equations based on creatinine.

The coefficient for Blacks in the 2-level and 4-level race term yielded a 15% higher
estimated GFR for Blacks than for Whites at a given serum creatinine level, which is
consistent with physiological data showing greater skeletal muscle mass than otherwise
equivalently-matched subjects8: 19, Similarly, African Black athletes also have greater lean
body mass compared to Whites20. Using these coefficients, the eGFR for Blacks in the
CKD-EPI validation dataset accurately estimated measured GFR. In contrast, use of the
Black coefficient in the South African data leads to an overestimation of measured GFR by
12 ml/min/1.73 m2, which was substantially reduced when the Black coefficient was not
used, indicating a different relationship between serum creatinine and GFR for Black South
Africans vs. US and European Blacks, as shown previously for the MDRD Study equation
using these data?l. This difference may be due to lower muscle mass in South African
Blacks compared to African Americans, potentially secondary to poorer diet or overall
health, related to HIV infection or other chronic diseases. Indeed, the mean BMI in the
South African population was lower than in the Blacks in the CKDEPI validation dataset,
and 15% of the South African cohort had a BMI level less than 20 kg/m? compared to 2%
for Blacks in the development dataset. In a prior publication, we showed that the CKD-EPI
equation overestimates measured GFR in people with low BMI®. These data raise important
questions about the appropriateness of use of the Black coefficient for GFR estimation in
Blacks outside the US and Europe.

The Asian coefficient in the 4-level race equation translates into a 5% higher GFR for every
serum creatinine value compared to Whites and others. This is unexpected given that prior
physiological and epidemiological data suggest that Asians have less muscle mass and lower
dietary intake than Whites. For example, in an analysis of people in Pakistan, participants
had lower mean creatinine excretion rates than those estimated for age and gender-matched
white individuals?2. In other studies, Asians have been shown to have a higher percent body
fat for the same level of BMI than Whites, suggesting lower levels of muscle mass?3. The
direction of the Asian coefficient is consistent with the modification of the MDRD Study
equation for Chinese by Ma and colleagues, which was previously published, and the data
which are included in the current publicationl2. Although the increase in GFR of 5% was
substantially lower than the 23% reported by Ma et a/12, both are in contrast to the Japanese
coefficient for the modification of the MDRD Study equation of 0.8124, which translates to a
19% lower GFR for every serum creatinine value. Both the Chinese and Japanese cohorts
had a greater proportion of people with BMI less than 20 kg/m? than the CKD-EPI
development and validation datasets, but were similar to each other, suggesting that the
overestimation of measured GFR in the Japanese cohort is not related to differences in levels
of BMI. The difference between the Chinese and Japanese coefficients may be due to factors
other than muscle mass and diet, such as differences in GFR measurement methods and the
accuracy of creatinine calibration2>. Our findings of a coefficient in the same direction in a
separate group of Asians may provide some support for the validity of the Chinese
coefficient, as well as, more generally, variation within Asians of the determinants of
creatinine. The specific origins for the Asians in the CKD-EPI validation dataset are not
known, and therefore we are not able to ascertain whether the higher GFR seen in the CKD-
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EPI population is because they are of Chinese origin. If future analyses establish that
creatinine generation varies among Asian groups, then coefficients for subgroups of Asians
in creatinine based equations will need to reflect this variation.

The Hispanic coefficient resulted in a 1% higher estimated GFR for every serum creatinine
value compared to Whites and others, but the coefficient was not significant and did not
improve GFR estimation. There are minimal data on muscle mass in both the Native
American and Hispanic populations. Data from NHANES, shows a 5.3% lower mean level
of serum creatinine for young healthy Mexican American men compared to Whites, which
was interpreted to indicate lower creatinine generation®. In contrast, our results suggest a
similar relationship between GFR and serum creatinine among Native Americans and
Hispanics compared to Whites and others. There are only a small number of Native
Americans and Hispanics in the CKD-EPI development dataset and we do not have
information on the country of origin of the Hispanics.

The strengths of this study include the large diverse population with and without kidney
diseases; calibration of the creatinine assays in each study to standardized values; and
rigorous statistical techniques for equation development including testing of all
transformations, and evaluation of the equations in a separate dataset of multiple studies,
which maximized external generalizability. There are several limitations. First, there are a
small number of non-Blacks and non-Whites included in both the CKD-EPI development
and validation datasets. Nonetheless, the confidence intervals for the Asian and Native
American and Hispanic coefficients were narrow, suggesting little variability among these
groups in non-GFR determinants of serum creatinine. Second, differences in methods to
measure GFR may have led to the observed results. Finally, in the CKD-EPI datasets we
grouped some Native Americans and Hispanics and do not have information on country of
origin for Asians and Hispanics. Comparison of equations in a separate validation dataset
overcomes some of the limitations of differences among studies in patient characteristics
and methods for measurement of GFR and serum creatinine.

This study has several implications for clinical practice and research. First, the results
demonstrate that the current CKD-EPI equation performs well, with minimal bias across the
range of eGFR in the Native Americans and Hispanics, Asian-Americans and Chinese
populations who were included in this dataset, but has a large bias in Japanese and South
Africans. To our knowledge, this is the first demonstration of performance of GFR
estimating equations in Hispanics. As such, the equation can be applied to all populations in
the US and Europe but should be used only after evaluation compared to measured GFR in
other geographic regions. In addition, this study draws attention to the inadequacy of current
equations in identifying disease prevalence and severity across groups and geographic
regions. To further understand the effect of race on non-GFR determinants of serum
creatinine and its implications in determining GFR, there is a need for studies that measure
GFR in representative samples of racial and ethnic groups with and without CKD in the US
and globally. In particular, data from the present study emphasize the importance of
including sufficient representation of subgroups within a particular racial or ethnic group.
Future studies should evaluate the effects of race-ethnicity on non-GFR determinants of
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filtration markers. Finally, emphasis should be placed on investigation of filtration markers
that may be less affected than creatinine by race, such as cystatin C and other novel markers.

APPENDIX A

Development and Internal validation Race/ ethnic group N (%)

Studies Race

GFRMeasurement Method  \ypiteand other ~ Black  NativeAmericanand ~ Asian

Hispanic

MDRD Study % lothalamate 1317 (25) 197 (8) 97 27) 17 17)
AASK 27 lothalamate 0(0) 1807 (70) 0(0) 0(0)
DCCT?8 lothalamate 1138 (22) 21(1) 14(4) 303)
DRDS 2 lothalamate 0(0) 0(0) 190 (54) 0(0)
CSG lothalamate 355 (7) 32 (1) 11 3) 1)
CRIC 3 lothalamate 306 (6) 289 (11) 19(5) 55 (55)
CCF CKD & lothalamate 850 (16) 169 (7) 8(2) 10 (10)
CCF Donors 3 lothalamate 380 (7) 63 (2) 10(3) 4(4)
Mayo CKD 33 lothalamate 312 (6) 0 (0) 1(0.2) 5(5)
Mayo donors 33 lothalamate 558 (11) 7(0.3) 3(1) 5 (5)

Abbreviations: MDRD Study, Modification of Diet in Renal Disease Study; AASK, African American Study of Kidney
Diseases and Hypertension; DCCT, Diabetes Control and Complications Trial; DRDS, Diabetic Renal Disease Study;

CSG, Collaborative Study Group: Captopril in Diabetic Nephropathy Study; CRIC, Chronic Renal Insufficiency Cohort
Study; CCF, Cleveland Clinic Foundation

External validation

APPENDIX B

Studies Race/ethnic group N (%)

GFR Measurement Method ~ White and other Black Native Asian

American and
Hispanic

CKD-EPI Validation Dataset
Baylor 34 lothalamate 651 (19) 47 (10) 3(2 7
CCF P CKD lothalamate 92 (3) 9(2) 1(0.5) 1(0.1)
CCF P donors lothalamate 83(2) 10 (2) 2(1) 1(0.1)
CRIC 3 lothalamate 156 (5) 127 (26) 3(2) 12 (1)
CRISP % lothalamate 172 (5) 21 (4) 32 2(0.2)
DNA donor lothalamate 60 (2) 19 (4) 28 (15) 2(0.2)
DNA Tx lothalamate 116 (3) 61 (13) 27 (15) 5(0.5)
DRDS 2 lothalamate 0(0) 0(0) 118 (64) 0(0)
Groningen 36 lothalamate 418 (12) 4(1) 0 (0) 0 (0)
Groningen donors 37 lothalamate 43 (1) 0(0) 0 (0) 0 (0)
Lund 38 lohexol 387 (11) 0 (0) 0 (0) 0 (0)
Lund donors 38 lohexol 7(0.2) 0 (0) 0 (0) 0 (0)
NephroTest CKD 3° EDTA 371 (11) 37(8) 30 (3) 0 (0)
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Studies Race/ethnic group N (%)
GFR Measurement Method ~ Whiteand other Black Native Asian
American and
Hispanic
NephroTest donors 39 EDTA 332 (10) 43 (9) 7() 0(0)
RASS Study 40 lothalamate, Iohexol 245 (7) 6 (1) 0 (0) 0 (0)

Steno Diabetes EDTA 245 (7) 0(0) 0 (0) 0 (0)
Center 4145

Non-US and Europe Validation Dataset

China DTPA 0(0) 0(0) 675 (68) 0(0)
Japan Inulin 0 (0) 0(0) 248 (25) 0 (0)
South Africa EDTA 0(0) 99 (21) 0(0) 0(0)

Abbreviations: CCF P, Cleveland Clinic Foundation Prospective; CKD, Chronic Kidney Disease; CRIC, Chronic Renal
Insufficiency Cohort; CRISP, Consortium for Radiologic Imaging Studies of Polycystic Kidney Disease; DNA, Dallas
Nephrology Associates; DRDS, Diabetic Renal Disease Study; RASS, Renin Angiotensin System Study.

References

1. Levey AS, Atkins R, Coresh J, et al. Chronic kidney disease as a global public health problem:
approaches and initiatives - a position statement from Kidney Disease Improving Global Outcomes.
Kidney Int. 2007; 72:247-259. [PubMed: 17568785]
2. U.S. Renal Data System. USRDS 2008 Annual Data Report: Atlas of Chronic Kidney Disease and
End-Stage Renal Disease in the United States. National Institutes of Health, National Institute of
Diabetes and Digestive and Kidney Diseases; Bethesda, MD: 2008.
3. U.S. Renal Data System. USRDS 2007 Annual Data Report: Atlas of End-Stage Renal Disease in
the United States National Institutes of Health. National Institute of Diabetes and Digestive and
Kidney Diseases; Bethesda, MD: 2007.
4. Jones CY, Jones CA, Wilson IB, et al. Cystatin C and creatinine in an HIV cohort: the nutrition for
healthy living study. Am J Kidney Dis. 2008; 51:914-924. [PubMed: 18455851]
5. Stevens LA, Schmid CH, Zhang YL, et al. Development and validation of GFR- estimating
equations using diabetes, transplant and weight. Nephrol Dial Transplant. 2010; 25:449-457.
[PubMed: 19793928]
6. Baxmann AC, Ahmed MS, Marques NC, et al. Influence of muscle mass and physical activity on
serum and urinary creatinine and serum cystatin C. Clin J Am Soc Nephrol. 2008; 3:348-354.
[PubMed: 18235143]
7. Banfi G, Del Fabbro M, Lippi G. Relation between serum creatinine and body mass index in elite
athletes of different sport disciplines. Br J Sports Med. 2006; 40:675-678. discussion 678.
[PubMed: 16723402]
8. Ma YC, Zuo L, Chen JH, et al. Improved GFR estimation by combined creatinine and cystatin C
measurements. Kidney Int. 2007; 72:1535-1542. [PubMed: 17898698]
9. Matsuo S, Imai E, Horio M, et al. Revised equations for estimated GFR from serum creatinine in
Japan. Am J Kidney Dis. 2009; 53:982-992. [PubMed: 19339088]
10. Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate glomerular filtration rate.
Ann Intern Med. 2009; 150:604-612. [PubMed: 19414839]

11. Imai E, Matsuo S. Chronic kidney disease in Asia. Lancet. 2008; 371:2147-2148. [PubMed:
18586155]

12. Ma YC, Zuo L, Chen JH, et al. Modified glomerular filtration rate estimating equation for Chinese
patients with chronic kidney disease. J Am Soc Nephrol. 2006; 17:2937-2944. [PubMed:
16988059]

Kidney Int. Author manuscript; available in PMC 2014 November 05.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Stevens et al.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Page 10

Levey AS, Coresh J, Greene T, et al. Expressing the Modification of Diet in Renal Disease Study
equation for estimating glomerular filtration rate with standardized serum creatinine values. Clin
Chem. 2007; 53:766—772. [PubMed: 17332152]

Stevens LA, Manzi J, Levey AS, et al. Impact of creatinine calibration on performance of GFR
estimating equations in a pooled individual patient database. Am J Kidney Dis. 2007; 50:21-35.
[PubMed: 17591522]

Mosteller RD. Simplified calculation of body-surface area. N Engl J Med. 1987; 317:1098.
[PubMed: 3657876]

U.S. Census Bureau, Hispanic Population of the United States. [April 11, 2010] Available from
http://www.census.gov/population/www/socdemo/hispanic/tables.html

U.S. Census Bureau, The Hispanic Population. [April 23, 2010] Census 2000 Brief. Available from
http://www.census.gov/prod/2001pubs/c2kbr01-3.pdf

Gallagher D, Visser M, De Meersman RE, et al. Appendicular skeletal muscle mass: effects of age,
gender, and ethnicity. J Appl Physiol. 1997; 83:229-239. [PubMed: 9216968]

He Q, Heo M, Heshka S, et al. Total body potassium differs by sex and race across the adult age
span. Am J Clin Nutr. 2003; 78:72-77. [PubMed: 12816773]

Holden C. Peering under the hood of Africa’s runners. Science. 2004; 305:637-639. [PubMed:
15286361]

van Deventer HE, George JA, Paiker JE, et al. Estimating glomerular filtration rate in black South
Africans by use of the modification of diet in renal disease and Cockcroft-Gault equations. Clin
Chem. 2008; 54:1197-1202. [PubMed: 18487286]

Jafar TH, Schmid CH, Levey AS. Serum creatinine as marker of kidney function in South Asians:
a study of reduced GFR in adults in Pakistan. J Am Soc Nephrol. 2005; 16:1413-1419. [PubMed:
15800118]

Deurenberg P, Deurenberg-Yap M, Guricci S. Asians are different from Caucasians and from each
other in their body mass index/body fat per cent relationship. Obes Rev. 2002; 3:141-146.
[PubMed: 12164465]

Imai E, Horio M, Nitta K, et al. Modification of the Modification of Diet in Renal Disease
(MDRD) Study equation for Japan. Am J Kidney Dis. 2007; 50:927-937. [PubMed: 18037093]
Rule AD, Teo BW. GFR estimation in Japan and China: what accounts for the difference? AmJ
Kidney Dis. 2009; 53:932-935. [PubMed: 19463761]

Levey AS, Bosch JP, Lewis JB, et al. 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; 130:461-470. [PubMed: 10075613]

Lewis J, Agodoa L, Cheek D, et al. Comparison of cross-sectional renal function measurements in
African Americans with hypertensive nephrosclerosis and of primary formulas to estimate
glomerular filtration rate. Am J Kidney Dis. 2001; 38:744—-753. [PubMed: 11576877]

Ibrahim H, Mondress M, Tello A, et al. An alternative formula to the Cockcroft-Gault and the
modification of diet in renal diseases formulas in predicting GFR in individuals with type 1
diabetes. J Am Soc Nephrol. 2005; 16:1051-1060. [PubMed: 15716336]

Nelson RG, Bennett PH, Beck GJ, et al. Development and progression of renal disease in Pima
Indians with non-insulin-dependent diabetes mellitus. Diabetic Renal Disease Study Group. N
Engl J Med. 1996; 335:1636-1642. [PubMed: 8929360]

Lewis EJ, Hunsicker LG, Bain RP, et al. The effect of angiotensin-converting-enzyme inhibition
on diabetic nephropathy. The Collaborative Study Group. N Engl J Med. 1993; 329:1456-1462.
[PubMed: 8413456]

Feldman HI, Appel LJ, Chertow GM, et al. The Chronic Renal Insufficiency Cohort (CRIC) Study:
Design and methods. J Am Soc Nephrol. 2003; 14:5148-153. [PubMed: 12819321]

Poggio ED, Wang X, Greene T, et al. Performance of the modification of diet in renal disease and
Cockceroft-Gault equations in the estimation of GFR in health and in chronic kidney disease. J Am
Soc Nephrol. 2005; 16:459-466. [PubMed: 15615823]

Rule AD, Larson TS, Bergstralh EJ, et al. Using serum creatinine to estimate glomerular filtration
rate: accuracy in good health and in chronic kidney disease. Ann Intern Med. 2004; 141:929-937.
[PubMed: 15611490]

Kidney Int. Author manuscript; available in PMC 2014 November 05.


http://www.census.gov/population/www/socdemo/hispanic/tables.html
http://www.census.gov/prod/2001pubs/c2kbr01-3.pdf

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Stevens et al.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

Page 11

Gonwa TA, Jennings L, Mai ML, et al. Estimation of glomerular filtration rates before and after
orthotopic liver transplantation: evaluation of current equations. Liver Transpl. 2004; 10:301-3009.
[PubMed: 14762871]

Chapman AB, Guay-Woodford LM, Grantham JJ, et al. Renal structure in early autosomal-
dominant polycystic kidney disease (ADPKD): The Consortium for Radiologic Imaging Studies of
Polycystic Kidney Disease (CRISP) cohort. Kidney Int. 2003; 64:1035-1045. [PubMed:
12911554]

Bosma RJ, Doorenbos CR, Stegeman CA, et al. Predictive performance of renal function equations
in renal transplant recipients: an analysis of patient factors in bias. Am J Transplant. 2005;
5:2193-2203. [PubMed: 16095498]

Rook M, Hofker HS, van Son WJ, et al. Predictive capacity of pre-donation GFR and renal reserve
capacity for donor renal function after living kidney donation. Am J Trans. 2006; 6:1653-1659.
Grubb A, Nyman U, Bjork J, et al. Simple cystatin C-based prediction equations for glomerular
filtration rate compared with the modification of diet in renal disease prediction equation for adults
and the Schwartz and the Counahan-Barratt prediction equations for children. Clin Chem. 2005;
51:1420-1431. [PubMed: 15961546]

Froissart M, Rossert J, Jacquot C, et al. Predictive performance of the modification of diet in renal
disease and Cockcroft-Gault equations for estimating renal function. J Am Soc Nephrol. 2005;
16:763-773. [PubMed: 15659562]

Mauer M, Zinman B, Gardiner R, et al. ACE-l and ARBs in early diabetic nephropathy. J Renin
Angiotensin Aldosterone Syst. 2002; 3:262-269. [PubMed: 12584670]

Hansen HP, Tauber-Lassen E, Jensen BR, et al. Effect of dietary protein restriction on prognosis in
patients with diabetic nephropathy. Kidney Int. 2002; 62:220-228. [PubMed: 12081581]

Jacobsen P, Andersen S, Rossing K, et al. Dual blockade of the renin-angiotensin system in type 1
patients with diabetic nephropathy. Nephrol Dial Transplant. 2002; 17:1019-1024. [PubMed:
12032191]

Jacobsen P, Andersen S, Rossing K, et al. Dual blockade of the renin-angiotensin system versus
maximal recommended dose of ACE inhibition in diabetic nephropathy. Kidney Int. 2003;
63:1874-1880. [PubMed: 12675866]

Mathiesen ER, Hommel E, Giese J, et al. Efficacy of captopril in postponing nephropathy in
normotensive insulin dependent diabetic patients with microalbuminuria. Brit Med J. 1991;
303:81-87. [PubMed: 1860008]

Tarnow L, Rossing P, Jensen C, et al. Long-term renoprotective effect of nisoldipine and lisinopril
in type 1 diabetic patients with diabetic nephropathy. Diabetes Care. 2000; 23:1725-1730.
[PubMed: 11128341]

Kidney Int. Author manuscript; available in PMC 2014 November 05.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Stevens et al.

15.0
10.0
5.0
0.0
-5.0
-10.0
-15.0

-25.0
-30.0

Measured GFR-Estimated GFR, ml/min/1.73 M

-35.0
-40.0

-20.0 -

White

US and Europe Validation Datasets

Figure. Performance by level of estimated GFR

Black

Asian

Hipanic

China

Page 12

eGFR Cateqgories

= 0-60

60-90

m >90

pan

fic

Non-US and Europe Validation

Datasets

Comparison of performance of Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) equation (2-level race equation) to the 4-level race equation by estimated GFR in the

external validation datasets by level of eGFR.

Kidney Int. Author manuscript; available in PMC 2014 November 05.




Page 13

Stevens et al.

('zg) g8t (61) 6T (Lv) zzen (€2) zL1T (t€) 865 2W/Bx o€ <

(822) 86 (28) L (ee)L58 (2€) og6T (se) zz6e 2W/Bx 0g-92

('81) 59 (ov) ov (L7) 9vy (9¢) 9681 (0€) Lyve W/ G2-02

(Cak W v () 09 (r)812 (e) L82 2w/ 0g>
T00'0> (%) N sariobaed |INg
100°0> (6) TE () 9z () te (9) 22 (9) 82 /6y *(@s) uesw ‘xaput ssew Apog
100'0> (Sz0) 16T (tz0) 22T (S2'0) 002 (€2°0) 06'T (¥z'0)6'T A '(as) uesw "eaie adelins Apog
100°0> (zoT) ezt (t6'0) €21 (60'T) 28T (6T'T) 8S'T (9T'T) 99'T  Fp/6w ‘(AS) UesW ‘3UILINEAID WINISS
000> (sv) 06 (1) L5 (22) 58 (ev) €L (ov) 89 U &2 T/unyju *(Qs) Uesw ¥49

(2'66) ¢5¢€ (s6) G6 (66)195¢ (v6) 988Y (96)v68. ON

(€07 Qs M e (9) oee (¥) 09¢ SOA
T00°0> (%) N uejdsues |

(tv) avT (29) 19 (68) S0€T (¥9) T€EE (T2) 8v8S ON

(65)802 (eg) ee (TT)08e (9€) 5881 (62) 90vC SOA
100°0> (%) N sa1eqe1q

(sv) 09T (65) 65 (T9) 9951 (55) €982 (99)8Y9v aleN

(s5) e6T (™) v (6€) 670T (sv) esee (¥¥) 909 afewaS
100'0> (%) Nxas

(e) ot (TD T (91) 26€ (1) €09 (¢1) veot s1eak 69 <

(¥5) 681 (09) 05 (89) 99.1 (Tv) V12 (05) vSTY s1eak G9-0

(v) ¥ST (9¢) 9 (971) 22y (Lv) vove (28) 9.20¢ sieah o >
100°0> (%) N sari0Bayes by
100°0> (en) ey (s1) B (e7) €5 (ST vy (Cais sseaf (Qs) ueaw ‘aby
€g¢ 00T 852 9125 528 N

sanfen-d  oluedsiH pue uediiswy aAlleN uesy xoel|g Jaylo pue alym

JSTRIVVIERERER Il BAO a|qelrep

NIH-PA Author Manuscript

T alqel

s1asele uawdojanaq ul sjuedidied ayl 4O SaNsLIaoeIRYD [edlull) e

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Kidney Int. Author manuscript; available in PMC 2014 November 05.



Page 14

'19T0°0 Aq Ajdninw .NE Jad s/ W 01 Zw €/°T Jad urw/ W woly Y49 UaAU0D 0 "ajel uonesl|iy Jejniawolb = 449

*7970°0 Aq Ajldnnw ‘zw g/ Jad s/w 01 Zw £7°T Jad UIL/TW WOJL H49 LUSAUOD 0] "8)ed uoles|iy Jejniawolb = Y49

Stevens et al.

(02) 02 (9) ee (2R (t9) ztt 9) v (v¥) 891 (e2) 2sL 2W/B o€ <

(02) 0¢ (22) 181 (8T)5¥ (92) 61 (9¢) vz (o) g1t (se) 8.11 2W/Bx 0g-52

(wv) vy (z9) vse (9) LT (e1) 2e (t9) ve (z2) v8 (9¢) €eet 2W/B¥ G2-02

(sT) a1 (91) L0T (z2) a5 Me (s () L1 (1) gze 2w/B 0z>
100°0> (%) N 'sari0Ba1ed |ING
000> (s) 9z () vz (v) ez (8) e ) ve (1) og (9) 1z /By *(as) ueaw ‘xepul ssew Apog
1000> (T 22T (®UOTLT (BT0)29T (62°0)86'T (ozo)orT (€20) 56T (€2°0) 06'T Au '(as) ueaw ‘eate adepns Apog
1000> (T27T)2.T (8T2)Gez (950) ve'T (£0)60 (tr1)e6'T  (62°0) 08T (76'0) 8Y'T 70/6w (QS) UeaW ‘auluIesId WIS
100°0> (ce) 19 (se) 55 (te) €5 (Lv) sot (te) €5 (¥e) 29 (9¢) 69 U &2 T/upuyjus 1(QS) Uesw 49

0 0 0 (86) 28T (06) 09 (98) zeg (89) 90€2 ON

0 0 0 @c¢ (om) L 1) 25 (ze) zL01 SOA
T00°0> (%) N ‘uejdsues |

(v6) €6 (26) ¥59 (98) €12 (29) 99 (62) €5 (52) 682 (t2) €ove ON

99 &)1z (v1)5e (¥9) 61T (t2) v1 (s2) g6 (62) 626 SOA
100°0> (%) N 'sa1aqe1Q

(05) 05 (T9) Lve (59) 9T (0€) 55 (z9) se (zg) ooz (58) G981 aleN

(6v) 67 (6v) 8c€ (sv) etT (02) oeT (8v) ze (8v) v8T (sv) €151 alewad
7000 (%) N xas

(sT) a1 (02) geT (s2) 19 (9ot (61) €T (1) 87 (1) 205 s1eak 69 <

(Szv) ey (6v)eee (L8) 26 (89) L0T (z9) se (89) vee (99) 8681 s1eak G9-0

(Sevyer  (18) L0C (8¢) 56 (28) 89 (82) 6T (62) 211 (62) 8L6 s1eak oy >
100°0> (%) N 'sar106ayed by
1000 (VAYA7 (sT) 05 (81) 05 (1) o (sT) 18 (s1) 08 (sT) 67 seaA (Qs) ueaw ‘aby
66 .9 8vz 81 L9 8¢ 8LE¢€ N

sanfea-d xoelg uesy uesy JlUedsIH pue uedlewy aAIeN uesy Moe|g BY10 pue allym

8doIn3 pue SN-UoN (Bdoing puesn) 1d3-aMO a|qerrep

[E¥wseTeq UoHEpI[e A UISIUEd 1l fed SU1 JO SOlIs1eI08 :eUD [eoulfD qT olqe L

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Kidney Int. Author manuscript; available in PMC 2014 November 05.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Stevens et al.

Table 2

Race-Ethnicity Coefficients (95% Confidence Intervals)*

Equation White and other Black Asian Native American and Hispanic
2 level race 1.0 (ref) 1.157 (1.144, 1.170) - -
4 level race 1.0 (ref) 1.160 (1.146, 1.173) | 1.052 (1.004, 1.102) 1.010 (0.984, 1.037)

*
Corresponds to percent increase in estimated GFR for the same level of serum creatinine.
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Table 3

Page 16

CKD EPI Equation for Estimating GFR on the Natural Scale Expressed for Race, Sex and Range of Serum

Creatinine.

2-L evel Race Equation

Race Sex Serum Creatinine eGFR (ml/min/1.73 m?)

Black Female <0.7 mg/dl 161 x (0.993)A% x (Scr/0.7)70329
Black Female >0.7 mg/dl 161 x (0.993)A% x (Scr/0.7)~1.209
Black Male < 0.9 mg/di 163 x (0.993)A% x (Scr/0.9)"0:411
Black Male >0.9 mg/dl 163 x (0.993)A% x (Scr/0.9)1209
White and other ~ Female <0.7 mg/dl 139 x (0.993)A%¢ x (Scr/0.7)70:329
White and other ~ Female >0.7 mg/dl 139 x (0.993)A% x (Scr/0.7)71209
White and other ~ Male <0.9 mg/dl 141 x (0.993)A% x (Scr/0.9)~0411
White and other ~ Male >0.9 mg/dl 141 x (0.993)A% x (Scr/0.9)~1:209

4-L evel Race Equation

Race Sex  Serum Creatinine eGFR (ml/min/1.73 m?)

Black Female <0.7 167 x (0.993)A% x (Scr/0.7)0328
Black Female >0.7 167 x (0.993)A¢¢ x (Scr/0.7)7L210
Black Male <09 164 x (0.993)A% x (Scr/0.7) 0415
Black Male >0.9 164 x (0.993)A¢® x (Scr/0.7) 1210
Asian Female <0.7 151 x (0.993)A% x (Scr/0.7)0-328
Asian Female >0.7 151 x (0.993)A¢® x (Scr/0.7)"L210
Asian Male <09 149 x (0.993)A% x (Scr/0.7) 70415
Asian Male >0.9 149 x (0.993)A¢® x (Scr/0.7) 1210
Hispanic and Native American  Female <0.7 145 x (0.993)A% x (Scr/0.7)70-328
Hispanic and Native American ~ Female >0.7 145 x (0.993)A% x (Scr/0.7)71-210
Hispanic and Native American ~ Male <09 143 x (0.993)A%¢ x (Scr/0.7)70415
Hispanic and Native American ~ Male >0.9 143 x (0.993)A%¢ x (Scr/0.7)71-210
White and other Female <0.7 144 x (0.993)A% x (Scr/0.7)70-328
White and other Female >0.7 144 x (0.993)A%¢ x (Scr/0.7)71-210
White and other Male <09 141 x (0.993)A%¢ x (Scr/0.7)70415
White and other Male >0.9 141 x (0.993)A%¢ x (Scr/0.7)71-210

CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration. To convert GFR from mL/min/1.73 m2 to mL/s/1.73 m2, multiply by 0.0167. To
convert serum creatinine from mg/dL to umol/L, multiply by 88.4. CKD-EPI equation coefficients derived from pooled development and internal

validation datasets. CKD-EPI 2 level equation expressed as a single equation: GFR = 141 x min(Scr/k, 1)@ x max(Scr/k, 1)'1-209 x 0.993AG€ x
1.018 [if female] x 1.159 [if Black] where Scr is serum creatinine, k is 0.7 for females and 0.9 for males, a is —0.329 for females and —0.411 for

males, min indicates the minimum of Scr/k or 1, and max indicates the maximum of Scr/k or 1. 4 level equation, GFR = 141 x min(Scr/k, 1)@ x

max(Scr/k, 1)_1-210 x 0.993A9€ x 0,993 [if female] x 1.16 [if Black] x 1.05 [if Asian] x 1.01 [if Hispanic and Native American] where Scr is
serum creatinine, k is 0.7 for females and 0.9 for males, a is —0.412 for females and —0.328 for males, min indicates the minimum of Scr/k or 1,
and max indicates the maximum of Scr/k. In the table, the multiplication factors for race and sex are incorporated into the intercept, resulting in
different intercepts for age and sex combinations.

Kidney Int. Author manuscript; available in PMC 2014 November 05.



Page 17

"£9T0°0 Ag Ajdimnui ‘zw £2°7/s/7W 0} W £ T/UILTW WOy ¥4 UAAUOI 0]

"S|RAJ31UI SOUSPILUOD 04G6 S8 SI8YIRIQ Ul SIaquinp "10.413 asenbs ueaw 1004 ay) si
JNSY ‘449 Painsesw JO 9,0E UIYIM aJe Jey] satewwnss H49 Jo abejuaolad ay 03 siagal 0E4 ‘anusalad yiG/—Gz ayi 01 siajal (Y1) abuel ajiuenbiaiu] ‘449 Palewss - Y49 painsealu se pajenojes si seig

Stevens et al.

0T€'0'222°0)¥92°0 (ver'0'8LT0)e62°0  (992°0'T220)evz’0  (6G2°0'0¥2°0) 0520  (652°0'Cy20)0S20 Pl -
(0T€°0'€22°0)592°0 (9e1°0'88T°0)20€'0  (S92°0'TZ20)eye’0  (8G2°0'0¥2°0) 0520 (6S2°0°Che0)0S20  PMIC
(28'92) 18 (e6'92) 58 (s8'08) 8 (s8'e8) 8 (s8'e8) 8 prel-y % ‘0Ed
0
(s8'v2) 08 (€6'92) S8 (g8'82) 28 (98'¢8) ¥8 (g8'c8) 8 el
(cee's02) 192 (Tot'o6) €2t (o21'9°2T) T'ST (921'0°9T) 89T (o21'T9T) 02T prel-y .
LW L T/UIW/ W YOI
(0°2€'8°02) 9'S¢ (971'0'8) 50T (9°21'9°21) T'ST (9°21'0°91) 8°9T (9°2T'T°91) 0°2T prel-¢
(zv'0e-) 9T (9z'zz-) 80 (9°0'02-) 60— (re'sz) 6 (62'T2) 5T PRI
w g/ T/ulW/|wselg
(Ts'Te-)ee rv'e0)Te (90'02-) 8°0- (ze'vra) ez (6212 5T prol-g
G8T 19 8¢ 8/ce vTOY N
olueds|H pue uedl WY dAIRN uesy xoe|d JBy10 pueslym e L uoizenb3 s nses |\

Kidney Int. Author manuscript; available in PMC 2014 November 05.

Ao1uy13-s0ey Aq (doin3 pue SN) 18Se1RQ UOIEPI[EA [RUISIXT |dT-AMD Ul 8dUBWI0LIS
v alqel
NIH-PA Author Manuscript

NIH-PA Author Manuscript NIH-PA Author Manuscript



Page 18

Stevens et al.

'1910°0 Aq Ajdinjnw W EL'T/S/I 0) 5 £ T/UIL/TW 0L =D HAAUOD 01 "S[BAIZIU 33UPIUOD %%G6 e SIa4IeIQ Ul SIAGUINN “I0LId alenbs ueaw 1001 8y} I

JNSY ‘449 Painsesw JO 9,0E UIYIM aJe Jey] satewwnss H49 Jo abejuaolad ay 03 siagal 0E4 ‘anusalad yiG/—Gz ayi 01 siajal (Y1) abuel ajiuenbiaiu] ‘449 Palewss - Y49 painsealu se pajenojes si seig

NIH-PA Author Manuscript

(z9e70'z62°0) L2e0  (€55°0'€97°0) L0G0  (EVE'0'S62°0) 8TED  PMOIY -
(T9e°0'262°0) 92€0  (STS0'v2y0) 69v°0  (87E€°0°20E0) SZE0  PMIC
(979's°9Y) 9'55 (e'er'90e) £'9e (1s1'189) 2L prel-y % ‘0Ed
0
(9%9'5°9v) 9'SS (T'se'8'€2) v'62 (99.'6'69) T'€L el
(ree's0e) 0'82 (0'9z'v'02) ST (rL1'yvT) §°ST prel-y .
LW L T/UIW/ W YOI
(e7€€'8°02) 0’8 (6'€2's'8T) 0’12 (§'81'0°ST) £9T prel-¢
(9,-'e81-)5¢T-  (z'81-'€'€2-) ¥'Te- (zz'90 €T PRIy )
LW L T/uIW/|W 'selg
(92-'¢8T-) vzt-  (Lv1-'T02-) 8°21- (L€'6T1) L2 prol-g
66 8z G/9 N
(>0e|g) BO144V YInos (uesy) veder (uesvy)euyd uoizenb3 s nses |\

G 9lqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Aua1uy13-soey pue Aunod Ag 18sereq uoneplijeA [euialx3 adoing pue SN UON Ul 80UBWIOLISd

Kidney Int. Author manuscript; available in PMC 2014 November 05.



