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Abstract

Background: Estimated glomerular filtration rate (eGFR) is very important in clinical practice,
although it is not adequately tested in different populations. We aimed at establishing the best
eGFR formulas for a Brazilian population with emphasis on the need for race correction. Meth-
ods: We evaluated 202 individuals with chronic kidney disease (CKD) and 42 without previously
known renal lesions that were additionally screened by urinalysis. Serum creatinine and plasma
clearance of iohexol were measured in all cases. GFR was estimated by the Mayo Clinic, abbrevi-
ated Modification of Diet in Renal Disease (MDRD) and Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) formulas, and creatinine clearance was estimated by the Cockcroft-
Gault (CG) formula. Plasma clearance of iohexol was used as the gold standard for GFR determi-
nation and for the development of a Brazilian formula (BreGFR). Results: Measured and esti-
mated GFR were compared in 244 individuals, 57% female, with a mean age of 41 years (range
18-82). Estimates of intraclass correlation coefficients among the plasma clearance of iohexol
and eGFR formulas were all significant (p < 0.001) and corresponded to the following scores: CG
0.730; obesity-adjusted CG 0.789; Mayo Clinic 0.804; MDRD 0.848; MDRD1 (without race adjust-
ment) 0.846; CKD-EPI 0.869; CKD-EPI1 (without race adjustment) 0.876, and BreGFR 0.844. Con-
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clusions: All cited eGFR formulas showed a good correlation with the plasma clearance of io-
hexol in the healthy and diseased conditions. The formulas that best detected reduced eGFR
were the BreGFR, CKD-EPI, and CKD-EPI1 formulas. Notably, the race correction included in the
MDRD and CKD-EPI formulas was not necessary for this population, as it did not contribute to
more accurate results. Copyright © 2012 S. Karger AG, Basel

Introduction

Renal function is mainly measured by glomerular filtration rate (GFR). Presently, serum
creatinine is the endogenous marker most commonly used in clinical practice to monitor
renal function, although its concentration presents considerable intra- and inter-individual
variations, and there are many interfering factors that make its determination imprecise in
certain circumstances [1]. To increase the accuracy of this test, which is an easily available
and simple laboratory determination, formulas for estimating GFR were developed. The fol-
lowing formulas are used, among others: Cockcroft-Gault (CG) [2], CG with correction for
obese subjects [3], 4- and 6-parameter Modification of Diet in Renal Disease (MDRD),
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) [4], and Mayo Clinic [5].
Most of these formulas are used in adults, but some were developed for application in chil-
dren, such as those proposed by Schwartz and Work [6]. The formulas cited use serum cre-
atinine (eventually associated to other laboratory analytes) as the main marker, others use
serum cystatin C [7] or both.

GFR estimates are an approximation of true GFR that attempt to overcome the limita-
tions of serum creatinine and creatinine clearance without increasing costs and time loss.
Variability in GFR estimation is partially determined by interassay serum creatinine differ-
ences in different laboratories [8].

It is already known that values estimated by the CG formula tend to be higher than true
GFR estimates by other GFR formulas; this overestimation may be due to the fact that the
CG formula predicts creatinine clearance, which involves both true GFR and creatinine ex-
cretion via tubular secretion. In the case of large adiposity or edema, the inclusion of a weight
coefficient in the formula causes a GFR overestimation. It is noteworthy that the formula of
the MDRD study proved to be inadequate to predict normal GFR, especially for upper nor-
mal levels of GFR.

In addition, some eGFR formulas involve race adjustment factors to provide better per-
formance in multiracial populations. Such correction factors may not be adequate in popu-
lations that have a widely different ethnic composition compared to those for which the
original formula was developed. To study the effects of racial differences, we evaluated dif-
ferent eGFR formulas in a Brazilian population that has a multiethnic composition.

Materials and Methods

Study Participants

We evaluated 244 individuals, of whom 138 (57%) were female. The mean age of males
was 40.6 * 15.5 years (range 18-82) and of females 42.6 * 14.4 years (range 18-81). Race
was evaluated for 230 participants: 3 (1.3%) were of Asian descent, 119 (51.7%) of Caucasian,
and 18 (7.8%) of African descent, and 90 (39.1%) were biracial (mixed Caucasian and African
descent). Of the subjects, 202 had chronic kidney disease (CKD); most of these had glomer-
ulopathies and were followed in the Glomerulopathy Outpatient Clinic of the Federal Uni-
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versity of Sao Paulo (Brazil). As a control group, 42 subjects without previously known renal
disease were screened by clinical evaluation and urine dipstick test.
This study was approved by the local ethical committee and all participants gave in-
formed consent.

Methods

Proteinuria and Serum Albumin

Proteinuria was measured by the pyrogallol red technique (Olympus AU400), and serum
albumin was determined by the bromocresol green technique (Olympus AU400).

Creatinine

Serum creatinine was determined by an automated method based on the alkaline picrate
reaction in a Hitachi 912-Roche isotope dilution mass spectrometry (IDMS)-calibrated solu-
tion, and the results were expressed as mg/dl.

The estimated GFR (eGFR) was determined by the following formulas: traditional and
obesity-adjusted CG, Mayo Clinic [5], MDRD [2] and CKD-EPI [4], as well as MDRD1 and
CKD-EPII (i.e. the MDRD and CKD-EPI formulas without race correction, respectively).
The eGEFR results were adjusted for body surface area in each formula.

Iohexol Clearance

Each patient was given a 5-milliliter iohexol solution (Omnipaque, Sanofi) intravenous-
ly. Blood samples were obtained via an intravenous cannula in the contralateral arm at 120,
180, and 240 min after injection. Serum iohexol levels were determined by capillary electro-
phoresis, as described by Shihabi and Constantinescu [9]. After deproteinization of the sam-
ples by mixing with acetonitrile, the supernatants were introduced into the capillary and
electrophoresed using a capillary electrophoresis system (Beckman, model 5010). GFR was
calculated from the plasma clearance of iohexol using the slope intercept method (one-com-
partment model) and approximated to a two-compartment model using the Brochner-
Mortensen equation.

Statistical Analysis

Quantitative variables were presented as median, minimum and maximum, mean and
standard deviation values, and the categorical variables were presented as absolute and rela-
tive (percentage) frequencies. The reproducibility of the eGFR formulas versus iohexol clear-
ance was estimated by the intraclass correlation coefficient. A Brazilian formula of GFR
(BreGFR) was created using a multiple linear regression model.

The statistical significance corresponded to a p value <5% (p < 0.05). The statistical
analysis was performed with the SPSS 15.0 software for Windows.

Results

The CG, CG with correction for obesity, MDRD, MDRDI1 (without race adjustment),
CKD-EPI, CKD-EPI1 (without race adjustment), and Mayo Clinic formulas for estimating
GFR were applied to the group of individuals involved in the present study concerning io-
hexol clearance. These results are presented in table 1 and figure la—f. Using the available
laboratory and demographic data, an additional formula intended to perform better in a Bra-
zilian population was developed. This equation (table 1; fig. 1f) is as follows: BreGER for fe-
males = 2.464 - 0.285(age, years) + 0.216(weight, kg) + 61.073(1/creatinine, mg/dl), and Bre-
GEFR for males = 9.734 - 0.285(age, years) + 0.216(weight, kg) + 61.073(1/creatinine, mg/dl).
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Table 1. Results of eGFR formulas in the populations of healthy and CKD individuals

GFR measures (ml/min/1.73 m?)

n mean median  min. max. SD
Iohexol clearance 244 61.31 57.00 8.00 135.00 33.58
CG* 244 74.39 67.35 4.80 231.30 44.15
Obesity adjusted CG* 244 69.57 64.49 427 204.56  40.34
Mayo Clinic 244 74.61 79.05 5.30 150.10 41.43
MDRD (Afro-descendant-adjusted) 230 60.40 53.50 2.00 201.00 37.09
MDRDI1 (without race adjustment) 230 64.87 59.00 3.00 244.00 40.41
CKD-EPI 230 64.64 58.50 2.00 149.00 37.55
CKD-EPI1 230 68.08 63.00 3.00 172.00 39.53
BreGFR 244 61.54 58.05 7.33 160.07 28.67

2 CG formula estimates creatinine clearance (not GFR).

Table 2. Estimates of intraclass correlation coefficients among iohexol clearance and eGFR formulas (CG,
obesity-adjusted CG, Mayo Clinic, MDRD, MDRDI, CKD-EPI, CKD-EPI1, and BreGFR)

Iohexol clearance vs. evaluated formulas ICC 95% CI (ICC) p

CG 0.730 0.665-0.783 <0.001
Obesity-adjusted CG 0.789 0.736-0.832 <0.001
Mayo Clinic 0.804 0.755-0.844 <0.001
MDRD 0.848 0.808-0.881 <0.001
MDRD1 0.817 0.769-0.856 <0.001
CKD-EPI 0.869 0.834-0.898 <0.001
CKD-EPI1 0.845 0.804-0.878 <0.001
BreGFR 0.844 0.803-0.876 <0.001

ICC = Intraclass correlation coefficient; CI = confidence interval.

The concordance between iohexol clearance and the tests for estimating GFR was then
evaluated, and we observed a good correlation among iohexol and the CG, obesity-adjusted
CG, Mayo Clinic, MDRDI1, MDRD, CKD-EPI, and CKD-EPI1 formulas, respectively. In fig-
ure 1, the circles next to the 45° line indicate a good correlation (reproducibility of measures);
the circles above the line indicate values that are underestimated, and those below are over-
estimated based on iohexol clearance as the gold standard.

The CG, obesity-adjusted CG, MDRD, MDRD]I, and Mayo Clinic formulas showed a
tendency to overestimate iohexol clearance. Notably, the CKD-EPI, CKD-EPI1, and BreGFR
formulas provided a more precise estimate of iohexol clearance levels <60 ml/min as opposed
to more elevated levels. This result can be observed in figure 1, in which the horizontal line
represents the value of 60 ml/min for each of the methods used to estimate GFR.

In the Bland-Altman plot presented in figure 2, the central (continuous) line represents
total concordance, and the dashed lines represent the acceptable limits of discordance be-
tween these methods. The limits were not completely respected by any of the methods; how-
ever, discordance was certainly more marked for higher mean values (>100 ml/min) in each
pair of measures that were compared.

Intraclass correlation coefficients were estimated between the plasma clearance of io-
hexol and the eGFR markers, and these data are presented in table 2 and figure 3. As shown,
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Fig. 1. Distribution of data according to plasma clearance of iohexol and eGFR formulas (ml/min/1.73 m?).

the concordance of the CG formula with iohexol clearance is statistically lower when com-
pared to the MDRD, MDRDI1, CKD-EPI, CKD-EPI1, and BreGFR formulas.

We considered a patient with a low GFR to have iohexol clearance <60 ml/min, and the
cutoff points for the eGFR were established by using this parameter for comparison. These
cutoffs and the sensitivity and specificity for each eGFR formula are shown in table 3.

Notably, the respective cutoff points for all formulas evaluated here are adequate mea-
sures to classify the individuals as having or not having CKD or GFR deficits, as they have
high sensitivity and specificity.
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Fig. 2. Distribution of differences and mean plasma clearance of iohexol and each of the eGFR formulas.

Discussion

In a world where the frequency of CKD is increasing, adequately measuring GFR has
become a matter of concern, and estimating GFR has been widely recommended to improve

the detection, evaluation, and management of CKD.

Several precise methods for the determination of GFR using inulin, the gold standard
method, and isotopic markers have been developed; however, they are usually cumbersome,
expensive and, consequently, not applicable in daily practice. Thus, to evaluate GFR easily

and quickly, formulas have been developed to estimate GFR as accurately as possible.
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Table 3. Estimates of the best cutoff point, sensitivity and specificity for the CG, obesity-adjusted CG,
MDRD, MDRD1, CKD-EPI, CKD-EPI1, Mayo Clinic, and BreGFR formulas, considering iohexol clear-
ance <60 ml/min as the gold standard for reduced GFR

Cutoff  Sensi- 95% CI Speci- 95% CI AUC  95% CI

point  tivity  (sensitivity) ficity  (specificity) (AUC)
CG 61.9 0.846  0.773-0.899 0933 0.873-0.965 0945 0.917-0.972
Obesity-adjusted CG  65.4 0.887  0.819-0.931 0.883 0.813-0.929 0.951  0.926-0.976
Mayo Clinic 81.7 0.935 0.877-0.966  0.925 0.863-0.960 0.971  0.953-0.990
MDRD 54 0.901  0.835-0.942 0953 0.896-0.980 0.975  0.963-0.987
MDRD1 61 0.909 0.845-0.948 0.916 0.849-0.955 0.973  0.958-0.988
CKD-EPI 61 0.909 0.845-0.948 0.935 0.872-0.968 0.974  0.960-0.989
CKD-EPI1 70 0.942  0.886-0.971 0.898 0.826-0.942 0.974  0.960-0.988
BreGFR 58.48 0924 0.868-0.961 0933 0.874-0.966 0.976  0.960-0.992

CI = Confidence interval; AUC = area under the curve (ROC).

Such formulas present specific limitations that are at least in part inherent to the demo-
graphic profile of the original population as the populations in which the formulas are ap-
plied are often different from those for which they were developed. Thus, researchers are still
looking for an ideal formula to estimate GFR.

In this study, we used plasma iohexol clearance as the main measure of renal function
(glomerular filtration); this measurement is a widely recognized and applied technique and
is a gold standard for estimating GFR. In the evaluation of normal subjects and patients with
CKD, most of whom have glomerular diseases and various GFR levels, iohexol clearance
showed a good correlation with all estimates of GFR tested here. This result confirms the
usefulness of these estimations as measures of GFR. However, the best correlations were ob-
served between iohexol clearance and the BreGFR, CKD-EPI, and MDRD formulas.

Recently, it has been demonstrated that the CKD-EPI formula performs better in healthy
people than others [8], which is easily understandable when we analyze the populations in-
volved in the development of each formula. For example, the MDRD was created in a study
involving only patients with CKD, and this aspect could explain its more reliable estimation
in patients with GFR <60 ml/min. Nevertheless, the accuracy of the CKD-EPI formula is
close to that of the MDRD [10].

Next, the limitations frequently observed in the application of eGFR formulas could
have many explanations (for example, the type of population studied to develop a formula,
as mentioned above). Moreover, patients with CKD may have lower muscle mass and di-
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etary protein intake than healthy people, leading to increased errors when estimation for-
mulas derived from diseased populations are applied to healthy people [11]. Differences in
the creatinine assays can also contribute, but this error source has been minimized by as-
say standardization and correction for ethnic population characteristics, among other
measures.

It is also necessary to emphasize that differences between the estimated and measured
GFR could reflect, in part, measurement errors in the GFR and normal biologic variations
of GFR, both of which are greater at higher GFR levels. Thus, reported differences would tend
to overestimate the magnitude of the differences between the estimated and true GFR, espe-
cially at higher GFR levels when reported on the raw scale rather than as a percentage. Such
differences represent a limitation of the GFR measurement rather than of the estimation for-
mulas themselves [11].

We have used the correction of the CG formula created by Saracino et al. [3] for over-
weight and obese patients. However, in a randomly selected population such as ours, this
correction did not improve the performance of the formula. Nevertheless, it is an interesting
tool in studies directed specifically toward an obese population.

As all existing formulas have limitations, there has been a tendency in recent years to
develop new formulas to estimate GFR. For example, the 4 variable MDRD was not adequate
when applied to hospitalized Japanese patients with an eGFR <60 ml/min/1.73 m?. There-
fore, the Japanese Society of Nephrology-Chronic Kidney Disease Initiatives (JSN-CKDI)
coefficient was created, and this formula had good performance in an initial study [12].

In fact, according to several authors [13-16], the MDRD study formula does not ade-
quately reflect measured GFR in the Japanese population or any other Asian population,
suggesting that it is necessary to develop a new formula or an ethnic correction coefficient
for the MDRD study formula.

Certainly, this phenomenon is not restricted to Asians. Similar concerns exist in several
countries [13-16], and the same problem may occur in all populations whose ethnic compo-
sitions and levels of renal involvement, age ranges or other relevant characteristics are mark-
edly different from those populations for whom the formulas were developed.

The Brazilian population has a peculiar ethnical composition that was recently evalu-
ated in a comprehensive genetics-based study. It has been shown that, irrespective of their
‘color’ or ‘race’ self-identification, most Brazilians share European and African genetic an-
cestries and many also have a significant proportion of Amerindian ancestry [17]. In fact, the
heterogeneity of our population cannot be adequately represented by arbitrary ‘race/color’
categories, and this finding represents another reason why it is not advisable to add such an
imprecise parameter to formulas proposed to increase the accuracy of a laboratory test.

Nevertheless, we have tested the contribution of ‘race/color’ parameters in well-estab-
lished eGFR formulas. It was shown that the correction suggested in previous studies for race
(initially directed to African-Americans in the USA) has not added useful information for
Brazilians, particularly when a practical and simple test is the goal of physicians and labora-
tories, as is the case when the intention is to estimate GFR in the general population for
screening purposes.

Notably, the CG formula is widely used by students, residents, and physicians, but not
the MDRD and CKD-EPI formulas; the latter two are more adequate for clinical laboratories.

Although estimating GRF is recognized as a tool for prevention and early diagnosis of
CKD [18], imprecise results can be an obstacle to its use by highly respected clinical labora-
tories whenever the serum creatinine level is used. Thus, establishing more accurate formu-
las or adequate correction factors for specific populations could be a tool to generalize the
use of eGFR and to contribute to a more precise evaluation of GFR based only on simple
laboratory tests and formulas.
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Considering the increase of CKD worldwide, estimating GFR has been advocated as a
tool for early diagnosis of CKD in the general population. Although widely used, the ade-
quacy of the available formulas for various target populations has been increasingly ques-
tioned. Awareness of population differences and the need of a more rigorous selection of
formulas must be addressed. For instance, it is possible that formulas that are adequate for
CKD screening are not similarly appropriate for drug dosage adjustments in special groups
of patients, such as the elderly.

It is necessary to clarify that the Brazilian formula developed here is not necessarily a
preferential or alternative equation to be used in our population because its performance was
not markedly superior to most other equations tested within this study.

Ultimately, in this studied Brazilian population, all formulas were similarly successful,
and the race adjustment was not associated with better performance, demonstrating that it
is not necessary, especially as part of an automatic eGFR laboratory reporting system for
CKD screening purposes, when serum creatinine is measured.
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