Clinical Biochemistry 46 (2013) 1423-1429

Contents lists available at ScienceDirect

Clinical Biochemistry

journal homepage: www.elsevier.com/locate/clinbiochem

Comparison between IDMS-traceable Jaffe and enzymatic creatinine
assays for estimation of glomerular filtration rate by the CKD-EPI
equation in healthy and diabetic subjects

@ CrossMark

Amanda Veiga Cheuiche ¢, Ariana Aguiar Soares ¢, Eduardo Guimardes Camargo °, Leticia Schwerz Weinert ?,
Joiza Lins Camargo *°, Sandra Pinho Silveiro *<*
@ Graduate Program in Medical Science: Endocrinology, Universidade Federal do Rio Grande do Sul (UFRGS), Brazil

b Clinical Pathology Department, HCPA, Brazil
¢ Endocrine Unit, HCPA, Brazil

ARTICLE INFO ABSTRACT

Objectives: The aim of this paper was to compare the agreement between creatinine measured by Jaffe
and enzymatic methods and their putative influence on eGFR as calculated by the CKD-EPI (Chronic Kidney
Disease Epidemiology Collaboration) equation in healthy and diabetic individuals.

Design and methods: Cross-sectional study conducted in 123 adult southern Brazilians with
GFR > 60 mL/min/1.73 m? (53 patients with type 2 diabetes, 70 healthy volunteers). Mean age was 49 +
16 years (range of 19-86). Most were female (55%) and white (83%). Creatinine was measured by a traceable
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K ds: . . . . .
Cz:?;i;e Jaffe method (Modular P, Roche Diagnostic) and by an enzymatic method (CREA plus, Roche/Hitachi 917).
Glomerular filtration rate GFR was measured by the >!Cr-EDTA single-injection method.

Enzymatic Results: Serum creatinine measured by the Jaffe and enzymatic methods was similar in healthy subjects

Jaffe (0.79 + 0.16 vs. 0.79 + 0.15 mg/dL, respectively, P = 0.76), and diabetic patients (0.96 4 0.22 vs. 0.92 +
CKD-EPI 0.29 mg/dL, respectively, P = 0.17). However, the correlation between the two methods was higher in the
MDRD healthy group (r = 0.90 vs. 0.76, P < 0.001). The difference between Jaffe creatinine and enzymatic creati-
Kid“ey f”““i"’“ nine was <10% in 63% of cases in the healthy group and 40% of cases in the diabetes group (P = 0.018). In
Diabetes mellitus the subset of patients with diabetes, eGFR based on enzymatic assay results showed better agreement with

measured GFR than did eGFR based on Jaffe results.
Conclusion: Jaffe and enzymatic creatinine methods show adequate agreement in healthy subjects, but in
the presence of diabetes, the enzymatic method performed slightly better.
© 2013 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.

Introduction

The National Kidney Foundation (NKF) defines chronic kidney dis-
ease (CKD) as the presence of structural or functional renal abnormal-
ities for at least 3 months [1].

Two laboratory parameters, albuminuria and glomerular filtration
rate (GFR), are the cornerstone for the diagnosis and classification of
CKD [2]. Measured GFR is considered the reference method, but is re-
stricted to special situations [3] because of its complexity and high
cost. Hence, in daily clinical practice, estimation of GFR (eGFR)
using equations based on serum creatinine levels adjusted for age,
gender and ethnicity is the recommended approach for evaluation
of renal function. Neither the CKD-EPI (Chronic Kidney Disease

Abbreviations: eGFR, estimated glomerular filtration rate; CKD-EPI, Chronic Kidney
Disease Epidemiology Collaboration; MDRD, Modification of Diet in Renal Disease.
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E-mail address: silveirosandra@gmail.com (S.P. Silveiro).

Epidemiology Collaboration) nor the MDRD (Modification of Diet in
Renal Disease) study equation is optimal across all populations and
GFR ranges [4,5], but the CKD-EPI equation appears to be superior
for categorization of patients in terms of clinical risk [6]. The National
Kidney Disease Education Program (NKDEP) has not made a recom-
mendation on general implementation of this equation, since it is
still being validated. While offering some improvement for eGFR be-
tween 60 and 120 mL/min/1.73 m?, it is not clear that implementing
CKD-EPI in place of MDRD equation would alter clinical detection or
management of patients with CKD. However, a laboratory that re-
ports eGFR numeric values > 60 mL/min/1.73 m? should consider
using the CKD-EPI equation. (http://nkdep.nih.gov/lab-evaluation/
gfr/estimating.shtml accessed January 17, 2013).

At present, it is formally recommended that laboratories routinely
report eGFR when serum creatinine testing is requested [ 1]. An accurate
measurement of serum creatinine forms the basis of compliance with
these guidelines. Currently, most routine serum creatinine assays are
based on the Jaffe reaction, a method first described in 1886 [7]. This
method is widely used because of its simplicity and low cost. However,
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Table 1
Clinical and laboratory profile of healthy volunteers and diabetic subjects.
Healthy subjects  Diabetic subjects  P-value
(N = 70) (N =53)
Male sex 25 (36%) 31 (59%) 0.012
White ethnicity 58 (83%) 44 (83%) 0.98
Age (years) 41 £ 16 50+9 <0.001
BMI (kg/m?) 26+ 5 29 4+ 4 <0.001
Fasting plasma glucose (mg/dL) 91 + 9 139 + 38 <0.001
Microalbuminuria - 22 (42%) -
Macroalbuminuria - 7 (13%) -
Metformin therapy - 48 (91%) -
Low-dose aspirin therapy - 50 (94%) -
Fibrate therapy - 6 (11%) -

Data expressed as mean 4+ SD or N (%). BMI, body mass index.

a number of studies have indicated that enzymatic methods tend to be
superior to the Jaffe reaction because they are less subject to influence
by interfering substances, especially in diabetic subjects [8-11]. Enzy-
matic assays are considerably more expensive than the Jaffe method,
which limits their wider implementation, especially in developing
countries. Therefore, the aim of this paper was to compare the agree-
ment between creatinine levels as measured by traceable Jaffe and en-
zymatic methods and the putative influence on eGFR calculated by the
CKD-EPI equation in healthy subjects and type 2 diabetic patients.

Methods
Subjects

This cross-sectional study was conducted in a sample of individ-
uals from Southern Brazil (healthy volunteers and type 2 diabetic
patients) with GFR > 60 mL/min/1.73 m?. Healthy individuals also
had normal glucose tolerance and blood pressure levels. All subjects
underwent evaluation of family history and personal medical history.

The exclusion criteria were BMI > 35 kg/m?, history of cancer in the
5 years preceding study enrollment, and, for normal volunteers, use of
drugs other than oral contraceptives or thyroid hormone. All partici-
pants were invited to take part in the study and provided written in-
formed consent. The study protocol was approved by the Hospital de
Clinicas de Porto Alegre Research Ethics Committee with judgment
number 07063.
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Assessment of renal function

GFR was measured by °'Cr-EDTA single-injection method, and the
procedure is described below, following the British Nuclear Medicine
Society Guidelines [12].

a) Patient preparation: caffeine drinks were avoided; a low protein meal,
exercise restriction, and adequate hydration during the test were pre-
scribed. Body surface area was calculated according to Gehan and
George formula: 0.0235 x ([100 x height]®#?246) x (weight®>1456)
[13].

b) Syringe preparation: °'Cr-EDTA dose of 5.55 MBq was measured by
volume, and the syringe was filled right up to the end of the needle.

c) Injection technique: all activity was injected into the blood stream
without extravasation.

d) Blood sampling: samples were collected from the opposite arm, 2, 3
and 4 h post-injection. The blood samples are centrifuged at 1000 g
for 10 min to separate the red blood cells from the plasma. Two
milliliter of plasma was pipetted into counting tubes in duplicate.

e) Preparation of the standard: a predetermined volume of tracer
(2 mL), was drawn up using a pipette, and the activity was emptied
into the volumetric flask filled with water to the mark of 500 mL.

f) Counting: plasma samples were counted with appropriate standards
and blanks for background in a well counter.

g) GFR calculation: the logarithm of the plasma activity was plotted as a
function of time and the apparent zero time plasma activity deter-
mined by extrapolation of the linear part of the curve. This is a
single-compartment approach, and as such, the estimation of the
area under the curve will be underestimated. Chantler's correction
of the slope-intercept value for the approximation was used, with a
constant multiplicative correction factor of 0.87 for the missing area
under the curve due to the fast exponential, therefore, GFR = volume
of distribution x 0.693 x 0.87 x 1000 / t1/2, according to Chantler,
and expressed as mL/min/1.73 m?[14]. The mean intra-individual co-
efficient of variation of GFR at our laboratory is 12% [15].

Serum creatinine was measured by a Jaffe method (Modular P,
Roche Diagnostic, Mannheim, Germany) traceable to isotope dilution
mass spectrometry (ID-MS) and by an enzymatic method (CREA Plus,
Roche Hitachi 917 Roche Diagnostic, Mannheim, Germany). For the
Jaffe method, the intra- and interassay coefficients of variation (CV)
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Fig. 1. Individual serum creatinine values (mean + SD) as measured by IDMS-traceable Jaffe and enzymatic methods in healthy (N = 70) and diabetic (N = 53) subjects.
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were 1.5% and 2.5% respectively for a creatinine level of 1.32 mg/dL. eGFR was calculated by the CKD-EPI equation, as follows: GFR
For the enzymatic method, CVs were 0.9% (within-run) and 2.1%  (mL/min/1.73 m?) = 141 - min (Scr / k, 1)® - max (Scr / k, 1)~ 2% .
(between-run) at a creatinine level equal to 1.54 mg/dL. To convert 0.993%¢¢ . 1.018 (if female) - 1.159 (if black), where Scr is serum creat-
serum creatinine in mg/dL to umol/L, multiply by 88.4. inine, K is 0.7 for women and 0.9 for men, « is —0.329 for women and
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Fig. 2. Pearson's correlation coefficients between Jaffe and enzymatic creatinine (panels at left) and plots of mean Jaffe and enzymatic creatinine vs. the difference between them
(panels at right) in the sample as a whole (panel a), among healthy subjects (panel b) and in diabetic subjects (panel c). Bias (dotted lines) and limits of agreement (dashed lines)
are depicted in the right panel plots.


image of Fig.�2

1426 A.V. Cheuiche et al. / Clinical Biochemistry 46 (2013) 1423-1429

—0.411 for men, min indicates minimum Scr / K or 1, and max indicates
maximum Scr / Kk or 1 [16].

Statistical analyses

Results were presented as mean 4 standard deviation or median
(range), unless otherwise stated. The Kolmogorov-Smirnov test was
employed to assess the distribution of variables. Bias was calculated
as the mean difference between creatinine methods and between
measured and estimated GFR. Accuracy was calculated as the per-
centage of estimates of eGFR within 30% (P30) of measured GFR and
of Jaffe creatinine within 10% of enzymatic creatinine values. The
agreement between creatinine methods and between measured GFR
and eGFR was evaluated by Bland-Altman analysis, with calculation
of agreement limits (bias + 2 SD) and confidence intervals (Cls)
[17]. Correlation coefficients were employed to evaluate the determi-
nants of serum creatinine measured by each method. The sample size
for this study was calculated as 48 pairs of measurements, based on a
0.1 mg/dL difference in creatinine between methods, 90% statistical
power, and oc = 0.05. All analyses were performed in the PASW Sta-
tistics 18 software environment and the level of significance adopted
was 5%.

Results

The clinical and laboratory characteristics of the subjects at the
time of enrollment are shown in Table 1. Diabetic patients were gen-
erally older and more predominantly male.

Serum creatinine levels measured by the Jaffe and enzymatic
methods were similar in both the healthy (0.79 + 0.16 vs. 0.79 +
0.15 mg/dL, respectively, P = 0.76), and the diabetic (0.96 + 0.22
vs.0.92 £+ 0.29 mg/dL, P = 0.17; Fig. 1) groups, and was significantly
higher in the diabetic patients (P < 0.001), despite similar measured
GFRs between groups (115 & 24 vs. 107 + 29 mL/min/1.73 m?,
respectively in healthy and diabetic patients, P = 0.097). The correla-
tion between the two creatinine methods was strong and statistically
significant in both groups. However, it was higher in the healthy
group (r = 0.90 vs. 0.76, P < 0.001; Fig. 2, panels at left). The agree-
ment between Jaffe and enzymatic creatinine methods in the sample
as a whole is shown in Fig. 2 (panels at right).

The difference between Jaffe creatinine and enzymatic creatinine
was less than 10% (i.e. within the acceptable range of variability) in
63% of cases in the healthy group, versus only 40% of cases in the diabetic
group (P = 0.018). Enzymatic method results correlated borderline and
weakly with blood glucose levels (r = 0.18, P = 0.05), whereas Jaffe

creatinine was significantly correlated with blood glucose (r = 0.30,
P = 0.001).

Fig. 3 depicts measured and estimated GFR for each group. In dia-
betic patients, both creatinine methods largely underestimated mea-
sured GFR. In this group, eGFR using enzymatic creatinine was higher,
and therefore closer to measured GFR than was Jaffe creatinine based
equation. Accuracy (the number of cases in which eGFR differed less
than 30% from measured GFR) was 87% for CKD-EPI.,, and 86% for
CKD-EPljatre in healthy subjects, In the diabetic patients, accuracy
was significantly lower: 64% for CKD-EPlen, and CKD-EPljge alike
(P <0.01). Fig. 4 shows Bland-Altman plots for the agreement be-
tween eGFR and measured GFR in the sample as a whole and in the
healthy and diabetic groups.

Discussion

In this study, we demonstrated adequate agreement between creat-
inine levels measured by Jaffe and enzymatic methods in healthy sub-
jects. However, in the diabetic patients, whose GFR was >60 mL/min/
1.73 m?, the enzymatic method performed slightly better, and both cre-
atinine methods largely underestimated measured GFR. Some authors
have obtained reasonably good comparisons between the two creati-
nine methods [18-20], but a recent study highlights the greater inter-
ference of the presence of diabetes with the Jaffe method [11].

In his landmark 1886 paper, Jaffe described the reaction that occurs
between creatinine and picrate ions formed in an alkaline medium, pro-
ducing a red-orange adduct [21]. At that time, Jaffe already noticed that
the alkaline picrate reaction could also be observed with other organic
compounds, such as acetone and glucose [21]. The nonspecific nature
of the Jaffe reaction is widely known, and interference is quite common
with a number of substances. The compounds that are known to pro-
duce Jaffe-like chromogens include protein, glucose, ascorbic acid, ke-
tone bodies, pyruvate, guanidine, cephalosporins and bilirubin [7,20],
with protein having the greatest influence [22]. Conversely, enzymatic
methods—as their name implies—rely on a cascade of enzymatic reac-
tions. Hydrogen peroxide ammonium is the end product for some of
these systems, ultimately reacting with dye for photometric determina-
tion of the concentration of creatinine [23]. Recent studies stress that
this method is highly accurate and is less subject to interference than
the Jaffe reaction [10,11,15]. However, it is also considerably more
expensive—about 10 times the price of Jaffe methods, which limits its
wider implementation, especially in developing countries.

In order to account for the sensitivity of alkaline picrate methods to
non-creatinine chromogens, manufacturers have adjusted calibration
to minimize interference by introducing a negative offset to compen-
sate for the positive intercept [24]. However, the trueness of such
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analytical methods may be poor for children (who generally present The enzymatic method is also not completely specific for creati-
higher concentrations of chromogens and low serum creatinine levels) nine [18] and is subject to interferences of its own, especially from
and individuals with low serum protein and creatinine levels, such as bilirubin [27]. A recent study found that the influence of interfering
older adults, pregnant women and patients with cancer [25,26]. substances was less frequent with enzymatic than with Jaffe methods,
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but none of the creatinine measurement procedures was unaffected.
The influence of the interfering substance was greater at creatinine
concentrations within the reference range, and in patients with dia-
betes, the influence of interfering substances seems to be substantial-
ly more frequent with Jaffe-based procedures than with enzymatic
assays [11]. Our data confirm these observations.

In our study, both the Jaffe and enzymatic methods yielded signifi-
cantly higher creatinine levels in diabetics as compared with healthy
volunteers, and this finding could not be ascribed to worse renal func-
tion in the diabetic group, since measured GFRs were similar. The pro-
portion of males was greater in the diabetic group, which may suggest
a muscle origin for higher creatinine levels. We have previously demon-
strated that, even when matched by age and gender, diabetic patients
tend to exhibit higher serum creatinine than nondiabetic controls, prob-
ably by analytical interference of elevated blood glucose levels [28]. An-
other possible interference with creatinine levels in diabetic subjects
could be the effect of medications. Previous studies have demonstrated
that high-dose aspirin use could elevate creatinine levels without chang-
ing measured GFR [29]. Nevertheless, other studies have failed to con-
firm these findings [30,31], and the low-dose aspirin of 200 mg/day
used by our patients makes it an implausible explanation, as we have
previously described no such an effect of aspirin in the renal function
of diabetic subjects [32]. Another putative influence of drugs would be
the use of fibrates by diabetic patients. In one study, fenofibrate was as-
sociated with increases in serum creatinine, probably unrelated to a de-
crease in GFR [33]. However, analysis of our data showed that the 6
diabetic individuals who were on fenofibrate therapy did not have sig-
nificantly higher levels of creatinine. Whatever the reason for the higher
creatinine levels in the diabetic group, it does not affect our results, be-
cause comparisons between the two creatinine methods were
performed separately in each group.

Two recent studies indicate that the enzymatic method is more
suitable for diabetic patients, since it is less subject to influence
from interfering substances, particularly increased serum glucose,
which has a significant effect on Jaffe methods [11,34]. Indeed, we
have demonstrated that glucose was only significantly correlated
with Jaffe but not with enzymatic creatinine. Although those studies
showed that the enzymatic method correlates more closely with the
reference method in sera from patients with increased glucose, it is
not possible to affirm that glucose was the causal agent of the discrep-
ancies observed with the Jaffe method. Other interferences specific to
this patient population may have caused the disagreement. In our
study, GFR estimated with the CKD-EPI equation using the enzymatic
method for creatinine was closer to measured GFR in diabetic sub-
jects, even though it could not bridge the entire gap between estimat-
ed and measured GFR. We have previously shown that CKD-EPI eGFR
based on Jaffe creatinine measurements underestimated measured
GFR both in healthy [35] and in normal range-GFR diabetic subjects,
more markedly in the latter [36]. We now confirm that use of an en-
zymatic method for creatinine measurement decreases, but does not
fully correct, the GFR underestimation in the presence of diabetes.

In this study, only individuals with GFRs > 60 mL/min/1.73 m?
were evaluated. Previous studies have reported discordant findings
depending on serum creatinine levels: one found less interference
at high creatinine levels (mean, 3.02 [2.15-4.24] mg/dL) [11], where-
as another one showed significant underestimation of pre-dialysis
serum creatinine levels of patients receiving regular hemodialysis
[34]. In the latter study, the negative bias was due to a different action
of albumin in uremic serum as compared to normal serum (where it
acts as a positive bias), binding with a negative-bias substance and
exerting a negative effect. Since our results are directly applicable
only to individuals with measured GFR in the normal range, further
studies evaluating lower GFRs and therefore higher creatinine values
are still warranted.

The present recommendation is that GFR should be automatically
reported using the CKD-EPI or MDRD equation whenever a creatinine

measurement is ordered [1]. Primary care physicians recommended
subspecialty referrals earlier when using eGFR versus creatinine for
assessment of kidney function, thus improving clinical outcomes for
patients with CKD [37,38]. It is therefore of the utmost importance
that available methods for measurement of creatinine be reliable,
allowing correct identification of kidney disease.

Although our sample size was limited, it comprised the recom-
mended number of individuals for identification of differences between
methods, assuming 90% statistical power. One strength of our paper
was the use of a reference method for GFR measurement, therefore
enabling comparison of the performance of creatinine-based GFR esti-
mation equations to a reference method. Although the clearance of
S1Cr-EDTA is about 5-10% less than that of inulin (possibly due to activ-
ity bound by plasma proteins), and also if an allowance of about 10% is
made for the arteriovenous concentration difference (higher venous
concentration), a composite correction factor applied to the slope clear-
ance provides a reasonable estimate of the GFR [14,39]. This simplified
one-compartment approach of GFR measurement is, nevertheless, less
reliable than a two-compartment system (double slope analysis) [40].

Conclusion

In conclusion, we demonstrated adequate agreement between cre-
atinine measured by Jaffe and enzymatic methods in healthy subjects,
but in the presence of diabetes, the enzymatic method performed
slightly better.
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