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Abstract
Background Diabetic kidney disease (DKD) develops an end-stage renal failure and is a major cause of death in diabetic patients.
A GFR below 60 ml/min per 1.73 m2 is one of the main markers of DKD. Therefore, the development of an accurate test for
diagnosis and monitoring of the mentioned disease would be essential. Here, we examined the impacts of two different kits with
different methods for creatinine measurement on the GFR values.
Methods Blood samples were collected from 80 diabetic patients referring to the clinical laboratory. The levels of serum
creatinine were assessed using Jaffé and enzymatic assays by kits from two different manufacturers. Then to assess the eGFR
levels, the MDRD equation was used. Further descriptive parameters of both methods and correlation of methods were also
calculated.
Results Descriptive analysis of the data demonstrates a slight increase in the serum creatinine measured by Jaffé assay which
leads to a substantial decrease in the levels of eGFR compared to the eGFR calculated by the enzymatic assay. Moreover, eGFR
over 60 mL/min/1.73 m2in enzymatic assay was observed in 27.5% of participants while eGFR of the same participants was
below 60mL/min/1.73 m2when it was measured by Jaffé method. Consequently, 27.5% positive discordant cases were reported
by Jaffé assay followed by misclassifying them as DKD patients compared with the enzymatic assay.
Conclusion While using Jaffé assay, a low level of eGFR is observed which generates moremisclassification into the DKD group
and demands to an inclusive consideration by physicians in order to diagnose and monitor the DKD patients.
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Introduction

Diabetic kidney disease (DKD) also recognized as diabetic
nephropathy is increasing all over the world as a consequence

of chronic type 1 or type 2 diabetes mellitus with a prevalence
of 20% to 40% in these patients. DKD develops an end-stage
renal failure and increases the mortality rate in diabetic pa-
tients. A prompt intervention at early stages of the disease
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may be sufficient to control the progression of renal damage
[1–3]. Although the most accurate and reliable test for the
diagnosis of such a condition would be renal biopsies, because
of the high risks of the procedure, it is not a routine clinical
practice [4]. Nowadays, the most clinical signs of DKD used
in laboratories with the aim of diagnosis are elevated albumin-
uria more than 300mg/24 h, a decrease in glomerular filtration
rate (GFR) to less than 60 ml/min per 1.73 m2 and high blood
pressure. Therefore, to receive an early diagnosis, staging the
severity of the condition, and treatment of disease, an appro-
priate strategy is needed [5]. The first pathophysiological
event of DKD is the albumin excretion as microalbuminuria
followed by severely albuminuria through passing the time.
Thus, screening the urinary albumin excretion (UAE) is a
primary laboratory test to characterize DKD [6]. Another im-
portant clinical finding is GFR decline which is a common
sign of DKD even in patients with normal UAE. GFR is an
implication of renal function used in the diagnosis and mon-
itoring of DKD. Among different analytical performances for
determining GFR, creatinine assay is an accurate and repro-
ducible determinant which has been used as a cheap and com-
mon marker of the disease for many years [7].

It is reported that creatinine values depend on various bio-
logical and analytical interferences including age, muscular
mass, sex, nutritional habits, variable absorption, tubular se-
cretion, and the applicable method. Then, marked limitations
would be able to border its measurement which must be
regarded [8]. Because of estimated GFR (eGFR) dependency
on creatinine measurement, any error or miscalculation in the
analysis of creatinine would impact the results of eGFR and
subsequently the physician’s decision which has irreparable
outcomes for patients with DKD [9]. Hence, with considering
the strong effects of such differences on eGFR variability at
high levels, reaching to a more reliable method for measuring
creatinine is the primary goal to decrease the variability of
eGFR calculations and subsequent misclassification of the
DKD. Henceforth, in addition to annual screening of diabetic
patients to detect DKD based on elevated albuminuria and low
eGFR for starting an early disease-modifying therapy, devel-
opment of an accurate method to analyze creatinine with the
aim of evaluating true eGFR is critical too [10–12].

As mentioned above, the variability occurred from method
nonspecificity, differing by assay type (Jaffé versus enzymat-
ic) would alter the eGFR results and demands a full consider-
ation by the physician when making a decision [13]. Two
well-known colorimetric methods for the measurement of se-
rum creatinine are applied in the clinical laboratories. At first,
Jaffé methods were used generally with measurement of a
yellow color created substance after the reaction of serum
creatinine with alkaline picrate. Since the alkaline picrate used
in this reaction can also react with other substances like glu-
cose, urea, ketones, proteins, and bilirubin, it is not accepted
as a sufficiently specific method to measure the serum

creatinine. However, in recent years, there has been an effort
to improve the precision of the Jaffé assays [14, 15]. Other
known methods to quantify the serum creatinine are enzymat-
ic assays with better specificity and sensitivity than the former.
In these methods, manufacturers designed a particular enzy-
matic reaction to measure the exact concentration of creati-
nine. Still, an increased cost of this specific creatinine testing
is one of the problems for its practical use in some laborato-
ries. Additionally, enzymatic assays are not entirely free from
interferences like bilirubin [15, 16]. However, several studies
indicated the fewer effects of interfering substances on creat-
inine concentrations measured by enzymatic assays rather
than Jaffé assays [13, 17].

Many studies have compared just creatinine assays speci-
fications and many others have evaluated the eGFR values
estimated from routine laboratory assays compared to refer-
ence method. Using reference method is not practical for al-
most all clinical laboratories so kits with different method
produced by different companies are routinely used for creat-
inine measurement. Our study aimed to compare two different
commonly used kits in Iran (MAN company and Roche
Diagnostics) with principles of Jaffé and enzymatic assays
for diagnosis of DKD patients regarding their measured cre-
atinine and following eGFR values to show how differences in
creatinine results can influence patient’s management in
practice.

Materials and methods

Blood sample was collected from 80 white diabetic people,
ages between 20 and 85 admitted to clinical laboratory of
Diabetes and metabolism clinic (affiliated to Tehran
University of Medical Science, Iran) for diabetes monitoring,
during January and February 2018. Then all serum samples
were divided into aliquots for storing with the aim of measur-
ing by different methods. We excluded patients with concom-
itant infection, other severe kidney disease, malignancy, and
also pregnant women from the study.

The levels of serum creatinine were determined by using two
isotope dilution mass spectrometry (IDMS) -traceable methods
from different manufacturers, MAN (MAN, Tehran, Iran) and
Roche (Roche Diagnostics, Mannheim, Germany) using Jaffé
and enzymatic assays respectively. The reference range for serum
creatinine was 0.6–1.2 mg/dL for women and 0.8 to 1.4 mg/dL
for men for Man kit (Jaffé assay), while it was0.5–0.9 mg/dL for
women and 0.7–1.2 mg/dL for men when measured by Roche
diagnostic (enzymatic assay). The difference between reference
ranges obtained by two mentioned methods has been depicted in
references too [18].

Then to assess the eGFR levels, we used the IDMS trace-
able Modification of Diet in Renal Disease (MDRD) Study
equation as provided below:
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GFR ¼ 186� Serum Cr−1:154 � age−0:203

� 1:212 if patient is blackð Þ � 0:742 if femaleð Þ:

Age, gender, weight, and diabetes affliction time of all
participants were recorded. The HbA1c measurement was
prepared by G8® from Tosoh Bioscience (Tokyo, Japan) as
an HPLC method which is certified by the National
Glycohemoglobin Standardization Program. Urinary albumin
excretion (UAE), Fasting Blood Glucose (FBG) and Urea
were measured using an automated procedure and commercial
kits (Roche Diagnostics, Mannheim, Germany).

Statistical analysis

Descriptive parameters such as the Mean, the Standard
Deviation, the Maximum and the Minimum of parameters
by both methods were calculated. The Normality of distribu-
tion was tested by the Kolmogorov-Smirnov test, and the in-
dependent samples t-test was used to assess the significance of
differences between the two methods. Then, correlation and
the simple linear regression analysis were used to determine
the association of the methods. Finally, the Bland-Altman
graph was depicted in order to determine the limits of agree-
ment between the two methods. We used the SPSS statistical
software version 25 for analysis of the results, and the P-
values of less than 0.05 were assumed as statistically
significant.

Results

The descriptive analysis of these data demonstrates a slight
increase in the serum creatinine measured by Jaffé assay
which leads to a substantial decrease in the levels of eGFR
compared to the eGFR calculated by the enzymatic assay
(Table 1). Maximum creatinine measured by Jaffé assay
(10.01) was higher than the enzymatic assay (8.90) as well
as the minimum measurement of the Jaffé assay (0.81) which
was higher than enzymatic assay too (0.51). Table 2 shows the
correlation between clinical and biochemical characteristics
with eGFRs calculated by both methods. There was a signif-
icant negative correlation between urea and eGFR. Also the

results indicate that the level of eGFR is decreased by increas-
ing age. We did not observe any significant correlations be-
tween other parameters (HbA1c, FBG, weight and sex) and
eGFR. The results were also evaluated for interference with
glucose and HbA1c up to level 450 mg/dL and 13% respec-
tively and found no interferences.

27.5% of participants showed eGFR over 60 mL/min/
1.73 m2 in enzymatic assay whereas eGFR of the same indi-
viduals was below 60mL/min/1.73 m2when measured by the
Jaffé method. Therefore, 27.5% positive discordant cases
were reported by Jaffé assay followed by misclassifying them
as DKD patients compared with the enzymatic assay. The
Jaffé assay was 41.66% sensitive and also had 100% specific-
ity compared to the enzymatic assay. The negative predictive
value (NPV) and the positive predictive value(PPV) were
equal to 67.69% and 100%, respectively. Figure 1 represents
the strong association between the eGFR level calculated with
Jaffé and enzymatic methods (R = 0.98, R2 = 96). The level of
agreement between the two methods is depicted in Fig. 2.

Table 1 Descriptive analysis of study population

Creatinine GFR

Enzymatic Jaffé Enzymatic Jaffé

Mean 1.70 2.12 57.72 41.84

Std. Deviation 1.40 1.57 30.20 19.84

Maximum 8.90 10.01 140 96.6

Minimum 0.51 0.81 4.9 4.3

Table 2 Correlation analysis of GFR level with clinical and
biochemical characteristics

GFR (Enzymatic) GFR (Jaffé)

Sex (male/female) 0.198 0.111

Age (years) −0.355** −0.358**

GFR (Jaffé) 0.892** –

Creatinine_ Enzymatic(mg/dl) −0.723** −0.738**

Creatinine_ Jaffé(mg/dl) −0.727** −0.747**

Weight (kg) 0.095 0.101

Urea (mg/dl) −0.791** −0.804**

FBG (mg/dl) 0.082 0.114

HbA1c(%) 0.018 0.057

Diabetes time (Years) −0.272* −0.294*

* .Correlation is significant at the 0.05 level (2-tailed)
** .Correlation is significant at the 0.01 level (2-tailed)

Fig. 1 Regression line and regression equation for GFR calculated by
Enzymatic and Jaffé methods
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Discussion

Most clinical analyses used in clinical laboratories to diagnose
and monitor DKD are elevated albumin excretion, a decrease
in GFR and high blood pressure. Among these clinical find-
ings, GFR decline is a well-known implication of renal func-
tion even in patients with normal UAE [5, 7].

There are several analytical performances for evaluating
GFR. However, creatinine assay as a common determining
factor of renal function has been used more routinely in deter-
mining eGFR over the years [7]. Considering the dependency
of eGFR level on creatinine measurement, and also the influ-
ence of different measurement methods and analytical inter-
ferences on creatinine values, any error in the creatinine anal-
ysis would impact the eGFR results too. Therefore, develop-
ing a more reliable and accurate method for evaluating eGFR
based on creatinine analysis would decrease the variability of
results and subsequent misclassification of DKD patients [9,
10].

Then, in this study, we evaluated the influence of two com-
mercial kits (MAN and Roche) with the principles of Jaffé and
enzymatic assays onmeasured creatinine and following eGFR
levels with the aim of diagnosing DKD patients to find how
GFR is estimated in practice. Accordingly, the blood sample
was collected for creatinine analysis with particular methods.
Next, based on appropriate predictive formulas considering
the relationship between creatinine and eGFR [19], the equa-
tion GFR was acquired.

The most critical finding of our study by using individual
patient samples is that creatinine values measured by Jaffé
assay were higher than enzymatic method. This leads to a
lower eGFR and more diagnosis of DKD (n = 22 character-
ized as DKD patients by Jaffé assay vs. enzymatic method)
and also better analytical precision (CVA for the analytical
coefficient of variation) of the enzymatic method compared
with Jaffé method.

Similar studies were conducted to examine the differences
in creatinine methods with the principles of Jaffé and enzy-
matic assays. In agreement with our data, it was shown that in
comparison of two Jaffé and enzymatic assays (both Roche) in
samples from type 2 diabetes patients, the method using Jaffé
assay yielded lower eGFR. However, the value of FBG as
interference was not determined [20].In a study, creatinine
value was measured by four different methods using Jaffé
and enzymatic assays in the serum of patients with no medi-
cations used, in order to compare their accuracies. The results
presented no appropriate specifications for methods using
Jaffé assays compared to enzymatic assays with showing a
higher level of creatinine [21]. Another study demonstrated
a lower precision for three Jaffé methods compared to four
enzymatic methods in control and clinical disease samples.
Accordingly, a “significant bias” with a range of more than
10% was detected more in patient samples using Jaffé assays
rather than those using enzymatic assays [22]. In a cross-
sectional study, by using Jaffé assay to estimate eGFR, there
were more positively discordant cases (8%) of advanced CKD
stages in a large cohort of diabetic patients. Although, the
negatively discordant cases were only 1% in this condition.
FBG was also determined as a significant cause for the bias
between methods [13].

In contrast, there was a low proportion of CKD
misclassification (4%) by using the Jaffé assay in a study
on the general population [23]. But an investigation on
the interlaboratory variability revealed that eGFR
evaluated by Jaffé assays was lower than those assessed
by enzymatic assays in individual patients with chronic
kidney disease [17]. Hence, the methodology of Jaffé
measured higher levels of creatinine and subsequent lower
eGFR than enzymatic assay with an enzymatic method.
So, this finding reflects a persistent bias between two
methods despite IDMS standardization which may
increase false DKD diagnoses.

Fig. 2 Bland-Altman Plot of
differences in GFR calculated by
Enzymatic (Roche) and Jaffé
(Man) methods
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Previous studies demonstrated that many biological sub-
stances including glucose, urea, ketones, proteins, and biliru-
bin might interfere with different creatinine assays, and as
detailed earlier, the impact would be significantly higher when
the measured creatinine value is low [10]. Then, with consid-
ering these pieces of evidence, we also examined the correla-
tion between different analytical interferences such as glucose,
HbA1c, urea and measured eGFR regarding two methods.

In this study, we found a negative correlation between the
eGFR evaluated by two methods and urea levels in DKD
patients which means that an increase in the level of urea
yields significant differences between the enzymatic and
Jaffé results, then interference by urea will contribute to inac-
curate and variable creatinine result. Moreover, the positive
correlation between the values of FBG and HbA1c with eGFR
was not significant in our study. There was no significant
correlation between the patient’s weight and the eGFRs by
both Jaffé and enzymatic assays (all data provided in Table 2).

There is also a significant agreement between the eGFR
measured by Jaffé assay and the eGFR measured by enzymat-
ic assay in low levels of eGFR. But with raising its value, a
more noticeable difference between the two methods would
be observed.

Other studies also examined the effects of interfering bio-
logical substances on the eGFR results. One of the most
known interferences is glucose which can react with alkaline
picrate as pseudocreatinines like the way creatinine reacts. In a
study, Haugen HN [24] demonstrated that both glucose and
acetone are interferences in creatinine measurement in diabet-
ic patients. Moreover, it was reported that a greater value of
glucose leads to a higher error in creatinine evaluated by Jaffé
assay [25]. We evaluated the results for interference with glu-
cose and HbA1c up to level 450 mg/dL and 13% respectively
and found no interferences.

In this study, our main goal was reporting this idea that
eGFR below 60 mL/min/1.73 m2is indicative of DKD only
in case of using the right kit and the right method. To declare
this point, we specifically showed the differences of creatinine
values measured by two kits which are used most commonly
in IRAN. We revealed that calculating eGFR by MAN kit is
followed by an error in diagnosing process of DKD patients.
Therefore, the physician needs to know the exact type of
method and reference ranges of kits by which eGFR value
was calculated in order to make the right decision. In summa-
ry, it seems likely that a lower level of eGFR is calculated
when Jaffé assay (MAN kit) is used which results in a more
misclassification into the DKD group. However, compared to
a very low percentage of negatively discordant cases, Jaffé
assay does not present a significant burden for the laboratories
and more importantly, the DKD patients. Putting these find-
ings together, in the diagnosis and monitoring of diabetic pa-
tients, a physician must consider the used method for eGFR,
however the diagnosis is not only made by GFR results alone.
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