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Background: The aim of this study is to evaluate and compare the analytical perfor-
mance characteristics of the two creatinine methods based on the Jaffe and enzymatic 
methods.
Methods: Two original creatinine methods, Jaffe and enzymatic, were evaluated on 
Architect c16000 automated analyzer via limit of detection (LOD) and limit of quanti-
tation (LOQ), linearity, intra-assay and inter-assay precision, and comparability in 
serum and urine samples. The method comparison and bias estimation using patient 
samples according to CLSI guideline were performed on 230 serum and 141 urine 
samples by analyzing on the same auto-analyzer.
Results: The LODs were determined as 0.1 mg/dL for both serum methods and as 
0.25 and 0.07 mg/dL for the Jaffe and the enzymatic urine method respectively. The 
LOQs were similar with 0.05 mg/dL value for both serum methods, and enzymatic 
urine method had a lower LOQ than Jaffe urine method, values at 0.5 and 2 mg/dL 
respectively. Both methods were linear up to 65 mg/dL for serum and 260 mg/dL for 
urine. The intra-assay and inter-assay precision data were under desirable levels in 
both methods. The higher correlations were determined between two methods in 
serum and urine (r=.9994, r=.9998 respectively). On the other hand, Jaffe method 
gave the higher creatinine results than enzymatic method, especially at the low con-
centrations in both serum and urine.
Conclusions: Both Jaffe and enzymatic methods were found to meet the analytical 
performance requirements in routine use. However, enzymatic method was found to 
have better performance in low creatinine levels.
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1  | INTRODUCTION

Chronic Kidney Disease (CKD) is one of the essential public health 
problems worldwide.1 Glomerular Filtration Rate (GFR) is the best 
index to evaluate the renal functions and determine the CKD.2,3 The 
measurement of GFR is important for the accurate assessment of risk, 

drug-dose adjustment, diagnosis and staging of renal disease.4 GFR 
is calculated from clearances of exogenous substances such as inulin, 
iohexol, iotalamat.5–7 But, these methods have limited use in clinical 
settings because of the difficulty of urine collection procedure, cost, 
and risk of radiation exposure. These methods are only suitable for 
research, not for routine use.
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Serum and urine creatinine levels are the most common used tests 
to evaluate GFR and renal functions routinely.8,9 These are good mark-
ers of GFR because of low intra-individual variations, endogenously 
presence of creatinine, and full filtration from glomerular and no tu-
buler reabsorption. But, there are some disadvantages such as it is 
affected by age, sex, race, muscle mass, diet, exercise, thyroid func-
tions, and extra-renal elimination and tubular secretion.10–13 Twenty 
four hours urine test is not recommended for GFR calculation because 
of urine collection errors, trouble to patients, incomplete bladder dis-
charge and >25% of between-day variations of creatinine clearance.14

National Kidney Disease Education Program (NKDEP) Laboratory 
Working Group, recommends the estimation of glomerular filtra-
tion rate based on serum creatinine values, using the Modification 
of Diet in Renal Disease (MDRD) study and Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) equation.15–18 Nephrologists 
prefer estimated GFR (e-GFR) of serum creatinine to creatinine clear-
ance because of the change caused by age, sex, race, and wider refer-
ence ranges of serum creatinine and limitations of 24-hours creatinine 
clearance test.19

The methods used for creatinine measurement are chemical and 
enzymatic methods on automated analyzer, high-performance liq-
uid chromatography (HPLC) and isotope dilution-mass spectrometry 
(IDMS). IDMS is a reference method of creatinine measurement, but 
it is not practical for routine and stat usage. Creatinine methods used 
in clinical laboratories are generally based on automated chemical or 
enzymatic methods. The most common method is the Jaffe-based 
creatinine-picrate forming in an alkaline medium.20 Jaffe method is af-
fected from picric acid concentration, pH, wavelength, temperature, 
and interferents. This method is not specific to creatinine, it is also af-
fected by substances such as bilirubin, glucose, protein, aceto-acetate 
and cephalosporin. So, it is measured 15-25% higher then the actual 
value. Bilirubin among these interferent cause negative interference.21 
There is a method called compensated method where the error com-
pensation of interference is corrected with factor compared IDMS 
method. But, compensation does not completely eliminate the error, 
because of the variations of interferents in patient samples. The use 
of the methods based on an enzymatic reaction could improve the 
specificity of the measurement because, in this case, it prevents the 
interference of the non-creatinine compounds. But the cost is a disad-
vantage for this method.

In 2006, NKDEP Laboratory Working Group reported standard-
ization needs in serum/plasma creatinine measurements and collab-
orated with the International Federation of Clinical Chemistry and 
Laboratory Medicine (IFCC).18 The main aim was more accurate analy-
sis by decreasing inter-laboratory variations. Also, the Joint Committee 
for Traceability in Laboratory medicine (JCTLM) has been established 
with the aim to support worldwide traceability and standardization. 
NKDEP announced the recommendations for IDMS traceability and 
standardization of creatinine methods to: clinical laboratories, in vitro 
diagnostic manufacturers, proficiency testing (PT) or external quality 
assessment (EQA) providers, pharmacists, and authorized drug pre-
scribers, National Metrology Institutes, reference laboratories, JCTLM 
organizational members and software vendors.

In our clinical laboratory, routine creatinine analysis is performed 
on automated analyzer based Jaffe method. In addition, we will plan 
to use enzymatic creatinine method on the same analyzer to meet the 
clinical requirements. In this study, we evaluated the analytical per-
formance characteristics of the methods and compared the two creat-
inine methods based on Jaffe and enzymatic rate methods in serum 
and urine samples.

2  | MATERIALS AND METHODS

2.1 | Samples

Six different sample pools for precision studies were prepared at cre-
atinine levels of 0.6, 1.6, 6.0 mg/dL for serum and 30, 60, 120 mg/dL 
for urine. The sample pools were stored for 20 days at −20°C until the 
time of analysis.

Serum and urine specimens were collected from 230 and 141 
patients, respectively for whom a creatinine test was requested for 
routine analysis by Jaffe method. To perform comparison studies, left 
over samples from routine creatinine tests were used. No additional 
samples were collected, no medical-records reviewed or no contact 
with the patients were made, and no patient consent was obtained. 
The samples were analyzed on the same day. They were not stored.

2.2 | Instrument, reagents and other materials

Two original creatinine reagent kit based on different methodology 
(Creatinine (Jaffe), catalog no. 7D64-20 and Multigent Creatinine 
(Enzymatic), catalog no. 8L24-31) by using Architect c16000 auto-
mated analyzer (Abbott Diagnostics Inc, Park City, IL, USA) were per-
formed. During the working period, the same quality control material 
for serum (Bio-Rad chemistry lypocheck, catalog no. L1 C310-5 and 
L2 C315-5) and for urine (Bio-Rad urine chemistry, catalog no. 316 
and 377) and calibrator for Jaffe method (Multi-constituent calibrator, 
catalog no. 1E65) and for serum enzymatic method (Clin Chem cali-
brator, catalog no. 6K30-10) and calibration factor for urine enzymatic 
method provided by the manufacturer were included in the study.

2.3 | Creatinine methods

Two automated creatinine methods based on Jaffe and enzymatic 
principle were performed. Jaffe creatinine method is based on alka-
line picrate. At an alkaline pH, creatinine in the sample reacts with 
picrate to form a creatinine-picrate complex. The rate of increase in 
the absorbance at 500 nm because of the formation of this complex 
is directly proportional to the concentration of creatinine in the sam-
ple. The other creatinine method is based on enzymatic principle. 
Creatinine in the sample is hydrolyzed by creatininase to creatine. 
Creatine is in turn hydrolyzed by creatinase to sarcosine and urea. 
Sarcosine from this reaction is oxidized by sarcosine oxidase to gly-
cine and formaldehyde, with the concomitant production of hydro-
gen peroxide. The hydrogen peroxide reacts with 4-aminoantipyrine 
and N-ethyl-N-sulfopropyl-m-toluidine in the presence of peroxidase 
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to yield a quinoneimine dye. The resulting change in absorbance at 
548 nm is proportional to the creatinine concentration in the sample.

The Jaffe creatinine method has a limit of quantitation (LOQ) of 
0.2 mg/dL, a limit of linearity (LOL) of 38.7 mg/dL and an extended 
measuring range of 0.2-387 mg/dL (with auto rerun), according to 
the manufacturer. The enzymatic creatinine method is a LOQ of 
0.1 mg/dL, a LOL of 40 mg/dL and extended measuring range of 
0.1-400 mg/dL (with auto rerun), according to the manufacturer. The 
two methods are standardized according to IDMS traceable National 
Institute of Standards and Technology Standard Reference Material 
(NIST SRM) 967 for serum application and NIST SRM 914 for urine 
application following the NKDEP, IFCC and European Communities 
Confederation of Clinical Chemistry and Laboratory Medicine (EC4) 
recommendations promoting the use of commutable reference 
material.

The method parameters for serum and urine methods applied on 
the analyzer are summarized in Table 1.

2.4 | Analytical performance studies

2.4.1 | Limit of Detection

We determined the LOD of each method by analyzing a zero calibra-
tor 20 times and calculating a 3 SD limit.

2.4.2 | Limit of Quantitation

We determined the coefficient of variations (CVs) for the five sample 
pools that have a different creatinine concentration from each other. 
The LOQs are defined as the minimum concentration at which CV is 
lower than 10%.

2.4.3 | Precision

We determined intra-assay coefficient of variations (CVs) on the 
same day by measuring one sample 20 times in one analytical run. 

Inter-assay CVs were determined on 20 consecutive days on the basis 
of a single calibration.

2.4.4 | Linearity

Samples to test linearity were prepared from two serum and two urine 
pools. The low pool was prepared by mixing patient samples with 
creatinine concentrations of 0.1 mg/dL for serum and 0.25 mg/dL  
for urine. The high pool was prepared by mixing patient samples with 
creatinine concentrations of 65 mg/dL for serum and 260 mg/dL  
for urine. The high concentrated pool was diluted with the low con-
centrated pool to obtain the following final percentages of high pool: 
100%, 90%, 80%, 40%, 20%, and 0%. Samples were analyzed in dupli-
cate in one analytical run.

2.5 | Method comparison studies

Method comparison tests were performed according to the Clinical 
and Laboratory Standards Institute (CLSI) protocol.22 Tests were con-
ducted on 10 different days with 230 patient serum and 141 urine 
samples. The creatinine concentrations of the samples were measured 
by Jaffe and enzymatic methods on the automated analyzer within 
2 hours.

The serum samples used for the method comparison study ranged 
from 0.22 mg/dL to 7.68 mg/dL and were selected as: 30% of total 
samples below 0.59 mg/dL, 40% at 0.6-1.6 mg/dL, and 30% of samples 
>1.6 mg/L. The urine samples ranged from 0.60 mg/dL to 331 mg/dL 
and were selected as: 36% of total samples below 29 mg/dL, 28% at 
30-59 mg/dL, and 50% of samples >60 mg/dL.

2.6 | Statistical analyses

The MedCalc for Windows statistical package (MedCalc Software, 
Ostend, Belgium) was used to perform a descriptive statistical anal-
ysis. The slope, intercept, Sy|x, and r were estimated using Passing-
Bablok regression analysis. Agreement between the methods was 

Serum Urine

Jaffe Enzymatic Jaffe Enzymatic

Reaction type Rate up End up Rate up End up

Wavelength (nm) 
(Primary/Secondary)

500/572 548/700 500/572 548/700

Read times (×18 seconds) 18-22 31-33 18-22 31-33

Sample blank times 
(×18 seconds)

- 13-15 - 13-15

Volumes (S/R1/R2) (μL) 9.6/200/48 3.6/160/53 8.0/200/48 3.6/160/53

Sample dilution rate 1: 1 1: 1 1: 20 1: 10

Calibration method Linear Linear Linear (use serum 
curve)

Use Cal Factor

Detection Range (mg/dL) 0.2-38.70 0.25-40 0.21-37.85 0.10-40

S: Sample; R1: Reagent1; R2: Reagent 2.

TABLE  1 Summary of method 
parameters
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assessed visually using a Bland-Altman plot and the limits of agree-
ment were also determined.

3  | RESULTS

The LODs for serum creatinine methods were defined as 0.01 mg/dL 
for both Jaffe and enzymatic methods. The LODs for urine creatinine 
methods were determined 0.25 mg/dL and 0.07 mg/dL for the Jaffe 
and the enzymatic method, respectively.

The intra-assay and inter-assay precision data are summarized 
in Table 2A,B. All precision data were under desirable levels in both 
methods.

The LOQs were determined as the minimum concentrations at 
which CV were below 10%. The LOQs for serum enzymatic and Jaffe 
creatinine methods were the same, 0.05 mg/dL (Figure 1A). The urine 
enzymatic method had a lower LOQ than urine Jaffe method, with 0.5 
and 2 mg/dL values, respectively (Figure 1B).

The linearity data is presented in Figures 2A-D. Both serum meth-
ods were linear up to 65 mg/dL and both urine methods were linear 
up to 260 mg/dL.

The patient sample-based method comparison data is presented 
in Figure 3A,B. The higher correlations were determined between 
enzymatic and Jaffe method in serum and urine (r=.9994, r=.9998, 
respectively). X-axis represents enzymatic method, and Y-axis rep-
resents Jaffe method in regression analysis. Passing-Bablok regres-
sion analysis gave a slope of 0.971448 and an intercept of 0.0486546 
for serum methods, and a slope of 0.996702 and an intercept of 
0.986235 for urine methods. The Bland-Altman analysis gave a mean 
difference of 4.2% and 2.8% between the two methods for serum 
and urine, respectively, as shown in Figure 4A,B. On the other hand, 
Jaffe method gave higher results than enzymatic method, especially 
at the low concentrations in both serum and urine. The difference 
between the two methods in serum creatinine analysis at the medi-
cal decision points of 0.6, 1,6 and 6.0 mg/L were 7.03%, 0.85%, and 
−1.86% respectively.

Serum Urine

Jaffe Enzymatic Jaffe Enzymatic

Pool N Mean CV% Mean CV% Mean CV% Mean CV%

(A)

1 20 0.64 1.45 0.62 0.72 32.69 1.52 30.95 0.78

2 20 1.67 1.03 1.62 0.74 62.01 1.07 60.92 0.73

3 20 6.60 0.50 6.41 0.34 127.00 0.80 124.83 0.41

(B)

1 20 0.64 2.65 0.60 2.55 31.83 2.14 30.59 2.28

2 20 1.66 2.53 1.60 1.65 60.78 2.08 59.25 2.10

3 20 6.46 1.74 6.27 1.02 124.24 1.97 123.64 1.65

TABLE  2 Summary of intra-assay (A) 
and inter-assay (B) precision data

F IGURE  1 The limits of quantification for serum (A) and for urine (B) Jaffe and Enzymatic creatinine methods
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4  | DISCUSSION

GFR is the best indicator of the renal functions.8,9 There are some refer-
ence methods to determine GFR, like inulin clearance and radiological 
methods. However, they are not suitable for routine analysis because 
of some difficulties in practice, like higher price and risk of radiation. 
Serum and urine creatinine levels are used to determine GFR. Recently, 
nephrologists offer to use estimated GFR instead of 24-hours creatinine 
clearance or only serum creatinine levels.23 Hence, nowadays, most 
clinical laboratories give e-GFR results automatically calculated by labo-
ratory information systems in addition to serum creatinine results.24,25 
With the increasing usage of e-GFR, questioning of analytical perfor-
mance of creatinine methods started.26,27 So, a worldwide standardiza-
tion program for creatinine methods were started by NKDEP and IFCC. 
NKDEP also recommended that manufacturers should improve the 
analytical performance of their creatinine methods and clinical labora-
tories should increase the effective use of creatinine testing.18

Jaffe reaction is the most frequently used creatinine methods 
in the clinical laboratories, but it is affected by some non-creatinine 
chromogens. The other method for routine creatinine analysis is the 

enzymatic method. However, its usage is limited to point of care test-
ing and dry chemistry, because it is 10-folds more expensive than 
Jaffe method. In this study, we compared the analytical performance 
and the patient results produced by both Jaffe and enzymatic creati-
nine methods dedicated for Abbott Architect analyzer.

LODs were the same in both serum creatinine methods, but enzy-
matic method had a lower LOD than Jaffe in urine. These lower limits 
could meet the current accepted analytical requirements. On the other 
hand, LOQ generally accepted as the minimum concentration where CV 
is lower than <10% is more important than LOD in clinical laboratories.

Both the two serum methods had a CV<10% at concentration of 
0.05 mg/dL that was the minimum test point in this study. As seen 
Figure 1A, the enzymatic method had a better CV than Jaffe. Urine en-
zymatic method had a lower LOQ than Jaffe, but nonetheless Jaffe had 
a LOQ that meets the requirements for routine analysis (Figure 1B).

The linearity tests were carried out by dilutions of high concen-
trated pools with low concentrated pools. We found that both meth-
ods were linear up to 65 mg/dL and up to 260 mg/dL in serum and 
urine respectively (Figure 2A-D). These upper measurement points 
were enough for routine analysis.

F IGURE  2 The linearity for serum Jaffe method (A) (r=.9992), serum enzymatic method (B) (r=.9991), for urine Jaffe method (C) (r=.9999), 
urine enzymatic method (D) (r=.9999)
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We found that both methods had a good precision at the three dif-
ferent concentrations of serum and urine pools as shown in Table 2A,B, 
but enzymatic method had better precisions than Jaffe. The maximum 
intra-assay CVs for serum and urine were 1.45% and <1.52%, and 
the maximum inter-assay CVs for serum and urine were <2.65% and 
<2.28%. In general, it is accepted that maximum acceptable CV is less 
than one-half of intra-individual variations.28 Intra-individual CV for 
serum creatinine obtained from the biological variation study is 5.95%, 
so desirable CV is <2.98%.29 We found that intra-assay and inter-assay 
CVs were lower than desirable CVs in both serum and urine methods.

The differences between the results of enzymatic and Jaffe methods 
were determined by 230 serum and 141 urine sample according to CLSI 
guideline, EP09-A2-IR.22 The higher correlations were defined by both 
of the methods in serum and in urine (r>.999) (Figure 3A,B). As seen in 
the Bland-Altman plot, Jaffe method gave the higher results than the 
enzymatic method, with an average of 4.2% and of 2.8%, in serum and 
in urine respectively (Figure 4A,B). As Bland-Altman plot is assessed vi-
sually, it is seen that the difference between the two method in serum 

are higher at concentrations of <1.0 mg/dL. The biases between the two 
methods in serum at concentrations of 0.6, 1.6, and 6.0 mg/dL were 
7.03%, 0.85% and −1.86%, respectively. However, the Jaffe method 
in serum gave an average higher result of 7.03% than the enzymatic 
method at the concentration of 0.6 mg/dL, which is at the lower part of 
reference interval in men and women. The Jaffe method’s mean higher 
result of 7.03% does not meet the desirable bias of 3.96%.30 We calcu-
lated the total analytical error of the serum Jaffe as 11.4% at concen-
tration of 0.6 mg/dL by using “Total Allowable Error (TEa)=bias%+1.65 
CV%” formula. This TEa meets minimum allowable TEa (11.4%), but does 
not meet the desirable TEa (8.87%).18 These results justify NKDEP’s 
suggestions that offer the manufacturer to improve the analytical per-
formance of their serum creatinine methods especially at concentrations 
of <1.0 mg/dL. Considering inter-assay CVs of serum Jaffe method are 
<2.65%, which is lower than desirable CVs,18 it can be concluded that 
the biggest part of TEa is sourced from bias rather than CV.

Manufacturers adjust their method to IDMS to make a compensation 
of bias sourced from mainly non-creatinine chromogens, but it is obvious 

F IGURE  3 The patient sample-based comparison between serum (A) Jaffe and Enzymatic methods. (y=0.0486546+0.971448 x, 
Sy/x=0.08285, r=.994) and Urine (B) Jaffe and Enzymatic methods. (y=0.986235+0.996702 x, Sy/x=1.3327, r=.998)

F IGURE  4 Bland-Altman plot for the serum (A) and urine (B) creatinine methods
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that compensation cannot fix the issue completely as considered every 
sample has a different interferent. The relatively higher bias of serum 
Jaffe method at lower creatinine concentrations may cause to overesti-
mation of GFR especially in children, elderly and during pregnancy.

For the true estimation of GFR, clinical laboratories should use 
IDMS traceable creatinine methods. It is reported that the non-
traceable methods by IDMS, give a higher result of 10-30% than 
IDMS traceable methods.31 Since both methods we compared in this 
study are traceable by IDMS, it may be concluded that the adjustment 
of calibrators only to IDMS cannot solve the bias problem exactly, 
especially in low creatinine concentrations. The creatinine concentra-
tions of manufacturer’s calibrators are generally at the upper part of 
reference range or higher than these levels.32 However, relationship 
between concentration and absorbance at higher calibrator concen-
trations may not represent to those of lower calibrator concentra-
tions. This problem could be overcome partially by means of using 
the multipoint calibration, especially including the calibrators with low 
creatinine concentrations. In a study comparing the inter-laboratory 
creatinine results, authors reported that there are important dif-
ferences among laboratories in respect to the slope and intercept 
obtained from regression analysis.32 Thus, manufacturers should con-
sider the intercept and slope together, while adjusting their calibrator 
values to IDMS, and correcting patient results via application program 
on their analyzers.

The other GFR marker, cystatin C, has been intensively investi-
gated in the last decade. In many research, it is reported that serum 
cystatin C has some superiorities against serum creatinine in assess-
ment of GFR: being not affected by length, mass, diet, age and sex, and 
constant production rate and constant serum levels after 1 year old. 
However, there are some disadvantages of cystatin C like lower ana-
lytical performance, higher intra-individual variations and higher price 
(about 12-fold) then serum creatinine assays and there is no interna-
tional standardization for cystatin C.33–37 In addition, more studies are 
needed to define non-GFR determinant of cystatin C. Briefly, all exist-
ing data show that using cystatin C combine with serum creatinine 
will improve the accurate estimation of GFR.38

There are limitations in our study as we did not investigate the 
effect of interferance and different clinical conditions.

By this assessment with method evaluation and comparison data, 
both Jaffe and enzymatic methods were found to meet the analyti-
cal performance requirements for routine use. However, enzymatic 
method was found to have better performance in low creatine levels. 
Jaffe method was found 7% higher in the lower limit of reference ranges. 
If bias of the Jaffe method can be decreased to the desired level by man-
ufacturers, this method will be used more safely in routine. In addition, 
since being ten-fold cheaper then enzymatic method, Jaffe method will 
remain as an important choice of clinical laboratories in the future.
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