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Chronic kidney disease (CKD) is a global public health issue, and strategies for its early detection and 
intervention are imperative.  The latest Japanese CKD guideline recommends that patients without diabetes 
should be classified using the urine protein-to-creatinine ratio (PCR) instead of the urine albumin-to-
creatinine ratio (ACR); however, no validation studies are available.  This study aimed to validate the 
PCR-based CKD risk classification compared with the ACR-based classification and to explore more 
accurate classification methods.  We analyzed two previously reported datasets that included diabetic and/
or cardiovascular patients who were classified into early CKD stages.  In total, 860 patients (131 diabetic 
patients and 729 cardiovascular patients, including 193 diabetic patients) were enrolled.  We assessed the 
CKD risk classification of each patient according to the estimated glomerular filtration rate and the 
ACR-based or PCR-based classification.  The use of the cut-off value recommended in the current 
guideline (PCR 0.15 g/g creatinine) resulted in risk misclassification rates of 26.0% and 16.6% for the two 
datasets.  The misclassification was primarily caused by underestimation.  Moderate to substantial 
agreement between each classification was achieved: Cohen’s kappa, 0.56 (95% confidence interval, 0.45-
0.69) and 0.72 (0.67-0.76) in each dataset, respectively.  To improve the accuracy, we tested various 
candidate PCR cut-off values, showing that a PCR cut-off value of 0.08-0.10 g/g creatinine resulted in 
improvement in the misclassification rates and kappa values.  Modification of the PCR cut-off value would 
improve its efficacy to identify high-risk populations who will benefit from early intervention. 
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Introduction
The publication of the chronic kidney disease (CKD) 

guideline by the National Kidney Foundation in 2002 
resulted in a paradigm shift in both public health and 

nephrology (National Kidney Foundation 2002).  CKD has 
been recognized as a public health issue that poses risks for 
cardiovascular disease and end-stage kidney disease 
(Schieppati and Remuzzi 2005; Levey et al. 2007).  The 
World Health Organization (WHO) defined CKD as one of 
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the non-communicable diseases that require public attention 
(World Health Organization 2011).  Emerging evidence has 
led to a revision of the definition of CKD to further identify 
high-risk populations who require early intervention to pre-
vent cardiovascular disease and the progression of kidney 
disease (Chronic Kidney Disease Prognosis Consortium et 
al. 2010; Gansevoort et al. 2011; Levey et al. 2011).  The 
original definition included only the estimated glomerular 
filtration rate (eGFR), whereas the most recent definition 
proposed by Kidney Disease: Improving Global Outcomes 
(KDIGO) Clinical Practice Guideline adopted the combina-
tion of the cause of disease, the glomerular filtration rate 
(GFR) and albuminuria (KDIGO CKD Work Group 2013). 

The Japanese Society of Nephrology also revised the 
Japanese CKD guideline in 2013, recommending that the 
CKD stage be classified according to GFR and albuminuria 
categories (Japanese Society of Nephrology 2014).  
Because the Japanese National Health Insurance program 
reimburses the measurement of urine albumin-to-creatinine 
ratio (ACR) only for diabetes patients, the Japanese guide-
line proposes the use of the urine protein-to-creatinine ratio 
(PCR) instead of the ACR.  This guideline assumes that a 
PCR of 0.15 g/g creatinine is equivalent to an ACR of 30 
mg/g creatinine and that this value should be used as the 
cut-off for differentiating albuminuria categories.  However, 
this assumption is based on incomplete evidence, and no 
validation studies are available.  The latest studies of the 
relationship between ACR and PCR have indicated that an 
ACR of 30 mg/g creatinine is equal to a PCR of slightly 
lower than 0.15 g/g creatinine (Yamamoto et al. 2011, 2014; 
Fisher et al. 2013).  These results challenge the validity of 
the PCR-based classification method recommended by the 
Japanese CKD guideline.

This study aimed to (i) describe and validate the PCR-
based CKD risk classification method recommended by the 
current Japanese CKD guideline using the ACR-based clas-
sification method as the gold standard and (ii) to explore 
more appropriate cut-off values using secondary datasets.

Materials and Methods
Data source

This study was based on a secondary analysis of our two previ-
ous outpatient studies, with 150 diabetic patients included in the first 
study (2011) (hereafter, Study 1) (Yamamoto et al. 2011) and 784 car-
diovascular patients included in the second study (2014) (hereafter, 
Study 2) (Yamamoto et al. 2014).  The methods and primary results 
were reported in detail in each article.  In this study, the age, sex, 
serum creatinine concentration, urine dipstick test results, ACR, and 
PCR of the patients were determined from the previous datasets.  This 
study was approved by the Research Ethics Committee of St. Luke’s 
International Hospital in Tokyo.

Classification of CKD stage and severity
The Japanese Society of Nephrology and KDIGO CKD guide-

lines recommend that the CKD stage of each patient should be classi-
fied by a 6-by-3 matrix according to the GFR (G1, G2, G3a, G3b, G4, 
and G5) and albuminuria categories (A1, A2, and A3) (KDIGO CKD 

Work Group 2013; Japanese Society of Nephrology 2014).  These 
guidelines advocate the use of risk classification as generated by a 
‘heat map’ of CKD stage matrices, which highlights future risk and 
the required interventions for each patient in a clinical setting (Levin 
and Stevens 2014).  The CKD risk classification is demonstrated by 
the color intensity (see Fig. 1), which represents the prognosis and 
risk of CKD progression.

To determine the CKD risk classification of each patient, the 
eGFR and ACR of each patient were assessed.  The eGFR was calcu-
lated using the following formula for the Japanese population: eGFR 
(mL/min/1.73 m2) = 194 × serum creatinine−1.094 (mg/dL) × age−0.287 
(years) × 0.739 (if female) (Matsuo et al.  2009).  According to the 
eGFR and ACR, each patient was classified into an independent CKD 
risk classification matrix (using the ACR-based classification method 
as the gold standard).  Patients classified as G1-G3b in the GFR cate-
gory and as A1 and A2 in the albuminuria category were enrolled in 
this study because our interest was the utility of the PCR-based 
method in normal to relatively early-stage CKD patients.  Thus, 19 
patients from Study 1 and 55 patients from Study 2 were excluded.  
For comparison, several candidate cut-off PCR values (0.05 to 0.15 g/
g creatinine) were utilized as alternatives to the ACR-based method to 
discriminate between the A1 and A2 albuminuria categories.

Evaluation of agreement
First, the misclassification rate for the PCR-based CKD risk 

classification method was calculated and compared with that of the 
ACR-based method.  Cohen’s kappa statistics were calculated to 
evaluate the agreement between each classification method (Landis 
and Koch 1977; Kundel and Polansky 2003).  A kappa statistic is a 
summary measurement of agreement that considers the measurement 
of a chance agreement (Sim and Wright 2005; Viera and Garrett 
2005).  The 95% confidence intervals of the kappa statistics were esti-
mated by the Stata command “kapci” using bootstrap methods with 
1,000 replications (Reichenheim 2004).  Interpretation of the kappa 
statistics was performed as in previous studies (Kundel and Polansky 
2003).  A kappa value ≤ 0.20 was considered poor, 0.21-0.40 was 
considered slight, 0.41-0.60 was considered moderate, 0.61-0.80 was 
considered substantial, and 0.81-1.00 was considered almost perfect.

Data analyses
The numerical data are expressed as the mean and standard 

deviation for normal distributions and as the median (interquartile 
range) for non-normal distributions.  The categorical data are 
expressed as percentages.  We analyzed the two datasets separately 
because the results obtained from a combined dataset would have 
been greatly influenced by a large sample size.  Statistical analyses 
were conducted using Stata 13 software (Stata Corp, College Station, 
TX, USA). 

Results
Patient characteristics and CKD risk classification

A total of 860 patients (131 patients from Study 1 and 
729 patients from Study 2) were enrolled in this study 
(Table 1).  All of the patients in Study 1 and 26.5% of those 
in Study 2 had diabetes mellitus (DM).  The mean eGFR in 
both studies was approximately 70 mL/min/1.73 m2.  The 
prevalence of albuminuria in the patients from Study 1 and 
Study 2 was 43.5% and 33.1%, respectively.  The CKD risk 
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classifications of the patients as classified by the eGFR and 
ACR or PCR (cut-off value of 0.15 g/g creatinine) are pre-
sented in Fig. 1.

Misclassification rates of CKD risk classification methods
The use of a PCR cut-off of 0.15 g/g creatinine 

resulted in misclassification rates of 26.0% and 16.6% of 
the patients in Study 1 and Study 2, respectively (Table 2).  
The observed misclassification was primarily (> 95%) 
caused by the underestimation of the CKD risk classifica-

tion (Fig. 1).  Alternatively, the use of a PCR range of 0.08-
0.10 g/g creatinine as the cut-off value improved the mis-
classification rates.  The use of a PCR cut-off of 0.09 g/g 
creatinine resulted in a decrease in the misclassification rate 
to approximately 10% of the patients, with the equal occur-
rence of underestimation and overestimation. 

Agreement of CKD risk classification
Fig. 2 presents the relationship between the PCR-

based CKD risk classification method and the kappa statis-

Table 1.  Baseline patient characteristics.

Characteristics Study 1
(N = 131)

Study 2
(N = 729)

Age (years) 64.4 ± 12.5
(range = 26-87)

68.5 ± 11.8
(range = 29-98)

Male (%)   60 (45.8) 464 (63.7)
Albuminuria (%)   57 (43.5) 241 (33.1)
Diabetes mellitus (%) 131 (100) 193 (26.5)

Laboratory test
Serum creatinine (mg/dL) 0.74 (IQR 0.26) 0.78 (IQR 0.29)
eGFR (mL/min/1.73 m2) 73.4 ± 18.4 71.3 ± 18.9
PCR (g/g creatinine) 0.073 (IQR 0.077) 0.069 (IQR 0.076)
ACR (mg/g creatinine) 23.8 (IQR 51.0) 17.5 (IQR 33.1)

Proteinuria by dipstick test
− (%) 87 (66.4) 517 (70.9)
± (%) 28 (21.4) 141 (19.3)
1+ (%) 14 (10.7) 71 (9.7)
2+ (%) 2 (1.5) 0 (0)

The data are presented as the mean ± standard deviation or as the median (interquartile range) as appro-
priate. 
eGFR, estimated glomerular filtration rate; PCR, urine protein-to-creatinine ratio; ACR, urine albumin-
to-creatinine ratio; IQR, interquartile range.

Fig. 1.  Agreement between the ACR- and PCR-based CKD risk classification methods.
 Each column indicates the CKD risk classification determined using the ACR-based classification method, as demon-

strated by the color intensity (green, low risk; yellow, moderately increased risk; orange, high risk; red, very high risk).  
Each row indicates the CKD risk classification using the PCR-based cut-off (0.15 g/g creatinine).  The concordant pairs 
are highlighted with a blue background.  Each cell contains the number of patients classified in Study 1 (A) and Study 2 
(B).

 CKD, chronic kidney disease; ACR, urine albumin-to-creatinine ratio; PCR, urine protein-to-creatinine ratio.
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tics with 95% confidence intervals in the two studies.  The 
use of a PCR cut-off of 0.08-0.09 g/g creatinine for Study 1 
and 0.08-0.12 g/g creatinine for Study 2 resulted in kappa 
values that were in the “almost perfect” range.  The use of 
PCR cut-off values of 0.15 g/g creatinine for both studies 
resulted in kappa values that reached 0.56 (95% CI, 0.45-
0.69; “moderate” range) for Study 1 and 0.72 (95% CI, 
0.67-0.76; “substantial” range) for Study 2.  These kappa 
values were significantly lower than those obtained with a 
PCR cut-off range of 0.08-0.09 g/g creatinine in Study 1 
and 0.08-0.12 g/g in Study 2.  These results are almost 
identical to those of a subgroup analysis of non-DM and 
DM patients in Study 2 (Table 3). 

Discussion
CKD is one of the non-communicable diseases that the 

WHO identified as requiring a public health approach.  
Classification using a combination of eGFR and the degree 
of albuminuria or proteinuria is predictive of future cardio-
vascular and kidney disease outcomes.  High-risk popula-
tions can benefit from early intervention, such as diet modi-
fication and blood pressure control, to retard progression of 
the disease.  Previous studies (KDIGO CKD Work Group 
2013) exploring the method used to detect high-risk popula-
tions led to a revision of the definition and classification of 
CKD.

In this study, we validated the PCR-based classifica-
tion method recommended by the Japanese CKD guideline 
and found a “moderate” to “substantial” range of agreement 
with the gold standard ACR-based method.  We demon-
strated that the use of PCR cut-off ranges of 0.08-0.09 and 
0.08-0.12 g/g creatinine for the datasets of Study 1 and 
Study 2, respectively, to differentiate between the A1 and 
A2 stages significantly improved the agreement.  The 
results of the two datasets were almost identical, supporting 

the validity and strength of our results.  To the best of our 
knowledge, this study is the first to validate the PCR-based 
CKD classification method.  Our results are important 
because of the paucity of reports on the simultaneous mea-
surements of PCR and ACR in the literature. 

The current guideline states that CKD should be clas-
sified based on the cause as well as the GFR and albumin-
uria categories.  Using nationwide Japanese “specific health 
checkup” data, a recent study reported that the GFR cate-
gory has a limited ability to independently predict cardio-
vascular events in CKD (the area under the curve value 
reached approximately 0.6), highlighting the importance of 
the albuminuria category (Terawaki et al. 2014).  However, 
other studies have examined the relationship between the 
ACR and PCR (Atkins et al. 2003; Methven et al. 2010; 
Smith et al. 2012).  Our group previously reported that the 
PCR is highly correlated with the ACR and that an ACR of 
30 mg/g creatinine is equivalent to a PCR of approximately 
0.08-0.09 g/g creatinine, based on the analyzed datasets 
(Yamamoto et al. 2011, 2014).  Fisher et al. (2013) reported 
that the ACR and PCR are relatively similar and that an 
ACR of 30 mg/g creatinine is equivalent to a PCR of 
approximately 0.08-0.11 g/g creatinine based on regression 
and Lowess smooth analyses in a recent large CKD cohort 
study.  These results imply that the PCR cut-off is not pre-
cisely equal to 0.15 g/g creatinine and that a lower PCR is 
more suitable than previously considered.

Our results demonstrated that the agreement between 
the ACR-based and PCR-based methods (0.15 g/g creati-
nine) is in the “moderate” to “substantial” range, with a 
15.3 to 26.0% misclassification rate for the PCR-based 
method.  This method exhibits a remarkably low prevalence 
of overestimation of the CKD stage and risk classification.  
The current PCR-based method is favorable in circum-
stances in which the harm of overestimation or overdiagno-

Table 2.  Relationship between the cut-off value and misclassification rate of CKD risk classification.

Cut-off value
(equal to an ACR of 30 mg/g Cr)

Misclassification rate (%)

Study 1
(N = 131)

Study 2
(N = 729)

PCR (g/g Cr)
0.05 33.6 35.0
0.06 23.7 23.2
0.07 14.5 17.6
0.08 12.2 12.4
0.09  9.9 10.8
0.10 14.5 10.2
0.11 21.4 10.3
0.12 21.4 11.4
0.13 23.7 13.2
0.14 24.4 15.1
0.15 26.0 16.6

ACR, urine albumin-to-creatinine ratio; Cr, creatinine; PCR, urine protein-to-creatinine ratio.
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sis outweighs the risk of underestimation.  Overdiagnosis 
can lead to further medical workups, which can result in 
psychological and/or financial burdens (Moynihan et al. 
2012).  Clinicians should acknowledge the benefits and 
limitations of the current Japanese CKD guideline classifi-
cation method when applying it in daily practice.

Another important implication of this study is that 
more efficient classification method would be applicable for 
both non-DM and DM patients and could be compared with 
the current PCR-based method.  Misclassification of the 
CKD risk can lead to either undertreatment or overtreat-
ment.  (Levey et al. 2011; Kidney Disease: Improving 
Global Outcomes (KDIGO) CKD Work Group 2013).  The 
appropriate alternative cut-off values mentioned above 

would improve the accuracy of the prediction of future risk 
for each patient and the comparability among international 
studies.  Thus, future studies of the relationship between the 
ACR and PCR are required.

This study has the following limitations.  First, it was 
conducted using secondary datasets in a single hospital out-
patient setting.  In addition, the study population was 
restricted to normal to relatively early-stage CKD.  Second, 
this study was based on single measurement of the eGFR, 
ACR, and PCR.  Third, the number of patients enrolled in 
Study 1 was small; therefore, the results of this study 
tended to be underpowered.

In conclusion, we have demonstrated that the current 
PCR-based classification method (0.15 g/g creatinine) is 

Fig. 2.  Kappa statistics for the CKD risk classification according to each cut-off value.
 The point estimates of the kappa statistics and the 95% CI according to each cut-off value in Study 1 (A) and Study 2 (B) 

are demonstrated. 
 CI, confidence interval; PCR, urine protein-to-creatinine ratio.
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highly specific, providing a certain level of validity; how-
ever, modification of the cut-off value (PCR values of 
approximately 0.08-0.10 g/g creatinine) would further 
improve its efficacy and identify high-risk populations who 
will benefit from early intervention to prevent cardiovascu-
lar disease and progression to end-stage kidney disease. 
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