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Abstract:

Diabetic kidney disease is the main cause of end-stage kidney disease. However, the clinical manifestations
of diabetic kidney disease are diverse. Therefore, the clinical classification of diabetic kidney disease is clini-
cally important and valuable. In Japan, two clinical staging systems divided by the estimated glomerular fil-
tration rate (eGFR) and albuminuria can be used for diabetic kidney disease: the chronic kidney disease
(CKD) risk classification and the Japanese classification of diabetic nephropathy. The Japanese classification
of diabetic nephropathy and the CKD risk classification are similar; however, these two classification systems
show different frequencies of outcomes. For example, the frequency of the kidney outcomes in stage 4 of the
Japanese classification of diabetic nephropathy was found to be higher than that in the red stage of the CKD
risk classification (composite kidney events: stage 4=32.0/100 person-years, red =14.5/100 person-years).
However, there were no marked differences in the speed or rate of decline in the kidney function (speed:
stage 4=6.8 mL/min/1.73 m’/year, red =5.8 mL/min/1.73 m’/year; rate: stage 4=38.8%l/year, red =34.3%/year)
or in the pathological changes between the two classifications. These data indicate that each stage of these
clinical classification systems has characteristic clinical and pathological features. Therefore, it is important to
understand each characteristic feature and use each classification system appropriately.
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tion rate (eGFR) is also good predictor for kidney prognosis.
Therefore, these two factors are used as for the clinical stag-
ing of diabetic kidney disease.

In Japan, two clinical staging systems are used for dia-
betic kidney disease: the CKD risk classification (green: low
risk; yellow: moderately increased risk; orange: high risk;

Clinical Risk Classification for Chronic
Kidney Disease (CKD) and Diabetic
Kidney Disease

Diabetic kidney disease is the main cause of end-stage
kidney disease. Therefore, performing appropriate treatment
for each case is imperative. However, the clinical manifesta-
tions of diabetic kidney disease are diverse (1-3). Thus,
prognostic predictions based on various clinical indicators
are required. Albuminuria is a major and well-known indica-
tor for the diagnosis and prognostic prediction of diabetic
kidney disease. In addition, the estimated glomerular filtra-

red, very high risk) (4) and the Japanese classification of
diabetic nephropathy (5, 6) (Table). CKD risk classification
classifies CKD using eGFR and albuminuria levels. In addi-
tion to these two indices, the cause of disease is also consid-
ered for the classification. Together, these three factors com-
prise the CGA classification (cause of disease, eGFR and al-
buminuria) (4). In addition to primary kidney diseases, sec-
ondary kidney diseases, including diabetic nephropathy are a
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Table. Relationship between the Japanese Classification of Diabetic Nephropathy and

the CKD Risk Classification.

Al A2 A3

Japanese <30 30-299 >=300
classification of
diabetic Gl >=90
nephropathy G2 60-90

G3a 45-59

G3b 30-44

G4 15-29

G5 <15

Cause of disease Al A2 A3
CKD staging <30 30-299 >=300

G1 >=90 Yellow

G2 60-90

G3a 45-59

G3b 30-44

G4 15-29

G5 <15

part of the spectrum of CKDs. Diabetic kidney disease can
therefore be classified using the CGA classification system,
which includes four stages of green, yellow, orange and red,
indicating the prognosis and/or mortality risk in each case.

The Japanese classification of DN was published in 2014
by the Joint Committee on Diabetes Nephropathy (Japanese
Society of Nephrology, Japan Diabetes Society, Japanese
Society for Dialysis Therapy and Japan Society of Metabo-
lism and Clinical Nutrition) (5, 6). Similar to the CKD risk
classification, this system also indicates the kidney prognosis
and/or mortality risk. A meta-analysis aimed at identifying
clinical factors related to the prognosis and/or mortality risk
of kidney disease led to the selection of two factors: the
eGFR and albuminuria (7). Therefore, these two factors are
used for the Japanese classification of diabetic nephropathy.
In addition, a prognostic analysis based on the clinical data
of more than 4,000 Japanese patients with diabetes was used
to develop this classification (8, 9). Thus, the Japanese clas-
sification of diabetic nephropathy indicates the kidney prog-
nosis and mortality risk in ‘Japanese’ patients with diabetic
kidney disease. Together, these data indicate that the Japa-
nese classification of diabetic nephropathy is similar to the
CKD risk classification.

However, while these two classification systems are simi-
lar, each has unique viewpoints, making a comparison of
these two classification systems important. For example, the
Japanese classification of diabetic nephropathy is a clinical
classification limited to diabetic kidney disease. In contrast,
the CKD risk classification is a classification of various kid-
ney diseases, including but not limited to diabetic nephropa-
thy. To clarify the differences in the two classification sys-

tems, we collected clinical and pathological data of 600
cases with kidney biopsy-proven diabetic nephropathy sup-
ported by the Ministry of Health, Labour and Welfare of Ja-
pan and the Japan Agency for Medical Research and Devel-
opment (AMED) (10, 11).

In this review, we compare the Japanese classification of
diabetic nephropathy and CKD risk classification using these
data sets. The Japanese classification of diabetic nephropa-
thy included 59 cases of stage 1, 87 cases of stage 2, 338
cases of stage 3 and 116 cases of stage 4. In the CKD risk
classification, CKD is classified into four stages of green,
yellow, orange and red. The CKD risk classification in-
cluded 42 cases of green stage, 61 cases of yellow stage,
149 cases of orange stage and 348 cases of red stage. In the
present study, we investigated the differences between the
Japanese classification of diabetic nephropathy and CKD
risk classification from clinical and the pathological view-
points.

Biopsy-proven Diabetic Nephropathy Cohort

In this review, we used the terms “diabetic kidney dis-
ease” and “diabetic nephropathy” in the context of a kidney
biopsy for diabetic cases as follows: “diabetic kidney dis-
ease” was defined when kidney specimens showed only par-
tial typical diabetic changes; this might include primary or
secondary kidney disease. In contrast, “diabetic nephropa-
thy” was defined when kidney specimens showed mainly
typical diabetic changes. Primary or other secondary kidney
disease was to be excluded in such cases.

The data of 600 cases with kidney biopsy-proven diabetic
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A comparison of the incidence rates of each outcome (/100 person-years) between the

Japanese classification of diabetic nephropathy and the CKD risk classification. The Japanese clas-
sification of diabetic nephropathy has 4 stages (stagel to 4), as does the CKD risk classification (green,
yellow, orange and red). CV event: cardiovascular event. The composite kidney end-point is defined
as dialysis, doubling of the Cr value or halving of the eGFR. Kidney death is defined as dialysis or

kidney transplantation.

nephropathy cohort according to the Japanese classification
of diabetic nephropathy and CKD risk classification have al-
ready been published (10, 11). A comparison of the clinical
background characteristics of each group revealed that the
age, blood pressure and body mass index (BMI) increased
with progressive stages in both classification systems,
whereas the hemoglobin (Hb) and HbAlc levels decreased
with progressive stages. Regarding the clinical background
factors, no marked differences were noted between stage 1
of the Japanese classification of diabetic nephropathy and
the green and yellow stages of the CKD risk classification.
Similarly, no marked differences were noted in the clinical
background factors between stage 4 in the Japanese classifi-
cation of diabetic nephropathy and the red stage in the CKD
risk classification.

Clinical Stage and Incidence Rate of Outcome

The incidence of composite kidney events (kidney death,
doubling of serum creatinine levels and halving of eGFR),
kidney death, cardiovascular events and mortality was evalu-
ated.

At an event frequency of 100 person-years, the frequency
of the above four outcomes was low for stage 1 of the Japa-
nese classification of diabetic nephropathy and for the green

stage of the CKD risk classification (Fig. 1). The incidence
of composite kidney events increased with progressive
stages and category in both classifications. Similarly, the fre-
quencies of kidney death and mortality in stage 4 of the
Japanese classification of diabetic nephropathy were 5.6 and
3.8, respectively, which were higher than those in the other
stages of Japanese classification of diabetic nephropathy.
Furthermore, in the red stage of the CKD risk classification,
the frequencies of kidney death and mortality were 2.2 and
3.2, respectively, which were higher than those in the other
CKD stages. These findings confirmed that both the CKD
risk classification and the Japanese classification of diabetic
nephropathy serve as clinical predictors of the outcomes of
kidney disease.

On comparing the two classifications, the frequencies of
the four outcomes were not markedly different between
stage 1 of the Japanese classification of diabetic nephropa-
thy and the green stage of the CKD risk classification. How-
ever, the frequency of composite kidney events in stage 4 of
the Japanese classification of diabetic nephropathy was sig-
nificantly higher (32.0) than in the red stage of the CKD
risk classification (14.5). Similarly, the frequencies of kidney
death and mortality in stage 4 of the Japanese classification
of diabetic nephropathy were higher than that those in the
red stage of the CKD risk classification. Therefore, stage 4
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of the Japanese classification of diabetic nephropathy clearly
indicates cases at the highest risk in our cohort comprising
600 kidneys with biopsy-proven diabetic nephropathy. Over-
all, the Japanese classification of diabetic nephropathy more
clearly classified the kidney disease prognosis and mortality
risk than the CKD risk classification.

In conclusion, although both classifications are useful for
classifying the frequencies of the onset of composite kidney
events, kidney death and mortality, the Japanese classifica-
tion of diabetic nephropathy shows higher accuracy than the
CKD risk classification.

Clinical Stage and the Speed/rate of Decline
in the Kidney Function

Next, we compared the two classification systems in
terms of evaluating the speed/rate of decline in the kidney
function. The rate of decline in the eGFR per year was
highest in stage 3 of the Japanese classification of diabetic
nephropathy (6.8) and in the red stage of the CKD risk clas-
sification (5.8). However, the decline in the eGFR was high-
est in stage 4 of the Japanese classification of diabetic neph-
ropathy (38.8%) and the red stage of the CKD risk classifi-
cation (34.3%). The decline in the eGFR advanced with pro-
gressive stages in both classifications. Regarding the evalu-
ation of the rate of decline, both classifications showed simi-
lar power.

In recent years, the decline in the eGFR has been consid-
ered a surrogate marker for kidney death. A number of stud-
ies have evaluated various cut-off criteria, including a 30%
reduction in the eGFR over 2 years (12-14). We evaluated
the sensitivity and specificity of this criterion in predicting
renal death in both classifications. We found that, in stage 3
of the Japanese classification of diabetic nephropathy and in
the orange stage of the CKD risk classification, this surro-
gate marker is relatively useful. However, the sensitivity was
low for stages 1, 2 and 4 of the Japanese classification of
diabetic nephropathy and for the green and yellow and red
stages of the CKD risk classification.

Clinical Stage and Pathological Findings

Finally, the results of the pathological evaluation are sum-
marised. Diabetic nephropathy is often clinically diagnosed,
and a kidney biopsy is rarely performed. However, a recent
analysis has revealed the importance of a kidney biopsy for
the evaluation of the kidney prognosis in diabetic nephropa-
thy (15, 16). Diabetic changes in the kidney are reportedly
observed before the appearance of albuminuria, and patho-
logical findings strongly predict the prognosis (17). Detailed
pathological findings of diabetic nephropathy for each defi-
nition and score have been published as a handbook in Ja-
pan (18). This classification is based on microscopic find-
ings. Regarding glomerular lesions, nine lesions with mesan-
gial expansion, nodular lesions, basement membrane dupli-
cation, exudative lesions, mesangiolysis, polar vasculosis,

glomerulomegaly, global and segmental glomerulosclerosis
of four interstitial lesions with interstitial fibrosis and renal
tubular atrophy (IFTA), interstitial cell infiltration, arteriolar
hyalinosis and arteriosclerosis are pathological factors for an
evaluation. Among these, 11 findings were evaluated by
scoring. Using this pathological evaluation system, we com-
pared the pathological changes evaluated using the two clas-
sification systems (Fig. 2). In both systems, the scores in-
creased in a similar manner with progressive stage or cate-
gory. Thus, no marked difference was noted between the
two classification systems with regard to the evaluation of
pathological changes.

The presence of diffuse lesions, which is an important
pathological finding, was observed in many cases even at
stage 1 of the Japanese classification of diabetic nephropa-
thy or in the green and yellow stage of the CKD risk classi-
fication, which represent low albuminuria and a preserved
high eGFR. In addition, pathological findings, such as nodu-
lar lesions and mesangial melting, were observed in several
cases even at early stages or categories. Further, interstitial
lesions, such as interstitial cell infiltration and interstitial fi-
brosis or IFTA, and vascular lesions, such as arteriosclerosis
and vascular hyalinosis, were also observed in these low-risk
groups. Nephrosclerotic lesions, such as arteriosclerosis and
glomerular sclerosis, can be found in biopsy specimens from
diabetic patients. Such lesions are observed not only in bi-
opsy specimens from diabetic patients but also commonly in
those from aged patients and/or patients with hypertension.
However, it is difficult to clearly distinguish the specific
pathological changes of nephrosclerosis and typical diabetic
nephropathy. This suggests that the pathological changes of
nephrosclerosis may be included among the pathological
changes of diabetic nephropathy (Fig. 3). Our findings
therefore indicate that certain pathological observations, in-
cluding nephrosclerotic changes, are already underway, even
in the group clinically evaluated as low-risk. There were no
clear pathological differences between the two classification
systems.

Biomarkers for Pathological Changes and
Outcome Prediction

More specific and reliable biomarkers than urinary albu-
min for diabetic kidney disease are urgently needed. Urinary
liver-type fatty acid-binding protein (I-FABP) is a good
prognostic marker of progression to end-stage kidney dis-
ease and the onset of cardiovascular disease in patients with
diabetic kidney disease (19). In addition to 1-FABP, the se-
rum concentrations of fibroblast growth factor-23 soluble tu-
mor necrosis factor (TNF), receptor 1 (TNFR1) and TNFR2
also predict future kidney dysfunction (20, 21). Recently,
anti-erythropoietin receptor (EPOR) antibodies have been re-
ported to be pathologically associated with renal interstitial
inflammation in type 2 diabetic patients. Furthermore,
autoantibodies to EPOR may be involved in disease progres-
sion and are a useful serologic marker for the progression of
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Figure 2. A comparison of each histological score between the Japanese classification of diabetic
nephropathy and the CKD risk classification. Diffuse: diffuse lesion (mesangial expansion), Nodular:
nodular lesion (nodular sclerosis), SubendW: subendothelial space widening (double contour of base-
ment membrane), Exudative: exudative lesion, MesLy: mesangiolysis/microaneurysm, PVas peri-hi-
lar neo-vascularization (polar vasculosis), GMeg: glomerulomegaly, IFTA: interstitial fibrosis and
tubular atrophy, ICell: interstitial cell infiltration, Hyalin: arteriolar hyalinosis, Arterio: arterioscle-
rosis with intimal thickening

Diabetic
nephropathy

Diabetic kidney
disease

Typical diabetic

nephropathy
Nephrosclerosis
Albuminuria Small amount Large amount
Kidney function Reduced Preserved - reduced
Pathological Tubulo-interstitial lesions, Diffuse lesion,
changes Vascular lesions, Nodular lesion,
Glomerulosclerosis Polar vasculosis,

Mesangiolysis

Figure 3. Clinical and pathological characteristics of typical diabetic nephropathy and nephro-
sclerosis-based diabetic kidney disease.
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kidney dysfunction in type 2 diabetic patients with
CKD (22, 23). These biomarkers may be clinically useful
and valuable. However, these markers’ additional utility for
predicting various outcomes regarding either the clinical
stage or specificity for particular pathological change is lim-
ited. Identifying new biomarkers using recent exhaustive
analysis techniques may provide ideal biomarkers for spe-
cific clinical requirements in the near future.

Conclusion

In summary, the Japanese classification of diabetic neph-
ropathy and the CKD risk classification are similar systems.
However, each stage of these two systems has characteristic
clinical and pathological features, making it important to un-
derstand these features and use each classification system
appropriately. In addition, in order to confirm or revalidate
the findings of this study, further larger prospective studies
are required in the future.
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