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Background: Diabetic nephropathy (DN) accounts for approximately half of all cases of chronic kidney disease (CKD) and end-stage 
kidney disease worldwide. The Renal Pathology Society (RPS) classification has been used to predict the renal prognosis in DN. In 
2018, the Japanese Renal Pathology Society (JRPS) proposed a comprehensive classification system that included pathological 
changes in the kidney. The clinical significance of the JRPS classification system was comparatively evaluated in the present study. 
Methods: A total of 93 cases diagnosed with DN from 2009 to 2019 were enrolled. JRPS scores (J-scores) were calculated by scoring 
the pathological factors in the JRPS classification system and comparing them with clinical parameters. 
Results: Most pathological factors constituting the J-score were significantly correlated with clinical factors. Laminated nodules were 
inversely correlated with estimated glomerular filtration rate. After adjusting for age, sex, body mass index, hemoglobin A1c, diabetes 
duration, and hypertension, CKD stage was significantly correlated with JRPS grade, nodular lesions, and exudative lesions in the mul-
tivariate logistic regression analysis. However, receiver operating characteristic curve analysis revealed that the J-score (area under 
the curve [AUC] = 0.639) had lower clinical significance than the traditional RPS classification system (AUC = 0.675). 
Conclusion: The JRPS classification can more comprehensively reflect renal changes than the RPS classification and is correlated 
with renal survival. When creating a new pathological classification, arteriolar hyalinosis should not be included, whereas laminated 
nodules should be included. 
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Introduction 

Diabetic nephropathy (DN), also known as diabetic kidney 

disease, is one of the main causes of chronic kidney disease 

(CKD) and end-stage kidney disease worldwide [1]. As the 

prevalence of diabetes increases, that of DN is also expect-

ed to increase [2]. Because the pathogenesis and progres-

sion of DN are associated with various factors, predicting 

the progression and prognosis of DN is challenging and 

has not been completely studied [3]. 

https://doi.org/10.23876/j.krcp.22.123
http://crossmark.crossref.org/dialog/?doi=10.23876/j.krcp.22.123&domain=pdf&date_stamp=2022-09-30
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Albuminuria, serum creatinine, and estimated glomer-

ular filtration rate (eGFR) are widely used as clinical indi-

cators for predicting DN progression [4]. However, further 

studies are necessary to develop more comprehensive and 

better predictors of progression. Previous studies have 

investigated clinical features, novel biomarkers, and patho-

logical changes to predict renal outcomes in DN. 

The Renal Pathology Society (RPS) classification was first 

introduced by Tervaert et al. [5] in 2010 and has been used 

to predict the renal prognosis in DN. However, it mainly 

evaluates glomerular changes in the kidney, and many 

studies have suggested that tubulointerstitial changes also 

play a role in DN progression [6–8]. 

In 2018, the Japanese Renal Pathology Society (JRPS) 

proposed the JRPS score (J-score), which is a comprehen-

sive DN classification system [9]. The J-score includes vari-

ous pathological findings, including glomerular, tubuloint-

erstitial, and vascular lesions. However, only a few studies 

have been conducted on the clinical usefulness of the JRPS 

classification. 

We evaluated the clinical significance of the JRPS classi-

fication system and investigated whether the pathological 

findings observed in DN were associated with DN progres-

sion. 

Methods 

This study was approved by the Institutional Review Board 

of Yonsei University Wonju Severance Christian Hospital 

(No. CR320183). The requirement for informed consent 

was waived.

Patients 

A total of 93 patients who underwent renal biopsy and 

were diagnosed with DN between 2009 and 2019 at Wonju 

Severance Christian Hospital were enrolled in the study. 

Periodic acid-Schiff, Jones methenamine silver, and Mas-

son trichrome-stained slides used for diagnosing DN were 

reviewed by two pathologists while simultaneously review-

ing other pathological factors. All cases were reclassified 

and scored by reviewing slides and pathological reports 

according to the RPS and JRPS classification systems. 

Pathological factors 

Pathological factors included in the RPS classification are 

glomerular basement membrane (GBM) thickening, me-

sangial expansion, nodular sclerosis, and global sclerosis. 

Here, the total score was calculated based on tubuloint-

erstitial and vascular lesions, including interstitial fibrosis 

and tubular atrophy (IFTA), inflammatory interstitial in-

filtrates, arteriolar hyalinosis (AH), presence of large ves-

sels, and arteriosclerosis. In the JRPS classification, diffuse 

lesions, nodular lesions, subendothelial space widening 

(GBM doubling), mesangiolysis, exudative lesions, polar 

vasculosis, global/segmental glomerulosclerosis, glomeru-

lomegaly, IFTA, interstitial inflammation, AH, and intimal 

thickening are also included (Fig. 1). The J-score was cal-

culated using the method described by Hoshino et al. [9]. 

Based on the J-score, the patients in the study were divided 

into four groups (JRPS grade 1, J-score of 0–5; JRPS grade 

2, 6–10; JRPS grade 3, 11–15; and JRPS grade 4, 16–19). In 

addition to the pathological factors mentioned above, oth-

er pathological factors considered significant prognostic 

factors in DN (laminated nodules, nodular lesions with 

laminated appearance and capillary microaneurysms, and 

rupture of the capillary wall due to severe mesangiolysis) 

were reviewed (Fig. 2).  

Clinical and laboratory investigations  

Data, including age, sex, body mass index (BMI), hemo-

globin, serum albumin, total cholesterol, creatinine, eGFR, 

hemoglobin A1c (HbA1c), total urinary protein, microal-

buminuria, urinary red blood cells, hypertension, diabetic 

retinopathy status, type of diabetes, duration of diabetes, 

and renal replacement therapy (RRT) status, were obtained 

from electronic medical records. 

Statistical analysis 

Descriptive statistical analyses were performed on basic pa-

tient information. For each variable, the chi-square test and 

independent-sample t test were performed to determine 

whether RRT made significant differences in outcomes. 

Pearson correlation coefficient analysis was performed to 

determine the relationships between RPS glomerular class, 

J-score, and JRPS grade and individual pathological factors 
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and clinical prognostic factors. RPS glomerular classes IIa 

and IIb were combined as class II because of the small num-

ber of cases. The differences between mean values of the 

clinical factors and additional pathological factors observed 

in DN were analyzed using t tests. After dividing JRPS grade, 

RPS glomerular class, and individual pathological factor 

scores into two groups, the relationships between greater 

than 50% decrease in eGFR (eGFR 50), RRT, and CKD stage 

were analyzed using univariate logistic regression. Factors 

that showed significant relationships in the above analyses 

were analyzed according to other clinical elements of each 

patient and included in the multivariate logistic regression 

analysis. Finally, the clinical significances (predicting renal 

injury requiring RRT) of the J-score, JRPS grade, and RPS 

glomerular class were compared using receiver operating 

characteristic (ROC) curve analysis. All statistical analyses 

were performed using IBM SPSS for Windows, version 28.0 

(IBM Corp., Armonk, NY, USA), and p-values of <0.05 were 

Figure 1. Microscopic findings of representative pathological prognostic factors of diabetic nephropathy. (A) Diabetic nodules 
(indicated by arrows; Masson’s trichrome stain, ×400). (B) Glomerular basement membrane duplication (indicated by arrows; Jones’s 
methenamine silver stain, ×600). (C) Exudative lesion (indicated by arrows; periodic acid-Schiff stain [PAS], ×400). (D) Arteriolar hyali-
nosis (indicated by arrows; PAS, ×400).
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considered statistically significant. 

Results 

Baseline characteristics 

The mean age of patients was 51.00 (standard deviation 

[SD], ±11.85) years, and there were 25 female patients 

(26.9%). Additionally, seven patients (7.5%) had type I 

diabetes, and the mean diabetes duration was 10.33 (SD, 

±6.67) years. The number of patients classified as RPS 

classes I, II (IIa + IIb), III, and IV were 5, 23, 37, and 28, 

respectively; the mean RPS class was 2.95. The number of 

patients classified as JRPS grades 1, 2, 3, and 4 were four, 

eight, 40, and 41, respectively. The mean JRPS classifica-

tion grade and J-score were 3.27 (SD, ±0.80) and 13.57 (SD, 

±3.74), respectively. The mean baseline eGFR was 42.28 

(SD, ±36.42) mL/min/1.73 m2, and 56 patients were treated 

Figure 2. Microscopic findings of a laminated nodule and capillary microaneurysm. (A, B) Laminated nodule (indicated by arrows;
Jones’s methenamine silver stain [JMS], ×400). (C) Capillary microaneurysm (indicated by arrows; JMS, ×400). (D) Capillary microan-
eurysm (indicated by arrows; periodic acid-Schiff stain, ×400).
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with RRT. Age and the RPS class were significantly related 

to whether RRT was performed (Table 1). 

Correlations between pathological factors of the Japanese 
Renal Pathology Society classification and clinical factors 

Pearson correlation coefficient analysis demonstrated 

that the JRPS score, comprising the sum of the scores of all 

pathological factors of the JRPS classification, was signifi-

cantly inversely correlated with eGFR and positively cor-

related with CKD stage. When comparing each patholog-

ical component of the JRPS classification, GBM doubling, 

mesangiolysis, exudative lesion, global glomerulosclerosis, 

IFTA, and interstitial inflammation were positively cor-

related with serum creatinine level. Diffuse lesions, nodu-

lar lesions, subendothelial space widening, mesangiolysis, 

exudative lesions, polar vasculosis, global glomerulosclero-

sis, IFTA, interstitial inflammation, and intimal thickening 

were inversely correlated with eGFR. Additionally, diffuse 

lesions were positively correlated with HbA1c levels, sub-

endothelial space widening was inversely correlated with 

the 24-hour urine albumin level, and nodular lesions, 

exudative lesions, global glomerulosclerosis, IFTA, and in-

terstitial inflammation were positively correlated with CKD 

stage (Table 2).  

Correlations between other pathological factors and clini-
cal factors 

When the differences between other pathological factors 

observed in DN and the mean values of clinical factors 

were compared using t tests, a statistically significant de-

Table 1. Baseline characteristics of patients (n = 93)
Characteristics RRT+ RRT– p-value
No. of patients 56 37
Age (yr) 48.29 ± 11.86 54.97 ± 10.80 0.007*
Sex 0.33
 Male 43 (76.8) 25 (67.6)
 Female 13 (23.2) 12 (32.4)
Type of diabetes 0.50
 I 5 (8.9) 2 (5.4)
 II 46 (82.1) 33 (89.2)
 Unknown 5 (8.9) 2 (5.4)
Diabetes duration (yr) 9.94 ± 5.89 10.94 ± 7.77 0.51
RPS glomerular class 0.01*
 I 1 (1.8) 4 (10.8)
 IIa + IIb 9 (16.1) 14 (37.8)
 III 27 (48.2) 10 (27.0)
 IV 19 (33.9) 9 (24.3)
RPS glomerular class 3.14 ± 0.75 2.65 ± 0.98 0.01*
JRPS classification grade 0.06
 1 1 (1.8) 3 (8.1)
 2 2 (3.6) 6 (16.2)
 3 27 (48.2) 13 (35.1)
 4 26 (46.4) 15 (40.5)
JRPS classification grade 3.39 ± 0.65 3.08 ± 0.95 0.09
J-score 14.23 ± 2.84 12.57 ± 4.66 0.06
Baseline eGFR (mL/min/1.73 m2) 31.61 ± 30.53 58.42 ± 39.00 <0.001*

Data are expressed as number only, mean ± standard deviation, or number (%).
JRPS classification grade: 1, J-score of 0–5; 2, J-score of 6–10; 3, J-score of 11–15; 4, J-score of 16–19.
JRPS, Japanese Renal Pathology Society; J-score, JRPS score; RPS, Renal Pathology Society; RRT+, received renal replacement therapy; RRT, did not re-
ceive renal replacement therapy.
*p < 0.05.
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crease in eGFR was observed when laminated nodules 

were present. Microaneurysms were not related to mean 

clinical factor values (Table 3). 

Correlations between pathological factors and clinical fac-
tors 

To examine relationships between the pathological prog-

nostic factors in JRPS, RPS classification, and eGFR 50, 

univariate logistic regression showed that JRPS grade was 

significantly correlated with eGFR reduction (Table 4). Lo-

gistic regression analyses between pathological factors of 

the JRPS, RPS classification, and RRT demonstrated that 

the JRPS grade, RPS glomerular class, nodular lesions, and 

exudative lesions were significantly correlated with RRT 

(Table 5). Additionally, significant correlations were ob-

served between CKD stage and JRPS grade, RPS glomerular 

class, diffuse lesions, nodular lesions, and exudative lesions 

(Table 6). After adjusting for age, sex, BMI, HbA1c, diabetes 

duration, and hypertension, CKD stage was found to be 

significantly correlated with JRPS grade, nodular lesions, 

and exudative lesions by multivariate logistic regression 

analysis (Table 7). 

Comparisons of clinical significance between Japanese 
Renal Pathology Society and Renal Pathology Society clas-
sifications 

ROC curve analysis revealed that the JRPS grade (area 

under the curve [AUC] = 0.617) had slightly lower clinical 

Table 2. Correlations between JRPS classification and clinical factors (Pearson linear correlation)

Parameter
Pearson correlation coefficient (r)

Creatinine eGFR HbA1c 24-hr TP 24-hr Malb CKD stage
JPRS score (1–19) –0.090 –0.472*** 0.067 –0.057 –0.134 0.284**
Diffuse lesion (0–3) 0.153 –0.243* 0.276* 0.132 –0.201 0.115
Nodular lesion (0, 1) 0.203 –0.298** 0.16 0.074 0.039 0.210*
GBM doubling (0–3) 0.207* –0.301** –0.161 –0.164 –0.212* 0.190
Mesangiolysis (0, 1) 0.219* –0.273** 0.028 –0.035 –0.085 0.089
Exudative lesion (0, 1) 0.284** –0.385*** 0.003 0.103 0.056 0.402***
Polar vasculosis (0, 1) 0.078 –0.247* 0.026 –0.054 –0.098 0.109
Global glomerulosclerosis (%) 0.314** –0.393*** –0.130 0.056 0.043 0.425***
Glomerulomegaly (0, 1) –0.136 0.091 0.002 0.08 0.074 –0.137
IFTA (0–3) 0.494*** –0.587*** –0.187 0.002 –0.090 0.432***
Interstitial inflammation (0–3) 0.355*** –0.508*** –0.151 0.130 –0.050 0.424***
Arteriolar hyalinosis (0–3) 0.053 –0.093 0.169 0.024 –0.019 –0.056
Intimal thickening (0–2) 0.171 –0.225* –0.152 –0.116 –0.166 0.070

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; GBM, glomerular basement membrane;  HbA1c, hemoglobin A1c; IFTA, interstitial 
fibrosis and tubular atrophy; JRPS, Japanese Renal Pathology Society; J-score, JRPS score; Malb, urine microalbumin; TP, urine total protein.
*p < 0.05, **p < 0.01, ***p < 0.001.

Table 3. Associations between other pathological factors in diabetic nephropathy and mean values of clinical factors (t test)

Parameter Creatinine 
(mg/dL)

eGFR 
(mL/min/1.73m2) HbA1c (%) 24-hr TP (mg/day) 24-hr Malb (mg/day) CKD stage

Microaneurysm
 – 3.46 ± 0.34 42.98 ± 37.60 8.23 ± 2.65 4,266.88 ± 460.11 4,563.75 ± 2,971.81 2.65 ± 0.60
 + 2.50 ± 1.09 33.67 ± 14.71 8.20 ± 1.96 4,079.73 ± 1,541.99 5,393.23 ± 2,876.17 2.57 ± 0.79
Laminated nodule
 – 3.30 ± 3.08 45.64 ± 38.69** 8.21 ± 2.69 6,351.27 ± 4,307.26 4,469.40 ± 3,018.43 2.62 ± 0.59
 + 3.84 ± 2.93 26.10 ± 14.72** 8.29 ± 2.16 7,763.85 ± 3,886.59 5,380.74 ± 2,599.26 2.75 ± 0.68

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate;  HbA1c, hemoglobin A1c; Malb, urine microalbumin; TP, urine total protein; –, ab-
sent; +, present.
**p < 0.01.
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significance than the traditional RPS classification (AUC 

= 0.675). The overall J-score (AUC = 0.639) and J-score ex-

cluding AH (AUC = 0.644) had slightly higher clinical sig-

nificance than the JRPS classification grade (Fig. 3). 

Discussion 

We comprehensively evaluated clinical prognostic factors 

and pathological findings in DN. When the clinical sig-

nificance of the pathological factors included in the JRPS 

classification, which is a relatively recent comprehensive 

pathologic classification system, was analyzed, the J-score 

proved to be significantly correlated with CKD stage and 

eGFR. Most pathological prognostic factors constituting 

the JRPS classification were also related to clinical factors. 

However, the ROC curve showed that the JRPS classifica-

tion had lower clinical significance than the traditional RPS 

classification. Among the pathological factors included in 

the JRPS classification, glomerulomegaly and AH were not 

significantly associated with clinical prognostic factors in 

Table 4. Logistic regression analysis of pathological factors for eGFR 50
Parameter Grade or score (n) Odds ratio (95% CI) p-value
JRPS grade Grade 1, 2 (12) vs. 3, 4 (81) 0.14 (0.03–0.68) 0.02*
RPS glomerular class Grade 1, 2 (27) vs. 3, 4 (66) 0.83 (0.34–2.07) 0.69
Diffuse lesion Score 0–2 (22) vs. 3 (71) 0.15 (0.02–1.35) 0.09
Nodular lesion Score 0 (43) vs. 1 (50) 0.79 (0.35–1.79) 0.57
GBM doubling Score 0–2 (85) vs. 3 (8) 1.25 (0.26–6.03) 0.78
Mesangiolysis Score 0–2 (52) vs. 3 (41) 1.98 (0.86–4.56) 0.11
Exudative lesion Score 0 (31) vs. 1 (62) 0.82 (0.34–1.97) 0.66
Polar vasculosis Score 0 (16) vs. 1 (77) 0.85 (0.29–2.51) 0.77
Glomerulomegaly Score 0 (75) vs. 1 (18) 1.55 (0.55–4.38) 0.41
Arteriolar hyalinosis Score 0–2 (64) vs. 3 (29) 0.43 (0.07–2.76) 0.38
Intimal thickness Score 0–1 (41) vs. 2 (52) 1.88 (0.54–6.54) 0.32
Microaneurysm Score 0 (86) vs. 1 (7) 0.84 (0.18–4.00) 0.83
Laminated nodule Score 0 (77) vs. 1 (16) 0.86 (0.29–2.56) 0.79

CI, confidence interval; eGFR, estimated glomerular filtration rate; eGFR 50, greater than 50% of reduction in eGFR; GBM, glomerular basement mem-
brane; JRPS, Japanese Renal Pathology Society; RPS, Renal Pathology Society.
*p < 0.05.

Table 5. Logistic regression analysis of pathological factors for renal replacement therapy
Parameter Grade or score (n) Odds ratio (95% CI) p-value
JRPS grade Grade 1, 2 (12) vs. 3, 4 (81) 5.68 (1.42–22.68) 0.01*
RPS glomerular class Grade 1, 2 (27) vs. 3, 4 (66) 4.60 (1.56–13.54) 0.006**
Diffuse lesion Score 0–2 (22) vs. 3 (71) 9.43 (0.91–98.05) 0.06
Nodular lesion Score 0 (43) vs. 1 (50) 4.77 (1.60–14.24) 0.005**
GBM doubling Score 0–2 (85) vs. 3 (8) 1.04 (0.17–6.29) 0.97
Mesangiolysis Score 0–2 (52) vs. 3 (41) 1.77 (0.62–5.06) 0.28
Exudative lesion Score 0 (31) vs. 1 (62) 3.08 (1.08–8.74) 0.04*
Polar vasculosis Score 0 (16) vs. 1 (77) 1.93 (0.54–6.92) 0.31
Glomerulomegaly Score 0 (75) vs. 1 (18) 0.92 (0.25–3.38) 0.90
Arteriolar hyalinosis Score 0–2 (64) vs. 3 (29) 3.80 (0.42–34.08) 0.23
Intimal thickness Score 0–1 (41) vs. 2 (52) 0.44 (0.08–2.36) 0.34
Microaneurysm Score 0 (86) vs. 1 (7) 0.87 (0.18–4.14) 0.86
Laminated nodule Score 0 (77) vs. 1 (16) 3.43 (0.90–13.00) 0.07

CI, confidence interval; GBM, glomerular basement membrane; JRPS, Japanese Renal Pathology Society; RPS, Renal Pathology Society.
*p < 0.05, **p < 0.01.
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this study. As the J-score is calculated by adding all patho-

logical factors whether they are related or unrelated to clin-

ical prognostic factors, the inclusion of unrelated factors 

may have led to the lower clinical significance of the JRPS 

classification. This was confirmed when the J-score was 

calculated without AH and found to be more significant 

than the overall J-score. This result suggests that the JRPS 

classification system requires further modification and re-

finement. Additional research is needed to determine the 

pathological findings that most accurately indicate renal 

damage. 

Renal biopsies are performed in patients with DN when 

they present with atypical clinical course or when nondia-

betic renal disease (NDRD) is suspected. Renal biopsy de-

termines diagnosis and disease activity so that patients can 

receive appropriate treatment. Pathologists determine the 

correct diagnosis by comprehensively evaluating the glom-

eruli, tubules, interstitium, and blood vessels in the biopsy 

samples, as each finding provides information about the 

Table 6. Logistic regression analysis of pathological factors for CKD stage
Parameter Grade or score (n) Odds ratio (95% CI) p-value
JRPS grade Grade 1, 2 (12) vs. 3, 4 (81) 6.25 (2.31–16.95) <0.001***
RPS glomerular class Grade 1, 2 (27) vs. 3, 4 (66) 4.57 (1.30–16.07) 0.02*
Diffuse lesion Score 0–2 (22) vs. 3 (71) 12.75 (1.40–116.04) 0.02*
Nodular lesion Score 0 (43) vs. 1 (50) 2.98 (1.16–7.67) 0.02*
GBM doubling Score 0–2 (85) vs. 3 (8) 4.96 (0.56–44.10) 0.15
Mesangiolysis Score 0–2 (52) vs. 3 (41) 1.73 (0.68–4.42) 0.25
Exudative lesion Score 0 (31) vs. 1 (62) 5.55 (2.09–14.73) 0.001**
Polar vasculosis Score 0 (16) vs. 1 (77) 1.71 (0.55–5.31) 0.35
Glomerulomegaly Score 0 (75) vs. 1 (18) 0.53 (0.18–1.57) 0.25
Arteriolar hyalinosis Score 0–2 (64) vs. 3 (29) 0.53 (0.05–5.22) 0.58
Intimal thickness Score 0–1 (41) vs. 2 (52) 2.06 (0.59–7.15) 0.26
Microaneurysm Score 0 (86) vs. 1 (7) 0.97 (0.18–5.33) 0.97
Laminated nodule Score 0 (77) vs. 1 (16) 3.17 (0.67–15.56) 0.15

CI, confidence interval; CKD, chronic kidney disease; GBM, glomerular basement membrane; JRPS, Japanese Renal Pathology Society; RPS, Renal Pathol-
ogy Society.
*p < 0.05, **p < 0.01, ***p < 0.001.

Table 7. Correlations between pathological factors and CKD stage (multivariate logistic regression)
Adjustment Parameter Odds ratio (95% CI) p-value
Age, sex, BMI, HbA1c, DM  

duration, and hypertension
JRPS grade 20.44 (2.82–148.10) 0.003**
Nodular lesion 4.98 (1.40–17.75) 0.013*
Exudative lesion 11.26 (2.88–44.05) 0.001**

BMI, body mass index; CI, confidence interval; CKD, chronic kidney disease; DM, diabetes mellitus; HbA1c, hemoglobin A1c; JRPS, Japanese Renal Pathol-
ogy Society.
*p < 0.05, **p < 0.01.

kidney and is associated with various diseases [10]. There-

fore, when evaluating renal damage in DN, evaluating 

not only the glomeruli but also the tubules, interstitium, 

and blood vessels can accurately reflect renal condition. 

Although the JRPS classification has lower clinical signifi-

cance than the RPS classification, which only evaluates the 

glomerulus, it more comprehensively evaluates patholog-

ical changes, similar to the ISN/RPS lupus nephritis classi-

fication and the Oxford classification for immunoglobulin 

A nephropathy [11,12]. Therefore, the JRPS classification 

considers renal damage that could be excluded by the RPS 

classification. 

We confirmed that, except for AH, most pathological 

factors in the JRPS classification and J-score were related 

to clinical factors. However, Hoshino et al. [9] showed that 

AH was correlated with renal outcomes and was therefore 

included as a factor for calculating the J-score. Although 

a few studies have compared AH with individual clinical 

prognostic factors, Moriya et al. [13] suggested that AH is a 



Kim, et al. Correlations of J-scores and clinical factors in DN

553www.krcp-ksn.org

pathological factor that can predict decreases in GFR. In a 

previous study by Li et al. [14], AH was not associated with 

renal outcomes in DN patients. As described above, the 

clinical significance of AH remains controversial; therefore, 

it may be challenging to use it as a factor for predicting the 

prognosis of DN. AH is not only a characteristic finding 

in DN but also a histological finding representative of mi-

crovascular damage caused by several factors, including 

hyperglycemia, hypertension, and endothelial damage, 

that result in glomerular damage and eventually a decrease 

in renal function [15,16]. Although AH is associated with 

decreased renal function, the present and several previous 

studies did not observe associations between AH and re-

nal outcomes; therefore, more studies of the relationship 

between AH and clinical factors and renal outcomes are 

required. 

Among the pathological findings observed in DN, lam-

inated nodules showed an inverse correlation with eGFR. 

Meanwhile, nodular lesions in DN, also called Kimmel-

stiel-Wilson lesions, are observed in approximately 25% of 

patients with advanced DN [5] and are associated with se-

Figure 3. Receiver operating characteristic curve for the pre-
diction of renal injury requiring renal replacement therapy. The 
area under the curve: Renal Pathology Society (RPS) glomerular 
classification, 0.675; Japanese Renal Pathology Society (JRPS) 
grade, 0.617; JRPS score (J-score) excluding arteriolar hyalinosis 
(AH), 0.644; and J-score, 0.639.

vere renal damage, long-standing diabetes, and poor renal 

prognosis [17]. Some nodular lesions show lamination on 

methenamine silver staining; however, this is not common-

ly observed, and the exact incidence is unknown. In the 

present study, 16 out of 93 cases (17.2%) featured laminat-

ed nodules. Lamination of nodular lesions is thought to be 

caused by repeated mesangiolysis and mesangial damage 

[18,19], which indicate continuous kidney damage. There-

fore, laminated nodules may help predict the prognosis of 

DN. Capillary microaneurysm is a rupture of the capillary 

walls and a pathological finding caused by mesangioly-

sis [20] but was not associated with clinical factors in this 

study. 

This study has several limitations. First, this was a sin-

gle-center study, and the number of patients included was 

small. Additionally, patients with higher RPS classifications 

with diabetic nodules were included, and the number of 

patients in each class was unevenly distributed. Although 

statistically significant results were obtained, further re-

search with a larger number of cases is required. Second, 

the number of patients with laminated nodules was small. 

Laminated nodules are not a common finding, so it was 

difficult to include many relevant cases in this study. A 

detailed study of the mechanism of occurrence and the 

exact incidence of laminated nodules in DN is required in 

the future, and further research on their relationships to 

renal prognosis should be conducted. Third, this study was 

conducted without distinguishing between type 1 and 2 

diabetes. The renal pathological findings in patients with 

type 2 diabetes are much more heterogeneous than those 

in patients with type 1 diabetes. NDRD is present in ap-

proximately 30% of patients with type 2 diabetes [21], and 

NDRD may be clinically different from DN in type 1 diabe-

tes. If sufficient cases can be obtained, studies that exam-

ine pathological classifications should be carried out after 

stratification based on diabetes type. There is no existing 

evidence that JRPS classification is superior to RPS classifi-

cation for predicting renal prognosis, and the results of this 

study are similar. Additionally, a disadvantage of the JRPS 

classification system is that it is complicated, because it 

evaluates comprehensive renal status, but JRPS classifica-

tion system better explains current renal status. If parame-

ters that are difficult to evaluate are adjusted, and parame-

ters are added or deleted according to clinical significance, 

the JRPS classification system can more accurately evaluate 
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the renal prognosis of DN. 

In conclusion, although the pathological classifications 

of RPS and JRPS are tools that can predict renal progres-

sion in patients with DN, the JRPS classification can more 

comprehensively reflect renal changes. When developing a 

new pathological classification system, AH is suggested to 

be excluded whereas laminated nodules are suggested to 

be included. 

Conflicts of interest 

All authors have no conflicts of interest to declare. 

Funding 

This work was supported by a National Research Founda-

tion of Korea (NRF) grant funded by the Korean govern-

ment (MSIT) (NRF-2020R1F1A1049799). 

Authors’ contributions 

Conceptualization: TK, YK, ME 

Data curation: YK, JYL, HS 

Formal analysis: TK, JYL, HS, ME 

Funding acquisition, Methodology, Project administration, 

Resources, Supervision: ME

Validation: ME, JSK, JWY

Writing–original draft: TK, JYL

Writing–review & editing: all authors

All authors read and approved the final manuscript. 

ORCID 

Taeyeong Kim, https://orcid.org/0000-0002-6140-3669 

Yooujin Kwak, https://orcid.org/0000-0002-4295-6452 

Jun Young Lee, https://orcid.org/0000-0001-8047-4190 

Hanwul Shin, https://orcid.org/0000-0003-3863-5434 

Jae Seok Kim, https://orcid.org/0000-0002-1350-3526 

Jae Won Yang, https://orcid.org/0000-0003-3689-5865 

Minseob Eom, https://orcid.org/0000-0002-8121-8399 

References 

1. NCD Risk Factor Collaboration (NCD-RisC). Worldwide 

trends in diabetes since 1980: a pooled analysis of 751 pop-

ulation-based studies with 4.4 million participants. Lancet 

2016;387:1513–1530. 

2. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence of 

diabetes: estimates for the year 2000 and projections for 2030. 

Diabetes Care 2004;27:1047–1053. 

3. Pérez-Morales RE, Del Pino MD, Valdivielso JM, Ortiz A, Mo-

ra-Fernández C, Navarro-González JF. Inflammation in diabetic 

kidney disease. Nephron 2019;143:12–16. 

4. Norris KC, Smoyer KE, Rolland C, Van der Vaart J, Grubb EB. 

Albuminuria, serum creatinine, and estimated glomerular filtra-

tion rate as predictors of cardio-renal outcomes in patients with 

type 2 diabetes mellitus and kidney disease: a systematic litera-

ture review. BMC Nephrol 2018;19:36.  

5. Tervaert TW, Mooyaart AL, Amann K, et al. Pathologic classifica-

tion of diabetic nephropathy. J Am Soc Nephrol 2010;21:556–563.  

6. Mise K, Hoshino J, Ueno T, et al. Prognostic value of tubuloint-

erstitial lesions, urinary N-acetyl-β-d-glucosaminidase, and 

urinary β2-microglobulin in patients with type 2 diabetes and 

biopsy-proven diabetic nephropathy. Clin J Am Soc Nephrol 

2016;11:593–601. 

7. Okada T, Nagao T, Matsumoto H, Nagaoka Y, Wada T, Nakao T. 

Histological predictors for renal prognosis in diabetic nephrop-

athy in diabetes mellitus type 2 patients with overt proteinuria. 

Nephrology (Carlton) 2012;17:68–75. 

8. An Y, Xu F, Le W, et al. Renal histologic changes and the outcome 

in patients with diabetic nephropathy. Nephrol Dial Transplant 

2015;30:257–266. 

9. Hoshino J, Furuichi K, Yamanouchi M, et al. A new pathological 

scoring system by the Japanese classification to predict renal 

outcome in diabetic nephropathy. PLoS One 2018;13:e0190923. 

10. Taheri D, Chehrei A, Samanianpour P, Hassanzadeh A, Sadrar-

hami S, Seyrafian S. Correlation of kidney biopsy findings and 

clinical manifestations of primary focal and segmental glomeru-

losclerosis. Saudi J Kidney Dis Transpl 2009;20:417–423. 

11. Trimarchi H, Barratt J, Cattran DC, et al. Oxford Classification 

of IgA nephropathy 2016: an update from the IgA Nephropathy 

Classification Working Group. Kidney Int 2017;91:1014–1021. 

12. Bajema IM, Wilhelmus S, Alpers CE, et al. Revision of the Inter-

national Society of Nephrology/Renal Pathology Society classifi-

cation for lupus nephritis: clarification of definitions, and modi-

fied National Institutes of Health activity and chronicity indices. 

Kidney Int 2018;93:789–796. 

13. Moriya T, Omura K, Matsubara M, Yoshida Y, Hayama K, Ouchi 

M. Arteriolar hyalinosis predicts increase in albuminuria and 

GFR decline in normo- and microalbuminuric Japanese pa-

https://www.ncbi.nlm.nih.gov/pubmed/27061677
https://www.ncbi.nlm.nih.gov/pubmed/27061677
https://www.ncbi.nlm.nih.gov/pubmed/27061677
https://www.ncbi.nlm.nih.gov/pubmed/27061677
https://doi.org/10.2337/diacare.27.10.2569-a
https://doi.org/10.2337/diacare.27.10.2569-a
https://doi.org/10.2337/diacare.27.10.2569-a
https://doi.org/10.1159/000493278
https://doi.org/10.1159/000493278
https://doi.org/10.1186/s12882-018-0821-9
https://doi.org/10.1186/s12882-018-0821-9
https://doi.org/10.1186/s12882-018-0821-9
https://doi.org/10.1186/s12882-018-0821-9
https://doi.org/10.1681/asn.2010010010
https://doi.org/10.1681/asn.2010010010
https://doi.org/10.2215/cjn.04980515
https://doi.org/10.2215/cjn.04980515
https://doi.org/10.2215/cjn.04980515
https://doi.org/10.2215/cjn.04980515
https://doi.org/10.1111/j.1440-1797.2011.01525.x
https://doi.org/10.1111/j.1440-1797.2011.01525.x
https://doi.org/10.1111/j.1440-1797.2011.01525.x
https://doi.org/10.1111/j.1440-1797.2011.01525.x
https://doi.org/10.1093/ndt/gfu250
https://doi.org/10.1093/ndt/gfu250
https://doi.org/10.1093/ndt/gfu250
https://doi.org/10.1371/journal.pone.0190923
https://doi.org/10.1371/journal.pone.0190923
https://doi.org/10.1371/journal.pone.0190923
https://www.ncbi.nlm.nih.gov/pubmed/19414944
https://www.ncbi.nlm.nih.gov/pubmed/19414944
https://www.ncbi.nlm.nih.gov/pubmed/19414944
https://www.ncbi.nlm.nih.gov/pubmed/19414944
https://www.ncbi.nlm.nih.gov/pubmed/28341274
https://www.ncbi.nlm.nih.gov/pubmed/28341274
https://www.ncbi.nlm.nih.gov/pubmed/28341274
https://doi.org/10.1016/j.kint.2017.11.023
https://doi.org/10.1016/j.kint.2017.11.023
https://doi.org/10.1016/j.kint.2017.11.023
https://doi.org/10.1016/j.kint.2017.11.023
https://doi.org/10.2337/dc17-0209
https://doi.org/10.2337/dc17-0209
https://doi.org/10.2337/dc17-0209


Kim, et al. Correlations of J-scores and clinical factors in DN

555www.krcp-ksn.org

tients with type 2 diabetes. Diabetes Care 2017;40:1373–1378. 

14. Li L, Zhang X, Li Z, et al. Renal pathological implications in type 

2 diabetes mellitus patients with renal involvement. J Diabetes 

Complications 2017;31:114–121. 

15. Hill GS, Heudes D, Bariéty J. Morphometric study of arterioles 

and glomeruli in the aging kidney suggests focal loss of autoreg-

ulation. Kidney Int 2003;63:1027–1036. 

16. Palmer BF. Renal dysfunction complicating the treatment of hy-

pertension. N Engl J Med 2002;347:1256–1261. 

17. Hong D, Zheng T, Jia-qing S, Jian W, Zhi-hong L, Lei-shi L. Nod-

ular glomerular lesion: a later stage of diabetic nephropathy? 

Diabetes Res Clin Pract 2007;78:189–195. 

18. Morita T, Yamamoto T, Churg J. Mesangiolysis: an update. Am J 

Kidney Dis 1998;31:559–573. 

19. Alpers CE, Hudkins KL. Pathology identifies glomerular treat-

ment targets in diabetic nephropathy. Kidney Res Clin Pract 

2018;37:106–111. 

20. Jefferson JA, Shankland SJ, Pichler RH. Proteinuria in diabetic 

kidney disease: a mechanistic viewpoint. Kidney Int 2008;74:22–

36. 

21. Parving HH, Gall MA, Skøtt P, et al. Prevalence and causes of al-

buminuria in non-insulin-dependent diabetic patients. Kidney 

Int 1992;41:758–762. 

https://doi.org/10.2337/dc17-0209
https://doi.org/10.1016/j.jdiacomp.2016.10.024
https://doi.org/10.1016/j.jdiacomp.2016.10.024
https://doi.org/10.1016/j.jdiacomp.2016.10.024
https://www.ncbi.nlm.nih.gov/pubmed/12631084
https://www.ncbi.nlm.nih.gov/pubmed/12631084
https://www.ncbi.nlm.nih.gov/pubmed/12631084
https://doi.org/10.1056/nejmra020676
https://doi.org/10.1056/nejmra020676
https://doi.org/10.1016/j.diabres.2007.03.024
https://doi.org/10.1016/j.diabres.2007.03.024
https://doi.org/10.1016/j.diabres.2007.03.024
https://doi.org/10.1053/ajkd.1998.v31.pm9531171
https://doi.org/10.1053/ajkd.1998.v31.pm9531171
https://doi.org/10.23876/j.krcp.2018.37.2.106
https://doi.org/10.23876/j.krcp.2018.37.2.106
https://doi.org/10.23876/j.krcp.2018.37.2.106
https://doi.org/10.1038/ki.2008.128
https://doi.org/10.1038/ki.2008.128
https://doi.org/10.1038/ki.2008.128
https://doi.org/10.1038/ki.1992.118

	Introduction
	Methods
	Patients
	Pathological factors 
	Clinical and laboratory investigations  
	Statistical analysis 

	Results
	Baseline characteristics 
	Correlations between pathological factors of the Japanese Renal Pathology Society classification and
	Correlations between other pathological factors and clinical factors 
	Correlations between pathological factors and clinical factors 
	Comparisons of clinical significance between Japanese Renal Pathology Society and Renal Pathology So

	Discussion
	Conflicts of interest 
	Funding
	Authors’ contributions 
	ORCID
	References

