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Kidney biopsy can help to predict renal outcomes of
patients with type 2 diabetes mellitus
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Background: In patients with type 2 diabetes mellitus (T2DM), diabetic kidney disease (DKD) is diagnosed based on clinical features.
A kidney biopsy is used only in selected cases. This study aimed to reconsider the role of a biopsy in predicting renal outcomes.
Methods: Clinical and laboratory parameters and renal biopsy results were obtained from 237 patients with T2DM who underwent
renal biopsies at Soonchunhyang University Cheonan Hospital between January 2000 and March 2020 and were analyzed.

Results: Of 237 diabetic patients, 29.1% had DKD only, 61.6% had non-DKD (NDKD), and 9.3% had DKD with coexisting NDKD
(DKD/NDKD). Of the patients with DKD alone, 43.5% progressed to end-stage kidney disease (ESKD), while 15.8% of NDKD patients
and 36.4% of DKD/NDKD patients progressed to ESKD (p < 0.001). In the DKD-alone group, pathologic features like 250% global
sclerosis (p < 0.001), tubular atrophy (p < 0.001), interstitial fibrosis (p < 0.001), interstitial inflammation (p < 0.001), and the pres-
ence of hyalinosis (p = 0.03) were related to worse renal outcomes. The Cox regression model showed a higher risk of progression to
ESKD in the DKD/NDKD group compared to the DKD-alone group (hazard ratio [HR], 2.73; p = 0.032), 250% global sclerosis (HR,
3.88; p < 0.001), and the degree of mesangial expansion (moderate: HR, 2.45; p = 0.045 and severe: HR, 6.22; p < 0.001).
Conclusion: In patients with T2DM, a kidney biopsy can help in identifying patients with NDKD for appropriate treatment, and it has
predictive value.
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Introduction It is also a major problem in South Korea, where the prev-

alence of DM in adults was 13.8% in 2018 [2]. Diabetic kid-
Diabetes mellitus (DM) affects multiple organs and can  ney disease (DKD) is the most common cause of chronic
cause death, making it a major threat to global public  kidney disease (CKD) and end-stage kidney disease (ESKD)
health. The number of adults with DM worldwide in-  [3]. Because CKD is associated with a high risk of cardio-
creased from 108 million in 1980 to 422 million in 2014 [1].  vascular disease, early detection and intervention are nec-
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essary [4].

Although a kidney biopsy is needed for a definitive di-
agnosis, it is not routinely performed because of its inva-
siveness and potential hazards. In most cases, DKD is diag-
nosed in patients with type 2 DM (T2DM) based on urinary
albumin excretion, diabetes duration, coexisting diabetic
retinopathy, and other clinical features. Some studies
claimed that a clinical diagnosis is sufficient, and a kidney
biopsy is not necessary in most cases [5-7]. A kidney biopsy
is performed in selected cases with atypical features, such
as hematuria, a rapid decline in renal function, or nonexis-
tent diabetic retinopathy. However, recent studies showed
that the characteristics of DKD are changing substantially.
The prevalence of proteinuria is decreasing, whereas the
prevalence of reduced renal function without proteinuria is
increasing [8-11]. Furthermore, a significant proportion of
patients with DM have non-DKD (NDKD). Previous stud-
ies showed that the prevalence of NDKD ranged from 3%
to 83% among patients undergoing renal biopsies [12-23].
The prognosis of patients with DKD tends to be worse than
those with NDKD, and appropriate treatment is different
for each disease. Thus, it is becoming more important for
clinicians to identify and distinguish between DKD and
NDKD in patients with DM. In this study, we explored the
role of kidney biopsies in predicting kidney outcomes in
patients with T2DM.

Methods
Ethics statement

This study was carried out in accordance with the Decla-
ration of Helsinki, and the study protocol was approved by
the Institutional Review Board of Soonchunhyang Univer-
sity Cheonan Hospital in Cheonan, Republic of Korea (No.
2019-04-026). The requirement for informed consent was
waived due to the retrospective nature of the study.

Study population

A total of 1,878 renal biopsies were performed at Soon-
chunhyang University Cheonan Hospital between January
2000 and March 2020. Patients younger than 18 years (n
= 110) were excluded. We reviewed the medical records
and classified patients as having T2DM if they had self-re-
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ported, were taking diabetic medications, or their result
of blood hemoglobin Alc was at least 6.5%. A total of 237
patients were identified as having T2DM. We reviewed the
clinical and laboratory parameters and renal biopsy results
and analyzed them retrospectively.

Biopsy specimens and clinical characteristics

All biopsy specimens were processed and analyzed by light
microscopy, immunofluorescence microscopy, and elec-
tron microscopy. All specimens were reviewed by expert
pathologists. The patients’ clinical and laboratory data
were collected by reviewing the electronic medical records.
The clinical characteristics included age, sex, body mass
index (BMI), mean arterial pressure (MAP), hemoglobin,
serum albumin, blood urea nitrogen (BUN), serum creati-
nine, estimated glomerular filtration rate (eGFR) calculated
by the CKD-EPI (Chronic Kidney Disease Epidemiology
Collaboration) equation, and 24-hour urinary protein
value. We considered the patient to have hypertension if
they were taking antihypertensive medications or if it was
self-reported. Laboratory data were collected at the time of
the renal biopsy.

Follow-up and renal outcomes

Patients diagnosed with isolated DKD received conven-
tional management without immunosuppressive agents.
Patients with NDKD superimposed on DKD or isolated
NDKD were treated according to the KDIGO (Kidney Dis-
ease Improving Global Outcomes) practical guidelines [24].
We collected the date when the patients visited the clinic,
and the date they progressed to ESKD or died. ESKD was
defined as the need for renal replacement therapy for more
than 3 months.

Statistical analyses

Continuous variables are expressed as the mean * stan-
dard deviation. Categorical variables are presented as
numbers (percentages). An independent t test or one-way
analysis of variance was used to compare continuous vari-
ables between the groups, and the chi-square test or Fisher
exact test was used for categorical variables. Kaplan-Meier
curves were drawn, and a log-rank test was used to com-
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pare the renal survival distribution. Point biserial correla-
tion was used to identify correlations between continuous
and dichotomous variables. The Cox regression model was
used to identify the association between the renal survival
time and variables. A p-value of <0.05 was considered sta-
tistically significant. All statistical analyses were performed
using SPSS version 25.0 for Windows (IBM Corp.).

Results

A total of 1,768 patients who were at least 18 years old un-
derwent kidney biopsies between January 2000 and March
2020. The baseline characteristics of patients with T2DM
(n = 1,531) and those without (n = 237) were compared
and are shown in Table 1. The most common diagnosis in
patients without T2DM was immunoglobulin A nephrop-

Table 1. Clinical characteristics of the study population

athy (IgAN) (n = 666, 43.5%), followed by focal segmental
glomerulosclerosis (FSGS; n = 110, 7.2%), membranous
nephropathy (MN; n = 95, 6.2%), minimal change disease
(MCD; n = 80, 5.2%), lupus nephritis (n = 42, 2.7%), mem-
branoproliferative glomerulonephritis (MPGN; n = 38,
2.5%), tubulointerstitial nephritis (TIN; n = 25, 1.6%), and
acute tubular necrosis (n = 20, 1.3%).

Among 237 diabetic patients, 69 patients (29.1%) had
DKD only, 146 (61.6%) had NDKD, and 22 (9.3%) had DKD
with coexisting NDKD (DKD/NDKD) (Table 2). We divided
the patients into three groups based on their pathologic
diagnosis. Age and sex were not different between the
groups. Patients in the DKD-alone group tend to have low-
er hemoglobin levels (10.8 + 1.9 g/dL vs. 12.0 + 2.3 g/dL;
p < 0.001), higher BUN levels (29.7 + 13.1 mg/dL vs. 24.6 +
15.9 mg/dL; p = 0.02), and lower eGFRs (42.7 + 24.1 mL/

Variable Total Non-T2DM T2DM p-value
No. of patients 1,769 1,531 237
Age (yr) 41.1+15.8 39.0+15.1 54.6 +13.0 <0.001
Male sex 1,030 (58.2) 884 (57.7) 146 (61.6) 0.26
Body mass index (kg/m?) 245 +4.3 24.3+4.3 259+4.1 <0.001
MAP (mmHg) 91.3+12.8 91.0+12.7 95.7 +12.7 <0.001
Hypertension 579 (32.7) 429 (28.0) 150 (63.3) <0.001
Hemoglobin (g/dL) 129+2.2 131+2.2 11.6+2.3 <0.001
Serum albumin (g/dL) 3.7+0.9 3.8+09 3.1+09 <0.001
BUN (mg/dL) 19.5+14.8 18.3 +14.3 26.6+15.9 <0.001
Serum Cr (mg/dL) 1.4+16 1.3+15 21+21 <0.001
eGFR (mL/min/1.73 m?) 84.7 +37.2 88.8 + 35.6 58.1+36.4 <0.001
24-hr urinary protein (mg) 2,036 + 2,892 1,730 + 2,552 3,970 £ 3,972 <0.001
Biopsy results

Diabetic nephropathy 91 (56.1) 0(0) 91 (38.4)

IgAN 716 (40.5) 666 (43.5) 4 (22.8)

FSGS 135 (7.6) 110 (7.2) 6 (11.0)

MN 116 (6.6) 95 (6.2) 5 (10.5)

MCD 90 (5.1) 80 (5.2) 17 (7.2)

MPGN 43 (2.4) 38 (2.5) 5(2.1)

Crescentic GN 20(1.1) 12 (0.8) 9 (3.8)

Lupus nephritis 48 (2.7) 42 (2.7) 6 (2.5)

TIN 36 (2.0) 25 (1.6) 16 (6.8)

ATN 21 (1.2) 20 (1.3) 1(0.4)

Others 452 (25.6) 426 (27.8) 9 (3.8)

Data are expressed as number only, mean * standard deviation, or number (%).

ATN, acute tubular necrosis; BUN, blood urea nitrogen; Cr, creatinine; eGFR, estimated glomerular filtration rate; FSGS, focal segmental glomerulosclerosis;
GN, glomerulonephritis; ISAN, immunoglobulin A nephropathy; MAP, mean arterial pressure; MCD, minimal change disease; MN, membranous nephropa-
thy; MPGN, membranoproliferative glomerulonephritis; T2DM, type 2 diabetes mellitus; TIN, tubulointerstitial nephritis.
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Table 2. Clinical characteristics of patients with type 2 diabetes mellitus (n = 237)

Variable DKD alone NDKD DKD/NDKD p-value
No. of patients 69 146 22
Age (yr) 52.3+125 55.7+12.9 53.8+14.4 0.18
Male sex 41 (59.4) 91 (62.3) 12 (54.5) 0.76
Body mass index (kg/m?) 26.0+4.8 258+4.1 245+35 0.35
MAP (mmHg) 98.8 £ 10.2 95.2+16.3 96.8 £ 12.0 0.23
Hypertension 56 (81.2) 91 (62.3) 14 (63.6) 0.02
Hemoglobin (g/dL) 10.8+19 12.0+2.3 10.8+19 <0.001*°
Serum albumin (g/dL) 3.2+0.8 3.1+09 3.0+09 0.50
BUN (mg/dL) 29.7£13.1 24.6 +15.9 30.0+ 185 0.045°
Serum Cr (mg/dL) 22+1.7 20122 22+1.7 0.69
eGFR (mL/min/1.73 m?) 42.7+24.1 52.9+29.3 421 +23.1 0.02°
24-hr urinary protein (mg)° 4,552 + 3,249 3,558 £ 3,921 5,212 + 5,816 0.08
Biopsy results’

Diabetic nephropathy 69 (100) 22 (100)

IgAN 50 (34.2) 4(18.2)

FSGS 25 (17.1) 1(4.5)

MN 21 (14.4) 4 (18.2)

MCD 10 (6.8) 7(31.8)

MPGN 5(3.4)

Crescentic GN 8 (5.5) 1(4.5)

Lupus nephritis 6 (4.1)

TIN 11 (7.5) 5(22.7)

ATN 1(0.7)

Others 9(6.2)
Outcome

ESKD 30 (43.5) 23 (15.8) 8(36.4) <0.001

Death 1(1.4) 9(6.2) 0(0) 0.22

Data are expressed as number only, mean * standard deviation, or number (%).
ATN, acute tubular necrosis; BMI, body mass index; BUN, blood urea nitrogen; Cr, creatinine; DKD, diabetic kidney disease; eGFR, estimated glomerular fil-
tration rate; FSGS, focal segmental glomerulosclerosis; GN, glomerulonephritis; IAN, immunoglobulin A nephropathy; MAP, mean arterial pressure; MCD,
minimal change disease; MN, membranous nephropathy; MPGN, membranoproliferative glomerulonephritis; NDKD, non-diabetic kidney disease; TIN, tub-

ulointerstitial nephritis.

*Significant difference between the DKD and NDKD groups. "Significant difference between the NDKD and DKD/NDKD groups. cThree patients with NDKD

without 24-hour urinary protein results were excluded. ‘Three patients with NDKD without 24-hour urinary protein results were excluded.

min/1.73 m® vs. 52.9 + 29.3 mL/min/1.73 m® p = 0.008)
than the NDKD group. Serum albumin levels and 24-hour
urinary protein values were not different between the three
groups.

The mean follow-up duration in the DKD-only, NDKD,
and DKD/NDKD groups was 2.8 years (range, 2.0-5.7
years), 5.8 years (range, 2.4-9.7 years), and 4.3 years (range,
2.7-5.7 years), respectively. Of the patients with DKD
alone, 43.5% progressed to ESKD, while 36.4% of the pa-
tients in the DKD/NDKD group and 15.8% of the patients
in the NDKD group progressed to ESKD (p < 0.001). We
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drew Kaplan-Meier curves to visualize the difference in
renal outcomes in each group (Fig. 1). We performed the
log-rank test, and the p-value was <0.001, indicating differ-
ences in renal outcomes in each group. The correlation be-
tween progression to ESKD and eGFR and 24-hour urinary
protein value was analyzed in each group. eGFR was not
correlated in the DKD-only (-0.143, p = 0.03), NDKD (0.181,
p = 0.005), or DKD/NDXKD groups (-0.070, p = 0.23). Twen-
ty-four-hour urinary protein values also did not correlate
in the DKD-only (0.088, p = 0.18), NDKD (-0.142, p = 0.03),
or DKD/NDKD groups (0.097, p = 0.14) (Table 3).
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Figure 1. Cumulative renal survival between the groups. Differ-
ences in cumulative renal survival between the groups are shown
by Kaplan-Meier curves (n = 146 in the NDKD group, n = 69 in
the DKD-alone group, and n = 22 in the DKD/NDKD group). Each
group was compared by the log-rank test and the p-value was <
0.001.

DKD, diabetic kidney disease; NDKD, non-diabetic kidney disease.

Table 3. Correlation with laboratory parameters in DKD, NDKD,
DKD/NDKD groups

eGFR 24-hr urinary protein
Group
r p-value r p-value
DKD alone -0.143 0.03 0.088 0.18
NDKD 0.181 0.005 -0.142 0.03
DKD/NDKD -0.070 0.23 0.097 0.14

DKD, diabetic kidney disease; eGFR, estimated glomerular filtration rate;
NDKD, non-diabetic kidney disease.

The most common diagnosis in the NDKD group was
IgAN (n = 50, 34.2%), followed by FSGS (n = 25, 17.1%),
MN (n = 21, 14.4%), TIN (n = 11, 7.5%), MCD (n = 10,
6.8%), crescentic glomerulonephritis (GN; n = 8, 5.5%),
lupus nephritis (n = 6, 4.1%), and MPGN (n = 5, 3.4%). The
most frequent co-diagnosis in the DKD/NDKD group was
MCD (n =7, 31.8%), followed by TIN (n = 5, 22.7%), IgAN
(n =4, 18.2%), MN (n = 4, 18.2%), FSGS (n = 1, 4.5%), and
crescentic GN (n = 1, 4.5%). Kaplan-Meier curves showed
better prognoses for patients with MCD and MN and worse
prognoses for those with crescentic GN and MPGN. The
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g ...... + -+ MPGN
5 0.25+ + Crescentic GN
~+ Lupus nephritis
~+ TIN
=+ DKD alone
0.004
T T T T T T
0 50 100 150 200 250
Follow-up (mo)
No. at risk
- 50 26 13 8 6 0
- 25 15 7 2 0 0
- 21 18 8 5 2 0
-+ 10 7 4 2 1 0
-+ 5 3 2 1 0 0
+ 8 1 0 0 0 0
-+ 6 2 0 0 0 0
-+ 11 2 1 0 0 0
-+ 69 1 4 0 0 0

Figure 2. Cumulative renal survival in the NDKD group com-
pared to the DKD-alone group. Differences in cumulative renal
survival grouped by diagnosis are shown by Kaplan-Meier curves.
DKD alone was the most common diagnosis, with 69 cases. In the
NDKD group, the most common diagnosis was immunoglobulin A
nephropathy (IgAN; n = 50, 34.2%), followed by focal segmental
glomerulosclerosis (FSGS; n = 25, 17.1%), membranous nephrop-
athy (MN; n = 21, 14.4%), tubulointerstitial nephritis (TIN; n = 11,
7.5%), minimal change disease (MCD; n = 10, 6.8%), crescentic
glomerulonephritis (crescentic GN; n = 8, 5.5%), lupus nephritis
(6, 4.1%), and membranoproliferative GN (MPGN; n = 5, 3.4%).
In the observation period, no patient with MCD or MN progressed
to end-stage kidney disease, showing the best result. In contrast,
patients with crescentic GN and MPGN showed worse prognoses.
DKD, diabetic kidney disease; NDKD, non-diabetic kidney disease.

prognoses of patients in the DKD-only group were bad like
those of crescentic GN and MPGN patients (Fig. 2).

We analyzed the pathologic features in the DKD-alone
group to find associations with renal prognoses (Fig. 3).
If glomeruli showed >50% global sclerosis, the renal out-
come looked worse (p < 0.001). The severity of mesangial
expansion also tended to be related to renal outcomes but
failed to show statistical significance in the log-rank test
(p = 0.06). The severity of tubular atrophy (p < 0.001), in-
terstitial fibrosis (p < 0.001), and interstitial inflammation
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Figure 3. Cumulative renal survival grouped by pathologic features in patients with DKD alone. Differences in cumulative renal
survival grouped by pathologic features in patients with DKD alone are shown by Kaplan-Meier curves. The p-values were calculated
by the log-rank test. (A) Three groups were divided by the percentage of glomerulus with global sclerosis with cut-offs of 25% and 50%.
The group with 50% global sclerosis had the worst renal outcome compared to the other groups (p < 0.001). (B) Three groups were
assigned based on the severity of mesangial expansion. Severity tended to correlate with worse renal outcomes but failed to show
statistical significance (p = 0.06). (C) Three groups were assigned based on the severity of tubular atrophy. Severity tended to correlate
with worse renal outcomes (p < 0.001). (D) Three groups were assigned based on the severity of interstitial fibrosis. Severity tended
to correlate with worse renal outcomes (p < 0.001). (E) Three groups were assigned based on the severity of interstitial inflammation.
Severity tended to correlate with worse renal outcomes (p < 0.001). (F) Two groups were assigned based on the presence of hyalinosis.
The presence of hyalinosis also resulted in worse renal outcomes (p = 0.03).
DKD, diabetic kidney disease. (Continued to the next page)
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Table 4. Correlation between pathologic findings and laboratory parameters of patients with DKD alone

. eGFR 24-hour urinary protein
Variable
r p-value r p-value

Global sclerosis -0.495 <0.001 -0.020 0.86
Mesangijal expansion -0.210 0.07 0.040 0.74
Tubular atrophy -0.557 <0.001 0.019 0.87
Interstitial fibrosis -0.376 0.001 0.110 0.37
Interstitial inflammation -0.325 0.007 0.051 0.67
Hyalinosis -0.377 0.001 0.088 0.47

DKD, diabetic kidney disease; eGFR, estimated glomerular filtration rate.

(p < 0.001) were also correlated with renal prognoses. The
presence of hyalinosis resulted in worse renal outcomes (p
= 0.03). The correlation between progression to ESKD and
laboratory parameters, such as eGFR and 24-hour urinary
protein, was analyzed in each pathologic finding. The re-
sult showed eGFR was correlated with pathologic findings,
including global sclerosis (-0.495, p < 0.001), mesangial
expansion (-0.210, p = 0.07), tubular atrophy (-0.557, p <
0.001), interstitial fibrosis (-0.376, p = 0.001), interstitial
inflammation (-0.325, p = 0.007), and hyalinosis (-0.377,
p = 0.001). However, 24-hour urinary protein values were
not correlated with pathologic findings, including global
sclerosis (-0.020, p = 0.86), mesangial expansion (0.040, p =
0.74), tubular atrophy (0.019, p = 0.873), interstitial fibrosis

(0.110, p = 0.37), interstitial inflammation (0.051, p = 0.67),
and hyalinosis (0.088, p = 0.47) (Table 4).

We used the Cox regression model to determine associa-
tions between renal outcomes and clinical and pathologic
parameters, including three groups divided by pathologic
diagnosis (categorized as DKD alone, NDKD, and DKD/
NDKD), age, sex, BMI, MAP, history of hypertension, eGFR,
24-hour urinary protein value (used log, transformation),
and pathologic findings such as global sclerosis, mesangial
expansion, tubular atrophy, interstitial fibrosis, and hyali-
nosis. Because three patients with NDKD did not have 24-
hour urinary protein results, they were excluded. We set the
DKD-alone group as the reference and showed significant-
ly higher risk in the DKD/NDKD group (hazard ratio [HR],

www.krcp-ksn.org 7
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2.73; 95% confidence interval [CI], 1.09-6.85; p = 0.03). Bi-
ological female sex (HR, 0.56; 95% CI, 0.31-1.00; p = 0.048),
eGFR (HR, 0.95; 95% CI, 0.94-0.97; p < 0.001), and 24-hour
urinary protein values (HR, 1.32; 95% CI, 1.09-1.60; p =
0.004) also showed significant results. Pathologic findings
of >50% global sclerosis (HR, 3.88; 95% CI, 1.75-8.59; p =
0.001) was a significant independent risk factor. The degree
of mesangial expansion was also a significant independent
risk factor (moderate degree: HR, 2.45; 95% CI, 1.02-5.85; p
=0.045 and severe degree: HR, 6.22; 95% CI, 2.34-16.55; p <
0.001) (Table 5).

We noticed different renal outcomes between patients

Table 5. Cox regression model by variable

Variable HR (95% Cl) p-value
Group

DKD alone (n = 69) Reference

NDKD (n = 143)° 1.47 (0.52-4.14) 0.46

DKD/NDKD (n = 22) 2.73 (1.09-6.85) 0.03
Age 0.89 (0.69-1.15) 0.39
Female sex 0.56 (0.31-1.00) 0.048
Body mass index 0.98 (0.91-1.06) 0.67
MAP 1.13 (0.94-1.36) 0.20
Hypertension 1.37 (0.65-2.86) 0.41
eGFR 0.95 (0.94-0.97) <0.001
24-hr urinary protein® 1.32 (1.09-1.60) 0.004
Global sclerosis (%)

<25 Reference

225, <50 0.96 (0.49-1.88) 0.91

250 3.88 (1.75-8.59) 0.001
Mesangijal expansion

None or mild Reference

Moderate 2.45 (1.02-5.85) 0.045

Severe 6.22 (2.34-16.55) <0.001
Tubular atrophy

None or mild Reference

Moderate 1.63 (0.70-3.82) 0.26

Severe 1.42 (0.45-4.47) 0.55
Interstitial fibrosis

None or mild Reference

Moderate 1.06 (0.48-2.36) 0.88

Severe 0.80 (0.30-2.17) 0.66
Hyalinosis 1.46 (0.63-3.42) 0.38

Cl, confidence interval; DKD, diabetic kidney disease; eGFR, estimated
glomerular filtration rate; HR, hazard ratio; MAP, mean arterial pressure;

NDKD, non-diabetic kidney disease.

*Three patients with NDKD without 24-hour urinary protein results were

excluded. "Used log, transformation.
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with MCD without DKD and those with DKD and MCD. All
patients in both groups received standard steroid therapy.
None of the 10 patients with MCD had progressed to ESKD
by the last observation. However, four out of seven patients
with DKD and MCD progressed to ESKD. The Kaplan-Mei-
er curves clearly showed different renal outcomes (p <
0.001) (Fig. 4).

Discussion

DM is the leading cause of ESKD, so clinicians put a lot of
effort into identifying DKD and preventing progression to
ESKD. However, not every patient with DM proceeds to re-
nal insufficiency caused by DKD, but also caused by other
GNs. Many previous studies showed that the proportion
of NDKD was high, at up to 83%, although the ranges were
broad [22,23]. Because of this heterogeneous nature, it is
hard to predict the progression of renal insufficiency in
diabetic patients. Recently, even the clinical presentation
of the disease has changed. Studies in the United States

1.00
£ 075-
<
>
w
©
C
2 0.50
(]
=
K
=}
§ 0.251
~+~ MCD alone Log-rank p < 0.001
~+ DKD with MCD
0.004
0 50 100 150 200 250
Follow-up (mo)
No. at risk
10 7 4 2 1 0
- 7 0 0 0 0 0

Figure 4. Cumulative renal survival in patients with MCD alone
and DKD with MCD. Differences in cumulative renal survival in
patient groups with MCD alone and DKD with MCD are shown by
Kaplan-Meier curves. None of the 10 patients with MCD alone
progressed to end-stage kidney disease (ESKD) by the last obser-
vation. However, four out of seven patients with DKD and MCD
progressed to ESKD. Each group was compared by the log-rank
test, and the p-value was <0.001.

DKD, diabetic kidney disease; MCD, minimal change disease.
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reported that the incidence of albuminuria is decreasing
while renal insufficiency is increasing among adults with
DM. Kramer et al. [9] reported that 30% of adults with
T2DM and renal insufficiency did not have accompanying
albuminuria and retinopathy, which were considered clin-
ical hallmarks of diabetic nephropathy [8,11]. Convention-
ally, a kidney biopsy is carried out in selected cases, usually
those with atypical features. However, under these circum-
stances, conventional kidney biopsies in diabetic patients
are becoming less useful.

Previous studies showed better renal prognosis for pa-
tients with NDKD than with DKD alone with appropriate
treatment [12-14]. Our study showed that DKD patients
with coexisting NDKD had a much higher risk for ESKD
(HR, 2.73) independent of other factors. As previous reports
and our study showed, the proportion of NDKD is relatively
high, so there could be many undiagnosed NDKD patients
with DM. With appropriate treatment, the outcomes of
these patients may be completely different. Clinical pa-
rameters have a limited role in diagnosing NDKD. Only a
kidney biopsy is a definite tool, so it should be considered
more frequently.

Previous studies tried to use pathologic features to pre-
dict renal outcomes in patients with DKD and suggested
that features like glomerular sclerosis, tubular atrophy,
interstitial inflammation, and hyalinosis, were correlat-
ed with worse outcomes [24-31]. Our study also showed
that features like 250% global sclerosis, tubular atrophy,
interstitial fibrosis, interstitial inflammation, and the pres-
ence of hyalinosis were related to adverse renal outcomes
among DKD patients. Twenty-four-hour urinary protein
values did not correlate well. These results suggest that
pathologic findings provide clues for renal prognosis apart
from 24-hour urinary protein values. The Cox regression
model showed that 250% global sclerosis and mesangial
expansion were significant risk factors apart from other
factors like eGFR, 24-hour urinary protein values, intersti-
tial fibrosis, and tubular atrophy. These results suggest that
a kidney biopsy has prognostic value, although this has not
been established yet. Although a kidney biopsy may result
in serious complications, the reported frequency of serious
complications is quite low [5,32-34]. Therefore, the benefits
of a biopsy to identify NDKD for appropriate intervention
and determine prognosis could outweigh the potential
risks of a biopsy.

In South Korea, IgAN is the most common type of prima-
ry GN, seen in up to 48% of patients [35,36]. Like the gen-
eral population, this study also showed that IgAN was the
most common diagnosis in both diabetic and nondiabetic
patients. The proportion of patients with DM who were
diagnosed with NDKD was similar to that of nondiabetic
patients, except for those with TIN. The proportion of TIN
might have been higher than in nondiabetic patients be-
cause a kidney biopsy is conventionally performed in cas-
es of sudden decreases in the eGFR in patients with DM.
Unlike other groups, patients in the DKD/NDKD group
showed more frequent MCD and better prognoses in this
study. A previous study showed that IgAN was the most
common NDKD in the DKD/NDKD group [12]. Despite
standard steroid therapy, patients with DKD and MCD
tended to show worse renal prognoses than patients with
MCD only. Because diagnosing coexisting MCD is difficult
in many cases, these differences should be examined com-
prehensively in future studies.

This study had some limitations. First, the study was
based on retrospective data, and some clinical variables
were limited.

Second, the follow-up periods were limited and different
for each group. This may have caused inaccurate outcomes.
Third, this study was based on original biopsy reports and
not reviewed comprehensively, so the pathologic judgment
used may not have been uniform.

Conflicts of interest

All authors have no conflicts of interest to declare.

Funding

This study was supported by a grant (NRF-2020R1A2C2
003438) from the National Research Foundation (NRF)
funded by the Ministry of Science and ICT, Korea. It was
also supported by the Soonchunhyang University Research
Fund.

Data sharing statement

The data presented in this study are available on request
from the corresponding author.

www.krcp-ksn.org 9



Kidney Res Clin Pract [Epub ahead of print]

Authors’ contributions

Conceptualization, Methodology: WJK, TO, EYL
Data curation: WJK, TO

Formal analysis: WJK, TO, NHH, KK, GES, SHJ
Funding acquisition: EYL

Investigation: SP, NJC, HWG, EYL, JHL
Writing-original draft: WJK, TO, SP, EYL
Writing-review & editing: WJK, TO, SP, EYL

All authors read and approved the final manuscript.

ORCID

Wook-Joon Kim, https://orcid.org/0000-0003-4332-9861
Taehoon Oh, https://orcid.org/0000-0002-2702-8332
Nam Hun Heo, https://orcid.org/0000-0001-7278-2214
Kyungsup Kwon, https://orcid.org/0000-0003-2954-3888
Ga-Eun Shin, https://orcid.org/0000-0002-4489-6545
Se-Hwi Jeong, https://orcid.org/0009-0005-4276-4943

Ji Hye Lee, https://orcid.org/0000-0003-4214-1322
Samel Park, https://orcid.org/0000-0002-5717-0743
Nam-Jun Cho, https://orcid.org/0000-0002-9053-0499
Hyo-Wook Gil, https://orcid.org/0000-0003-2550-2739
Eun Young Lee, https://orcid.org/0000-0002-4513-9888

References

4.

6.

10

.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.

.Jung CH, Son JW, Kang S, et al. Diabetes fact sheets in Korea,

2020: an appraisal of current status. Diabetes Metab ] 2021;45:1-
10.

. KDOQI. KDOQI clinical practice guidelines and clinical practice

recommendations for diabetes and chronic kidney disease. Am
J Kidney Dis 2007;49:S12-S154.

Ren H, Zhao L, Zou Y, et al. Association between atherosclerotic
cardiovascular diseases risk and renal outcome in patients with
type 2 diabetes mellitus. Ren Fail 2021;43:477-487.

. Dhaun N, Bellamy CO, Cattran DC, Kluth DC. Utility of renal

biopsy in the clinical management of renal disease. Kidney Int
2014;85:1039-1048.
Tziomalos K, Athyros VG. Diabetic nephropathy: new risk

factors and improvements in diagnosis. Rev Diabet Stud

www.krcp-ksn.org

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

2015;12:110-118.

. Biesenbach G, Bodlaj G, Pieringer H, Sedlak M. Clinical versus

histological diagnosis of diabetic nephropathy: is renal biopsy
required in type 2 diabetic patients with renal disease? Q/M
2011;104:771-774.

Afkarian M, Zelnick LR, Hall YN, et al. Clinical manifestations
of kidney disease among US adults with diabetes, 1988-2014.
JAMA 2016;316:602-610.

. Kramer HJ, Nguyen QD, Curhan G, Hsu CY. Renal insufficiency

in the absence of albuminuria and retinopathy among adults
with type 2 diabetes mellitus. JAMA 2003;289:3273-3277.
Thomas MC, Macisaac RJ, Jerums G, et al. Nonalbuminuric
renal impairment in type 2 diabetic patients and in the general
population (national evaluation of the frequency of renal im-
pairment cO-existing with NIDDM [NEFRON] 11). Diabetes
Care 2009;32:1497-1502.

Molitch ME, Steffes M, Sun W, et al. Development and pro-
gression of renal insufficiency with and without albuminuria in
adults with type 1 diabetes in the diabetes control and compli-
cations trial and the epidemiology of diabetes interventions and
complications study. Diabetes Care 2010;33:1536-1543.

Byun JM, Lee CH, Lee SR, et al. Renal outcomes and clinical
course of nondiabetic renal diseases in patients with type 2 dia-
betes. Korean J Intern Med 2013;28:565-572.

Chang TI, Park JT, Kim JK, et al. Renal outcomes in patients with
type 2 diabetes with or without coexisting non-diabetic renal
disease. Diabetes Res Clin Pract 2011;92:198-204.

Chong YB, Keng TC, Tan LP, et al. Clinical predictors of non-di-
abetic renal disease and role of renal biopsy in diabetic pa-
tients with renal involvement: a single centre review. Ren Fail
2012;34:323-328.

Lee EY, Chung CH, Choi SO. Non-diabetic renal disease in pa-
tients with non-insulin dependent diabetes mellitus. Yonsei Med
J1999;40:321-326.

Mazzucco G, Bertani T, Fortunato M, et al. Different patterns of
renal damage in type 2 diabetes mellitus: a multicentric study
on 393 biopsies. Am J Kidney Dis 2002;39:713-720.

Sharma SG, Bomback AS, Radhakrishnan J, et al. The modern
spectrum of renal biopsy findings in patients with diabetes. Clin
J Am Soc Nephrol 2013;8:1718-1724.

Soleymanian T, Hamid G, Arefi M, et al. Non-diabetic renal dis-
ease with or without diabetic nephropathy in type 2 diabetes:
clinical predictors and outcome. Ren Fail 2015;37:572-575.

Soni SS, Gowrishankar S, Kishan AG, Raman A. Non diabetic
renal disease in type 2 diabetes mellitus. Nephrology (Carlton)


https://doi.org/10.1016/s0140-6736(16)00618-8
https://doi.org/10.1016/s0140-6736(16)00618-8
https://doi.org/10.1016/s0140-6736(16)00618-8
https://doi.org/10.1016/s0140-6736(16)00618-8
https://doi.org/10.4093/dmj.2020.0254
https://doi.org/10.4093/dmj.2020.0254
https://doi.org/10.1053/j.ajkd.2006.12.005
https://doi.org/10.1053/j.ajkd.2006.12.005
https://doi.org/10.1053/j.ajkd.2006.12.005
https://doi.org/10.1080/0886022x.2021.1893186
https://doi.org/10.1080/0886022x.2021.1893186
https://doi.org/10.1080/0886022x.2021.1893186
https://doi.org/10.1038/ki.2013.512
https://doi.org/10.1038/ki.2013.512
https://doi.org/10.1900/rds.2015.12.110
https://doi.org/10.1900/rds.2015.12.110
https://doi.org/10.1093/qjmed/hcr059
https://doi.org/10.1093/qjmed/hcr059
https://doi.org/10.1093/qjmed/hcr059
https://doi.org/10.1001/jama.2016.10924
https://doi.org/10.1001/jama.289.24.3273
https://doi.org/10.1001/jama.289.24.3273
https://doi.org/10.1001/jama.289.24.3273
https://doi.org/10.2337/dc08-2186
https://doi.org/10.2337/dc08-2186
https://doi.org/10.2337/dc09-1098
https://doi.org/10.2337/dc09-1098
https://doi.org/10.2337/dc09-1098
https://doi.org/10.2337/dc09-1098
https://doi.org/10.3904/kjim.2013.28.5.565
https://doi.org/10.3904/kjim.2013.28.5.565
https://doi.org/10.3904/kjim.2013.28.5.565
https://doi.org/10.1016/j.diabres.2011.01.017
https://doi.org/10.1016/j.diabres.2011.01.017
https://doi.org/10.1016/j.diabres.2011.01.017
https://doi.org/10.3109/0886022x.2011.647302
https://doi.org/10.3109/0886022x.2011.647302
https://doi.org/10.3109/0886022x.2011.647302
https://doi.org/10.3349/ymj.1999.40.4.321
https://doi.org/10.3349/ymj.1999.40.4.321
https://doi.org/10.3349/ymj.1999.40.4.321
https://doi.org/10.1053/ajkd.2002.31988
https://doi.org/10.1053/ajkd.2002.31988
https://doi.org/10.1053/ajkd.2002.31988
https://doi.org/10.2215/cjn.02510213
https://doi.org/10.2215/cjn.02510213
https://doi.org/10.2215/cjn.02510213
https://doi.org/10.3109/0886022x.2015.1007804
https://doi.org/10.3109/0886022x.2015.1007804
https://doi.org/10.3109/0886022x.2015.1007804
https://doi.org/10.1111/j.1440-1797.2006.00681.x
https://doi.org/10.1111/j.1440-1797.2006.00681.x

Kim, et al. Biopsy helps to predict renal outcomes of T2DM

20.

21.

22.

23.

24,

25.

26.

27.

28.

2006;11:533-537.

Wilfred DC, Mysorekar VV, Venkataramana RS, Eshwarappa M,
Subramanyan R. Nondiabetic renal disease in type 2 diabetes
mellitus patients: a clinicopathological study. J Lab Physicians
2013;5:94-99.

Wong TY, Choi PC, Szeto CC, et al. Renal outcome in type 2 dia-
betic patients with or without coexisting nondiabetic nephropa-
thies. Diabetes Care 2002;25:900-905.

Fiorentino M, Bolignano D, Tesar V, et al. Renal biopsy in
patients with diabetes: a pooled meta-analysis of 48 studies.
Nephrol Dial Transplant 2017;32:97-110.

Kim JY, Kim YH, Kim KD, et al. Nondiabetic kidney diseases in
type 2 diabetic patients. Kidney Res Clin Pract 2013;32:115-120.
Tervaert TW, Mooyaart AL, Amann K, et al. Pathologic classifica-
tion of diabetic nephropathy. J Am Soc Nephrol 2010;21:556-563.
Qi C, Mao X, Zhang Z, Wu H. Classification and differential diag-
nosis of diabetic nephropathy. J Diabetes Res 2017;2017:8637138.
Menn-Josephy H, Lee CS, Nolin A, et al. Renal interstitial fi-
brosis: an imperfect predictor of kidney disease progression in
some patient cohorts. Am J Nephrol 2016;44:289-299.

Hoshino J, Mise K, Ueno T, et al. A pathological scoring system
to predict renal outcome in diabetic nephropathy. Am J Nephrol
2015;41:337-344.

Oh SW, Kim S, Na KY, et al. Clinical implications of pathologic
diagnosis and classification for diabetic nephropathy. Diabetes
Res Clin Pract 2012;97:418-424.

29.

30.

31.

32.

33.

34.

35.

36.

Mise K, Hoshino J, Ubara y, et al. Renal prognosis a long time af-
ter renal biopsy on patients with diabetic nephropathy. Nephrol
Dial Transplant 2014;29:109-118.

AnY, XuE Le W, et al. Renal histologic changes and the outcome
in patients with diabetic nephropathy. Nephrol Dial Transplant
2015;30:257-266.

Furuichi K, Yuzawa Y, Shimizu M, et al. Nationwide multicentre
kidney biopsy study of Japanese patients with type 2 diabetes.
Nephrol Dial Transplant 2018;33:138-148.

Radhakrishnan J, Cattran DC. The KDIGO practice guideline on
glomerulonephritis: reading between the (guide)lines. Applica-
tion to the individual patient. Kidney Int 2012;82:840-856.
Moutzouris DA, Herlitz L, Appel GB, et al. Renal biopsy in the
very elderly. Clin J Am Soc Nephrol 2009;4:1073-1082.

Bandari J, Fuller TW, Turner Ii RM, D’Agostino LA. Renal biopsy
for medical renal disease: indications and contraindications.
Can ] Urol 2016;23:8121-8126.

Registry Commiittee of the Korean Society of Nephrology. Fact-
sheet. Understanding renal glomerular diseases in South Korea
through numbers. KSN News 2019;13:4-5.

Kim K, Lee SH, Lee SW, Lee JP, Chin HJ; Korean GlomeruloNE-
phritis sTudy (KoGNET) Group. Current findings of kidney bi-
opsy including nephropathy associated with hypertension and
diabetes mellitus in Korea. Korean J Intern Med 2020;35:1173-
1187.

www.krcp-ksn.org

11


https://doi.org/10.4103/0974-2727.119850
https://doi.org/10.4103/0974-2727.119850
https://doi.org/10.4103/0974-2727.119850
https://doi.org/10.2337/diacare.25.5.900
https://doi.org/10.2337/diacare.25.5.900
https://doi.org/10.2337/diacare.25.5.900
https://doi.org/10.1093/ndt/gfw070
https://doi.org/10.1093/ndt/gfw070
https://doi.org/10.1093/ndt/gfw070
https://doi.org/10.1016/j.krcp.2013.07.002
https://doi.org/10.1016/j.krcp.2013.07.002
https://doi.org/10.1681/asn.2010010010
https://doi.org/10.1681/asn.2010010010
https://doi.org/10.1155/2017/8637138
https://doi.org/10.1155/2017/8637138
https://doi.org/10.1159/000449511
https://doi.org/10.1159/000449511
https://doi.org/10.1159/000449511
https://doi.org/10.1159/000431333
https://doi.org/10.1159/000431333
https://doi.org/10.1016/j.diabres.2012.03.016
https://doi.org/10.1016/j.diabres.2012.03.016
https://doi.org/10.1016/j.diabres.2012.03.016
https://doi.org/10.1093/ndt/gft349
https://doi.org/10.1093/ndt/gft349
https://doi.org/10.1093/ndt/gft349
https://doi.org/10.1093/ndt/gfu250
https://doi.org/10.1093/ndt/gfu250
https://doi.org/10.1093/ndt/gfw417
https://doi.org/10.1093/ndt/gfw417
https://doi.org/10.1093/ndt/gfw417
https://doi.org/10.1038/ki.2012.280
https://doi.org/10.1038/ki.2012.280
https://doi.org/10.1038/ki.2012.280
https://doi.org/10.2215/cjn.00990209
https://doi.org/10.2215/cjn.00990209
https://www.ncbi.nlm.nih.gov/pubmed/26892051
https://www.ncbi.nlm.nih.gov/pubmed/26892051
https://www.ncbi.nlm.nih.gov/pubmed/26892051
https://doi.org/10.3904/kjim.2020.195
https://doi.org/10.3904/kjim.2020.195
https://doi.org/10.3904/kjim.2020.195
https://doi.org/10.3904/kjim.2020.195

