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Background/Aims: This study aimed to investigate long-term temporal trends 
and outcomes of biopsy-proven kidney diseases in a multicenter kidney biopsy 
cohort, focusing on hypertension and diabetes, the leading causes of end-stage 
kidney disease (ESKD).
Methods: The study included a total of 21,426 patients who underwent kidney 
biopsy from 1979 to 2018 in 18 hospitals in Korea. We selected subgroups of adults 
with diabetes (n = 2,813) or clinically presumed hypertensive nephrosclerosis (HT-
N, n = 2,917). Clinical, demographic, and laboratory data were collected in con-
junction with pathologic findings. The prevalence of pathologically confirmed 
kidney diseases over time and their associations with clinical outcomes were 
evaluated.
Results: The prevalence of biopsy-proven diabetic nephropathy (DN) has in-
creased significantly from 2.5% to 6.0% in the total cohort in the recent 30 years 
with an increase in the prevalence of diabetes. Approximately 68% of total diabet-
ic patients had non-diabetic renal disease (NDRD); the proportion was retained 
since 2000s. DN showed a significantly higher risk of ESKD than NDRD (hazard 
ratio [HR], 1.59; 95% confidence interval [CI], 1.35 to 1.88). The prevalence of biop-
sy-proven HT-N remained < 2% in the total cohort for several decades. There was 
no difference in risks of ESKD between patients with or without biopsy-proven 
HT-N (HR, 0.93; 95% CI, 0.54 to 1.59). 
Conclusions: In recent decades, the prevalence of diabetes and DN has signifi-
cantly increased in the kidney biopsy cohort, showing an increased risk of ESKD. 
Despite the large numbers of patients meeting the clinical criteria of HT-N, most 
of those were diagnosed with pathologic diagnoses other than HT-N.
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INTRODUCTION

Kidney biopsy has remained a golden standard for the 
diagnosis of renal parenchymal diseases despite recent 
efforts to develop non-invasive diagnostic approaches 
[1,2]. The usefulness of kidney biopsy includes provid-
ing evidence for diagnosis, prognosis, and response to 
therapy of different kidney diseases [3]. In particular, 
kidney biopsy registries encompass many kinds of kid-
ney diseases and can display their epidemiology and 
clinicopathologic associations [4]. Previous kidney bi-
opsy cohort studies demonstrated different prevalence 
of several types of glomerulonephritis (GN) according 
to ethnicities and geographic regions [5]. Nevertheless, 
the majority of these studies were single-center studies 
with a small number of patients and a short follow-up 
period [6-8]. As a result, knowledge of temporal trends 
in the diagnosis of biopsy-proven kidney diseases is 
insufficient and inconsistent between studies. For 
several decades, there have been substantial changes 
in comorbidities such as diabetes, obesity, and hyper-
tension, medications, and lifestyles, all of which could 
affect the prevalence of biopsy-proven kidney diseases. 
The global prevalence of diabetes increased dramati-
cally from 4.3% in 1980 to 9.0% in 2014 [9], and in a 
systemic review, the recent prevalence of hypertension 
was reported as high as 26.4% worldwide [10]. Hyper-
tension and diabetes are well known as two of the lead-
ing etiologies of end-stage kidney disease (ESKD) [11]. 
Although histological findings of diabetic nephrop-
athy (DN) and hypertensive nephrosclerosis (HT-N) 
have been described in detail and classified in previ-
ous studies [12-14], the cause of chronic kidney disease 
(CKD) is clinically diagnosed without kidney biopsy 
in many diabetic and hypertensive patients. Further-
more, a considerable number of patients with diabetes 
or hypertension were found to have pathologic diag-
noses other than DN or HT-N in kidney biopsy [15,16]. 
Therefore, hypertension- and diabetes-related ESKD 
may be overestimated, and the actual contributions 
of diabetes and hypertension to CKD could be biased. 
Although kidney biopsy has not been performed rou-
tinely to confirm HT-N or DN, kidney biopsy is now 
more frequently performed in diabetic and hyperten-
sive patients. Therefore, in this study, we aimed to in-
vestigate the long-term temporal trends and outcomes 

of pathologically diagnosed kidney diseases in multi-
center kidney biopsy registries, especially including 
kidney diseases related to diabetes and hypertension.

METHODS

Study population and data collection
We initially screened 21,617 patients with native kid-
ney biopsy between 1979 and 2018 from 18 hospitals 
throughout Korea, retrospectively. First, in a total of 
21,426 patients after excluding 191 patients with renal 
cancer or tumor, we investigated clinical characteris-
tics and overall trends of biopsy-confirmed kidney dis-
eases (Supplementary Fig. 1). Second, we selected two 
subgroups of adult patients with diabetes (n = 2,813) 
or clinically presumed HT-N (n = 2,917) after exclud-
ing 976 children aged < 18 years and 237 patients with 
missing age at kidney biopsy to explore the patholog-
ic diagnoses and their associations with clinical out-
comes in each group. Kidney biopsy was performed 
with ultrasonography-guided percutaneous biopsy, 
and the results were interpreted by a renal pathologist 
in each hospital. The clinical data at the time of biopsy 
and the last follow-up were queried into the hospital 
information system (HIS) with the primary keys of the 
patients’ identification number and date of kidney bi-
opsy at each hospital. All 18 centers have an HIS, and 
data were scanned and saved before launching the HIS. 
Five trained research nurses had recorded the pre-
defined parameters on the template database file based 
on the queried information, and one of nephrologists 
of this research had cleansed the data for analysis. Data 
of final outcomes, incidences of ESKD and death, were 
gathered from each hospital’s HIS, the ESKD registry 
of the Korean Society of Nephrology which was started 
in 1980, and the Statistics of Korea, and were merged 
based on the national identification number. The fol-
low-up duration was 110.6 ± 105.0 months for ESKD 
and 119.4 ± 106.6 months for death. 

This study was conducted in accordance with the 
Declaration of Helsinki and approved by the Institu-
tional Review Board (IRB) of Seoul National University 
Bundang Hospital (B-1707/408-106) and the other 17 
centers. Written consent was waived by the IRB be-
cause of the retrospective nature of the study.
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Definitions of covariates
Diabetes mellitus was defined as random glucose level 
≥ 200 mg/dL, hemoglobin A1c ≥ 6.5%, taking antidia-
betic medication, or diagnosed by the physician. Hy-
pertension was defined as systolic blood pressure (SBP) 
≥ 140 mmHg, diastolic blood pressure ≥ 90 mmHg, 
taking antihypertensive medication to control blood 
pressure, or diagnosed by the physician. The estimat-
ed glomerular filtration rate (eGFR) was calculated us-
ing the original Modification of Diet in Renal Disease 
equation for adults and the height-independent equa-
tion for children [17]. Nephrotic syndrome was defined 
as urine protein-to-creatinine ratio (UPCR) ≥ 3.5 g/g and 

serum albumin < 3.0 g/dL. For the comparison between 
clinical and pathologic entity of HT-N, we used the fol-
lowing clinical diagnostic criteria of HT-N: (1) presence 
of hypertension, (2) no diabetes, (3) no evidence of vas-
culitis and lupus nephritis (LN), (4) low-grade protein-
uria defined as UPCR < 2.0 g/g, which was similar to 
those in previous studies [16,18]. Clinically diagnosed 
HT-N patients were divided into three groups: biop-
sy-proven HT-N without other pathologic diagnoses, 
pathologic diagnoses other than HT-N (non-HT-N), 
and biopsy-proven HT-N combined with other patho-
logic diagnoses (mixed). The pathologic diagnosis of di-
abetic patients was grouped into pure DN, non-diabetic 

Figure 1. Trends of pathologic diagnosis in kidney biopsy during the past 40 years in Korea. (A) Pathologic diagnosis ac-
cording to periods. (B) Pathologic diagnosis according to age at kidney biopsy. (C) Pathologic diagnosis according to urine 
protein-to-creatinine ratio. DN, diabetic nephropathy; LN, lupus nephritis; FSGS, focal segmental glomerulosclerosis; MCD, 
minimal change disease; MN, membranous nephropathy; IGAN, IgA nephropathy; TBC, tuberculosis; TTP, thrombotic 
thrombocytopenic purpura; ECD, Erdheim-chester disease; DDD, dense deposition disease; WM, Waldenstrom’s macroglob-
ulinemia; PNH, paroxysmal nocturanl hemoglobinuria; IGG4D, IgG4 related disease; NECGN, nectrotizing glomerulone-
phritis; CRYO, cryoglobulinemic glomerulonephritis; CPN, chronic pyelonephritis; LCN, liver cirrhosis-related nephropathy; 
HUS, hemolytic uremic syndrome; GBM, glomerular basement membrane; APN, acute pyelonephritis; LCDD, light chain 
deposition disease; C3G, C3 glomerulopathy; IGMN, IgM nephropathy; TMA, thrombotic microangiopathy; HFRS, hemor-
rahgic fever with renal syndrome; TIN, tubulointerstitial nephritis; PIGN, post-infectious glomerulonephritis; CTIN, chronic 
tubulointerstitial nephritis; HSN, Henoch-Schonlein nephritis; ATIN, acute tubulointerstitial nephritis; HT-N, hypertensive 
nephrosclerosis; CRESGN, crescentic glomerulonephritis; ATN, acute tubular necrosis; MPGN, membranoproliferative glo-
merulonephritis; THIN, thin membrane disease; NONSPFGN, non-specific glomerulonephritis. 
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Table 1. Pathologic diagnoses of 21,426 patients with native kidney biopsy. 

Group Pathologic diagnosis Number %

Glomerulonephritis IgA nephropathy (IGAN) 7,586 34.17 

Membraous nephropathy (MN) 2,035 9.17 

Minimal change disease (MCD) 2,028 9.13 

Focal segmental glomerulosclerosis (FSGS) 1,698 7.65 

Lupus nephritis (LN) 1,398 6.30 

Diabetic nephropathy (DN) 887 3.99 

Membranoproliferative glomerulonephritis (MPGN)a 585 2.63 

Crescentic glomerulonephritis (CRESGN) 410 1.85 

Henoch-Schonlein nephritis (HSN) 290 1.31 

Post-infectious glomerulonephritis (PIGN)b 177 0.80 

Thrombotic microangiopathy (TMA)c 75 0.34 

Vasculitis 66 0.30 

C1q nephropathy (C1QN) 51 0.23 

IgM nephropathy (IGMN) 40 0.18 

C3 glomerulopathy (C3G) 34 0.15 

Anti-glomerular basement membrane nephritis (ANTIGBM) 19 0.09 

Hemolytic uremic syndrome (HUS) 14 0.06 

Liver cirrhosis-related nephropathy (LCN) 12 0.05 

Cryoglobulinemic glomerulonephritis (CRYO) 5 0.02 

Nectrotizing glomerulonephritis (NECGN) 3 0.01 

IgG4 related disease (IGG4D) 2 0.01 

Paroxysmal nocturanl hemoglobinuria (PNH) 2 0.01 

Dense deposition disease (DDD) 1 0.00 

Thrombotic thrombocytopenic purpura (TTP) 1 0.00 

Tubulointerstitial lesion Acute tubular necrosis (ATN) 412 1.86 

Acute tubulointerstitial nephritis (ATIN) 340 1.53 

Chronic tubulointerstitial nephritis (CTIN) 276 1.24 

Tubulointerstitial nephritis (TIN) 127 0.57 

Hemorrahgic fever with renal syndrome (HFRS) 110 0.50 

Acute and chronic tubulointerstitial nephritis (ACTIN) 50 0.23 

Batter syndrome (BATTER) 2 0.01 

Interstitial granuloma (GRANULOMA) 2 0.01 

Glomerular basement membrane 
   abnormality (GBM) lesion

Thin membrane disease (THIN) 690 3.11 

Alport’s syndrome (ALPORT) 58 0.26 

Non-specified glomerular basement membrane abnormality (GBM) 14 0.06 

Paraproteinemia-related lesion Amyloidosis 196 0.88 

Myeloma kidney (MYELOMA) 63 0.28 

Light chain deposition disease (LCDD) 35 0.16 

Fibrillary glomerulonephritis (FIBRILLARY) 5 0.02 

Waldenstrom’s macroglobulinemia related proliferative 
   glomerulonephritis (WM)

2 0.01 
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renal disease (NDRD), and NDRD superimposed on DN 
(NDRD/DN). 

Pathologic diagnosis
We primarily adopted the findings and diagnosis by the 
pathologist in each hospital. We enrolled all patholog-
ic diagnoses to describe the overall trends based on the 
results of renal biopsies, including data of light micro-
scopic examination, immunofluorescent microscopic 
examination, and electron microscopic examination. 
Among 21,426 patients, 777 have two pathologic diag-
noses; therefore, we analyzed a total of 22,203 diagno-

ses. All pathologic diagnoses are shown in Table 1. We 
defined primary GN as IgA nephropathy (IGAN), mini-
mal change disease (MCD), membranous nephropathy 
(MN), focal segmental glomerulosclerosis (FSGS), mem-
branoproliferative glomerulonephritis (MPGN), and C3 
glomerulopathy (C3G) regardless of the pathogenesis. 

Statistical analysis 
All analyses were performed using IBM SPSS Statistics 
version 25.0 (IBM Co., Armonk, NY, USA) and R software 
version 3.6.1 (R Foundation for Statistical Computing, 
Vienna, Austria). Descriptive statistics were reported as 

Group Pathologic diagnosis Number %

Ischemic lesion Hypertensive nephrosclerosis (HT-N) 372 1.68 

Ischemic nephropathy (ISCHEMIC) 7 0.03 

Cortical necrosis (CORTICALNECROSIS) 6 0.03 

Miscellaneous lesion Acute pyelonephritis (APN) 15 0.07 

Fabry’s disease (FABRY) 15 0.07 

Chronic pyelonephritis (CPN) 11 0.05 

Analgesic nephropathy (ANALGESIC) 6 0.03 

Crystal nephropathy (CRYSTAL) 2 0.01 

Tuberculosis (TBC) 1 0.00 

Erdheim-chester disease (ECD) 1 0.00 

Lipoprotein nephropathy (LIPOPROTEIN) 1 0.00 

Nephrosialidosis 1 0.00 

Not specified lesion No abnormality (NORMAL) 546 2.46 

Diffuse global sclerosis (SCLEROSIS)d 393 1.77 

Non-specific glomerulonephritis without mesangial proliferative 
   lesion (NONSPFGN_MESE)e

550 2.48 

Non-specific glomerulonephritis with mesangial proliferative lesion 
   (NONSPFGN_MESP)f

260 1.17 

Inadequate sample Inadequate sample (INADEQUATE)g 215 0.97 

Sum 22,203 100.00 

There were 777 patients with two main diagnoses and, therefore, 22,203 diagnoses in all patients. 
aOriginal diagnosis of MPGN included 18 C3G in the second-look decision at this research. 
bPIGN includes post-streptococcal glomerulonephritis. 
cTMA does not include cases of TTP or HUS. 
dSCLEROSIS was defined with global sclerosis more than 50% which could not be categorized in a specific diagnosis. 
eNONSPFGN_MESP showed mesangial proliferation without definite diagnosis, such as IGAN. 
f  NONSPFGN_MESE showed mesangial expansion without mesangial proliferation which could not be categorized into a defi-
nite diagnosis. 

g INADEQUATE had the information of no appropriate tissue samples for light microscopic examination, immunofluorescent 
microscopic examination, and electron microscopic examination in the original pathologic reports.

Table 1. Continued
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mean ± standard deviation for continuous variables or 
frequency for categorical variables. Differences in con-
tinuous variables were analyzed by t test and one-way 
analysis of variance (ANOVA) test and, in categorical 
variables, by chi-square test. Multiple comparisons were 
performed using Tukey-Kramer post hoc test. The inde-
pendent risk factors to estimate the final outcomes were 
assessed by Cox hazard proportional model adjusted for 
related variables. The proportion of missingness of vari-
ables is shown in Supplementary Table 1, and multiple 
imputation by chained equation with classifications and 
regression trees was used for handling missing data. 
Complete case analyses were also performed as sensi-
tivity analyses. Clinical characteristics and outcomes 
of patients with biopsy-proven HT-N were compared 
with those of patients without HT-N using propensity 
score matching for related covariates. The standardized 

mean difference was estimated to examine the balance 
of covariate distribution between the matched cohorts. 
Two-sided p values were reported with 0.05 taken as the 
level of statistical significance. 

RESULTS

Overall trends of pathologic diagnosis during 40 years
Overall temporal trends in clinical characteristics of 
the enrolled participants are shown in Table 2. Among 
21,426 patients, 11,565 (54.0%) were men, 976 (4.6%) 
were children aged < 18 years, and the mean age was 
42.1 ± 17.7 years. There were 10,659 (53.0%) hyperten-
sive patients and 2,813 (14.0%) diabetic patients. Nearly 
one-fourth of patients had eGFR < 45 mL/min/1.73 m2 
at the time of biopsy. The average incidence of kidney 

Table 2. Temporal trends in patient characteristics and the incidence of kidney biopsy

Period of biopsy
Totala 

(n = 21,426)
1979–1989 
(n = 1,598)

1990–1999 
(n = 1,392)

2000–2009 
(n = 7,252)

2010–2018 
(n = 11,065)

p value

Annual biopsy rate, p.m.p./yr 11.59 3.61 3.11 15.06 24.26

Age, yr 42.1 ± 17.7 32.5 ± 12.7 38.7 ± 14.7 40.1 ± 17.0 45.1 ± 18.3 < 0.001

Children 976 (4.6) 162 (10.5) 59 (4.3) 354 (4.9) 401 (3.6) < 0.001

Male sex 11,565 (54.0) 933 (58.4) 764 (54.9) 3,876 (53.5) 5,909 (53.4) 0.002

Hypertension 10,994 (53.0) 837 (66.9) 704 (52.3) 3,135 (43.7) 6,254 (57.5) < 0.001

Diabetes 2,833 (14.0) 18 (2.0) 78 (5.9) 803 (11.2) 1,932 (17.9) < 0.001

SBP, mmHg 127.3 ± 19.4 131.1 ± 21.8 130.0 ± 21.8 125.2 ± 18.4 127.6 ± 19.1 < 0.001

DBP, mmHg 78.6 ± 13.4 88.2 ± 16.2 84.2 ± 13.8 77.7 ± 12.2 77.0 ± 12.7 < 0.001

Albumin, g/dL 3.4 ± 0.9  3.0 ± 1.0  3.0 ± 0.9  3.6 ± 0.9  3.5 ± 0.9 < 0.001

Hemoglobin, g/dL 12.6 ± 2.4 13.1 ± 2.8 12.3 ± 2.7 12.8 ± 2.3 12.5 ± 2.3 < 0.001

eGFR, mL/min/1.73 m2 77.1 ± 60.4 62.3 ± 33.2 66.9 ± 37.8 80.0 ± 82.8 78.3 ± 45.9 < 0.001

≥ 90 7,664 (37.1) 243 (17.6) 357 (26.8) 2,745 (38.7) 4,319 (39.9)

60–89 5,553 (26.9) 510 (36.9) 429 (32.2) 2,095 (29.5) 2,519 (23.2)

45–59 2,294 (11.1) 231 (16.7) 156 (11.7) 758 (10.7) 1,149 (10.6)

30–44 1,952 (9.5) 150 (10.8) 135 (10.1) 592 (8.3) 1075 (9.9)

15–29 1,690 (8.2) 110 (8.0) 124 (9.3) 475 (6.7) 981 (9.1)

< 15 1,492 (7.2) 139 (10.1) 130 (9.8) 429 (6.0) 794 (7.3)

UPCR, g/g Cr 3.3 ± 4.2  3.9 ± 4.6  4.5 ± 4.7  3.0 ± 3.9  3.3 ± 4.1 < 0.001

Neprotic syndrome 3,420 (17.5) 377 (27.3) 423 (32.5) 845 (13.2) 1750 (16.9) < 0.001

Values are presented as mean ± SD or number (%). 
p.m.p., per million population; SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular rate; 
UPCR, urine protein-creatinine ratio. 
a219 patients with missing data on the date of renal biopsy were included.
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biopsy during 40 years was 11.59 per million popula-
tion/year. The most frequent pathologic diagnosis was 
IGAN (34.17%, n = 7,586), followed by MN (9.17%, n = 
2,035), MCD (9.13%, n = 2,028), FSGS (7.65%, n = 1,698), 
LN (6.30%, n = 1,398), DN (3.99%, n = 887), and MPGN 
and C3G (2.79%, n = 619); therefore, the prevalence of 
primary GN was 62.90%. Over the follow-up period, 
the frequency of biopsy in older patients gradually in-
creased, and the frequency of biopsy in diabetic patients 
increased rapidly from 2.0% in 1979 to 1989 to 17.9% in 
2010 to 2018. The mean eGFR of the participants was 
higher after 2000 than that in the previous study peri-
od. Nephrotic syndrome was found in approximately 
17.5% of patients with kidney biopsy. Proteinuria levels 
and the proportion of nephrotic syndrome at the time 
of biopsy decreased after 2000. 

The prevalence of IGAN increased from 19.9% (1979 
to 1989) to 38.0% (2000 to 2009) and then stabilized at 
approximately 35% (Fig. 1A). The prevalence of MCD, 
MN, and FSGS barely changed since 1990. However, 
the prevalence of MPGN decreased from 4.7% to 5.7% 
(1979 to 1999) to 2.3% (2010 to 2018). The prevalence of 
LN also decreased from 13.6% (1990 to 1999) to 4.9% 
(2010 to 2018). IGAN was the most frequent GN in all 
age groups, except in patients aged ≥ 70 years, among 

whom MN was the most frequent GN (Fig. 1B). MCD 
was the second most frequent pathologic diagnosis in 
patients aged < 20 years and showed a second peak of 
incidence in patients in their sixties. The frequency of 
MN was increased in patients aged > 40 years and was 
the most frequent diagnosis in patients aged ≥ 70 years. 
Crescentic GN was among the top five GN in patients 
aged ≥ 70 years. The most frequent primary GN with ne-
phrotic range proteinuria was MN (19.2%), followed by 
MCD (17.6%), IGAN (15.6%), FSGS (9.9%), and DN (7.8%) 
(Fig. 1C).

Pathology and prognosis of kidney diseases in dia-
betic patients
Among 2,813 diabetic patients, DN and NDRD were 
present in 881 (31.3%) and 1,932 (68.7%) patients, respec-
tively. Among DN patients, pure DN was detected in 
790 (28.1%) patients and NDRD/DN was found in 91 
(3.2%) patients. The most common NDRD was IGAN 
(23.1%), followed by MN (14.5%), FSGS (11.0%), MCD 
(7.5%), and MPGN (4.2%) (Supplementary Table 2). Fre-
quencies of MPGN and FSGS were relatively higher in 
NDRD patients than in non-diabetic patients consid-
ering age at kidney biopsy. In patients with NDRD/DN, 
renal pathologies other than DN were IGAN (37.4%), 
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acute tubular necrosis (8.8%), FSGS (8.8%), tubuloint-

erstitial nephritis (5.5%), and MPGN (5.5%). Since 1990s, 
as the number of diabetic patients who underwent kid-
ney biopsy continuously increased, the proportion of 
biopsy-proven DN also increased by over 2-fold, i.e., 
from 2.5% to 3.0% (1990 to 2009) to 6.0% (2015 to 2018) 
(Fig. 2A). The proportion of patients with DN among 
those with diabetes who underwent kidney biopsy 
was higher in 1990s than in 2000s (44.8% vs. 26.3%, p 
= 0.001 by chi-square test) (Fig. 2B), but no significant 
change has been observed since 2000. The prevalence 
of NDRD has been more than double that of DN since 
2000s. The clinical characteristics of diabetic patients 
according to the presence of DN are shown in Table 3. 
Pure DN patients showed higher blood pressure and 
more severe renal impairment and proteinuria. Pure 
DN was associated with 1.59-fold higher risks (95% con-
fidence interval [CI], 1.35 to 1.88) of incident ESKD than 
NDRD (p < 0.001) (Table 4), which was consistent with 
the results of the complete case analyses (Supplemen-
tary Table 3). However, the risk of mortality was not 

Table 3. Clinical characteristics of diabetic patients with kidney biopsy

Characteristic NDRD NDRD/DN Pure DN p value

Number 1,932 91 790 

Age, yr 57.4 ± 14.2 49.7 ± 16.7 52.9 ± 12.7 < 0.001a,b

Male sex 1,120 (58.0) 51 (56.0) 509 (64.4) 0.01a

Hypertension 1,563 (81.0) 73 (80.2) 676 (86.0) 0.01a

Period of biopsy 0.01a

1979–1989 13 (0.7) - 5 (0.6)

1990–1999 43 (2.2) - 34 (4.3)

2000–2009 575 (29.8) 22 (24.2) 200 (25.3)

2010–2018 1,301 (67.3) 69 (75.8) 551 (69.7)

SBP, mmHg 130.1 ± 20.5 133.7 ± 20.7 140.5 ± 23.0 < 0.001a,c

DBP, mmHg 77.5 ± 12.5 78.8 ± 12.3 81.2 ± 12.9 < 0.001a

eGFR, mL/min/1.73 m2 57.9 ± 51.3 63.2 ± 41.8 47.1 ± 38.7 < 0.001a,c

Albumin, g/dL 3.2 ± 0.9 3.3 ± 0.7 3.1 ± 0.7 < 0.001a,c

Hemoglobin, g/dL 11.8 ± 2.4 11.9 ± 2.5 10.7 ± 2.2 < 0.001a,c

UPCR, g/g Cr 4.6 ± 4.9 4.1 ± 4.7 6.1 ± 5.1 <0.001a,c

Values are presented as mean ± SD or number (%). Adjusted p values for multiple comparisons were obtained using the 
Tukey-Kramer method.
NDRD, non-diabetic renal disease; DN, diabetic nephropathy; SBP, systolic blood pressure; DBP, diastolic blood pressure; 
eGFR, estimated glomerular filtration rate; UPCR, urine protein-to-creatinine ratio. 
aAdjusted p < 0.001 pure DN vs. NDRD. 
bAdjusted p < 0.001 NDRD/DN vs. NDRD. 
cAdjusted p < 0.05 pure DN vs. NDRD/DN.

Table 4. Associations between biopsy-proven diagnosis and 
clinical outcomes in diabetic patients

Outcome B HR 95% CI for HR p value

ESKD

Pure DN 0.47 1.59 1.35–1.88 < 0.001

NDRD/DN 0.11 1.12 0.70–1.78 0.64 

NDRD Reference

Death

Pure DN –0.19 0.83 0.58–1.18 0.30 

NDRD/DN 0.10 1.11 0.49–2.53 0.81 

NDRD Reference

HRs were adjusted for age, sex, period of kidney biopsy, pres-
ence of hypertension, estimated glomerular filtration rate, 
serum albumin, hemoglobin, urine protein-to-creatinine 
ratio, systolic blood pressure, and diastolic blood pressure. 
B, beta coefficients; HR, hazard ratio; CI, confidence inter-
val; ESKD, end-stage kidney disease; DN, diabetic nephrop-
athy; NDRD, non-diabetic renal disease.
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different between pure DN and NDRD. Other risk fac-
tors of incident ESKD in diabetic patients were older 
age, male sex, hypertension, SBP, eGFR, serum albu-
min, and hemoglobin (Supplementary Table 4). The 
appropriate level of SBP was < 130 mmHg on the day 
after admission for kidney biopsy.

Pathology and prognosis of kidney diseases in 
patients with clinical HT-N 
First, we examined the correlation between HT-N diag-
nosed by clinical criteria and biopsy-proven HT-N (Sup-
plementary Table 5). All patients with biopsy-proven 
HT-N had hypertension, but only 5% of the patients who 

Table 5. Clinical characteristics of patients with clinical HT-N

Characteristic Biopsy-proven HT-N Mixeda Non-HT-Nb p value

Number 103 39 2,785

Age, yr 44.7 ± 13.7 42.9 ± 19.3 43.6 ± 15.1 0.54

Male sex 70 (68.0) 24 (61.5) 1,599 (57.4) 0.09

Period of biopsy 0.01c

1979–1989  -  - 230 (8.3)

1990–1999 8 (7.8)  - 139 (5.0)

2000–2009 22 (21.4) 12 (30.8) 708 (25.4)

2010–2018 73 (70.9) 27 (69.2) 1,708 (61.3)

SBP, mmHg 136.6 ± 21.1 132.8 ± 21.9 134.0 ± 18.3 0.24

DBP, mmHg 84.2 ± 15.1 81.4 ± 14.1 83.7 ± 13.3 0.95

Pulse pressure, mmHg 52.4 ± 13.8 51.4 ± 12.8 50.3 ± 13.5 0.12

eGFR, mL/min/1.73 m2 43.2 ± 35.4 81.2 ± 55.8 73.7 ± 37.2 < 0.001d,e

Albumin, g/dL  3.9 ± 0.5  4.0 ± 0.5  3.9 ± 0.6 0.35

Hemoglobin, g/dL 12.5 ± 1.9 13.1 ± 2.5 13.1 ± 2.2 0.01c

UPCR, g/g Cr  0.8 ± 0.6  0.7 ± 0.5  0.9 ± 0.5 0.37

Values are presented as mean ± SD or number (%). The biopsy-proven HT-N group represents patients with only HT-N as 
pathologic diagnosis. Adjusted p values for multiple comparisons were obtained using the Tukey-Kramer method.
HT-N, hypertensive nephrosclerosis; SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular 
filtration rate; UPCR, urine protein-to-creatinine ratio. 
aHT-N combined with other pathologic diagnoses. 
bOther pathologic diagnoses other than HT-N. 
cAdjusted p < 0.05 HT-N vs. non-HT-N. 
dAdjusted p < 0.001 HT-N vs. non-HT-N. 
eAdjusted p < 0.001 HT-N vs. mixed. 

Table 6. Associations between pathologic diagnoses and ESKD development in patients with clinical HT-N

Pathologic diagnosis
Total patients with clinical HT-N  

(n = 2,927)a
Matched cohort with biopsy-proven HT-N or  

non-HT-N (n = 103/206)

HR (95% CI) p value HR (95% CI) p value

Biopsy-proven HT-N 0.93 (0.54–1.59) 0.78 0.92 (0.49–1.71) 0.78 

Non-HT-N 1.0 (reference) - 1.0 (reference) -

HRs were adjusted with age, sex, period of kidney biopsy, estimated glomerular filtration rate, serum albumin, hemoglobin, 
urine protein-to-creatinine ratio, systolic blood pressure, and diastolic blood pressure. The biopsy-proven HT-N group rep-
resents patients with only HT-N as pathologic diagnosis. 
ESKD, end-stage kidney disease; HT-N, hypertensive nephrosclerosis; HR, hazard ratio; CI, confidence interval.
aThe HR for the mixed group could not be estimated due to no events. 
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met the clinical criteria including low-grade proteinuria 
(criteria 3) were pathologically diagnosed with HT-N. 
Moreover, most of the biopsy-proven HT-N patients did 
not meet the clinical criteria; sensitivities were as low as 
39%. In a total of 2,927 adult patients who met the clin-
ical criteria, there were 142 subjects with biopsy-proven 
HT-N and 2,785 with non-HT-N (Supplementary Table 
6). Of the 142 patients with biopsy-proven HT-N, 103 
(72.5%) had only biopsy-proven HT-N with no other 
pathologic diagnosis. The most common biopsy-proven 
kidney disease in non-HT-N patients was IGAN (54.4%), 
followed by FSGS (10.0%), MN (5.0%), and MCD (5.0%); 
IGAN and FSGS were found more frequently in clinical 
HT-N patients than in the total cohort. 

The proportion of clinical HT-N has ranged from 5% 
to 20% of the total cohort during the study period and 
showed an increasing trend after the 2000s with an in-
crease in an annual biopsy rate (Fig. 3A). Biopsy-proven 
HT-N has been observed since 1990s when the preva-
lence of hypertension in Korea increased obviously than 
before. Nevertheless, the prevalence of biopsy-proven 
HT-N remained quite low (approximately 5% of clinical 
HT-N patients and less than 2% of the total cohort) until 

the recent years. A majority of clinical HT-N patients 
were diagnosed with non-HT-N based on the kidney 
biopsy. Of these patients, distributions of specific kid-
ney diseases over time were similar to those in the total 
cohort; an increase in IGAN and a decrease in MPGN 
incidence were found (Fig. 3B). 

Table 5 shows the characteristics of the pathologic 
subgroups in clinical HT-N patients. Patients with biop-
sy-proven HT-N showed significantly lower eGFR and 
hemoglobin levels compared with non-HT-N patients. 
In a multivariable Cox proportional hazards model, the 
risk of ESKD development was not different between bi-
opsy-proven HT-N and non-HT-N (hazard ratio [HR], 
0.93; 95% CI, 0.54 to 1.59; p = 0.78) (Table 6), which was 
similar to the results of the complete case analysis (Sup-
plementary Table 7). The risk factors of ESKD in clin-
ical HT-N patients included eGFR, hemoglobin, and 
UPCR (Supplementary Table 8). For further assessment 
of outcomes of HT-N, we matched 103 patients with bi-
opsy-proven HT-N and 206 non-HT-N patients using 
1:2 propensity score matching for all relevant covariates 
(Supplementary Table 9). The standardized mean differ-
ence was less than 0.1 for all covariates after matching 
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Figure 3. Temporal trends of renal pathologic diagnosis in patients with clinical hypertensive nephrosclerosis (HT-N). (A) An-
nual proportions of biopsy-proven HT-N (with no other pathologic diagnosis), mixed (HT-N combined with other pathologic 
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(Supplementary Table 10). The multivariable-adjusted 
Cox analysis in the matched group was consistent with 
the results before matching (HR, 0.92; 95% CI, 0.49 to 
1.71; p = 0.78). The risk of death could not be assessed 
due to the small number of observed events in HT-N 
patients.

DISCUSSION

To our knowledge, this is the first multicenter-based 
study of kidney biopsy in Korea, which included a large 
number of participants with long-term follow-up. Our 
findings revealed the spectrum and temporal trends 
over 40 years in biopsy-proven DN and hypertension-re-
lated kidney disease, as well as primary or secondary 
GN. The incidence of kidney biopsy in diabetic patients 
has increased substantially in the recent 30 years, and 
the incidence of DN has also increased. The ratio of the 
number of patients with biopsy-proven DN and NDRD 
did not change over the recent two decades. DN showed 
significantly higher risk for incident ESKD than NDRD. 
Biopsy-proven HT-N accounted for only a small pro-
portion of clinical HT-N patients, and since the 1990s, 
its prevalence has not changed significantly. No signifi-
cant difference was found in the risks of ESKD between 
biopsy-proven HT-N and non-HT-N. For other GNs, 
the prevalence of IGAN gradually increased, while those 
of LN and MPGN decreased in the past decades.

To date, there have been several studies of kidney 
biopsy registry in various regions, population, and in-
stitutions. Nevertheless, these studies have mostly de-
scribed only the prevalence of biopsy-proven primary 
or secondary GNs during the follow-up period ranging 
from 3 to 20 years [6,19-23]. In the late twentieth and ear-
ly twenty-first centuries, globally, lifestyle and socioeco-
nomic status have changed substantially, accompanying 
the change in the prevalence of chronic diseases such as 
hypertension and diabetes. Particularly, the number of 
diabetic patients worldwide has nearly quadrupled be-
tween 1980 and 2014 [9]. Similar epidemiology of diabe-
tes has been reported in the Korean population [24]. In 
a systematic analysis for the Global Burden of Disease 
Study 2013, the age-standardized rates for CKD due to 
diabetes increased globally by 10.6% between 1990 and 
2013 [25]. Our findings suggest that the increasing inci-

dence of diabetes has a significant effect on kidney dis-
eases and outcome. From 1990 to 2018, the proportion 
of DN in total biopsy-proven kidney diseases increased 
over by two-fold. Moreover, the risk for incident ESKD 
in DN was significantly higher than in NDRD, which 
was consistent with other studies [26,27]. Indeed, in Ko-
rea, the most common cause of ESKD was GN in the ear-
ly 1990s, but diabetes has been the most common cause 
since 1993 [28]. According to a nationwide survey by the 
Korean Society of Nephrology in 2014, 48% of ESKD was 
attributable to diabetes [28], which is similar in differ-
ent countries [29,30]. Since the pathologic classification 
of DN was proposed in 2010, there has been a growing 
interest in the role of kidney biopsy in diabetic patients 
[12]. However, the reported prevalence of DN in kidney 
biopsy studies was similar or lower than that of NDRD; 
in studies including more than 100 diabetic patients, the 
proportion of DN ranges from 35% to 40% and NDRD 
from 40% to 50% [5,31]. In part, this high prevalence of 
NDRD could be attributed to the indication of kidney 
biopsy in diabetic patients. Nevertheless, in a cohort of 
diabetic patients with albuminuria, more than 20% of 
patients had NDRD confirmed by kidney biopsy [32,33]. 
Many diabetic patients are referred to the nephrologists 
at a late stage of CKD and clinically diagnosed with DN 
without kidney biopsy. Therefore, a large number of ad-
vanced CKD cases in diabetic patients may be caused by 
NDRD, and it may be an overestimate that 50% of new 
ESKD results from DN. 

In this study, the proportion of NDRD in diabetic 
patients was relatively higher (68%) and temporally un-
changed since the 2000s. This indicates that, for dia-
betic patients, renal biopsies have been performed very 
selectively, and the biopsy pattern and indication have 
not changed for recent decades in Korea. Patients with 
NDRD could benefit from specific therapeutic inter-
ventions for kidney diseases [26,34]. However, currently, 
there is no effective clinical tool for identifying NDRD 
without biopsy. Kidney biopsy is mainly performed in 
patients who have clinical features different from those 
of DN described in the Kidney Disease Outcomes Qual-
ity Initiative (KDOQI) guideline [35], such as nephrotic 
syndrome, proteinuria without diabetic retinopathy, 
and short duration of diabetes. Several studies have 
examined the predictive factors for NDRD [15,36] and 
proposed diagnostic models to distinguish between DN 
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and NDRD [37,38], but no significant improvement has 
yet been made. In this regard, further studies are need-
ed to reduce the gap between clinical and pathologic di-
agnoses and to increase timely and appropriate kidney 
biopsy in diabetic patients.

On the other hand, the prevalence of hypertension in 
Korea increased from 19.8% in 1990 to approximately 
28% since 1998 [39]. Similarly, the proportion of hyper-
tension as an underlying cause of ESKD in Korea has 
increased from less than 10% in 1980s to 16.0% in 1992 
and then remained at 16.0% to 21.4% [28]. Hypertension 
has been the second most common cause of ESKD since 
2000. In our study, although biopsy-proven HT-N was 
found more frequently since the 1990s than before, the 
proportion remained less than 2% of the entire biopsy 
cohort. Likewise, in other biopsy studies, the prevalence 
of HT-N was also as low as 2.5% to 9% [40-42]. In clini-
cal practice, HT-N is usually diagnosed without kidney 
biopsy in non-diabetic patients with reduced GFR, hy-
pertension, and low level or absence of proteinuria [43]. 
Kidney biopsy in hypertensive patients is selectively per-
formed in cases such as those with increasing protein-
uria, hematuria, and azotemia. Nevertheless, as shown 
in our results, the number of biopsy-proven HT-N is 
considered too small. Only 5% of clinically diagnosed 
HT-N patients had biopsy-proven HT-N. Similarly, in a 
study of 47 patients who met the clinical criteria of HT-N 
and underwent kidney biopsy, many cases had possible 
immune-complex-mediated GNs other than HT-N [44]. 
Actually, HT-N has been criticized as a vague umbrella 
term that does not correlate well with pathological find-
ings such as arteriolar hyalinization and sclerosis [45]. 
Our findings indicate that the clinical criteria of HT-N 
are not adequate for providing pathologic diagnosis. 
Therefore, a substantial number of ESKD attributed to 
hypertension may be accompanied by other kidney dis-
eases such as chronic GN. In addition, biopsy-proven 
HT-N showed no difference in risks for incident ESKD 
compared with non-HT-N. To date, studies of the prog-
nosis in biopsy-proven HT-N are still limited. Recent-
ly, Ovrehus et al. [46] revealed that risks of ESKD and 
mortality for biopsy-proven HT-N did not differ from 
those for GNs, but significantly lower than those for DN. 
These findings suggest that the overall renal outcome 
of HT-N was not as poor as expected from the data in 
ESKD registries. 

Among primary or secondary GNs, the most common 
GN in Korea has been IGAN, followed by MN, MCD, 
FSGS, and LN. This is similar to other populations in 
Asia such as Japan and China [47,48]. The prevalence of 
IGAN increased from 1990 to 2009 and then stabilized, 
and the prevalence of MPGN gradually decreased during 
the past decades, as shown in other single-center stud-
ies in Korea [8,19]. A decrease in MPGN may be caused 
by decreased infection and improvement in sanitation 
and socioeconomic status [49]. In addition, our findings 
showed a decrease in the prevalence of LN, which may 
result from early and effective therapeutic intervention, 
which hindered the development of LN [50].

In the present study, we explored the current and past 
spectrum and temporal trends of kidney diseases, focus-
ing on hypertension and diabetes, the leading causes of 
CKD at the present era. To date, many studies have re-
ported that the major cause of ESKD has changed from 
GN to diabetes and hypertension in the past decades. 
Although pathologic findings of DN and HT-N were 
found more commonly than decades ago, our findings 
indicate that a relatively large proportion of cases in pa-
tients with diabetes or hypertension might be attributed 
to other kidney diseases such as GN. This supports the 
need to consider kidney biopsy more actively for proper 
diagnostic approaches in patients with diabetes or clin-
ical HT-N. Fortunately, kidney biopsy has increasingly 
been performed in patients with low-grade proteinuria 
or normal renal function; thus, histological diagno-
sis can be made earlier than before. Kidney biopsy for 
patients with clinically presumed DN or HT-N could 
provide early accurate diagnosis and appropriate man-
agement. 

This study has limitations. First, despite the multi-
center design, only the Korean population is included. 
Generalization to other populations is difficult. Ethnic 
factors are important in the prognosis of HT-N [51], but 
predispositions such as African American with apolipo-
protein L1 variants could not be assess in this study. Sec-
ond, since our study is based on retrospective data from 
the kidney biopsy registry, clinical variables such as lab-
oratory tests and medications are limited. In particular, 
some important variables, such as duration of diabetes, 
presence of diabetic retinopathy, and hematuria were 
not available. Third, it may be unclear whether hyper-
tension at the time of biopsy precedes kidney disease in 
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hypertensive patients. However, in a real clinical setting, 
many hypertensive patients are referred for suspicion of 
kidney diseases without long-term follow-up. 

In conclusion, our multicenter cohort study of kidney 
biopsy over 40 years showed that the incidence of DN has 
been rapidly increasing during the recent 30 years, con-
tributing to ESKD development. However, NDRD was 
also consistently present in a majority of diabetic patients 
with kidney biopsy. Biopsy-proven HT-N was present in 
only a few of clinical HT-N patients, and the incidence 
remained unchanged since the 1990s. DN was associated 
with a higher risk of ESKD than NDRD, but biopsy-prov-
en HT-N did not differ from non-HT-N in the risk of 
ESKD. Considering the high prevalence of NDRD or non-
HT-N, further investigations are needed to determine the 
role of kidney biopsy in these populations.
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Supplementary Table 1. The proportion of missingness of data

Variable
Missingness of data

Total cohort  
(n = 21,426)

Diabetic patients  
(n = 2,813)

Patients with  
clinical HT-N (n = 2,927)

Matched cohort with biopsy-proven 
HT-N or non-HT-N (n = 309)

Age, yr 230 (1.1) 0 0 0 

Sex 4 (0.02) 0 0 0 

Hypertension 700 (3.3) 7 (0.2) 0 0 

Diabetes 1,215 (5.7) 0 0 0 

Period of biopsy 119 (0.6) 0 0 0 

SBP, mmHg 2,301 (10.7) 161 (5.7) 130 (4.4) 13 (4.2)

DBP, mmHg 2,291 (10.7) 158 (5.6) 128 (4.4) 12 (3.9)

eGFR, mL/min/1.73 m2 781 (3.6) 31 (1.1) 35 (1.2) 10 (3.2)

Albumin, g/dL 978 (4.6) 46 (1.6) 53 (1.8) 7 (2.3)

Hemoglobin, g/dL 1,656 (7.7) 59 (2.1) 172 (5.9) 4 (1.3)

UPCR, g/g Cr 4,722 (22.0) 530 (18.8) 0 0

Values are presented as number (%). 
HT-N, hypertensive nephrosclerosis; SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular 
filtration rate; UPCR, urine protein-creatinine ratio.
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Supplementary Table 2. Pathologic diagnosis in 1,932 NDRD patients

Pathologic diagnosis Number % among NDRD
IGAN 473 23.1 
MN 296 14.5 
FSGS 226 11.0 
MCD 153 7.5 
MPGN 86 4.2 
NONSPFGN 85 4.2 
CRESGN 82 4.0 
ATIN 81 4.0 
SCLEROSIS 80 3.9 
ATN 76 3.7 
HT-N 73 3.6 
CTIN 47 2.3 
LN 42 2.1 
INADEQUATE 28 1.4 
AMYLODIOSIS 22 1.1 
PIGN 22 1.1 
HSN 19 0.9 
NORMAL 18 0.9 
THIN 18 0.9 
TIN 18 0.9 
TMA 18 0.9 
VASCULITIS 18 0.9 
ACTIN 17 0.8 
MYELOMA 16 0.8 
LCDD 5 0.2 
C3G 4 0.2 
IGMN 4 0.2 
ANTIGBM 3 0.1 
C1Q 3 0.1 
LC-N 3 0.1 
APN 2 0.1 
FIBRILLARY 2 0.1 
ALPORT 1 0.0 
ANALGESIC 1 0.0 
CPN 1 0.0 
CRYO 1 0.0 
ECD 1 0.0 
ISCHEMIC 1 0.0 
HFRS 1 0.0 
Number of diagnosis 2,047
Number of patients 1,932
Number of patients with two diagnosis 115

NDRD, non-diabetic renal disease; IGAN, IgA nephropathy; MN, membranous nephropathy; FSGS, focal segmental glomerulosclerosis; 
MCD, minimal change disease; MPGN, membranoproliferative glomerulonephritis; NONSPFGN, non-specific glomerulonephritis; 
CRESGN, crescentic glomerulonephritis; ATIN, acute tubulointerstitial nephritis; ATN, acute tubular necrosis; HT-N, hypertensive 
nephrosclerosis; CTIN, chronic tubulointerstitial nephritis; LN, lupus nephritis; PIGN, post-infectious glomerulonephritis; HSN, He-
noch-Schonlein nephritis; THIN, thin membrane disease; TIN, tubulointerstitial nephritis; TMA, thrombotic microangiopathy; ACTIN, 
acute and chronic tubulointerstitial nephritis; LCDD, light chain deposition disease; C3G, C3 glomerulopathy; IGMN, IgM nephropathy; 
GBM, glomerular basement membrane; LC-N, liver cirrhosis-related nephropathy; APN, acute pyelonephritis; CPN, chronic pyelonephri-
tis; CRYO, cryoglobulinemic glomerulonephritis; ECD, Erdheim-chester disease; HFRS, hemorrahgic fever with renal syndrome.
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Supplementary Table 3. Associations between biopsy-proven diagnosis and clinical outcomes in complete cases of diabetic 
patients (n = 2,078)

Outcomes B HR 95% CI for HR p value

Death

Pure DN –0.25 0.78 0.52–1.15 0.21 

NDRD/DN –0.13 0.88 0.32–2.41 0.81 

NDRD Reference

ESKD

Pure DN 0.55 1.74 1.44–2.10 < 0.001

NDRD/DN 0.01 1.01 0.58–1.76 0.98 

NDRD Reference

HRs were adjusted for age, gender, period of renal biopsy, presence of hypertension, estimated glomerular filtration rate, se-
rum albumin, hemoglobin, urine protein-to-creatinine ratio, systolic blood pressure, and diastolic blood pressure. 
B, beta coefficients; HR, hazard ratio; CI, confidence interval; DN, diabetic nephropathy; NDRD, non-diabetic renal disease; 
ESKD, end-stage kidney disease.
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Supplementary Table 4. Risk factors of ESKD in adult diabetic patients.

Variable B HR 95% CI p value

Male sex 0.21 1.23 1.02–1.48 0.03 

Age, yr –0.02 0.98 0.98–0.99 < 0.001

Hypertension (presence) 0.37 1.45 1.08–1.96 0.01 

SBP (compared to 120–129 mmHg)

< 110 0.13 1.14 0.75–1.72 0.55 

110–119 0.09 1.10 0.78–1.55 0.61 

130–139 0.52 1.68 1.23–2.30 0.001 

140–149 0.30 1.35 0.99–1.87 0.06 

≥ 150 0.31 1.36 1.00–1.85 < 0.05

eGFR, mL/min/1.73 m2 –0.03 0.97 0.97–0.98 < 0.001

Serum albumin, g/dL –0.21 0.81 0.70–0.93 0.004 

Hemoglobin, g/dL –0.13 0.88 0.84–0.92 < 0.001

Pathology (compared to NDRD)

NDRD/DN 0.01 1.01 0.58–1.78 0.96 

Pure DN 0.57 1.76 1.46–2.12 < 0.001

Model adjusted with age, gender, presence of hypertension, SBP, diastolic blood pressure, serum albumin, hemoglobin, glo-
merular filtration rate, and urine protein-to-creatinine ratio. 
ESKD, end-stage kidney disease; B, beta coefficient; HR, hazard ratio; CI, confidence interval; SBP, systolic blood pressure; 
eGFR, estimated glomerular filtration rate; NDRD, non-diabetic renal disease; DN, diabetic nephropathy. 
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Supplementary Table 6. Pathologic diagnosis in 2,927 patients with clinical HT-N

Biopsy-proven HT-N Non-HT-Na Sum

IGAN 17 (9.4) 1,566 (54.4) 1,583 (51.7)

MN 3 (1.7) 143 (5.0) 146 (4.8)

FSGS 4 (2.2) 288 (10.0) 292 (9.5)

MCD 0 143 (5.0) 143 (4.7)

DN 0 0 0

LN 0 0 0

MPGN 1 (5.5) 59 (2.0) 60 (2.0)

HT-N 142 (78.5) 0 142 (4.6)

NONSPFGN 2 (1.1) 125 (4.3) 127 (4.1)

SCLEROSIS 0 65 (2.3) 65 (2.1)

CRESGN 0 25 (0.9) 25 (0.8)

ATN 5 (2.8) 57 (2.0) 62 (2.0)

ATIN 1 (5.5) 54 (1.9) 55 (1.8)

CTIN 0 (0) 61 (2.1) 61 (2.0)

NORMAL 2 (1.1) 52 (2.1) 54 (2.0)

THIN 0 63 (2.2) 63 (2.1)

INADEQUATE 1 (5.5) 24 (0.8) 25 (0.8)

PIGN 0 18 (0.6) 18 (0.6)

HSN 0 22 (0.8) 22 (0.7)

AMYLODIOSIS 1 (5.5) 6 (0.2) 7 (0.2)

TIN 1 (5.5) 22 (0.8) 23 (0.8)

TMA 1 (5.5) 22 (0.8) 23 (0.8)

VASCULITIS 0 5 (0.2) 5 (0.2)

HFRS 0 6 (0.2) 6 (0.2)

MYELOMA 0 3 (0.1) 3 (0.1)

ACTIN 0 8 (0.3) 8 (0.3)

C3G 0 7 (0.2)  7 (0.2)

C1Q 0 9 (0.3) 9 (0.3)

LIGHT CAHIN 0 4 (0.1) 4 (0.1)

IGMN 0 4 (0.1) 4 (0.1)

ALPORT 0 4 (0.1) 4 (0.1)

ANTIGBM 0 0 0 

LC-N 0 0 0 

HUS 0 3 (0.1) 3 (0.1)

GBM 0 4 (0.1) 4 (0.1)

CPN 0 2 (0.1) 2 (0.1)

CORTICALNECROSIS 0 2 (0.1) 2 (0.1)

ISCHEMIC NEPHROPATHY 0 0 0 

ANALGESIC 0 2 (0.1) 2 (0.1)

APN 0 1 (0.03) 1 (0.03)

FABRY 0 0 0 

FIBRILLARY 0 0 0 
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Biopsy-proven HT-N Non-HT-Na Sum

CRYO 0 0 0 

CRYSTAL 0 0 0 

GRANULOMA 0 0 0 

ECD 0 0 0 

NECGN 0 0 0 

TTP 0 1 (0.03) 1 (0.03)

WM 0 1 (0.03) 1 (0.03)

Sum of diagnosis 181 2,881 3,062 

No. of patients 142 2,785 2,927 

No. of patients with two diagnosis 39 96 135 

Values are presented as number (%). 
HT-N, hypertensive nephrosclerosis; IGAN, IgA nephropathy; MN, membranous nephropathy; FSGS, focal segmental glomer-
ulosclerosis; MCD, minimal change disease; DN, diabetic nephropathy; LN, lupus nephritis; MPGN, membranoproliferative 
glomerulonephritis; NONSPFGN, non-specific glomerulonephritis; CRESGN, crescentic glomerulonephritis; ATN, acute 
tubular necrosis; ATIN, acute tubulointerstitial nephritis; CTIN, chronic tubulointerstitial nephritis; THIN, thin membrane 
disease; PIGN, post-infectious glomerulonephritis; HSN, Henoch-Schonlein nephritis; TIN, tubulointerstitial nephritis; 
TMA, thrombotic microangiopathy; HFRS, hemorrahgic fever with renal syndrome; ACTIN, acute and chronic tubuloint-
erstitial nephritis; C3G, C3 glomerulopathy; IGMN, IgM nephropathy; GBM, glomerular basement membrane; LC-N, ; HUS, 
hemolytic uremic syndrome; GBM, non-specified glomerular basement membrane abnormality; CPN, chronic pyelonephritis; 
APN, acute pyelonephritis; CRYO, cryoglobulinemic glomerulonephritis; ECD, Erdheim-chester disease; NECGN, nectrotiz-
ing glomerulonephritis; TTP, thrombotic thrombocytopenic purpura; WM, Waldenstrom’s macroglobulinemia.
aPathologic diagnoses other than HT-N. 

Supplementary Table 6. Continued
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Supplementary Table 7. Associations between pathologic diagnoses and ESKD development in complete cases of patients with 
clinical HT-N

Pathologic diagnosis
Patients with clinical HT-Na  

(n = 2,490)
Matched cohort with biopsy-proven HT-N or  

non-HT-N (n = 86/164)

HR (95% CI) p value HR (95% CI) p value

Biopsy-proven HT-N 0.92 (0.53–1.60) 0.77 0.97 (0.51–1.84) 0.92 

Non-HT-N 1.0 (reference) - 1.0 (reference) -

HRs were adjusted with age, gender, period of renal biopsy, glomerular filtration rate, serum albumin, hemoglobin, urine pro-
tein-creatinine ratio, systolic blood pressure, and diastolic blood pressure. The biopsy-proven HT-N group represents patients 
with only HT-N as pathologic diagnosis. Mixed, HT-N combined with other pathologic diagnoses; non-HT-N, other patholog-
ic diagnoses other than HT-N.
ESKD, end-stage kidney disease; HT-N, hypertensive nephrosclerosis; HR, hazard ratio; CI, confidence interval.
aThe HR for the mixed group could not be estimated due to no events.
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Supplementary Table 8. Risk factors of ESKD in patients with clinical HT-N

Variable B HR 95% CI p value

GFR, mL/min/1.73 m2 –0.03 0.97 0.96–0.98 < 0.001

Hemoglobin, g/dL –0.07 0.93 0.87–0.99 0.03 

UPCR, g/g Cr 0.40 1.49 1.17–1.90 0.001 

Model was adjusted with age, gender, and related factors to ESKD, such as presence of hypertension, diastolic blood pressure, 
systolic blood pressure, serum albumin, hemoglobin, GFR, and UPCR. 
ESKD, end-stage kidney disease; HT-N, hypertensive nephrosclerosis; HR, hazard ratio; CI, confidence interval; GFR, glomer-
ular filtration rate; UPCR, urine protein-to-creatinine ratio.
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Supplementary Table 9. Clinical characteristics of matched cohort among patients with biopsy-proven HT-N or non-HT-N

Characteristic Non-HT-N Biopsy-proven HT-N p value

Number 206 103 

Age, yr 44.5 ± 13.5 44.7 ± 13.7 0.897

Male sex 149 (72.3) 70 (68.0) 0.507

Period of biopsy

1979–1989  -  - 

1990–1999 15 (7.3) 8 (7.8)

2000–2009 46 (22.3) 22 (21.4)

2010–2018 145 (70.4) 73 (70.9)

SBP, mmHg 139.3 ± 23.7 137.8 ± 23.0 0.607

DBP, mmHg 86.0 ± 16.2 84.7 ± 15.6 0.482

eGFR, mL/min/1.73 m2 44.9 ± 36.5 43.3 ± 35.2 0.711

Albumin, g/dL  3.9 ± 0.5  3.9 ± 0.5 0.988

Hemoglobin, g/dL 12.3 ± 2.3 12.4 ± 1.9 0.637

UPCR, g/g Cr  0.8 ± 0.5  0.8 ± 0.6 0.654

Values are presented as mean ± SD or number (%). 
HT-N, hypertensive nephrosclerosis; SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular 
filtration rate; UPCR, urine protein-creatinine ratio.
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Supplementary Table 10. Standardized mean differences between biopsy-proven HT-N and non-HT-N before and after 
propensity score matching

Variable
Standardized mean differences

Pre-matching After-matching

Age, yr 0.081 0.016 

Male sex 0.106 –0.044 

SBP, mmHg 0.108 –0.063 

DBP, mmHg 0.024 –0.087 

Period of biopsy

1979–1989 –0.083 0.000 

1990–1999 0.028 0.005 

2000–2009 –0.041 –0.010 

2010–2018 0.096 0.005 

eGFR, mL/min/1.73 m2 –0.869 –0.046 

Albumin, g/dL 0.095 0.002 

Hemoglobin, g/dL –0.330 0.062 

UPCR, g/g Cr –0.042 0.051 

HT-N, hypertensive nephrosclerosis; SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular 
filtration rate; UPCR, urine protein-to-creatinine ratio.
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21,617 Patients with
native kidney biopsy

from 18 centers
throughout Korea

2,813 Adult patients with
diabetes mellitus

2,927 Adult patients with 
clinically diagnosed 

hypertensive nephrosclerosis 

Analysis for adult patients with 
diabetes or hypertensive nephrosclerosis

21,426 Patients

191 Patients with renal cancer or tumorExcluded

Excluded 976 Children aged < 18 years
237 Missing age at renal biopsy

Analysis for overall trends of pathologic diagnosis

20,213 Adult patients

Supplementary Figure 1. Enrollment of patients.
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