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Abstract

Background and objectives Data regarding renal disease

in the elderly (age C65 years old) and very elderly (age

C80 years old) Japanese are extremely limited. The aim of

this study was to examine the causes of renal disease and

their clinical presentations in elderly patients who under-

went renal biopsy.

Design, setting, participants, and measurements From

July 2007 to November 2011, all of the elderly native renal

biopsy patients who had been registered in the Japan Renal

Biopsy Registry (J-RBR; 2802 including 1596 males and

1206 females) were identified. Their data were compared

with a control group of 7416 patients who ranged in age

from 20 to 64 years old and were registered on the J-RBR
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over the same period. In addition, the clinical and patho-

logical classifications of 276 very elderly patients were also

analyzed.

Results The indications for biopsy were nephrotic syn-

drome (NS) in 36.2 and 50.7 % of the elderly and the very

elderly patients, chronic nephritic syndrome in 31.8 and

17.4 %, and acute kidney injury including rapidly pro-

gressive glomerulonephritis in 18.6 and 22.5 %, respec-

tively. Primary glomerular disease was the most frequent

diagnosis, followed by MPO-ANCA-positive nephritis,

IgA nephropathy (IgAN), and diabetic nephropathy. In

primary GN including IgAN, membranous nephropathy

(MN) was the most frequent histological type, followed by

IgAN and minor glomerular abnormalities. A comparison

with the control group showed that MN, MPO-ANCA-

positive nephritis, and amyloid nephropathy were more

common in the elderly (P \ 0.001), and IgAN was less

common (P \ 0.001). As for nephrotic syndrome in the

elderly, MN was the most common histological type, fol-

lowed by minimal change NS, diabetic nephropathy,

amyloid nephropathy, and focal segmental glomeruloscle-

rosis. There was a significant discrepancy between the

urinary protein/creatinine ratio and daily proteinuria after

the 7th decade of life.

Conclusions Renal biopsy is a valuable diagnostic tool,

even in elderly and very elderly Japanese patients. In the

future, modified clinical guidelines for elderly renal disease

should be developed.

Keywords Elderly � Very elderly � Japanese �
Renal biopsy � Registry � Nephrotic syndrome �
IgA nephropathy � Rapidly progressive glomerulonephritis �
Proteinuria

Introduction

In Japan, the elderly population; i.e., those aged 65 and

over, accounted for 25.8 % of the total population in

October 2010, and this will increase to 30.5 % by 2025 [1].

As life expectancy increases, more elderly patients with

acute and chronic renal diseases are surviving longer. In

particular, the progressive decline in GFR that occurs with

age; the decline in GFR brought about by cardiovascular

and other systemic diseases, such as anti-neutrophil cyto-

plasmic antibody (ANCA)-positive vasculitis; and reduc-

tions in GFR due to the nephrotoxic effects of medical/

surgical treatment are expected to contribute to an

increased incidence of renal disease in the elderly popu-

lation. Several studies involving limited numbers of elderly

Japanese patients have suggested that renal biopsy can

provide significant diagnostic and prognostic information

A. Fukatsu

Department of Nephrology, Kyoto University Graduate School

of Medicine, Kyoto, Japan

T. Sasaki

Department of Nephrology and Hypertension, Kawasaki Medical

School, Kurashiki, Japan

K. Tsuruya

Department of Medicine and Clinical Science, Kyushu

University Graduate School of Medical Sciences, Fukuoka,

Japan

Y. Kohda

Department of Nephrology, Kumamoto University Graduate

School of Medical Sciences, Kumamoto, Japan

M. Higuchi

Division of Nephrology, Shinshu University School of Medicine,

Matsumoto, Japan

H. Kiyomoto

Division of Integrated Nephrology and Telemedicine,

Department of Community Medical Supports, Tohoku Medical

Megabank Organization (ToMMo), Tohoku University, Sendai,

Japan

S. Goto

Division of Clinical Nephrology and Rheumatology, Niigata

University Graduate School of Medical and Dental Sciences,

Niigata, Japan

M. Hattori

Department of Pediatric Nephrology, Tokyo Women’s Medical

University, Tokyo, Japan

H. Hataya

Department of Nephrology, Tokyo Metropolitan Children’s

Medical Center, Tokyo, Japan

S. Kagami

Department of Pediatrics, Institute of Health Bioscience,

The University of Tokushima Graduate School of Medicine,

Tokushima, Japan

N. Yoshikawa

Department of Pediatrics, Wakayama Medical University,

Wakayama, Japan

Y. Fukasawa

Department of Pathology, Sapporo City Hospital, Sapporo, Japan

Y. Ueda

Department of Pathology, Dokkyo Medical University

Koshigaya Hospital, Koshigaya, Japan

H. Kitamura

National Hospital Organization Chiba–East National Hospita,

Clinical Research Center, Chiba, Japan

A. Shimizu

Department of Pathology, Nippon Medical School,

Tokyo, Japan

904 Clin Exp Nephrol (2012) 16:903–920

123



[2–5]. In addition, only three studies that included a subset

analysis of patients aged over 75–80 years old have been

reported from Europe or the USA, and these involved

limited numbers of patients [6–8].

Until recently, there were no web-based, nationwide, or

prospective registry systems for renal biopsies in Japan.

Thus, in 2007, the Committee for the Standardization of

Renal Pathological Diagnosis and the Working Group for

the Renal Biopsy Database of the Japanese Society of

Nephrology established the first nationwide, Web-based,

and prospective registry system, the Japan Renal Biopsy

Registry (J-RBR), to record pathological, clinical, and lab-

oratory data about the renal biopsies performed in Japan [9].

The aim of this study was to examine the specific causes

of renal disease and their respective clinical presentations

in a large group of elderly (over 65 years old) patients and

very elderly patients (over 80 years old) who had under-

gone native renal biopsy and to compare the frequencies of

their diagnoses with those of a control group of patients

who ranged in age from 20 to 64 years.

Materials and methods

J-RBR system and subjects

The researchers of the Committee for the Standardization

of Renal Pathological Diagnosis and the Working Group

for the Renal Biopsy Database of the Japanese Society of

Nephrology set up the J-RBR [9]. This study includes data

obtained from 12705 renal-biopsied patients that were

prospectively registered in the J-RBR from July 2007 to

November 2011.

Patient data including age, gender, laboratory data,

clinical category, and pathological diagnosis were elec-

tronically recorded at each institution and registered on the

J-RBR webpage via the Internet Data and Information

Center for Medical Research (INDICE) system, which is

part of the University Hospital Medical Information Net-

work (UMIN). The ethics committee of the Japanese

Society of Nephrology comprehensively approved the

study, and the local committees of the participating centers

and their affiliate hospitals individually approved the study.

The J-RBR was registered to the Clinical Trial Registry of

UMIN (UMIN000000618).

Clinical categories

The clinical categories of glomerular disease were defined

as follows: nephrotic syndrome, chronic nephritic syn-

drome, recurrent or persistent hematuria, acute nephritic

syndrome (AGN), and rapidly progressive nephritic syn-

drome (RPGN), based on the criteria developed by the

WHO. The definitions of these five clinical diagnoses

were based on their clinical symptoms and glomerular
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histopathology, as described in the WHO classification of

glomerular diseases [10]. Acute nephritic syndrome was

defined as a syndrome characterized by the abrupt onset

of hematuria, proteinuria, hypertension, decreased glo-

merular filtration, and edema. Rapidly progressive

nephritic syndrome was defined as the abrupt or insidious

onset of hematuria, proteinuria, anemia, and rapidly pro-

gressive renal failure. Recurrent or persistent hematuria

was defined as the insidious or abrupt onset of gross or

microscopic hematuria with little or no proteinuria and no

evidence of other features of nephritic syndrome. Chronic

nephritic syndrome was defined as slowly developing

renal failure accompanied by proteinuria, hematuria, with

or without hypertension. Nephrotic syndrome was

defined as proteinuria of C3.5 g/day and/or 3.5 g/gCr

with hypoalbuminemia (serum albumin \3.0 g/dl) and/or

hypoproteinemia (total protein \6.0 g/dl) according to

the Progressive Renal Diseases Research (2011) criteria

[11].

In addition, secondary diseases and tubulointerstitial

diseases were categorized as follows: renal disorder with

collagen disease or vasculitis, renal disorder with metabolic

syndrome; hypertensive nephropathy; acute kidney injury;

drug-induced nephropathy; inherited renal disease; throm-

botic microangiopathy (TMA); hemolytic uremic syn-

drome (HUS); thrombotic thrombocytopenic purpura

(TTP); and others, which included acute interstitial inju-

ries, chronic interstitial injury, and acute tubular necrosis,

as described previously [9].

Table 1 Frequency of classification of clinical diagnoses in the elderly Japanese (C65 years old)

Very elderly

(C80 years old)

Elderly

(C65 years old)

Control

(20–64 years old)

P value*

Cases 276 2802 7416

Gender (male:female) 141:135 1596:1206 3795:3621

Clinical classification n % n % n %

Nephrotic syndrome 140 50.7 1018 36.3 1359 18.3 \0.001

Chronic nephritic syndrome 48 17.4 870 31.0 4434 59.8 \0.001

Rapidly progressive nephritic syndrome (RPGN) 54 19.6 432 15.4 300 4.0 \0.001

Acute nephritic syndrome (AGN) 2 0.7 40 1.4 122 1.6 NS

Recurrent or persistent hematuria 1 0.4 33 1.2 263 3.5 \0.001

Renal disorder with collagen disease or vasculitis 12 4.3 117 4.2 326 4.4 NS

Renal disorder with metabolic syndrome 4 1.4 69 2.5 160 2.2 NS

Hypertensive nephropathy 1 0.4 42 1.5 108 1.5 NS

Acute kidney injury (AKI) 6 2.2 51 1.8 55 0.7 \0.001

Drug-induced nephropathy 1 0.4 16 0.6 46 0.6 NS

Inherited renal disease 2 0.7 4 0.1 21 0.3 NS

Thrombotic microangiopathy (TMA, HUS/TTPa) 0 0.0 0 0.0 3 0.0 NS

Others 5 1.8 110 3.9 219 3.0 0.03

NS not significant

* The elderly versus controls
a Hemolytic uremic syndrome/thrombotic thrombocytopenic purpura
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Table 2 Frequency of pathological diagnoses as classified by pathogenesis in the elderly Japanese (C65 years old)

Very elderly

(C80 years old)

Elderly

(C65 years old)

Control

(20–64 years old)

P value*

n % n % n %

Primary glomerular disease 124 44.9 1259 44.9 5021 60.4 \0.001

Primary glomerulonephritis (except for IgAN) 105 38.0 966 34.5 1666 22.5 \0.001

IgA nephropathy (IgAN) 19 6.9 293 10.5 2815 38.0 \0.001

Secondary and hereditary glomerular diseases 100 36.2 1003 35.8 1766 23.8 \0.001

MPO-ANCA-positive nephritis 31 11.2 313 11.2 164 2.2 \0.001

Diabetic nephropathy 16 5.8 215 7.7 399 5.4 \0.001

Hypertensive nephropathy 14 5.1 173 6.2 304 4.1 \0.001

Amyloid nephropathy 20 7.2 110 3.9 58 0.8 \0.001

Purpura nephritis 4 1.4 56 2.0 151 2.0 NS

Lupus nephritis 4 1.4 44 1.6 461 6.2 \0.001

Infection-related nephropathy 5 1.8 41 1.5 65 0.9 0.012

Anti-glomerular basement membrane

antibody-type nephritis

1 0.4 17 0.6 21 0.3 \0.001

PR3-ANCA-positive nephritis 3 1.1 13 0.5 21 0.3 NS

Thrombotic microangiopathy 0 0.0 10 0.4 20 0.3 NS

Dense deposit disease (MPGN type II) 2 0.7 8 0.3 2 0.2 NS

Alport syndrome 0 0.0 2 0.1 27 0.4 NS

Thin basement membrane disease 0 0.0 1 0.0 73 1.0 0.002

Tubulointerstitial diseases 16 5.8 149 5.3 142 1.9 \0.001

Chronic tubulointerstitial lesions 6 2.2 69 2.5 38 0.5 NS

Acute tubulointerstitial lesions 9 3.3 71 2.5 87 1.2 NS

Acute tubular necrosis 1 0.4 9 0.3 17 0.2 NS

Others 36 13.0 391 14.0 126 1.7 NS

Total 276 100 2802 100 7416 100

NS not significant

* The elderly versus controls

Table 3 Frequency of pathology in the primary glomerular disease of the elderly Japanese (C65 years old)

Elderly (C65 years old) Control (20–64 years old) P value*

n % n %

IgA nephropathy (IgAN) 293 23.3 2815 56.1 \0.001

Membranous nephropathy 485 38.5 455 9.1 \0.001

Minor glomerular abnormalities 156 12.4 832 16.6 \0.001

Focal segmental glomerulosclerosis 99 7.9 327 6.5 NS

Membranoproliferative glomerulonephritis (MPGN type I and III) 75 6.0 83 1.7 \0.001

Dense deposit disease (DDD, MPGN type II) 0 0.0 8 0.2 NS

Crescentic glomerulonephritis 30 2.4 26 0.5 NS

Non-IgA mesangial proliferative glomerulonephritis 69 5.5 365 7.3 \0.001

Endocapillary proliferative glomerulonephritis 15 1.2 34 0.7 NS

Other/unclassifiable 37 2.9 76 1.5 NS

Total 1259 100 5021 100

NS not significant

* The elderly versus controls
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Table 4 Frequency of pathogenesis classified by clinical classification in the elderly Japanese (C65 years old)

Classification Nephrotic

syndromea
Chronic

nephritic

syndrome

Rapidly

progressive

nephritic

syndrome

Acute

nephritic

syndrome

Recurrent

or

persistent

hematuria

Subtotal

n % n % n % n % n %

Primary glomerulonephritis (except for IgAN) 613 59.5 184 29.0 29 9.3 13 46.4 3 14.3 842

IgA nephropathy (IgAN) 40 3.9 154 24.3 11 3.5 2 7.1 4 19.0 211

MPO-ANCA-positive nephritis 19 1.8 15 2.4 170 54.7 204

Daibetic nephropathy 100 9.7 33 5.2 1 0.3 1 4.8 135

Hypertensive nephropathy 17 1.6 69 10.9 7 2.3 1 3.6 2 9.5 96

Amyloid nephropathy 79 7.7 9 1.4 3 1.0 91

Infection-related nephropathy 14 1.4 8 1.3 8 2.6 5 17.9 1 4.8 36

Purpura nephritis 12 1.2 12 1.9 5 1.6 2 9.5 31

Lupus nephritis 13 1.3 8 1.3 3 1.0 1 3.6 25

Anti-glomerular basement membrane antibody-type nephritis 10 3.2 10

PR3-ANCA-positive nephritis 1 0.1 7 2.3 8

Thrombotic microangiopathy 1 0.1 1 0.3 2

Alport syndrome 1 0.2 1

Thin basement membrane disease 1 4.8 1

Others/unclassifiable 122 11.8 141 22.2 56 18.0 6 21.4 7 33.3 332

0

Subtotal 1031 100 634 100 311 100 28 100 21 100 2025

a Including cases with other classifications who satisfied the 2011 criteria of nephrotic syndrome in Japan

Table 5 Frequency of histopathology classified by clinical classification in the elderly Japanese (C65 years old)

Classification Nephrotic

syndromea
Chronic

nephritic

syndrome

Rapidly

progressive

nephritic

syndrome

Acute

nephritic

syndrome

Recurrent

or

persistent

hematuria

Subtotal

n % n % n % n % n %

Membranous nephropathy 383 37.1 102 16.1 2 0.6 2 7.1 1 4.8 490

Mesangial proliferative glomerulonephritis 74 7.2 236 37.2 21 6.8 4 14.3 7 33.3 342

Crescentic glomerulonephritis 42 4.1 19 3.0 207 66.6 3 10.7 271

Minor glomerular abnormalities 142 13.8 18 2.8 1 0.3 2 9.5 163

Nephrosclerosis 38 3.7 85 13.4 7 2.3 1 3.6 2 9.5 133

Focal segmental glomerulosclerosis 71 6.9 31 4.9 4 1.3 1 3.6 107

Membranoproliferative glomerulonephritis (MPGN type I and III) 67 6.5 27 4.3 4 1.3 3 10.7 101

Endocapillary proliferative glomerulonephritis 17 1.6 2 0.3 9 2.9 9 32.1 2 9.5 39

Dense deposit disease (DDD, MPGN type II) 4 0.4 2 0.3 6

Sclerotic glomerulonephritis 22 2.1 19 3.0 6 1.9 2 9.5 49

Acute interstitial nephritis 3 0.3 4 0.6 14 4.5 2 7.1 1 4.8 24

Chronic interstitial nephritis 1 0.1 13 2.1 6 1.9 1 3.6 1 4.8 22

Acute tubular necrosis 1 0.1 1

Other/unclassifiable 166 16.1 76 12.0 30 9.6 2 7.1 3 14.3 277

Subtotal 1031 100 634 100 311 100 28 100 21 100 2025

a Including cases with other classifications who satisfied the 2011 criteria of nephrotic syndrome in Japan
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Pathological diagnoses

The patients’ renal histological diagnoses were classified

according to their pathogenesis (A) or histopathology

(B) as follows: (A) primary glomerular disease (except

IgA nephropathy, IgAN), IgAN, purpura nephritis,

lupus nephritis, myeloperoxidase(MPO)-ANCA-positive

nephritis, protein 3 (PR3)-ANCA-positive nephritis, anti-

glomerular basement membrane antibody nephritis,

hypertensive nephrosclerosis, thrombotic microangiopathy,

diabetic nephropathy, amyloid nephropathy, Alport syn-

drome, thin basement membrane disease, infection-related

nephropathy, kidney transplantation, and others; (B) minor

glomerular abnormalities, focal and segmental glomerulo-

sclerosis (FSGS), membranous nephropathy (MN), mes-

angial proliferative glomerulonephritis, endocapillary

proliferative glomerulonephritis, membranoproliferative

glomerulonephritis (MPGN) (types I and III), dense deposit

disease (DDD, MPGN type II), crescentic and necrotizing

glomerulonephritis, sclerosing glomerulonephritis, nephro-

sclerosis, acute interstitial nephritis, chronic interstitial

nephritis, acute tubular necrosis, kidney transplantation, and

others. IgAN (Berger’s disease) is separated from primary

glomerular disease on the basis of basic glomerular altera-

tions in the WHO classification of glomerular diseases [10].

Clinical data, including urinalysis results; daily pro-

teinuria values; and serum creatinine, total protein, albu-

min, and total cholesterol values, were also recorded.

Statistical analyses

Continuous variables are reported as mean values (standard

deviation, SD). Statistical analyses were performed using

SPSS version 18.0 (SPSS, Tokyo, Japan). Comparisons of

Table 6 Pathological diagnoses of nephrotic syndrome in the elderly Japanese (C65 years old)

Elderly (C65 years old) Control (20–64 years old) P value*

n % n %

Primary nephrotic syndrome including IgAN 718 61.9 965 60.7

Membranous nephropathy 365 31.5 284 17.9 \0.001

Minimal change nephrotic syndrome 146 12.6 403 25.3 \0.001

Focal segmental glomerulosclerosis 68 5.9 110 6.9 NS

Membranoproliferative glomerulonephritis (type I/III) 51 4.4 28 1.8 \0.001

Mesangial proliferative glomerulonephritis except for IgAN 17 1.5 12 0.8 NS

Crescentic glomerulonephritis 10 0.9 5 0.3 NS

Endocapillary proliferative glomerulonephritis 8 0.7 9 0.6 NS

Sclerotic glomerulonephritis 1 0.1 2 0.1 NS

IgA nephropathy (IgAN) 48 4.1 106 6.7 0.006

Others 4 0.3 6 0.4 NS

Secondary nephrotic syndrome 442 38.1 626 39.3

Diabetic nephropathy 115 9.9 184 11.6 NS

Amyloid nephropathy 88 7.6 37 2.3 \0.001

Lupus nephritis 18 1.6 160 10.1 \0.001

Infection-related nephropathy 17 1.5 21 1.3 NS

Nephrosclerosis 17 1.5 9 0.6 0.016

Purpura nephritis 16 1.4 21 1.3 NS

MPO-ANCA-positive nephritis 19 1.6 14 0.9 NS

PR3-ANCA-positive nephritis 1 0.1 1 0.1 NS

Anti-glomerular basement membrane antibody-type nephritis 0 0.0 3 0.2 NS

Alport syndrome 1 0.1 6 0.4 NS

Thrombotic microangiopathy 1 0.1 3 0.2 NS

Others 149 12.8 167 10.5 NS

Total 1160 100 1591 100

NS not significant

* The elderly versus controls
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categorical variables among groups of different indications

or diagnoses were performed using Fischer’s exact test.

Continuous variables were compared using the Student’s

t test for parametric data and Wilcoxon’s signed rank test

or the Kruskal-Wallis test for non-parametric data. P values

of \0.05 (obtained by two-tailed testing) were considered

to indicate statistical significance.

Results

The elderly and very elderly patients in the J-RBR

(2007–2011)

At the end of November 2011, 2802 patients who were

more than 65 years old (27.4 %) and 276 who were older

than 80 (2.7 %) were extracted from the 10218 adult (over

20 years old) patients registered in the J-RBR. We ana-

lyzed the frequency of each clinical diagnosis (indication

for renal biopsy), pathogenesis, and histopathological

diagnosis in the elderly population and controls.

The indications for biopsy were nephrotic syndrome in

36.2 and 50.7 % of the elderly and very elderly patients;

chronic nephritic syndrome in 31.0 and 17.4 %; and acute

kidney injury (AKI) including RPGN, AGN, and ATN in

18.6 and 22.5 %, respectively (Table 1).

Table 7 Pathological diagnoses of nephrotic syndrome in the very

elderly Japanese (C80 years old)

n %

Primary nephrotic syndrome

(male:female)

95 (37:58) 59.4

Membranous nephropathy 45 28.1

Minimal change nephrotic syndrome 19 11.9

Focal segmental glomerulosclerosis 12 7.5

Membranoproliferative

glomerulonephritis (type I/III)

4 2.5

Mesangial proliferative

glomerulonephritis except for IgA

nephropathy

4 2.5

Crescentic glomerulonephritis 2 1.3

Endocapillary proliferative

glomerulonephritis

2 1.3

IgA nephropathy 7 4.4

Secondary nephrotic syndrome except

for IgA nephropathy (male:female)

65 (33:32) 40.6

Diabetic nephropathy 10 6.3

Amyloid nephropathy 19 11.9

Lupus nephritis 1 0.6

Infection-related nephropathy 3 1.9

Nephrosclerosis 4 2.5

Purpura nephritis 0 0.0

MPO-ANCA-positive nephritis 3 1.9

Others 25 15.6

Total cases (male:female) 160 (70:90) 100

Table 8 Frequency of pathogenesis in RPGN of the elderly Japanese (C65 years old)

Total Elderly

(C65 years old)

Control

(20–64 years old)

P value*

Cases

Gender (male:female)

732

(404:328)

432

(242:190)

300

(162:138)

n % n % n %

Type I: Anti-glomerular basement membrane antibody-type nephritis 31 4.2 13 3.0 18 6.0 0.0646

Type II: Immune-complex (IC) type 195 26.6 91 21.1 104 34.7 0.0026

Primary glomerulonephritis (except for IgAGN) 60 8.2 36 8.3 24 8.0 NS

IgA nephropathy (IgAGN) 57 7.8 20 4.6 37 12.3 0.0007

Secondary IC diseases 35 4.8 16 3.7 19 6.3 NS

Purpura nephritis 16 2.2 8 1.9 8 2.7 NS

Lupus nephritis 14 1.9 3 0.7 11 3.7 0.0058

Infection-related nephropathy 13 1.8 8 1.9 5 1.7 NS

Type III: Pauci immune type 502 68.6 329 76.2 173 57.7 0.0235

MPO-ANCA-positive nephritis 350 47.8 245 56.7 105 35.0 0.0005

PR3-ANCA-positive nephritis 15 2.0 9 2.1 6 2.0 NS

Systemic vasculitis 137 18.7 75 17.4 62 20.7 NS

Thrombotic microangiopathy 5 0.7 1 0.2 4 1.3 NS

Others 33 4.5 14 3.2 19 6.3 NS

NS not significant

* The elderly versus controls
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As for the pathogenesis of renal biopsy in the elderly

and very elderly patients, primary glomerular disease

was the most frequent diagnosis (n = 966, 34.5 %;

n = 105, 38.0 %), followed by MPO-ANCA positive

nephritis (n = 313, 11.2 %; n = 31, 11.2 %), IgA

nephropathy (n = 293, 10.5 %; n = 19, 6.9 %), diabetic

nephropathy (n = 215, 7.7 %; n = 16, 5.8 %),

hypertensive nephropathy (n = 173, 6.2 %; n = 14,

5.1 %), and amyloid nephropathy (n = 110, 3.9 %;

n = 20, 7.2 %) (Table 2). Some rare glomerular and

tubulointerstitial diseases were recorded in the ‘‘others’’

category, such as immunotactoid glomerulopathy in 3

cases, fibrillary glomerulopathy in 1 case, lipoprotein

glomerulopathy in 1 case, glomerulopathy with lecithin-

Table 9 Case profiles and clinical diagnoses of IgA nephropathy in the elderly (C65 years old)

Total Elderly (C65 years old) Control (20–64 years old) P value

Cases/gender (male:female): 3109 (1559:1550) 293 (189:104) 2816 (1370:1446)

n % n % n %

Male gender 1559 50.1 189 63.4 1370 48.7 0.005

Proteinuria (C1?) 2529 81.3 252 86.0 2277 80.9 NS

Hematuria (C1?) 2686 86.4 251 85.7 2435 86.5 NS

CKD stage (1–3a vs. 3b–5)* 0.0117*

Stage G1 1074 35.0 23 7.9 1051 37.8

Stage G2 950 31.0 74 25.4 876 31.5

Stage G3a 488 15.9 64 22.0 424 15.3

Stage G3b 337 11.0 63 21.6 274 9.9

Stage G4 172 5.6 56 19.2 116 4.2

Stage G5 48 1.6 11 3.8 37 1.3

Clinical diagnosis

Chronic nephritic syndrome 2765 88.9 228 77.8 2537 90.1 NS

Recurrent or persistent hematuria 140 4.5 8 2.7 132 4.7 NS

Nephrotic syndrome 97 3.1 29 9.9 68 2.4 \0.001

Rapidly progressive nephritic syndrome 57 1.8 20 6.8 37 1.3 \0.001

Acute nephritic syndrome 21 0.7 3 1.0 18 0.6 NS

Acute renal failure 6 0.2 2 0.7 4 0.1 NS

Hypertensive nephropathy 3 0.1 3 0.1 NS

Renal disorder with metabolic disease 1 0.0 1 0.0 NS

Others 19 0.6 3 1.0 16 0.6 NS

Table 10 Clinical and laboratory parameters of IgA nephropathy in the elderly (C65 years old)

Elderly (C65 years old) Control (20–64 years old) P value*

n Mean SD n Mean SD

Daily proteinuria (g/day) 198 1.7 2 2016 1.1 1.4 \0.001

Urinary protein/creatinine ratio (g/gCr) 174 2.6 3.3 1868 1.3 1.7 \0.001

Serum creatinine (mg/dl) 292 1.40 1.10 2808 1.00 0.80 \0.001

Estimated GFR (ml/min/1.73 m2) 291 51.4 25.3 2778 81.1 34.9 \0.001

Serum total protein (g/dl) 288 6.7 0.9 2794 6.9 0.7 \0.001

Serum albumin (g/dl) 288 3.5 0.7 2776 4 0.5 \0.001

Serum total cholesterol (mg/dl) 280 208 50 2710 204 47 NS

Systolic blood pressure (mmHg) 225 139 19 2323 124 17 \0.001

Diastolic blood pressure (mmHg) 224 78 12 2323 76 19 NS

Mean blood pressure (mmHg) 224 98 12 2323 92 16 \0.001

HbA1c (%) 169 5.5 0.6 1360 5.2 0.6 \0.001

NS not significant

* The elderly vs. controls
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cholesterol acyltransferase (LCAT) deficiency in 1 case,

cholesterol embolism in 5 cases, and IgG4-related renal

injury in 12 cases.

Of the primary glomerular disease including IgA

nephropathy suffered by the elderly patients, membranous

nephropathy (n = 485, 38.5 %) was the most frequent

*Fig. 1 Discrepancy between

daily proteinuria and the urinary

protein/creatinine ratio in the

elderly. There was a

discrepancy between the urinary

protein/creatinine ratio (g/gCr)

[A] and daily proteinuria (g/day)

[B] after the 7th decade of life.

The mean ratio of [A]/[B] was

around 1.26–1.29 from the 3rd

to 6th decade; however, it

increased significantly to 1.46 in

the 7th decade, 1.61 in the 8th

decade, and 1.90 in the 9th

decade or later (Kruskal–Wallis

test, P \ 0.001)

Table 11 Clinical syndromes of renal biopsy in the elderly

Author Shin Prakash Rivera Ferro Brown Nair Pincon

Country South Korea India Spain Italy Ireland USA France

Reported year 2001 2003 2004 2006 2012 2004 2010

Study period 1980–1994 1998–2002 1994–2001 1991–2000 1994–2009 2001–2003 2000–2007

Type of registry Single
center

Single
center

Nation wide Single
center

Nation wide Multicenter Single
center

Total cases 1908 ND 9378 392 1372 7257 ND

Elderly casesa 117 65 2173 150 236 413 150

Age [60 years
old

C60 years
old

C65 years old [65 years
old

C65 years
old

66–79 years
old

C70 years
old

Gender
(n or male:female ratio)

Both
(76:41)

Both
(56:9)

Male
(1305)

Female
(868)

Both
(ND)

Both
(150:86)

Both
(1.5:1)

Both
(78:72)

Nephrotic syndrome 64.1 % 40.0 % 36.6 % 36.2 % 42.0 % 25.0 % 33.0 % 30.0 %

Rapidly progressive nephritic
syndrome (RPGN)

6.8 % 4.0 % ND ND 13.0 % 13.6 % 4.0 % 15.0 %

Acute nephritic syndrome 6.0 % 19.0 % ND ND 15.0 % ND 12.0 % ND

Acute kidney injury (AKI) 6.0 % ND 25.4 % 28.9 % ND 31.8 % 41.0 % 31.0 %

Chronic nephritic syndrome ND ND 4.6 % 4.7 % ND ND ND ND

CRF (or CKD)a 12.0 % ND 18.9 % 16.2 % 23.0 % 11.5 % 9.0 % 19.0 %

Asymptomatic urinary
abnormality

5.1 % 2.0 % 12.1 % 10.9 % 7.0 % 7.6 % 1.0 % 5.0 %

Macroscopic hematuria ND ND 0.7 % 0.7 % ND ND ND ND

Hypertensive nephrosclerosis ND ND 1.8 % 2.3 % ND 2.1 % ND ND

Others ND ND ND ND ND 3.4 % ND ND

Unknown ND ND ND ND ND 4.2 % ND ND

ND not determined
a Chronic renal failure or chronic kidney disease
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histological type, followed by IgA nephropathy (n = 293,

23.3 %), minor glomerular abnormalities (n = 156, 12.4 %),

FSGS (n = 99, 7.9 %), and MPGN types I and III (n = 75,

6.0 %). A comparison with the control group showed that

membranous nephropathy, MPGN type I and III, MPO-

ANCA-positive nephritis, diabetic nephropathy, nephroscle-

rosis, and amyloid nephropathy were more frequent in the

elderly (P \ 0.001), and IgA nephropathy, minor glomerular

abnormalities, lupus nephritis, and thin basement membrane

disease were less frequent (P \ 0.001) (Table 3).

Classification of the pathogenesis and histopathology

of the elderly population

The pathological diagnoses of the elderly patients are

shown in Table 4. More than half of the patients (59.5 %)

presenting with nephrotic syndrome were found to have

primary glomerular disease. Diabetic nephropathy was the

second most common finding within the nephrotic group,

but it displayed a much lower incidence (9.7 %). On the

other hand, more than half of the elderly Japanese patients

Table 12 Nephrotic syndrome in the elderly Japanese

otaSonozOadustamoKonozeUydutstneserPsrohtuA

78913991399160022102raeydetropeR

5891–85919891–17910991–97914002–00021102–7002doirepydutS

(Miyazaki)

Single center

(Akita)

Single center

(Nagasaki)

Single center

(Tohoku)

DNDN880260481201sesaclatoT

Elderly casesa

Type of registry Nation wide Single center

2802 61 247 ND ND

65 years old 65 years old 65 years old 60 years old 60 years old

Nephrotic cases (%): 1160 41.4 27 44.3 88 35.6 90 ND 87 ND
n % n % n % n % n %

Primary disease

IgA nephropathy (IgAN) 48 4.1 2 7.4 6 6.8

Membranous nephropathy 365 31.5 4 14.8 35 39.8 26 28.9 30 34.5

Minimal change nephrotic
syndrome

146 12.6 5 18.5 9 10.2 6 6.7 7 8.0

Focal segmental
glomerulosclerosis

68 5.9 6 22.2 5 5.7 1 1.1

Membranoproliferative
glomerulonephritis type (I/III)

0.879.884.334.415

1.111.114.339.001sitirhpenoluremolgcitnecserC

Mesangial proliferative
glomerulonephritis except for
IgA nephropathy

8.31213.31215.445.171

1.114.331.131elbafiissalcnu/rehtO

Subtotal cases 718 61.9 17 63.0 68 77.3 55 61.1 57 65.5

Secondary disease n % n % n % n % n %

Diabetic nephropathy 115 9.9 3 11.1 7 8.0 8 8.9 12 13.8

3.0196.51412.0194.726.788sisodiolymA

Lupus nephritis 18 1.6

Infection-related nephropathy 17 1.5

Nephrosclerosis 17 1.5 3 11.1

1.114.161sitirhpenarupruP

MPO-ANCA-positive nephritis 19 1.6

1.111.01sitirhpenevitisop-ACNA-3RP

Alport syndrome 1 0.1

Thrombotic microangiopathy 1 0.1

No conclusive diagnoses 4 4.6

7.554.41313.224.728.21941srehtO

9.92629.83537.22020.73011.83244sesaclatotbuS
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(54.7 %) with RPGN were diagnosed with MPO-ANCA-

positive nephritis. In contrast, approximately one-third of

the patients who underwent renal biopsy because of a

slowly progressive decline in their renal function exhibited

findings of primary glomerular disease, IgA nephropathy,

or hypertensive nephropathy (Table 4).

As for the histopathologic diagnoses shown in Table 5,

the initial pathological findings were membranous

nephropathy in nephrotic syndrome, mesangial prolifera-

tive glomerulonephritis in chronic nephritic syndrome,

crescentic glomerulonephritis in rapidly progressive glo-

merulonephritis, and endocapillary proliferative glomeru-

lonephritis in acute nephritic syndrome and mesangial

proliferative glomerulonephritis in recurrent or persistent

hematuria (Table 5).

Nephrotic syndrome in the elderly and very elderly

Japanese patients

As for nephrotic syndrome, the elderly accounted for 1160

patients of the 2753 nephrotic syndrome patients (42.4 %)

registered in Japan. In addition, nephrotic syndrome was

the most frequent indication for biopsy in both the elderly

(36.3 %) and very elderly (50.7 %) (Table 1). Membra-

nous nephropathy (n = 365, 31.5 %; n = 45, 28.1 %) was

the most frequent histopathological type in the elderly and

very elderly, followed by minimal change nephrotic syn-

drome (n = 146, 12.6 %; n = 19, 11.9 %), diabetic

nephropathy (n = 115, 9.9 %; n = 10, 6.3 %), amyloid

nephropathy (n = 88, 7.6 %; n = 19, 11.9 %), and focal

segmental glomerulosclerosis (n = 68, 5.9 %; n = 12,

7.5 %) (Tables 6, 7). A comparison with the control group

found that membranous nephropathy, MPGN types I and

III, and amyloid nephropathy were more frequent in the

elderly (P \ 0.001), whereas minimal change nephrotic

syndrome, lupus nephritis (P \ 0.001), and IgA nephrop-

athy (P = 0.006) were less common (Table 6).

Rapidly progressive nephritis in elderly patients

In RPGN, elderly patients accounted for 432 of the 732

RPGN patients (59.0 %) registered in Japan. In addition,

RPGN was the third and second most common indication

for renal biopsy in the elderly and very elderly patients,

respectively. ANCA-positive nephritis, especially MPO-

ANCA-positive nephritis (n = 245, 56.7 %), was the most

frequent histopathological type in the elderly, followed by

systemic vasculitis (n = 75, 17.4 %). A comparison with

the control group showed that the pauci-immune type

(RPGN type III) was more frequent in the elderly

(P = 0.0235), and type II (P = 0.0026) was less common

(Table 8).

IgA nephropathy in the elderly patients

In contrast to nephrotic syndrome and RPGN, only 293 out

of 3109 (9.4 %) IgA nephropathy patients were elderly

(Table 9). In the elderly patients with IgA nephropathy,

being male (64.5 %), advanced stage CKD (3b or worse)

(44.7 %), nephrotic syndrome (9.2 %), and RPGN (6.8 %)

were more common (P \ 0.001). In addition, the protein-

uria (daily proteinuria or the urinary protein/creatinine

ratio), serum creatinine, and systolic blood pressure values

of the patients were much higher than those of the controls

(Table 10).

Proteinuria in the elderly: the discrepancy

between daily proteinuria values and the urinary

protein/creatinine ratio

There was a strong positive correlation between the urinary

protein/creatinine ratio (g/gCr) and daily proteinuria (g/

day) (n = 4791, r = 0.796, P \ 0.0001); however, as

shown in Fig. 1, there was a significant discrepancy

between the urinary protein/creatinine ratio and daily

proteinuria after the 7th decade of life. The mean urinary

protein/creatinine ratio to daily proteinuria ratio was

around 1.26–1.29 from the 3rd to 6th decade; however, it

increased significantly to 1.46 in the 7th decade, 1.61 in the

8th decade, and 1.90 in the 9th decade and beyond

(Kruskal–Wallis test, P \ 0.001, Fig. 1).

Discussion and comments

To the best of our knowledge, this study constitutes the

largest renal biopsy series of elderly (aged over 65 years)

or very elderly (over 80 years old) in the world. We cannot

exclude the possibility that the J-RBR is subject to sam-

pling bias; however, an investigation of a larger cohort or a

population-based analysis of the frequency of each renal

disease utilizing our web-based system might reveal the

actual frequencies of these diseases and their distributions

throughout the age range. In addition, it is worth noting that

a Web-based prospective registry system like the J-RBR

could easily increase the number of participating institu-

tions and enlarge the number of patients enrolled. Inves-

tigators could then analyze the registered data in real time

and thus ensure that the present sample of patients in the

J-RBR is representative of the nationwide frequency of

renal diseases in Japan.

The present report revealed that among elderly and very

elderly Japanese, renal biopsy is most commonly per-

formed for nephrotic syndrome or AKI including RPGN.

Similarly, nephrotic syndrome was the most common

indication (37–64 %) for renal biopsy in elderly patients of
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over 60 years old in South Korea, India, Italy, and Spain

[12–15]. On the other hand, AKI including RPGN was the

most common indication for renal biopsy (accounting for

31–41 % of cases) in elderly patients (over 65 years old) in

the USA, west France, and Ireland [6, 7, 16, 17]. These

findings reveal that renal biopsy is performed in the elderly

all over the world to obtain significant diagnostic and

prognostic information (Table 11). In agreement with this

notion, renal biopsy was also performed for elderly patients

with more advanced clinical abnormalities such as

increased proteinuria, decreased GFR, and higher blood

pressure, even in IgAN.

As for the pathogenesis and pathohistology of nephrotic

syndrome, one-third of the elderly patients with nephrotic

syndrome displayed primary membranous nephropathy,

whereas minimal change nephrotic syndrome displayed a

much lower frequency of about 12–13 % in the elderly and

the very elderly. However, diagnosing minimal change

nephrotic syndrome is useful as it allows the patient to be

switched to steroid treatment. In addition, the frequency of

amyloid nephropathy increased according to age from

2.3 % in the controls to 7.6 and 11.9 % in the elderly and

very elderly, respectively. These findings support the pre-

vious results obtained in small studies from single centers

in Japan [2–5] (Table 12) and other countries [12, 14, 15,

18–20].

As for RPGN, the results of this report are quite similar

to those of a previous large retrospective cohort study from

the Progressive Renal Diseases Research-RPGN study

group [21] and other registry data regarding acute renal

injury in older adults [6, 22, 23]. MPO-ANCA-positive

nephritis with or without systemic vasculitis was the initial

pathogenesis of RPGN in the elderly and the very elderly in

this study. New guidelines for the treatment of RPGN

targeting MPO-ANCA-positive nephritis have been pro-

posed by the RPGN study group [24]. A prospective Web

registry-based study examining the treatment and outcomes

of RPGN and vasculitis has started, which might resolve

the issues regarding the treatment of MPO-ANCA-positive

nephritis with or without systemic vasculitis in the elderly

[25]. Based on these findings, optimal therapeutic guide-

lines for RPGN in the elderly may be reported in future.

The present report revealed that IgA nephropathy in the

elderly had the different gender background (the male-to-

female ratio was 1.82:1) and more advanced clinical stage. On

the other hand, there were no significant differences between

the sexes in the controls. This finding was quite similar to the

previous nationwide reports on IgA nephropathy in adult

Japanese describing a male-to-female ratio from 1:1 in 660

cases to 1:0.9 in 502 cases [9, 26]. Concerning the gender

background in this Japanese registry, renal biopsies were

performed more frequently in males (the male-to-female ratio

was 1.32:1), similar to other nationwide registry studies in

adults (the male-to-female ratio has been described as 1.39:1

to 1.56:1), however [14, 15]. There were also differences in

the male-to-female ratio of the elderly in the past reports (from

1.08:1 to 6.22:1) [12, 13, 15–17]. We could not exclude

physician biases influencing the indications for renal biopsies

in the elderly because there was a male predominance of the

main clinical syndromes even in the elderly with IgA

nephropathy [15]. In this regard, ongoing prospective cohort

study of IgA nephropathy (J-IGACS study on J-RBR) may

resolve the issues of gender and aging for the clinical pro-

gression of Japanese IgA nephropathy in the future.

In this study, we detected a discrepancy between daily

proteinuria values and the urinary proteinuria/creatinine

ratio in the elderly. This finding has important implications

for the assessment of glomerular injuries in the elderly.

Proteinuria is overestimated by the urinary proteinuria/

creatinine ratio in the elderly because of the decreased

excretion of urinary creatinine brought about by the

reduction of muscle mass that occurs during aging [27, 28].

Thus, the degree of the overestimation of proteinuria by the

proteinuria/creatinine ratio might increase with age. In

addition, the progressive decline in GFR that occurs during

aging, i.e., the decrease in the number of nephrons with

age, should be considered when assessing the amount of

protein lost from a single nephron in elderly patients. Daily

proteinuria might underestimate the protein lost by a single

nephron in the elderly. In the future, studies assessing

proteinuria should resolve this issue regarding the early

diagnosis and treatment of intractable glomerular diseases

in the elderly.

In conclusion, renal biopsy is a valuable diagnostic tool,

even in elderly and very elderly Japanese patients. In the

future, modified clinical guidelines for elderly patients with

renal disease should be developed.
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Hitoshi Yokoyama (Kanazawa Medical University), Hiro-

shi Sato (Tohoku University), Takao Saito (Fukuoka Uni-

versity), Yukimasa Kohda (Kumamoto University; present

address, Hikarinomori Clinic), Shinichi Nishi (Niigata
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Tsuruya and Yutaka Kiyohara (Kyushu University),

Hideyasu Kiyomoto (Kagawa University; present address:

Tohoku University), Hiroyuki Iida (Toyama Prefectural

Central Hospital), Tamaki Sasaki (Kawasaki Medical

School), Makoto Higuchi (Shinshu University), Motoshi

Hattori (Tokyo Women’s Medical University), Kazumasa
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Red Cross Nagoya Daini Hospital), Norishige Yoshikawa

(Wakayama Medical University), Yukio Yuzawa (present

address: Fujita Health University), Seiichi Matsuo (Nagoya
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Shakai Hoken Hospital).
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Center (Department of Nephrology), Tetsuya Kaw-

ata, Tsuyoshi Yamamura.

• Hokkaido University Graduate School of Medicine

(Department of Medicine II), Saori Nishio, Sekiya

Shibazaki, Yasunobu Ishikawa, Daigo Nakazawa.

• Hokkaido University Graduate School of Medicine

(Department of Pediatrics), Satoshi Sasaki, Yasuyuki

Sato, Takeshi Yamazaki, Takayuki Okamoto.

• KKR Sapporo Medical Center (Department of

Pathology), Akira Suzuki.

Tohoku District

• Iwate Prefectural Central Hospital (Department of

Nephrology), Jun Soma, Izaya Nakaya, Mayumi

Yahata.

• Fukushima Medical University School of Medicine
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Hypertension), Mariko Miyazaki, Keisuke Nakay-

ama, Takashi Nakamichi.

• Yamagata University School of Medicine (Department
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Konta, Kazunobu Ichikawa, Ami Ikeda, Kazuko Suzuki.

• Yamagata University School of Medicine (Depart-

ment of Pediatrics), Akira Matsunaga.

Kanto District

• National Hospital Organization Chiba-East National

Hospital (Clinical Research Center), Hiroshi Kitam-

ura, Takashi Kenmochi, Motonobu Nishimura, Hide-

aki Kurayama, (Department of Urology), Koichi

Kamura.

• Dokkyo Medical University Koshigaya Hospital

(Department of Nephrology), Tetsuro Takeda.

• Dokkyo Medical University School of Medicine

(Department of Cardiology and Nephrology), Toshi-

hiko Ishimitsu.

• Gunma University Graduate School of Medicine

(Department of Medicine and Clinical Science),

Yoshihisa Nojima, Keijyu Hiromura.

• Jichi Medical University (Division of Nephrology),

Eiji Kusano.

• The Jikei University School of Medicine (Division

of Kidney and Hypertension), Tatsuo Hosoya,

Tetsuya Kawamura, Yasunori Utsunomiya, Yoichi

Miyazaki.

• The Jikei University School of Medicine, Katsushika

Medical Center (Division of Kidney and Hyperten-

sion), Masato Ikeda, Keita Hirano, Akihiro Shimizu.

• The Jikei University School of Medicine, Daisan

Hospital (Division of Kidney and Hypertension),

Kazushige Hanaoka, Kentaro Koike, Haruko Suet-

sugu, Mai Tanaka.

• The Jikei University Kashiwa Hospital (Division of

Kidney and Hypertension), Makoto Ogura, Akihiko

Hamaguchi, Yukio Maruyama, Seiji Kobayashi.

• Juntendo University Faculty of Medicine (Division

of Nephrology, Department of Internal Medicine),

Yasuhiko Tomino, Isao Ohsawa, Chieko Hamada,

Satoshi Horikoshi.

• Kawaguchi Municipal Medical Center (Division of

Nephrology), Takeo Ishii.

• Kyorin University School of Medicine (Department

of Urology), Kikuo Nutahara.
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• Mito Saiseikai General Hospital (Division of

Nephrology), Itaru Ebihara, Chihiro Satho.

• Nippon Medical School (Division of Nephrology,

Department of Internal Medicine), Yasuhiko Iino,
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