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Abstract

Background. Trends in age-adjusted or age-specific
incidence rates of end-stage renal disease (ESRD) have
never been examined in Japan, a major ESRD
epidemic area.
Methods. A nationwide registry has provided the
number of ESRD patients commencing maintenance
renal replacement therapy for time period from 1983 to
2000. We computed gender- and age-specific incidence
rates of ESRD over 2-year periods, in total or by
cause. Age-adjusted incidence rates were calculated
using the 1985 Model Population of Japan as the
standard.
Results. Causes of ESRD in 1999–2000 were, in order
of decreasing frequency, diabetic nephropathy, chronic
glomerulonephritis, unknown causes, nephrosclerosis
and polycystic kidney disease in men, and chronic
glomerulonephritis, diabetic nephropathy, unknown
causes, nephrosclerosis and polycystic kidney disease
in women. The age-adjusted all-cause incidence of
ESRD increased until 1995–1996, but has since lev-
elled off in both genders. The age-adjusted rate for
diabetic nephropathy has been rapidly increasing,
while that for chronic glomerulonephritis has
decreased since 1995–1996. The former rate exceeded
the latter in 1997–1998 in men. All-cause ESRD has
rapidly increased in the eighties age group, whereas the
increase slowed down in younger age groups in the late
1990s. The rate for diabetic nephropathy has linearly
risen in almost every age group in men, whereas it
began to level off in women aged 40–59 years at about
1995. For chronic glomerulonephritis, the rate had
already started to decline in the mid-1980s in those

aged <45 years. The rate of nephrosclerosis has been
increasing independently of age.
Conclusions. The present study shows changes in the
epidemiological features of the incidence of ESRD in
Japan from 1983 to 2000.

Keywords: age-adjusted rate; end-stage renal disease;
incidence; Japan; registry; trend

Introduction

The incidence rate of end-stage renal disease (ESRD)
has been increasing both in Japan [1] and worldwide
[2,3]. The annual number of patients beginning main-
tenance renal replacement therapy (RRT) in Japan has
tripled between 1983 and 2000 [1]. In the year 2000,
more than 31 000 patients began RRT in this country.
To reduce the social and economical burdens involved
in maintenance RRT, it is urgent to prevent ESRD.
Diabetic nephropathy and nephrosclerosis have
become the leading causes of ESRD in Japan [1] as in
most developed countries [2–4].

To observe detailed chronological changes in the
incidence of ESRD may sharpen the focus on its
prevention and also suggest the aetiology of diseases
leading to renal failure. The emergence of reliable
RRT registries has made such studies possible, and
some reports from Europe [2], North America [3]
and Oceania [4,5] have already been published.

The trends in incidence, however, have been dis-
cussed mainly in terms of the annual number and
relative proportion of ESRD caused by each primary
disease in Japan [1,6]. Comprehensive studies includ-
ing age-adjusted or age-specific rates have never been
conducted in this country, one of the world’s major
ESRD epidemic areas [6]. The rapid increase in the
older Japanese population may have partly contributed
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to the rise in incidence: the proportion of residents
aged 65 years and over increased from 10.3% in 1985 to
17.3% in 2000. The age standardization of incidence
rates would be useful to observe the trends indepen-
dently of ageing.

We therefore determined the detailed epidemiologi-
cal features of ESRD in Japan by examining the trends
in age-adjusted and age-specific incidence rates by
gender and cause using the data from a nationwide
patient registry.

Subjects and methods

Patient registration

The registration procedures of the Patient Registration
Committee of the Japanese Society for Dialysis Therapy
have been described previously [1,6]. The nationwide registry
covered a population of 127 million people as of 2000. The
Committee mails questionnaires to all of the Japanese RRT
facilities on record at the end of every year, requesting
information on the case mix, laboratory data and prognostic
information on each patient beginning RRT during that
calendar year, as well as on all those who had been on
maintenance RRT as of December 31 of the year surveyed. In
each case, the attending nephrologist had determined the
primary diagnosis. Registrations are believed to have been
sufficiently complete. The response rate to the patient survey,
defined as the proportion of RRT clinics or hospitals
responding among all the facilities, was 94.6% on average
(range 91.5–96.1%) between 1991 and 2000. Unfortunately,
the corresponding figure was not available for every year
from 1983 to 1990. It was 85.1% in 1984 and 89.5% in 1985,
being somewhat lower than the rates since 1991.
In Japan, all patients on maintenance RRT are entitled to a

government subsidy covering almost the entire medical cost
based on the Welfare Act for the Disabled. We therefore
compared the number of patients on RRT supported by the
Japanese government with that registered in our database in
one area that covers 5% of nationwide patients. The former
(n¼ 10 929 on April 1, 2001) was almost identical with the
latter (n¼ 10 910 on December 31, 2000), which further
indicates the completeness of registration, although the
nationwide number of supported patients was not available.
We may have underestimated the ESRD incidence because

of incomplete nephrological referral. Thanks to the financial
support, Japanese people have had the benefit of a quite open
acceptance policy toward RRT since the 1970s. However, the
lack of formal data in the country prevented us from
quantifying the incomplete referral mainly for other than
economic reasons.

Data analysis

The annual number of patients with ESRD commencing
maintenance RRT stratified by gender, 5-year age group and
cause of ESRD, was obtained from the registry for the 18-year
period from 1983 to 2000. Populations by year, gender and 5-
year age stratum in Japan were estimated based on censuses
taken by the Statistics Bureau, Ministry of Public Manage-
ment, Home Affairs, Posts and Telecommunications of
Japan. Kidney transplantation was not considered in the

present analysis because very few patients with ESRD receive
a transplant in Japan [7], e.g. only 744 out of about 200 000
patients on RRT underwent renal transplantation in 2000.
In both genders, crude and age-specific incidence rates of

ESRD (per million population per year) over 2-year periods
(1983–1984, 1985–1986, . . . and 1999–2000), in total or by
cause, were computed as the number of patients starting RRT
in any given 2 years divided by the corresponding population.
This is because the single-year rates were unstable in some
diseases and/or age categories due to the small number of
cases. We did not report here the age-specific rates for
polycystic kidney disease and pyelonephritis as considerable
instability remained even in the rates over 2 years. The age-
adjusted incidence rate by gender and cause was calculated
by the direct method using the 1985 Model Population
of Japan as the standard (available at http://www.ncc.go.jp/
en/statistics/2001/terms/adr.html). This standard population
is based on the Japanese general population in 1985 but
is rounded off and smoothed for the use of age adjustment.
It is defined by the Ministry of Health, Labor and Welfare
of Japan and has been widely used in the country. The
age-adjusted sex ratio was defined as the male-to-female ratio
of the age-adjusted rate.
To save space, the age-adjusted incidence rates of ESRD by

cause and the age-specific incidence rates of all-cause and
cause-specific ESRD are presented by gender for the selected
five 2-year periods, that is, 1983–1984, 1987–1988, 1991–1992,
1995–1996 and 1999–2000. All the relevant rates not shown in
tables, however, are available from the corresponding author.
The differences between two age-specific or age-adjusted

rates were statistically tested assuming a Poisson distribu-
tion of ESRD incidence [8]. We tested the rate difference
between the first 2-year period (1983–1984) and the last one
(1999–2000) or between 1991–1992 and 1999–2000. The latter
comparison was made because we were particularly interested
in the trends in the 1990s. In principle, the rate differences
were tested only for these two predefined pairs of periods to
avoid multiple tests. The mean age of patients commencing
RRT, by gender and cause, was compared between 1983–1984
and 1999–2000 with the t test.

Results

A total of 395 059 patients who initiated maintenance
RRT (239 504 men and 155 555 women) were registered
during the study period from 1983 through to 2000.
An additional 422 cases of unknown gender were not
included in the present analysis.

The crude all-cause incidence rate of ESRD [per
million population per year (PMP)] linearly increased
from 116.3 to 322.9 in men and from 77.7 to 189.1 in
women between 1983–1984 and 1999–2000 (Figure 1).
The crude incidence rate of ESRD caused by diabetic
nephropathy increased 6-fold in men and 5-fold in
women from 1983–1984 to 1999–2000, while that of
ESRD due to chronic glomerulonephritis has been
decreasing since 1995–1996.

Among men, the commonest causes of ESRD in
1999–2000 were diabetic nephropathy [crude incidence
rate, 124.4 PMP (38.5% of newly developed ESRD)],
chronic glomerulonephritis [104.3 (32.3%)], unknown

Age-adjusted and age-specific incidence rates of ESRD in Japan, 1983–2000 2045

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/article/19/8/2044/1918376 by guest on 09 April 2024



or missing causes [32.4 (10.0%)], nephrosclerosis [24.1
(7.5%)] and polycystic kidney disease [6.8 (2.1%)].
Diabetic nephropathy became the leading cause in
1997–1998, replacing chronic glomerulonephritis.
Among women, chronic glomerulonephritis remained
the top cause even in 1999–2000 [crude incidence rate,
65.3 PMP (34.5% of new cases of ESRD)], followed
by diabetic nephropathy [62.5 (33.0%)], unknown or
missing causes [19.3 (10.2%)], nephrosclerosis [13.3
(7.0%)] and polycystic kidney disease [5.2 (2.7%)].

The age-adjusted all-cause incidence of ESRD had
steadily increased until 1995–1996, but then began to
level off in both genders (Table 1). The age-adjusted
rate for ESRD from diabetic nephropathy has been the
fastest growing, increasing �4-fold in both genders
between 1983–1984 and 1999–2000. On the other hand,
the rate for ESRD caused by chronic glomerulone-
phritis has shown a downward trend since 1995–1996
in both men and women. The age-adjusted rates

significantly decreased from 1995–1996 to 1999–2000
among both men and women (P<0.001). The age-
adjusted incidence due to diabetic nephropathy
exceeded that due to chronic glomerulonephritis in
1997–1998 in men. In women, the former rate had
approached the latter by the period 1999–2000.

The crude and age-adjusted rates for ESRD of
unknown or missing causes have also shown an upward
trend (Figure 2 and Table 1). Although the crude and
age-adjusted incidence rates for nephrosclerosis were
still far below those for the top two diseases in
1999–2000, they demonstrated fast growth throughout
the study period in men and women. The crude and
age-adjusted rates for polycystic kidney disease have
been increasing but slowly, and the age-adjusted rate
has levelled off since 1991–1992. A gradually increasing
crude rate and an almost fixed age-adjusted rate were
observed for pyelonephritis throughout the period
considered.

Fig. 1. Trends in crude incidence rates (PMP) of ESRD due to all causes, diabetic nephropathy and chronic glomerulonephritis by gender
in Japan, 1983–2000.

Table 1. Trends in age-adjusted incidence rates (per million population) of ESRD by gender and cause in Japan, 1983–2000 (rates were
adjusted to the 1985 Model Population of Japan)

Gender Year Cause of ESRD

All
causes

Diabetic
nephropathy

Chronic
glomerulonephritis

Nephrosclerosis Polycystic
kidney
disease

Pyelonephritis Unknown
or missing

Men 1983–1984 123.9a 21.8a 73.6a 4.6a 3.4a 2.2 6.4a

1987–1988 162.9 39.8 83.3 7.3 4.5 2.2 11.0
1991–1992 205.8a 60.8a 90.1a 12.4a 5.3 2.6b 16.0a

1995–1996 240.9 81.1 96.3 15.1 5.5 2.1 19.5
1999–2000 254.4 96.7 84.0 18.4 5.6 2.2 25.5

Women 1983–1984 75.7a 11.4a 44.0c 2.0a 2.6a 1.9 4.2a

1987–1988 96.4 20.8 49.0 3.2 3.3 2.2 6.2
1991–1992 118.0a 29.8a 52.6a 5.4a 3.9 2.4b 9.3a

1995–1996 129.0 38.2 52.7 6.5 3.9 1.9 10.0
1999–2000 129.5 42.5 46.1 7.2 4.0 2.1 12.5

The test for rate difference compared with the rate in 1999–2000. aP<0.001; b0.01�P<0.05; c0.001�P<0.01. The test was made only
between 1983–1984 and 1999–2000 and between 1991–1992 and 1999–2000 to avoid multiple tests.
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As for all- and major causes of ESRD, age-adjusted
incidence rates for men have always been higher than
those for women (Table 1). For nephrosclerosis, in
particular, men were at 2.5 times as high a risk as
women; the age-adjusted sex ratio was 2.39 on average
from 1983–1984 to 1999–2000. The evident rise in the
sex ratio for diabetic nephropathy is worthy of note:
the ratio increased from 1.91 in 1983–1984 to 2.28
in 1999–2000. The sex ratio was relatively low for
pyelonephritis and polycystic kidney disease, averaging
1.07 and 1.32, respectively, during the study period.

The age-specific incidence rate of all-cause ESRD has
increased much more rapidly among those in their 80s
than in other age groups irrespective of gender
(Table 2). In contrast, the increase in rates slowed
down among those in their 70s and younger groups in
the late 1990s. The rate has even started to decrease,
albeit gradually, but with a significant difference
between 1991–1992 and 1999–2000 among women
aged 25–49 years and men aged 25–29 or 35–39 years.

Trends in cause- and age-specific incidence rates of
ESRD are summarized in Table 3 for diabetic nephrop-
athy, glomerulonephritis and nephrosclerosis. The
incidence rate for male diabetic nephropathy has been
on a linear rise in almost every age group, whereas that
for women began to level off in the 40s and 50s groups
around 1995. For chronic glomerulonephritis, the rate
has recently seen a decreasing trend in all age groups
except for persons in their 80s, among whom the rate
continues to increase. The incidence rate has started to
decline earlier in younger populations; this trend dates
back to the mid-1980s in men and women aged 40–44
years or less. In both genders, the rate has significantly
decreased in those <55 years of age from 1991–1992 to
1999–2000.

ESRD due to nephrosclerosis has occurred mostly in
the elderly, and has been very rare in people in their 40s
or younger populations (<10 PMP during the study
period). The rate has always been increasing inde-
pendently of age, but the growth has become slower

Fig. 2. Trends in crude incidence rates (PMP) of ESRD due to unknown or missing causes, nephrosclerosis, polycystic kidney disease and
pyelonephritis by gender in Japan, 1983–2000. Note that the scale of the ordinate is not identical to that in Figure 1.

Table 2. Trends in age-specific incidence rates (per million population) of all-cause ESRD by gender in Japan, 1983–2000

Gender Year Age

25–29 30–34 35–39 40–44 45–49 50–54 55–59 60–64 65–69 70–74 75–79 80–84 85–89

Men 1983–1984 62.7a 86.4b 110.4b 132.0a 168.8a 228.4a 275.5a 306.7a 347.0a 379.5a 330.0a 196.5a 143.6a

1987–1988 49.7 77.1 106.3 150.7 203.8 286.3 378.3 438.0 510.1 582.1 615.8 489.5 285.1
1991–1992 55.1a 73.0 111.6b 160.7 238.7 330.1a 460.8a 598.9a 685.5a 844.4a 873.8a 757.7a 537.5a

1995–1996 48.9 75.7 108.9 164.8 258.3 376.5 520.7 713.1 837.5 1013.4 1170.9 1103.6 875.9
1999–2000 41.9 72.9 97.5 155.6 247.5 373.6 512.8 722.4 957.9 1159.4 1322.8 1432.4 1204.4

Women 1983–1984 38.9a 54.8a 71.0c 94.1c 114.4a 136.6a 154.7a 191.2a 215.5a 216.1a 158.9a 96.9a 41.1a

1987–1988 36.5 52.1 68.6 105.1 139.3 166.8 194.9 254.7 293.9 335.7 329.3 206.8 126.8
1991–1992 35.5b 50.6b 76.8b 107.0a 155.4b 196.7 244.6d 314.2a 374.6a 454.9a 484.1a 389.6a 219.8a

1995–1996 34.0 50.1 67.1 96.8 158.6 205.7 266.5 344.2 435.5 525.9 608.8 565.5 390.0
1999–2000 28.2 41.8 63.6 86.2 136.8 198.1 260.8 354.2 439.8 566.8 673.4 711.0 503.8

The test for rate difference compared with the rate in 1999–2000: aP<0.001; b0.001�P<0.01; c0.05�P<0.10; d0.01�P<0.05. The test
was made only between 1983–1984 and 1999–2000 and between 1991–1992 and 1999–2000 to avoid multiple tests.
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since 1995, particularly in women 60–74 years of age
(Table 3).

The incidence rates of ESRD have been rising in
particular in the 80s group (Tables 2 and 3), which
may substantially affect the trends in age-adjusted
incidence rates for all ages. We therefore compared the
age-adjusted rates for all ages with those for <80 years,
that is, age-adjusted rates computed excluding the
80s group. The trends, however, were quite similar
in the two age-adjusted rates (data not shown).
Accordingly, the trends in age-adjusted sex ratios (the
male-to-female ratio of the age-adjusted rate) for all
ages were comparable with those for <80 years.

Between 1983–1984 and 1999–2000, the mean
(median) age (in years) of male patients starting RRT
increased from 52.3 (53) to 63.3 (65) for all causes, from
56.7 (56) to 62.8 (64) for diabetic nephropathy, from
50.1 (50) to 62.0 (64) for chronic glomerulonephritis,
from 53.3 (54) to 65.4 (67) for unknown or missing
causes, from 67.0 (69) to 71.9 (74) for nephrosclerosis,
from 52.2 (53) to 59.3 (58) for polycystic kidney disease
and from 54.1 (57) to 62.0 (65) for pyelonephritis. The
mean (median) age of female patients also rose from
53.3 (54) to 65.1 (67), 58.0 (60) to 65.6 (67), 51.9 (52) to
63.8 (66), 55.9 (57) to 67.9 (71), 68.1 (70) to 74.6 (77),
55.4 (55) to 59.4 (59) and 53.5 (55) to 61.8 (64),
correspondingly, during the same period. The increase
in mean ages reached statistical significance for all
causes, diabetic nephropathy, chronic glomerulone-
phritis and unknown or missing causes in both genders
(P<0.001) and for polycystic kidney disease in men
(P¼ 0.046).

Discussion

We have documented here the age-adjusted and
age-specific trends in ESRD incidence rates in Japan
over 18 years using data from a patient registry. The
strengths of the present study are thanks to the
nationwide, high-quality RRT registry available in
Japan. By calculating the age-adjusted or age-specific
rates, we were able to take into account the ageing
of our study population.

Some methodological issues need elucidation. First,
some patients with ESRD might not have undergone
RRT, and therefore we may have underestimated the
ESRD incidence. The acceptance policy toward RRT
seems to have been very open since the 1970s in Japan.
Nevertheless, the incidence rate of ESRD in the 80s
group showed an exceptionally faster growth than those
in younger populations, which may partly be explained
by policy changes regarding the elderly with renal
failure. The trends in age-adjusted rates and sex ratios,
however, were virtually unaltered when we restricted
the analysis to those <80 years of age. This may mean
that the increase in the incidence rate in the 80s group
had relatively little effect on the overall trends when
the ageing of the Japanese population is considered.

The improved survival rate of RRT for ESRD due
to diabetic nephropathy [9] may have encouraged

nephrologists to accept more patients with the disease.
This would have resulted in a spurious rise in the
incidence rate of ESRD, in addition to the authentic
increase due to the upsurge of diabetic patients in
Japan [10].

Secondly, the response rate of the patient survey
by the registry was slightly lower in 1984 and 1985
compared with that between 1991 and 2000, which
would have increased the incidence rates of ESRD
by 5–10% between 1984–1985 and 1991–2000.

The potential misclassification of the primary causes
of ESRD may be another limitation. The attending
physician of each patient performed the diagnosis given
in the Japanese RRT registry. Moreover, only 6% of
new ESRD cases in 2000 were diagnosed based on
histological findings. It would not be easy to accurately
differentiate nephrosclerosis from chronic glomerulo-
nephritis without renal biopsy findings. Thus, the
possible changing pattern in diagnostic practice may
have affected the trends in ESRD incidence caused
by the two diseases. Most of the decline in the
incidence rate of ESRD due to chronic glomerulo-
nephritis, however, cannot be ascribed to misclassi-
fication because the incidence rate of ESRD caused
by nephrosclerosis has been far lower than that caused
by chronic glomerulonephritis, especially among those
in their 50s or younger.

Finally, type 1 diabetes was not differentiated from
type 2 disease for almost all the incident cases of
ESRD, so that we could not report the incidence
rates by type of diabetes.

All-cause incidence of ESRD

The crude all-cause incidence rate of ESRD has
constantly been increasing in both genders, whereas
the age-adjusted one started to level off in 1995–1996.
This means that the rise in the crude incidence rate of
ESRD in recent years is due largely to the ageing of
the Japanese population.

The rapid increase in incidence rates in the elderly
has been observed in Europe [2], the US [3], Australia
and New Zealand [4] as well as in Japan. During the
study period from 1983 to 2000, life expectancy at birth
increased from 74.20 to 77.72 years among men and
from 79.78 to 84.60 years among women in Japan
(http://www.mhlw.go.jp/toukei/saikin/hw/life/life02/
sanko-2.html). Those in their 80s now, therefore, may
not be selectively healthy people but those with more
complications including renal insufficiency. In the same
period, life expectancy at age 80 years also rose from
6.36 to 7.96 years among men and from 7.69 to 10.60
years among women in Japan. This improvement may
alter nephrologists’ attitude toward RRT, so that they
accept more elderly patients.

The levelling off in the age-adjusted rate at the end of
the last decade in Japan and the US [3] is in contrast
with the continuing linear increase in European
countries other than The Netherlands [2]. The recently
decreasing rates in those in their 40s or younger
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groups, especially in women, have resulted in the
levelling off of the overall age-adjusted rate in Japan.
Observations should be continued to verify the trends
because this levelling off, if true, is very important for
projection of future trends and for health care
planning.

Diabetic nephropathy

The incidence rates of ESRD due to diabetic nephrop-
athy, both crude and age-adjusted, have steadily been
increasing in Japan.

The elevation in the crude rate appeared to have
accelerated, especially in men, starting in about 1990
(Figure 1). This may be explained by the sharp increase
in prevalence of diabetes mellitus in Japan starting
around 1980 [10] if we allow for a 10-year time lag
between the increases in diabetes and diabetic nephrop-
athy. The prevalence of diabetes in men aged 40 years
or over was estimated to be 1.6% in 1970, 2.7% in 1980,
6.0% in 1990 and 14.0% in 2002 [10,11]. The
percentages in women were 0.9% in 1970, 1.6% in
1980, 4.0% in 1990 and 7.9% in 2002.

The age-adjusted rate nearly doubled over the latest
10 years as well as in Europe [2] and the US [3]. The age-
adjusted rate for diabetic nephropathy in Japan (97
PMP in men and 43 in women in 1999–2000) is lower
than in the US (157 in men and 133 in women in
1998–2001) but is much higher than in Europe (27 in
men and 20 in women in 1998–1999). This comparison,
however, should be interpreted with caution because
of the difference in the standard population for age
adjustment between Japan, the US and Europe. In
addition to differences in the prevalence of diabetes
[12], the management of diabetic patients, and the
acceptance of RRT for diabetic nephropathy, differ-
ences in genetic susceptibility to nephropathy may
cause geographical variations in rates. The incidence
rate of nephropathy in early-onset Japanese patients
with type 2 diabetes is estimated to be similar to or even
higher than that in Caucasian patients with type 1
diabetes of comparable age [13].

The greater incidence of ESRD from diabetic
nephropathy among males seems peculiar to Japan:
men were at twice as high a risk as women in Japan,
whereas the male-to-female ratio in age-adjusted
incidence rate was under 1.4 in Western countries [2,3].
We found a notable elevation in the age-standardized
sex ratio (men/women) of the incidence rate in the
late 1990s. The prevention of diabetic nephropathy
among men, therefore, should be stressed in Japan.

Chronic glomerulonephritis

The age-adjusted incidence rate of ESRD attributable
to chronic glomerulonephritis started to decline in
1995–1996 in Japan but has remained stable in Europe
[2] and the US [3]. Our examination of the age-specific
rate data clearly showed the earlier reduction in the risk
of ESRD in younger men and women. This cannot be
related to the increased rates of ESRD due to unknown

or missing causes because the magnitude of the decline
in rates for chronic glomerulonephritis among the
under 45 years age group far exceeded the magnitude of
the increase in rates for unknown/missing causes (4–27
times the increase for unknown/missing causes). The
decrease in risk may be partly due to improved
screening and treatment of glomerulonephritis, which
may delay the development of renal failure. Another
explanation may be that any possible decline in the
incidence of chronic glomerulonephritis had occurred
long before the decrease in ESRD incidence. Most
chronic glomerulonephritis occurs in younger popu-
lations [14]. Any decline in its incidence, therefore,
may have decreased the ESRD rate earlier in the young
than in the middle-aged and elderly. The possible
decrease in incidence of chronic glomerulonephritis,
particularly of immunoglobulin A (IgA) nephropathy,
might be related to widespread use in Japan of
antibiotics for common colds to prevent severe infec-
tions of the upper respiratory tract, or the gradual
westernization of the Japanese diet [15].

Although decreasing, the age-adjusted incidence
rate of ESRD caused by chronic glomerulonephritis
in Japan (84 PMP in men and 46 in women in
1999–2000) is still far higher than in Europe (23 in
men and 10 in women in 1998–1999) [2] and the US
(39 in men and 21 in women in 1998–2001) [3].
The higher risk in Asian people may be related to the
higher rate in Japan: Asian Americans show more
than twice as high a risk as Caucasians in the US [3].
The low percentage (10% of ESRD due to chronic
glomerulonephritis) of histologically confirmed diag-
noses in Japan would be an additional explanatory
factor as the incidence was highest when this percentage
was lowest in Europe [2].

Nephrosclerosis

The incidence rate of ESRD caused by nephrosclerosis
has been on a rising trend among men and women 50
years or older. This upward trend in each age-specific
rate indicates that the increase in new cases of ESRD
due to nephrosclerosis cannot simply be explained by
the ageing of the Japanese population.

The incidence rates due to hypertension and vascular
disease also rose particularly in those 65 years and over
in Europe [2] and Australia [5]. In the US, the age-
adjusted rate for ESRD from hypertension has been
extremely high (116 PMP in men and 66 in women in
1998–2001) [3] compared with those in Europe [16
(men) or 7 (women) in 1998–1999] [2] and Japan
[18 (men) or 7 (women) in 1999–2000]. The different
coding system makes direct comparisons difficult
between registries [16]. The decreasing but still high
stroke mortality rates in Japan [17] may suppress
the incidence of ESRD in patients with hypertension as
a competing risk.

Some patients diagnosed previously as chronic
glomerulonephritis may now be classified as nephro-
sclerosis, a change that would apparently raise the

2050 K. Wakai et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/article/19/8/2044/1918376 by guest on 09 April 2024



incidence of ESRD caused by nephrosclerosis. If the
increase in incidence is not due to such a change in
diagnosis, it would be inconsistent with the declining
trend in blood pressure in Japan [18], presumably due
to the more widespread use of anti-hypertensives.
However, the drugs used extensively in Japan, such as
calcium channel blockers, might not be sufficiently
effective for nephrosclerosis, compared with angioten-
sin-converting enzyme inhibitors [19]. Another possi-
bility may be that more patients with hypertension
would now survive long enough to develop nephro-
sclerosis owing to the decline in other fatal complica-
tions such as stroke [17]. The increasing incidence of
ESRD due to nephrosclerosis with a lowering pre-
valence of hypertension has also been observed in
Europe [2,20] and Australia [5,21]. Further studies to
address this inconsistency would be helpful for the
prevention of nephrosclerosis.

Polycystic kidney disease and pyelonephritis

For polycystic kidney disease, the incidence rate of
ESRD has been only very gradually increasing during
the 1990s in Japanese as in Europeans [2] and
Americans [3]. The age-standardized rate in Japan
(5.6 PMP in men and 4.0 in women in 1999–2000)
is somewhat lower than in Europe (7.8 in men and
6.0 in women in 1998–1999) and the US (8.7 in men and
6.9 in women in 1998–2001), but the gap becomes
smaller when the Japanese rate is compared with that
in American Asians (6.5 and 5.3, correspondingly).

The age-adjusted sex ratio was lower for ESRD due
to polycystic kidney disease compared with ESRD
due to other causes excluding pyelonephritis. The
ratio (1.32 on average) was, however, still greater
than unity, and is comparable with the ratios (1.2–1.3)
in other countries [2,3,22]. Because almost all cases
of polycystic kidney disease result from an autosomal
genetic abnormality [22], men and women should
have equal incidence rates. The slight male predomi-
nance in ESRD incidence, therefore, would reflect the
poorer prognosis in men [23]. More precise determina-
tion of the factors predisposing men to ESRD will
afford useful information to avert ESRD caused by
polycystic kidney disease.

The age-adjusted incidence rate of ESRD attribut-
able to pyelonephritis in Japan (2.2 PMP in men and
2.1 in women in 1999–2000) was much lower than that
due to tubulointerstitial nephropathy in Europe (10.6
in men and 8.6 in women in 1998–1999) [2]. The
differences in disease classification and genetic back-
ground may partly account for this gap. Widespread
use of antibiotics in Japan could have prevented some
ESRD caused by urological infections.

In conclusion, age-adjusted and age-specific exam-
inations into the incidence rates could clarify the
epidemiological features of ESRD in Japan and
provide the basis to predict future trends.

Conflict of interest statement. None declared.

References

1. Nakai S, Shinzato T, Sanaka T et al. The current state of
chronic dialysis treatment in Japan (as of December 31, 2000).
J Jpn Soc Dial Ther 2002; 35: 1155–1184

2. Stengel B, Billon S, van Dijk PCW et al. Trends in the
incidence of renal replacement therapy for end-stage renal
disease in Europe, 1990-1999. Nephrol Dial Transplant 2003; 18:
1824–1833

3. US Renal Data System. Reference Section A: Incidence of
reported ESRD. In USRDS 2003 Annual Data Report: Atlas
of End-Stage Renal Disease in the United States. National
Institutes of Health, National Institute of Diabetes and
Digestive and Kidney Diseases, Bethesda; 2003: 231–264

4. McDonald SP, Russ GR, Kerr PG, Collins JF. ESRD in
Australia and New Zealand at the end of the millennium: a
report from the ANZDATA registry. Am J Kidney Dis 2002;
40: 1122–1131

5. Stewart JH, McCredie M, Disney APS, Mathew TH. Trends in
incidence of end-stage renal failure in Australia, 1972-1991.
Nephrol Dial Transplant 1994; 9: 1377–1382

6. Shinzato T, Nakai S, Akiba T et al. Report on the annual
statistical survey of the Japanese Society for Dialysis Therapy
in 1996. Kidney Int 1999; 55: 700–712

7. Japan Clinical Research Group for Renal Transplantation,
Japan Society for Transplantation. Annual progress report
from the Japanese Renal Transplant Registry, 2000. Jpn J
Transplant 2001; 36: 87–90

8. Rothman KJ. Modern Epidemiology, 1st Edn. Little, Brown
and Company, Boston, 1986; 153–236

9. Japanese Society for Dialysis Therapy. An Overview of Regular
Dialysis Treatment in Japan (as of Dec. 31, 2001). Japanese
Society for Dialysis Therapy, Tokyo, 2002

10. Islam MM, Horibe H, Kobayashi F. Current trend in
prevalence of diabetes mellitus in Japan, 1964-1992. J
Epidemiol 1999; 9: 155–162

11. Ministry of Health, Labour and Welfare of Japan. The
Diabetes Survey 2002 (Prompt Reports). Ministry of Health,
Labour and Welfare of Japan, Tokyo, 2003

12. Amos AF, McCarty DJ, Zimmet P. The rising global burden of
diabetes and its complications: estimates and projections to
the year 2010. Diabet Med 1997; 14 [Suppl. 5]: S7–S85

13. Yokoyama H, Okudaira M, Otani T et al. High incidence of
diabetic nephropathy in early-onset Japanese NIDDM patients.
Diabetes Care 1998; 21: 1080–1085

14. Research Group on Progressive Chronic Renal Disease.
Nationwide and long-term survey of primary glomerulone-
phritis in Japan as observed in 1,850 biopsied cases. Nephron
1999; 82: 205–213

15. Wakai K, Nakai S, Matsuo S et al. Risk factors for IgA
nephropathy: a case-control study with incident cases in Japan.
Nephron 2002; 90: 16–23

16. Maisonneuve P, Agodoa L, Gellert R et al. Distribution of
primary renal diseases leading to end-stage renal failure in the
United States, Europe, and Australia/New Zealand: results
from an international comparative study. Am J Kidney Dis
2000; 35: 157–165

17. Liu L, Ikeda K, Yamori Y. Changes in stroke mortality rates
for 1950 to 1997: a great slowdown of decline trend in Japan.
Stroke 2001; 32: 1745–1749

18. Okayama A, Ueshima H, Marmot MG, Nakamura M, Kita Y,
Yamakawa M. Changes in total serum cholesterol and other
risk factors for cardiovascular disease in Japan, 1980–1989. Int
J Epidemiol 1993; 22: 1038–1047

19. Wright JT Jr, Bakris G, Greene T et al. Effect of blood
pressure lowering and antihypertensive drug class on progres-
sion of hypertensive kidney disease: results from the AASK
trial. J Am Med Assoc 2002; 288: 2421–2431

20. Evans A, Tolonen H, Hense HW, Ferrario M, Sans S,
Kuulasmaa K for the WHO MONICA Project. Trends in

Age-adjusted and age-specific incidence rates of ESRD in Japan, 1983–2000 2051

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/article/19/8/2044/1918376 by guest on 09 April 2024



coronary risk factors in the WHO MONICA project. Int J
Epidemiol 2001; 30 [Suppl. 1]: S35–S40

21. Bennett SA, Magnus P. Trends in cardiovascular risk factors in
Australia. Results from the National Heart Foundation’s Risk
Factor Prevalence Study, 1980–1989. Med J Aust 1994; 161:
519–527

22. Stewart JH. End-stage renal failure appears earlier in men than
in women with polycystic kidney disease. Am J Kidney Dis
1994; 24: 181–183

23. Johnson AM, Gabow PA. Identification of patients with
autosomal dominant polycystic kidney disease at highest risk
for end-stage renal disease. J Am Soc Nephrol 1997; 8: 1560–1567

Received for publication: 25.5.03
Accepted in revised form: 23.4.04

2052 K. Wakai et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/article/19/8/2044/1918376 by guest on 09 April 2024


