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Abstract

Background We previously estimated the prevalence of
chronic kidney disease (CKD) stages 3-5 at 19.1 million
based on data from the Japanese annual health check pro-
gram for 2000-2004 using the Modification of Diet in Renal
Disease (MDRD) equation multiplied by the coefficient
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0.881 for the Japanese population. However, this equation
underestimates the GFR, particularly for glomerular filtra-
tion rates (GFRs) of over 60 ml/min/1.73 m? We did not
classify the participants as CKD stages 1 and 2 because we
did not obtain proteinuria data for all of the participants. We
re-estimated the prevalence of CKD by measuring protein-
uria using a dipstick test and by calculating the GFR using a
new equation that estimates GFR based on data from the
Japanese annual health check program in 2005.
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Methods Data were obtained for 574,024 (male 240,594,
female 333,430) participants over 20 years old taken from
the general adult population, who were from 11 different
prefectures in Japan (Hokkaido, Yamagata, Fukushima,
Tochigi, Ibaraki, Tokyo, Kanazawa, Osaka, Fukuoka,
Miyazaki and Okinawa) and took part in the annual health
check program in 2005. The glomerular filtration rate
(GFR) of each participant was computed from the serum
creatinine value using a new equation: GFR (ml/min/
1.73 m?) = 194 x Age %% x S-Cr 1% (if female x
0.739). The CKD population nationwide was calculated
using census data from 2005. We also recalculated the
prevalence of CKD in Japan assuming that the age com-
position of the population was same as that in the USA.
Results  The prevalence of CKD stages 1,2,3,and 4 + 5
were 0.6, 1.7, 10.4 and 0.2% in the study population, which
resulted in predictions of 0.6, 1.7, 10.7 and 0.2 million
patients, respectively, nationwide. The prevalence of low
GFR was significantly higher in the hypertensive and
proteinuric populations than it was in the populations
without proteinuria or hypertension. The prevalence rate of
CKD in Japan was similar to that in the USA when the
Japanese general population was age adjusted to the US
2005 population estimate.

Conclusion About 13% of the Japanese adult popula-
tion—approximately 13.3 million people—were predicted
to have CKD in 2005.

Keywords Chronic kidney disease - Japanese -
eGFR - Serum creatinine

Introduction

The number of chronic dialysis patients has been increasing
over the last three decades in Japan, and it reached to 275,119
in 2007 [1]. The number of new dialysis patients has con-
tinuously increased, and 36,909 patients developed end-
stage kidney disease (ESKD) in 2007 [1]. The latent chronic
kidney disease (CKD) population therefore appears to be
enormous in Japan. In addition, a growing body of evidence
suggests that individuals with CKD are at high risk of car-
diovascular disease (CVD) [2-4]. Thus, in order to gain a
deeper knowledge of the target CKD population for better
public policy making and government administration of
medical affairs, it is necessary to estimate the prevalence of
CKD in Japan with a nationwide epidemiological study.

In our previous study, we estimated the prevalence of
CKD stages 3-5 at 19.1 million [S] based on data from the
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@ Springer

Japanese annual health check program in 2000-2004 using
the MDRD equation multiplied by a coefficient of 0.881 for
the Japanese population. However, this underestimates
GFR, particularly for GFRs of over 60 ml/min/1.73 m® [6].
Therefore, the prevalence of CKD may be overestimated
when using this equation. The creatinine was measured by
an enzymatic method as well as by the uncompensated
Jaffe method during that time period, and we corrected the
creatinine to the uncompensated Jaffe method. In addition,
we did not classify the participants as CKD stage 1 or 2
because we did not correct the data on proteinuria for all of
the participants.

The Japanese Society of Nephrology recently estab-
lished an equation for estimating GFR from serum creati-
nine and age for the Japanese general population [7]. The
new equation provides reasonably accurate estimated GFR
(eGFR) values for clinical practice and epidemiological
study.

In this study, we used the new Japanese equation for
estimating GFR, and the data were sampled from over half
a million members of the general population who partici-
pated in an annual health check-up program in 2005 con-
ducted in 11 prefectures of Japan; serum creatinine levels
were calibrated against a central laboratory.

Methods
Study population

In this study, serum creatinine values were obtained from
574,024 members of the adult population (male 240,594,
female 333,430) who participated in a large-scale annual
health check-up program that was conducted in 11 pre-
fectures of Japan (Hokkaido, Yamagata, Fukushima,
Tochigi, Ibaraki, Tokyo, Kanazawa, Osaka, Fukuoka,
Miyazaki and Okinawa) in 2005. All of the participants
remained anonymous and the study was conducted
according to Japanese privacy protection laws and ethical
guidelines for epidemiological study published by the
Ministry of Education, Science and Culture and the Min-
istry of Health, Labor and Welfare in 2005.

Calibration of serum creatinine values

Serum samples were assayed by an enzymatic method in
all participating laboratories. To calibrate the samples, ten
laboratories measured the calibration panel of 40 samples
that was kindly provided by Dr. Frederic van Lante,
Cleveland Clinic (Cleveland, Ohio). The creatinine values
obtained in each laboratory were compared with the
IDMS-traceable value at Cleveland Clinic (Cleveland,
Ohio).
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The serum creatinine values measured at each local
laboratory (X) were corrected to the IDMS-traceable value
obtained at Cleveland Clinic by the following formulae:

Miyazaki: ¥ = 1.0617 X — 0.1128
Yamagata: ¥ = 1.0543 X — 0.0482
Tochigi: ¥ = 0.9558 X + 0.0851
Okinawa: ¥ = 1.0176 X — 0.0644
Tokyo: ¥ = 1.0595 X — 0.0760
Ibaraki: ¥ = 1.0356 X + 0.0074
Hokkaido: ¥ = 1.0418 X + 0.0600
Fukushima: ¥ = 1.0429 X — 0.0625

Data from Ishikawa, and Osaka were not corrected
because their data were accurate enough to be used without
correction. Data from Fukuoka were not corrected on
procedural grounds.

Estimation of GFR using the new Japanese equation
for estimated GFR from serum creatinine

The GFR of each participant was calculated from their
serum creatinine value (SCr) and their age using the new
Japanese equation as follows [7]:

GFR (ml/min/1.73 m?) = 194 x Age 0?7
x S-Cr~10% (if female
x 0.739)

Evaluation of renal function and estimation
of CKD prevalence

Renal function was evaluated in each participant using the
estimated GFR. The prevalence of CKD was calculated for
CKD stages 1, 2, 3, and 4 + 5, defined as GFR >90, 89—
60, 30-59, and <30 ml/min/1.73 m?, respectively. The
age-specific prevalence of CKD stages 3-5 (ages 20-29,
30-39, 40-49, 50-59, 60-69, 70-79, and above 80 years)
were calculated for each sex for the study population. The
prevalence of CKD was also estimated for the general adult
population using data on the Japanese adult population
(103.2 million) obtained from a census in 2005 [8].

Comparison of the prevalence of CKD in Japan
with that in the USA

The Japanese demographic statistics used were the popu-
lation estimates from the census in 2005 [8].

The prevalence of CKD in the general population was
reported on the basis of the National Health and Nutrition
Examination Survey (NHANES 1999-2004, n = 13233) in
the USA [9]. The demographic statistics for the USA that
were used were the population estimates from a census
from 2005 conducted by the Population Projections
Branch, US Census Bureau (11 May 2004) [10].

Prevalence of CKD among hypertensive, proteinuric
and diabetic populations

Proteinuria was defined as a urinary protein excretion of
14 or more by dipstick test. Hypertension was defined as a
blood pressure of 140/90 mmHg or more. The diabetic
population was defined as having HbAlc >6.0%. The age-
specific prevalence of CKD in the hypertensive proteinuric
and diabetic populations were compared with those in the
populations without hypertension, without proteinuria, and
with HbAlc <6.0%, respectively.

Distribution of GFR in diabetic and nondiabetic
populations

The distribution of estimated GFR in diabetic patients with
HbAlc >6.0% was compared with that in patients with
HbAlc <6.0%.

Statistics

Prevalence of proteinuria, hypertension and diabetes are
expressed as percentages (%) with respect to the age-specific
study population. The prevalences in males and females were
compared by chi-square test. A P value of less than 0.05 was
considered statistically significant. Age-specific prevalences
of CKD stages are expressed as percentages (%) with respect
to the age-specific study population with a 95% confidence
interval (CI). The prevalences of CKD for subjects with
complications such as hypertension, proteinuria and high
HbAlc were compared with the prevalences in subjects
without these complications by chi-square test.

Results

Prevalence of proteinuria, hypertension and diabetes
in the Japanese general population

The prevalence of dipstick proteinuria (14 or more) is
shown in Fig. 1A. The prevalence of proteinuria in males
increased from about 1.7 to 8.7% depending on age, while
that in females remained approximately 2% (1.6-2.3%)
until age reached the 70. Prevalence of hypertension, as
defined by a blood pressure of 140/90 mmHg or more,
increased from 5.1 to 41.5% as age increased from the 20s
to the 80s in male subjects, while the prevalence also
increased from 0.7 to 45.0% in females, although to a
lesser extent until the 60s (Fig. 1B). Prevalence of diabetes,
as defined by HbAlc >6.0%, increased from 0.2 to 12.9%
as age increased from the 20s to 70s in males, while that in
females also increased with age, although to a lesser extent
(Fig. 1C).
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Fig. 1 Prevalence of proteinuria, hypertension, and diabetes in the
study population. Proteinuria was defined as 14 or more by dipstick
test (a). Hypertension was defined as a systolic blood pressure of
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AREE

Feee

peres

Prevalence of Hb1¢26.0 (%)
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59 69 79 29 39 49 59 69 79
Age Age

>40 mmHg, or a diastolic pressure of >90 mmHg (b). Diabetes was
defined as HbAlc >6.0% (c). White columns male, black columns
female. ****p < 0.0001 versus female

Table 1 Age-specific prevalence of chronic kidney disease (CKD) stages in males

Age
20-29 30-39 40-49 50-59 60-69 70-79 80 and over

GFR >90 mI/min/1.73 m?

N 5166 8684 7325 9056 7714 3374 539
Prevalence (%) 52.7 374 20.1 17.1 13.2 6.7 5.0

95% CI 51.7-53.7 36.8-38.1 19.7-20.5 17.4-18.1 12.9-13.4 6.5-6.9 46-5.4
GFR 6089 ml/min/1,73 m?

N 4629 14295 27704 38167 41638 33190 5455
Prevalence (%) 472 61.6 75.9 74.8 71.0 65.6 504
95% CI 46.2-48.2 61.0-62.3 75.5-76.4 74.4-75.1 70.6-71.4 65.2-66.0 49.4-51.3
GFR 50-59 ml/min/1.73 m*

N 5 187 1290 3209 7030 9469 2864
Prevalence (%) 0.1 0.8 3.5 6.3 12.0 187 26.4

95% CI 0.0-0.1 0.7-0.9 3.4-3.7 6.1-6.5 11.7-12.3 18.4-19.1 25.6-273
GFR 40-49 ml/min/1.73 m?

N 4 17 107 439 1811 3476 1353
Prevalence (%) 0.0 0.1 0.3 0.9 3.1 6.9 12.5

95% CI 0.0-0.1 0.0-0.1 0.2-0.4 0.8-0.9 3.0-3.2 6.7-7.1 11.9-13.1
GFR 30-39 ml/min/1.73 m?

N 0 4 21 84 306 784 456
Prevalence (%) 0.0 0.0 0.1 0.2 0.5 1.5 42

95% CI 0.0-0.0 0.0-0.0 0.0-0.1 0.1-0.2 0.5-0.6 1.4-1.7 3.8-4.6
GFR <30 ml/min/1.73 m*

N 3 6 31 88 141 312 161
Prevalence (%) 0.0 0.0 0.1 0.2 0.2 0.6 1.5

95% CI 0.0-0.1 0.0-0.1 0.1-0.1 0.1-0.2 0.2-0.3 0.6-0.7 13-1.7

Prevalence of CKD in Japan

Age-specific percentages of specific GFR ranges (age <30,
30-39, 40-49, 50-59, 6079 and >80 ml/min/1.73 m?) in
the study population indicated that the prevalence rate of low
GFR increased with age (Tables 1, 2). The prevalences of
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CKD stage 3 and stages 4 + 5 in each age group are shown
for each sex in Fig. 2. The prevalence of CKD stage 3 (GFR
40-59 ml/min/1.73 m?), in particular, increased with age.
The prevalence rates of CKD stages 1, 2, 3,4 + 5 in the
Japanese population in 2005 were 0.6, 1.7, 10.4, and 0.2%,
respectively (Table 3). The total predicted number of cases
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Table 2 Age-specific prevalence of chronic kidney disease (CKD) stages in females
Age
20-29 30-39 40-49 50-59 60-69 70-79 80 and over

GFR >90 ml/min/1.73 m’

N 7032 11161 17685 17819 7514 4633 681
Prevalence (%) 67.2 53.3 34.1 22.1 8.6 6.9 4.7

95% CI 66.3-68.1 52.7-54.0 33.7-34.5 21.8-22.4 8.4-8.8 6.7-7.1 4.4-5.0
GFR 60-89 ml/min/1.73 m*

N 3402 9575 32834 57354 67071 41410 7139
Prevalence (%) 325 45.8 63.3 71.1 76.6 61.4 49.2

95% CI 31.6-33.4 45.1-46.4 62.9-63.7 70.8-71.4 76.4-76.9 61.0-61.7 48.4-50.0
GFR 50-59 ml/min/1.73 m?

N 19 168 1206 4822 10601 15859 3385
Prevalence (%) 0.2 0.8 23 6.0 12.1 23.5 23.3

95% CI 0.0-0.3 0.7-0.9 2.2-25 5.8-6.1 11.9-12.3 23.2-23.8 22.6-24.0
GFR 40-49 ml/min/1.73 m?

N 2 13 98 521 1939 4333 2367
Prevalence (%) 0.0 0.1 0.2 0.6 2.2 6.4 16.3

95% CI 0.0-0.1 0.0-0.1 0.2-0.2 0.6-0.7 2.1-23 6.2-6.6 15.7-16.9
GFR 30-39 ml/min/1.73 m?

N I 2 20 80 263 927 710
Prevalence (%) 0.0 0.0 0.0 0.1 0.3 1.4 4.9

95% CI 0.0-0.0 0.0-0.0 0.0-0.1 0.1-0.2 0.5-0.6 1.4-1.7 3.8-4.6
GFR <30 ml/min/1.73 m?

N 1 5 16 79 133 318 232
Prevalence (%) 0.0 0.0 0.0 0.1 0.2 0.5 1.6

95% C1 0.0-0.0 0.0-0.1 0.1-0.1 0.1-0.1 0.1-0.2 0.4-0.5 14-1.8

(%) Male (N=240,594) (%) Female(N=333,430) Prevalence of CKD stages 35 in proteinuric

70 70 and hypertensive populations

& 60 §0

S s 50 The prevalence of CKD stages 3—-5 was examined in pro-
E'o_) 40 40 teinuric and hypertensive populations (Fig. 3A, B). The

8 30 30 prevalence of CKD stages 3-5 was significantly higher in
% 20 20 subjects with proteinuria (P < 0.0001) in all age groups,

% 10 10 } and in subjects with hypertension (p < 0.01 to p < 0.0001)
SR S 1 AR=RYS ol L H in all age groups except for 80 years or older and in

20- 30- 40- 50- 60- 70- 80- 20~ 30- 40- 50- 60- 70- 80-
29 39 49 59 69 79 29 39 49 59 69 79

Age Age

Fig. 2 Prevalence rates for CKD stages 3 to 5 for each age group in
males and females in the study population. The prevalence of CKD
(%) (as defined by <60 ml/min/1.73 m?) for each age group was
calculated separately for males and females in the study population.
White column GFR 50-59 ml/min/1.73 m?, striped cohumn GFR 40-
49 ml/min/1.73 m?, black column GFR 40 or less ml/min/1.73 m’

of CKD stages 1, 2, 3, 4 4+ 5 in the Japanese adult popu-
lation in 2005 were 0.61, 1.71, 10.74, and 0.23 million,
respectively (Table 3).

females in their 20s.

Prevalence of CKD stages 3-5 in the diabetic
population

The prevalence of CKD stages 3—5 was examined in subjects
with HbAlc >6.0 (Fig. 3C). The prevalence of CKD
(defined as GFR <60 ml/min/1.73 m?) was significantly
lower in the diabetic population in some age groups
(Fig. 3C), while its prevalence in subjects with reduced renal
function (GFR <40 ml/min/1.73 m®) was significantly
higher in diabetic individuals in their 50s and 60s (Fig. 3D).
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Table 3 Prevalence rates of CKD stages in Japanese adults (20 years
or older), and estimated number of CKD cases per CKD stage based
on the 2005 census

GFR Total Proteinuria Proteinuria
(ml/min/1.73 m%) (+) (—)
Prevalence rate (%)

GFR =90 27.8 0.6 27.2
60-89 61.6 1.7 60.0
30-59 104 0.8 9.6
<30 0.2 0.1 0.1
Stage 3

50-59 7.6 04 7.2
40-49 23 0.3 2.0
30-39 0.6 0.1 0.4
Estimated number of Japanese adults in 2005

GFR =90 28639274 605313 28033961
60-89 63576938 1708870 61868068
30-59 10743236 8238881 9919355
<30 236569 125190 111379
Stage 3

50-59 7809261 425146 7384116
40-49 2363987 267158 2096828
30-39 569988 131577 438411

Prevalence of hyperfiltration in the diabetic population

The prevalence of subjects with GFR >120 ml/min/
1.73 m? was significantly higher in the diabetic population
(p < 0.05 to p < 0.0001) at ages 30-79 (Fig. 4). The dis-
tribution of GFR in the diabetic population was shifted to
higher values than for the population with HbAlc <6.0%.
A representative figurefor ages 50-59 is shown in Fig. 5.
The prevalence of hypertension with GFR >120 ml/min/
1.73 m? was significantly higher in the diabetic population
(p < 0.0001) compared with the nondiabetic population
(Fig. 5).

Comparison of GFR in the general population
between Japan and the USA

The distribution of GFR across the whole Japanese popu-
lation, calculated on the basis of the census from 2005, is
shown in Fig. 6. Japan is an aging society, and the age
pyramid for the population is shifted towards the elderly.
An aging population tends to have low GFR, and this aging
affects the distribution of GFR in the country. We recal-
culated the distribution of GFR by age adjusting the
Japanese population to the 2005 US population estimate.
As shown in Fig. 6, the distribution of GFR in the Japanese
population is shifted to higher values after the correction
for aging affects.
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Discussion

In this study, we examined the prevalence of CKD for
participants in a nationwide annual health check program
in 11 prefectures of Japan using a new equation for esti-
mating GFR from serum creatinine in the Japanese popu-
lation [7]. The prevalence rates of CKD stages 1, 2, 3, and
4 4+ 5 in the study population of 574,024 were 0.6, 1.7,
10.4 and 0.2%, which resulted in predictions of 0.6, 1.7,
10.7 and 0.2 million patients, respectively, nationwide
based on the census from 2005. Proteinuria resulted in a
preponderance of declining GFR. The prevalence of con-
current CKD was significantly higher in the hypertensive
population than in the population without hypertension,
particularly in males. The diabetic population showed a
preponderance of hyperfiltration, defined as GFR =120 ml/
min/1.73 m”.

The prevalence of CKD stages 1-5 has been reported for
several countries (Fig. 7). According to the reliable and
unbiased NHANES 1II surveys conducted from 1988 to
1994, from 1999 to 2000 [11], and from 1999 to 2004 [9],
the prevalence of CKD remained the same between the first
two surveys but increased for the third screening. For CKD
stages 3 and stage 4, the prevalences were 4.2 and 0.19% in
the first survey and 3.7 and 0.13% in the second survey,
respectively [11]. In the third survey, the prevalences of
CKD stages 1, 2, 3, 4 were 1.78, 3.24, 7.69, 0.35%,
respectively (Fig. 7) [9], suggesting that the prevalence
rates of CKD stages 3 and 4 increased in the USA. In Nord-
Trondelag, a county in Norway, the prevalences were 4.2%
for CKD stage 3 and 0.2% for CKD stages 4 4+ 5 [12]. The
reported prevalence of CKD varies among countries in
Asia. In Taiwan, about half a million participants were
examined, and the MDRD equation was applied without
correction using an ethnic coefficient; here, the prevalence
rate of CKD was 11.9%, and those for CKD stages 1, 2, 3,
4, and 5 were 1.0, 3.8, 6.8, 0.2, 0.1%, respectively [13]. In
Beijing, China, the prevalence of CKD was obtained using
the original Chinese equation for estimating GFR, and the
prevalences of CKD stages 1, 2, 3, 4 and 5 were 5.5, 3.3,
1.3, 0.0010 and 0.0003%, respectively [14]. Overall, about
10-13% of the population exhibited CKD in these coun-
tries. The different prevalences of CKD stages 1 and 2
among the countries appears to be mainly due to how
proteinuria is defined. The definition of albuminuria dif-
fered considerably between countries. China defined
albuminuria as 17 mg/g Cr [14], while the USA defined it
as 30 mg/g Cr [9]. Taiwan defined proteinuria as (&) on
dipstick test [13], while Japan defined a dipstick of (1+4) as
proteinuria. This difference in definition must affect the the
prevalences of CKD stages 1 and 2 considerably. In addi-
tion, the methods used for creatinine measurement varied
considerably among countries. We advocate the use of the
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Fig. 3 Prevalence of CKD in proteinuria, hypertensive and diabetic
populations. The prevalence of CKD (defined by GFR <60 ml/min/
1.73 m?) in the proteinuric population, shown by the black column,
was compared with that in the population without proteinuria, shown
by the white column, for each generation (a). Proteinuria was defined
as 1+ or more by dipstick test. Prevalence of CKD (defined as GFR
<60 ml/min/1.73 m?) in the hypertensive population, shown by the
black column, was compared with that in the population without

following in order to compare the prevalence of CKD
among different countries. First, the definition and method
of measuring proteinuria must be unified across countries.
Albuminuria or albuminuria-to creatinine ratio, which is
scientifically more reliable than the dipstick test, should be
used for proteinuria. Repeated measurements are recom-
mended. Second, the serum creatinine that is used to esti-
mate GFR should be measured by isotope diluted mass
spectrometry (IDMS)-traceable creatinine assay. Third, the
equation used to estimate GFR for each ethnic group must
be established. Another alternative is to establish an IDMS-
traceable MDRD equation [15] with an ethnic coefficient.
The measurement of proteinuria by dipstick test and serum
creatinine is accurate enough for daily practice and
screening, but international comparisons of the prevalence

hypertension, shown by the white column, for each generation (b).
Hypertension was defined as a blood pressure of 140/90 mmHg or
over. Prevalences of GFR <60 ml/min/1.73 m? and of GFR <40 ml/
min/1.73 m? in the diabetic population (black columns) are compared
with that in the nondiabetic population (white columns) (e, d).
Diabetes was defined as HbAlc >6.0%. *p < 0.05, **p < 0.01,
##4p < 0.001, **¥#*p < 0.0001 versus individuals without cormobid-
ity of proteinuria (a), hypertension (b), or diabetes (¢, d)

of CKD should be done by a unified standard method
involving the measurement of albuminuria and serum
creatinine with an IDMS-traceable creatinine assay.

Our aging society results in a decline in the average
GFR in this country. More than 20% of the Japanese
population is over 60 years old, and the elderly population
(over 75 years old) is much higher than in other countries.
Because of this increased average age, the prevalence of
CKD is higher in Japan. In fact, the distribution of the age-
adjusted eGFR was shown to be similar for Japan and the
USA (Fig. 6).

The prevalence of proteinuria increased as GFR
decreased (Table 3) in this study. However, the preva-
lences of proteinuria in CKD stages 3 and 4 + 5 were 7.7
and 52.9%, respectively. In data from a mass health
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Fig. 5 Distribution of estimated GFR in populations with HbAlc
>6.0% and HbAlc <6.0%. Distributions of estimated GFR are shown
separately for diabetic individuals (defined as HbAlc >6.0%) and for
individuals with HbAlc <6.0%. The population with diabetes is
represented by the black column, and individuals with HbAlc <6.0%
are represented by the white column. *p <0.05, **p <0.01,
*x¥p < 0,001, ***¥p < 0.0001 versus individuals with HbAlc
<6.0%

screening in Okinawa, proteinuria (defined as a dipstick
urinalysis result of 1+ or more) was a strong predictor of
ESKD [16]. The rate of decline of GFR in individuals with
proteinuria was more than twofold faster than that in
individuals without proteinuria [17]. This may suggest that
most of CKD stage 3 and half of Japanese stage 4 + 5
CKD patients without proteinuria may progress slowly to
ESKD and may not even reach ESRD during their
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Fig. 7 Prevalences of CKD stages 1, 2, 3, and 4 + 5 in Japan, USA,
Taiwan and China. The prevalence of each stage of CKD was
obtained from previous publications. In Japan, the prevalence of CKD
was estimated from accumulated data on 570,244 individuals aged 20
and over in the annual health check program in 2005. Proteinuria was
evaluated by dipstick test, where 1+ and over was defined as
proteinuria. In the USA, the prevalence of each stage of CKD was
studied using data on nationally representative samples from 13,233
adults aged 20 and over taken from 1999 to 2004 [9]. The presence of
albuminuria was estimated from the albumin-to-creatinine ratio, and
microalbuminuria was defined as 30 mg/g creatinine. In Taiwan, the
prevalence of each stage of CKD was estimated based on data from a
private firm on 462,293 individuals aged 20 and over, obtained from
1994 to 2007 [13]. Proteinuria was evaluated by dipstick test, and (&
or 1+) was defined as minimal proteinuria and (24 and over) as overt
proteinuria. In China, representative samples from 13,925 individuals
aged 18 and older were analyzed [14]. Albuminuria was measured,
and microalbuminuria was determined as ranging from 17 to 250 mg/
g creatinine for males and from 25 to 355 mg/g creatinine for females
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lifetimes. Further study is required to obtain risk stratifi-
cations for the stage 3 and 4 populations.

In the diabetic population, the prevalences of high GFR
(GFR >120 ml/min/1.73 m?) and low GFR (<40 ml/min/
1.73 m® were higher than those in the population with
HbAlc <6.0%, suggesting that diabetes shifts the distri-
bution of GFR to the high and low ranges. We speculated
that hyperfiltration plays a major role in this shift, and may
contribute to the rapid decline in GFR in diabetic indi-
viduals. Hyperfiltration may aid the development of mi-
croalbuminuria in type 1 diabetic patients. Amin and
colleagues reported a strong relationship between the risk
for the development of microalbuminuria in individuals
who had diabetes for five and ten years and the develop-
ment of glomerular hyperfiltration in individuals who had
diabetes for five years, independent of glycemic control
[18].

The prevalence of CKD comorbid with other concurrent
conditions in the Japanese population was similar to the
corresponding prevalences in the US and Chinese popula-
tions. The prevalence of CKD was higher among hyper-
tensive and diabetic individuals in the white US population,
as previously reported [19]. The prevalence of CKD was
reported to increase in hypertensive and diabetic popula-
tions in Chinese [20]. This study also supports the notion
that prevalence of CKD comorbidity is higher in hyper-
tensive and diabetic populations than in the normal
population.

We previously reported that the rate of decline of GFR
was more than twofold faster when the eGFR was less than
50 ml/min/1.73 m? in adults [17]. From the viewpoint of
risk stratification for progression to ESKD, we estimated
that 3.1% of the adult population (3.17 million) had GFR
<50 ml/min/1.73 m? in 2005 (Table 3). Presence of pro-
teinuria is a strong risk factor for ESKD and CVD. From
Table 3, 2.74 million (2.7%) of the adult population have
proteinuria and GFR >50 ml/min/1.73 m?. Taken together,
the CKD population with risk of progression to ESKD is
predicted to be 5.91 million, 5.8% of the adult population
in 2005.

The limitations of the present study are as follows. First,
the study cohort was a proportion of the general population
that participated in an annual health check program; it was
not representative of the whole Japanese population. Sec-
ond, the serum creatinine was not measured at a single
laboratory, so the values of serum creatinine may have
drifted. Third, we only measured proteinuria once. There-
fore, the presence of proteinuria was confirmed, not per-
sistent proteinuria.

In conclusion, about 13% of Japanese adult population,
approximately 13.3 million people, were predicted to have
CKD in 2005. From the viewpoint of risk stratification to
progression to ESKD, about 5.8% of the adult population—

approximately 6 million people—who have proteinuria or
GFR <50 ml/min/1.73 m? are estimated to have CKD in
Japan.
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Abstract Materials and methods As a primary survey, we sent a
Background Tonsillectomy and steroid pulse (TSP)  questionnaire and letter to 848 hospitals in Japan, each of
therapy was proposed as a curative treatment for IgA  which employed a Fellow of the Japanese Society of
nephropathy by Hotta et al. (Am J Kidney Dis 38:736-742,  Nephrology between October and December of 2006, in
2001) based on data that about 50% of patients achieved  order to gather information about the prevalence and effi-

clinical remission (CR) of urinary abnormalities.
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cacy of TSP therapy for patients with IgA nephropathy. As
a secondary survey, we collected data from both low- and
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high-CR-rate groups to determine which factors predicted
resistance to TSP therapy.

Results A total of 2,746 patients received TSP therapy
between 2000 and 2006. The CR rates, calculated by
measuring urinary criteria 6 and 12 months after TSP
therapy, were 32.0% (347/1,085) and 45.6% (452/991),
respectively. Analysis of the 30 hospitals in which TSP
therapy had been performed on at least ten patients
revealed that the CR rates varied from below 10% to 100%.
A secondary survey of ten hospitals revealed that, after
correction of the CR rate from each hospital, patients could
be categorized into three groups: those with a low CR rate
(122 patients in four hospitals), a middle CR rate (78
patients in four hospitals), and a high CR rate (103 patients
in two hospitals). The CR rate of all patients (N = 303)
was 54.1%. A comparison of patient data between the low-
and high-CR-rate groups showed a significant difference in
age at onset (years; P = 0.05), amount of proteinuria (g/
day; P = 0.02), total protein (g/dl; P = 0.02), pathological
grade (P = 0.009), and prognostic score as described by
Wakai et al. [Nephrol Dial Transplant 21:2800-2808,
2006, (P = 0.04)]. Univariate analysis revealed that there
was a significant difference between non-CR and CR
subgroups in duration from diagnosis until TSP therapy
(6.9 £ 6.8 versus 5.3 4 5.2 years; P = 0.02), amount of
proteinuria (1.5 + 1.6 versus 0.8 £ 0.8 g/day; P < 0.0001),
serum creatinine (0.99 + 0.40 versus 0.87 =+ 0.34 mg/dl;
P = 0.006), pathological grade (P = 0.0006), and Wakai
et al.’s prognostic score (374 £ 17.8 versus 28.1 £ 15.1;
P < 0.0001). A multivariate logistic analysis demonstrated
that resistance to TSP therapy depends on age at onset, amount
of proteinuria, hematuria grade, and pathological grade, and a
score predicting resistance to TSP therapy could be derived by
the formula: [(—0.0330) x (age) + (0.4772) x log (amount
of proteinuria) — (0.0273) x (hematuria grade: 0, 1, 2,
and 3) + (0.7604) x (pathological grade: 1, 2, 3, and 4)
— (.1894]. A receiver operating characteristic (ROC) curve
showed that patients with a resistance score of greater than
—0.02 easily resist TSP therapy (sensitivity 69%, specificity
75%, positive likelihood ratio 2.76).

Conclusion TSP therapy shows promise as a treatment
that can bring about CR of urinary abnormalities, but
unfortunately the average CR rate is about 50% at 1 year
after treatment. Predictive factors for resistance to TSP
therapy are age at onset, amount of proteinuria, hematuria
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grade, and pathological grade. The present study suggests
that patients with either early-stage or mild to moderate
IgA nephropathy easily achieve CR following TSP therapy,
whereas patients with late-stage or severe disease are prone
to TSP therapy resistance.

Keywords IgA nephropathy - Tonsillectomy -
Steroid pulse therapy - Resistance to tonsillectomy and
steroid pulse therapy

Introduction

IgA nephropathy is the most common type of glomerulo-
nephritis in the world, and is characterized by mesangial
proliferation with predominantly IgA deposition. A study
of patient prognosis showed that, 20 years after disease
onset, about 30% of patients had undergone spontaneous
remission with a normalized urinalysis and stable kidney
function, about 30% had retained stable kidney function
but persistent urinary abnormalities, and almost 40% had
experienced a progressive course that necessitated dialysis.
On the other hand, renal survival rate 20 years after diag-
nosis is about 60% [1, 2].

Steroid pulse therapy using intravenous administration
of 1,000 mg/day prednisolone has been reported to be
efficacious at preventing disease progression, with 98% of
steroid pulse therapy patients remaining stable 10 years
after diagnosis as compared with 65% of placebo-treated
patients [3].

There are controversial results about the efficacy of
tonsillectomy alone for IgA nephropathy patients. Rasche
et al. [4] reported that the renal survival rate of a tonsil-
lectomy group was almost 60% that of a control group at
10 years. On the other hand, Xie et al. [5] demonstrated
that the renal survival rate of a tonsillectomy group
20 years after diagnosis was 89.6% compared with 63.7%
in a control group, even though there was no significant
difference between groups at 10 years.

A retrospective study by Hotta et al. [6] revealed that
tonsillectomy and steroid pulse (TSP) therapy induced
clinical remission (CR), or absence of urinary abnormali-
ties, in 48% of patients after an observation period of
82.3 + 38.2 months. Furthermore, the renal survival rate
of patients who achieved CR was 100% at 10 years,
compared with 77.4% of the group who did not achieve
CR.

Following the publication of the above results in 2001,
TSP therapy began to be widely used in Japan before a
consensus had been reached. The purpose of this study is to
determine the prevalence of TSP therapy for patients with
IgA nephropathy in Japan, and to identify the factors that
predict resistance to TSP therapy 1 year after treatment.
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Methods
Primary survey about prevalence of TSP therapy

We sent a questionnaire about TSP therapy for IgA
nephropathy patients to 848 Fellows of the Japanese
Society of Nephrology. The recipients of the survey
worked in hospitals, excluding outpatierit and dialysis
clinics, between October 27 and December 28, 2006. The
questionnaire included the items listed below.

Q1 Have you ever treated IgA nephropathy patients with
tonsillectomy and steroid pulse (TSP) therapy?
Please continue if you answered “yes.”

Q2 When did you start TSP therapy for IgA nephropathy
patients?

Before 2000, how many cases did you have?
In 2000, how many cases did you have?
In 2001, how many cases did you have?
In 2002, how many cases did you have?
In 2003, how many cases did you have?
In 2004, how many cases did you have?
In 2005, how many cases did you have?
In 2006, how many cases did you have?

Q3 How many of the patients who received TSP therapy
achieved CR within 6 months of starting treatment?
Q4 How many of the patients who received TSP therapy
achieved CR within 12 months of starting treatment?

If you answered “no” in QI

Q4  Are you currently planning to begin TSP therapy for
patients with IgA nephropathy?

CR criteria were determined by urinary analysis.

Remission of proteinuria was defined as negative (—) or
trace (4) protein on urine dipstick, while remission of
occult hematuria was specified as absence of blood on
dipstick and urinalysis. CR was defined as complete reso-
lution of both proteinuria and hematuria.

Secondary survey of hospitals in which more than ten
patients with IgA nephropathy received TSP therapy

We collected clinical and laboratory data from ten hospitals
whose CR rate was over 70% or below 30%, in order to
clarify the predictive factors for resistance to TSP therapy.
This data included patient age, sex, duration from diagnosis
to TSP therapy, grade of proteinuria on dipstick, amount of
proteinuria, hematuria grade on dipstick, systolic blood
pressure, diastolic blood pressure, serum creatinine, serum
total protein, pathological activity score, and prognostic
score as outlined by Wakai et al. [7]. We also collected
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“information about the individuals who performed the ton-

sillectomies and about the steroid amount and pulse timing
used in TSP therapy.

Statistical analysis

1. Numerical data are expressed as mean =+ standard
deviation (SD) and categorical data are reported as
proportions. The baseline characteristics of the two
patient groups, including age, amount of proteinuria,
systolic and diastolic blood pressures, serum creati-
nine, total protein, and prognostic score [7], were
compared using Student’s 7 test, while Fisher’s test was
used to assess sex, and Mann—-Whitney’s U test was
used to assess urinary occult blood reaction and path-
ological grade. All P values were two-sided, with
P < 0.05 indicating statistical significance.

2. A stepwise logistic regression model was performed
using each of the predictor variables. All analyses were
performed with SAS® software version 9.1 (SAS
Institute, Inc., Cary, NC, USA). A receiver operating
characteristic (ROC) curve analysis was used to
determine the cutoff point on the items which showed
significant difference.

Results
Prevalence of TSP therapy in Japan

Of the 848 fellows queried, 317 replied on behalf of the
hospitals at which they worked. Despite the response rate
of 37.4%, we believe that the present data provides a
solid foundation for conclusions about TSP therapy use
nationwide because responding hospitals provided the
primary source of kidney disease care in their local
communities.

1. The number of hospitals performing TSP therapy

Of the 317 responding hospitals, 128 (40.4%) performed
TSP therapy for patients with IgA nephropathy.

2. The number of patients receiving TSP therapy in Japan

In 2000 and 2001, an annual total of 140 and 160
patients received TSP therapy, respectively, which
included 100 patients per year at Sendai Shakaihoken
Hospital. After 2002, the total number of patients
treated annually with this modality increased gradually
to 220 in 2002, 340 in 2003, 520 in 2004, 690 in 2005,
and 620 in 2006. The total number of patients who
received TSP therapy between 2000 and 2006 reached
2,746 (Fig. 1).



