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Slower Decline of Glomerular Filtration Rate
in the Japanese General Population:
A Longitudinal 10-Year Follow-Up Study

Enyu IMAI", Masaru HORIO?, Kunihiro YAMAGATA?, Kunitoshi ISEKI?,
Shigeko HARAY, Nobuyuki URA®, Yutaka KIYOHARA?”, Hirofumi MAKINO®,
Akira HISHIDA, and Seiichi MATSUOQO!?

The prevalence of stage 3 to 5 chronic kidney disease (CKD) in Japan (18.7%) is considerably higher than
that in the United States (4.5%). This study investigated in the Japanese general population whether this
higher prevalence of CKD might reflect to a progressive decline of renal function, and in turn to the
increased risk of end-stage renal disease. A decline in renal function over 10 years was examined in 120,727
individuals aged 40 years or older who participated in the annual health examination program of the two
periods over 10 years, 1988-1993 and 1998-2003. Renal function was assessed with estimated glomerular
filtration rate (GFR) using the abbreviated Modification of Diet in Renal Disease (MDRD) Study equation
modified by a Japanese coefficient. The rate of GFR decline in the participants was 0.36 mL/min/1.73 m?/year
on average. In the male population aged 50-79, the mean rate of GFR decline was significantly higher in the
presence of hypertension than in its absence. The rate of GFR decline was more than two times higher in
participants with proteinuria than in those without proteinuria in both sexes. The rate was significantly
higher in participants with an initial GFR <50 mL/min/1.73 m? among the groups younger than age 70 and
in participants with an initial GFR <40 mL/min/1.73 m? in the group with age 70-79. Based on the slow rate
of GFR decline, we concluded that the decline in renal function progresses slowly in the Japanese general
population. Hypertension, proteinuria and lower GFR were found to be significant risk factors for a faster
decline of GFR. (Hypertens Res 2008; 31: 433-441)
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new patients with end-stage renal disease (ESRD) has been
increasing during the last three decades. In 2005, a total of

Introduction 36,063 ESRD patients were introduced to dialysis therapy,
A current epidemic of chronic kidney disease (CKD) is a most of whom were elderly (mean age of 66) (7).
major health problem worldwide. In Japan, the number of Previously, we have confirmed that an accurate glomerular
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Table 1. Study Participants

Prefecture of health-check program Period of 10-year comparison Sex n Total program participants (%)
Okinawa 1993 and 2003 Male 11,324 38
Female 18,349 42
Ibaraki 1993 and 2003 Male 25,262 38
Female 60,723 45
Hokkaido 1991 and 2001 Male 395 46
Female 572 49
Tokyo 1992 and 2001 Male 1,928 26
Female 622 24
Fukuoka 1988 and 1998 Male 605 N/A
Female 951 N/A
Total Male 39,510
Female 81,217

Total 120,727

N/A, not available.

filtration rate (GFR) is estimated from serum creatinine value
for Japanese using the abbreviated Modification of Diet in
Renal Disease (MDRD) Study equation modified by a Japa-
nese-coefficient (2). When CKD was defined by GFR <60
mL/min/1.73 m? (CKD stage 3), prevalence of CKD in the
Japanese general population was predicted to be 18.7%
(about 19 million) based on a nationwide epidemiological
study in 527,594 individuals aged 20 years and older
(211,034 males and 316,560 females) who participated in a
community-based, company-based or hospital-based annual
health examination program conducted in 2000-2004 (3).
The prevalence of CKD is higher in Japanese population
(19%) than in both Norwegian population of Nord-Trondelag
county and US population (both about 10%). The prevalences
of stage 3 and 4 CKD (GFR: 60-31 and 30-15 mL/min/1.73
m?) were also higher in the Japanese general population than
in populations of the countries the above (for Japan: 18.5%
and 0.20% in 2000-2004 (3); for the US: 3.7% and 0.13% in
1999-2000 (4); and for Nord-Trondelag county, Norway:
4.2% and 0.16% in 1995-1997 (5), respectively). Eriksen et
al. (6) reported in a longitudinal study that the mean change in
the estimated rate of GFR decline over 10 years was 1.03 mL/
min/1.73 m*/year, and the renal function declined progres-
sively in a relatively small population of patients in a hospital
of Tromso, Norway. We predicted that the large Japanese
population with lower GFR may have progressive decline in
the renal function. In that case, we may have a large number
of ESRD patients in Japan in the near future. Thus, the present
study investigated the rate of decline in GFR in the Japanese
general population over a period of 10 years using the data on
serum creatinine, blood pressure and urinalysis of participants
aged 40 years and older of the annual Japanese health exami-
nation program. The rate of GFR decline was estimated from
a set of serum creatinine values obtained 10 years apart in
120,727 participants of the Japanese health examination pro-
gram which was conducted over two periods, 1988—1993 and

1998-2003, in five prefectures.

Hypertension and proteinuria was evaluated as risk factors
for accelerated decline of renal function in the study popula-
tion, since these conditions are known to exacerbate CKD
progression to end-stage renal disease.

Methods

Study Population

In this study, we obtained the data on 290,268 individuals
(107,145 males and, 183,123 females) aged 40 years and
older who participated in the annual health examination pro-
gram of 5 different prefectures of Japan (Hokkaido, Ibaraki,
Tokyo, Fukuoka, and Okinawa) during the period between
1988 and 1993 (Table 1). Of those, 120,727 adult participants
(41% of the total; 39,510 males and 81,217 females) who had
two serum creatinine values measured at an interval of 10
years were included in the present study. When proteinuria
was defined as a urinary protein level of 1+ or more (about
>30 mg/dL) in the dipstick test using a spontaneously and
freshly voided urine sample, 2,054 patients (1.7%) had pro-
teinuria among 117,865 participants whose urinary protein
was measured. When hypertension was defined as a mean
blood pressure of 106 mmHg or more measured in the sitting
position, 16,722 patients (13.9%) had hypertension among
120,727 participants whose blood pressure was measured. All
the participants were kept anonymous and the study was con-
ducted according to the Japanese law of privacy protection.

Calibration of Serum Creatinine Values

Although the Jaffe method was generally used for creatinine
assay before 2000, the enzymatic method is currently used in
many laboratories in Japan. In the present study, creatinine
was measured by the Jaffe method in the earlier annual health
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Fig. 1. Difference in the rate of decline in GFR between
male and female participants in each age group. The rates of
decline in GFR were calculated from 39,510 males and
81,217 females. Data are shown as the means+SEM.
*»<0.001 vs. male.

examination program and was measured by the enzymatic
method in the later program. The mean creatinine values of
the general population measured by the Jaffe method were
higher than those obtained by the enzymatic method, but the
degree of difference between the two measurements was
roughly constant across the age groups. We previously con-
ducted a nationwide epidemiological study to predict the
prevalence of CKD in the Japanese general population, based
on a survey of participants in an annual health examination
program run by community, company and hospital (3). The
serum creatinine values of each laboratory were calibrated in
the central laboratory. To use the surveyed serum creatinine
values from different laboratories in different years in the
present study, the values were aligned to the gender-specific
and age-specific mean creatinine values in the previous study
noted above and calibrated to the values of the central labora-
tory measured by the Jaffe method. We calculated the mean
creatinine value for the subjects with age ranging from 40 to
79 years in each laboratory by either method. The mean dif-
ference in creatinine values was corrected in each laboratory
on a year- and gender-basis.

GFR Estimation with the Japanese-Coefficient—
Modified MDRD Study Equation

The GFR of each participant was calculated from the serum
creatinine value (S-Cr) and the age using the Japanese-coeffi-
cient-modified MDRD Study equation as follows.

GFR (mL/min/1.73 m?) = 0.881 x 186 x Age 2%
X S-Cr~11%* (if female x 0.742)

The rate of GFR decline over 10 years were calculated for
each group of participants with initial GFR of five categories
(30-39, 4049, 50-59, 60-69, >70 mL/min/1.73 m*). When
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analyzed using two successive measurements, the values will,
on average, tend to be closer to the mean on the second mea-
surement (the so-called regression effect). When we com-
pared the rate of GFR decline in one GFR category with that
in another GFR category, the regression effect on the rate of
GFR decline was corrected by the following equation:

Corrected rate of decline in GFR = GFR, — GFR,
+ (1 —b) x (GFR, — mean GFR))

Where GFR, is the initial GFR value of the subject, GFR; is
the final GFR value of the subject, mean GFR, is the mean of
the initial GFR values in the study population, and b is the
slope of the regression line in the study population (with final
GFR on the Y axis and initial GFR on the X axis).

Statistics

Data were expressed as the number of participants or percent-
age (%) of the study population. The rate of GFR decline was
expressed as the mean+SEM. The rates of GFR decline were
compared among three or more cases by Scheffé’s multiple
comparison method after analysis of variance (ANOVA) or
between two cases by Student’s ¢-test. Values of p<0.05 were
considered statistically significant.

Results

Prevalence of CKD (GFR <60 mL/min/1.73 m?) in
Participants in the Annual Health Examination
Program

Among the 120,727 participants (39,510 males and 81,217
females), 42.72%, 35.91%, 17.80%, 3.29%, 0.26% and
0.01% had initial values of GFR >70, 69-60, 59-50, 4940,
39-30, and <30 mL/min/1.73 m?, respectively. In the study
population, the prevalence of CKD stage 3 was 21.34% of the
total participants and that of CKD stage 4 and 5 together was
0.01% of the total participants.

Mean Rate of Decline in GFR

The rates of GFR decline over 10 years were similar among
the age groups: 0.35, 0.31, 0.37, and 0.42 mL/min/1.73 m?%
year in males, and 0.41, 0.31, 0.32 and 0.39 mL/min/1.73 m?%
year in females for the age groups of 4049, 50-59, 60—-69
and 70-79 years, respectively (Fig. 1). The overall rate of
GFR decline in the study population was 0.36 mL/min/1.73
m?*/year.

Rate of GFR Decline in Hypertensive Patients

Hypertension occurred in 17.8% of males and 11.9% of
females in the study population. In the presence of hyperten-
sion, GFR declined with significantly higher rate; the rate was
higher in the group =106 mmHg than in the group <96
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Fig. 2. A: Difference in the rate of decline in GFR in male participants with a mean blood pressure of below 96 mmHg, 96 to
105 mmHg, or above 105 mmHg in each age group (n=39,510). B: Difference in the rate of decline in GFR in female partici-
pants with a mean blood pressure of below 96 mmHg, 96 to 105 mmHg, or above 105 mmHg in each age group (n=381,217).
Data are shown as the means £SEM. *p <0.05, **p<0.01 vs. BP <96 mmHg.

mmHg in the male groups aged 50 years and older (Fig. 2A).
In female, the rate of GFR decline was slightly higher but not
significantly in hypertensive patients than in normotensive
participants in the age groups older than 60 years (Fig. 2B).

The Rate of Decline in GFR in Patients with Pro-
teinuria

In the overall study population, proteinuria occurred in 2.6%
of the males and 1.3% of the females. Patients with pro-
teinuria had a twofold higher mean rate of GFR decline com-
pared with patients without proteinuria in all the age groups in
both males and females (Fig. 3), demonstrating that pro-
teinuria accelerated the rate of a decline in renal function and
was a strong risk factor for a decline in renal function.

The Impact of Initial GFR on the Rate of Decline in
GFR

Initial GFR influenced the rate of GFR decline in both sexes.
The lowest rate of GFR decline was in individuals with an ini-
tial GFR of 60—-69 mL/min/1.73 m?. In the age group of 40—
49, the rates were 0.34%0.02 mL/min/1.73 m?/year in males
and 0.45£0.01 mL/min/1.73 m?/year in females. When the
rate was used as a reference point, the rate of GFR decline sig-
nificantly increased in the group with an initial GFR of 30-39
mL/min/1.73 m? and was 10-fold higher (3.28+0.72 mL/min/
year) in males and 4-fold higher (1.9440.47 mL/min/year) in
females (Fig. 4A). The mean rates were significantly higher
in the groups with an initial GFR <50 mL/min/1.73 m?.

In the age group of 50-59, the rate of GFR decline was
higher in the group with an initial GFR of 30-39 mL/min/1.73

m?, 3 times higher (0.91£0.43 mL/min/year) in male and 6
times higher (1.34£0.24 mL/min/year) in female, compared
with the rate in the group of an initial GFR of 60—69 mL/min/
1.73 m? (0.31£0.01 mL/min/1.73 m?/year in males and
0.24£0.01 mL/min/1.73 m*/year in female) (Fig. 4B). The
mean rate of decline in GFR was greater in the group with an
initial GFR <50 mL/min/1.73 m?.

In the age group of 60-69, the rate of GFR decline
increased with decreased initial GFR. The significant increase
in the rate was 3 times higher in the group with initial value of
GFR 30-39 mL/min/1.73 m? (0.98£0.18 mL/min/year) in
male and 4 times higher (1.18£0.13 mL/min/year) in female
compared with that in the group of GFR 60-69 mL/min/1.73
m? (0.31£0.01 mL/min/1.73 m*year in male and 0.26%0.01
mL/min/1.73 m*/year in female) as shown in Fig. 4C. The
mean rate of GFR decline was greater in those with an initial
GFR of <50 mL/min/1.73 m>.

In the age group of 70-79, the mean rate of GFR decline
also increased along with the decreased initial GFR. The rate
was higher (1.24+0.25 mL/min/year in males and 0.82+0.09
mL/min/year in females; both 3-fold increases) in those with
an initial GFR of 30-39 mL/min/1.73 m? than in those with an
initial GFR of 60—69 mL/min/1.73 m? (0.36£0.03 mL/min/
1.73 m?/year in males and 0.2940.02 mL/min/1.73 m?/year in
females) (Fig. 4D). The GFR reduction rate was accelerated
in those with an initial GFR of <40 mL/min/1.73 m>.

A simulation of the GFR decline in relation to age is shown
in Fig. 5. A significantly greater rate of GFR decline was
observed in subjects with an initial GFR of <50 mL/min/1.73
m? in the age group of younger than 70 years and in those with
an initial GFR <40 mL/min/1.73 m? in the age group of 70—
79.
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Fig. 3. A: Effects of proteinuria on the rate of decline in GFR were evaluated in male participants with proteinuria (n=985) or
without proteinuria (n=237,444). B: Effects of proteinuria on the rate of decline in GFR were evaluated in female participants
with proteinuria (n=1,069) or without proteinuria (n="78,367). Data are shown as the means £SEM. *p<0.0001 vs. no pro-

teinuria group.

Discussion

The rate of decline in GFR over 10 years in the Japanese gen-
eral population was estimated in a large-scale longitudinal
study of participants aged 40-79 years. The rate of GFR
decline was found to be 0.36 mL/min/1.73 m*/year. Acceler-
ated GFR decline occurred in the presence of proteinuria in
both sexes in any age, and in the presence of hypertension in
men with age 50 and older in marginal extent. The rate of
GFR decline over 10 years was affected by the initial GFR in
different manner in different age groups. Accelerated decline
in GFR occurred over the following 10 years when the initial
GFR was <50 mL/min/1.73 m? in the group with age younger
than 70, while accelerated GFR decline occurred with the ini-
tial GFR <40 mL/min/1.73 m? in the group with age 70-79.

The rate of GFR decline, 0.36 mL/min/1.73 m*/year, in the
present study was slower than the rates of 0.75—1.0 mL/min/
1.73 m*/year in the longitudinal studies of the United States
(7) and Norway (6). GFR declined at a similar rate in males
and females in any age groups. Iseki et al. (8) reported that the
rate of GFR decline was 0.19 mL/min/1.73 m?/years in Japa-
nese in a longitudinal study of the screenings between 1983
and 1993, although the GFR was estimated by the original 4-
variable MDRD Study equation without calibration of serum
creatinine values.

We found that hypertension and proteinuria affected the
rate of decline in renal function. In the presence of hyperten-
sion, the GFR decline significantly accelerated only in male
participants aged 50 years and older. Subjects with pro-
teinuria had an approximately two-fold higher rate of GFR
decline than those without proteinuria in both males and

females of all age groups. In comparison with the group hav-
ing an initial GFR of 60-69 mL/min/1.73 m?, the groups with
a lower initial GFR had a significantly higher rate of GFR
decline in all age groups, suggesting that the lower the GFR
the faster the decline of renal function. The initial GFR to pro-
duce significantly sharper decline in GFR was different in
each age group; the GFR was <50 mL/min/1.73 m? in the age
groups 40-69, and it was <40 mL/min/1.73 m? in the older
group of age 70-79, suggesting that the decline in kidney
function starts accelerating at a lower GFR in the elderly. In
the present study, we demonstrated that a risk for fast decline
in renal function starts at relatively higher initial GFR in
younger patients than elderly patients. It is a particular impor-
tance that the findings were made in the present longitudinal
study of 10-year follow-up with more than 120,000 partici-
pants who represented the Japanese general population. Fig-
ure 5 shows estimation of the GFR decline according to the
aging.

In contrast to our findings, many studies have demonstrated
that elderly subjects had a sharper decline in GFR than
younger subjects. The mean rate of GFR decline was found to
be 0.42 mL/min/1.73 m?/year in males and 0.39 mL/min/1.73
m?*/year in females in the age group of 70-79 in Japanese,
whereas the rate was higher approximately 1 mL/min/year in
a normal elderly US population (9—11). The results of small
study of the Baltimore Longitudinal Study on Aging also sup-
ported the findings, where an average GFR decline was 0.75
mL/min/year in men as evaluated with creatinine clearance
(7). Similarly, in a longitudinal community-based study of a
2-year follow up of the elderly Canadians, Hemmelgarn et al.
reported that the rate of GFR decline was 0.8 mL/min/1.73
m?/year in women and 1.4 mL/min/1.73 m?/year in men in age
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Fig. 5. Estimation of the decline in GFR. The predicted GFR is illustrated in males and females. Thick solid lines show individ-
uals who have an increased risk of sharp decline in GFR, potentially progressing to end-stage renal disease.

group 66 years or older (about age 76 on average) without
diabetes (1/0). However, these studies had critical disadvan-
tages, because the study was conducted with a cross-sectional
design (9) or with small number of subjects (7), and the loss
of kidney function was analyzed using dichotomous out-
comes (10) or evaluated based on creatinine clearance (7).
Alternatively, GFR in the elderly individuals with longevity
may slowly decline according to the aging, while the elderly
with diseases may die early before the second measurement
of serum creatinine 10 years later. A prospective study is
required to answer the question.

In the present study, the highest rate of GFR decline was
found among the subjects with an initial GFR of 30—39 mL/
min/1.73 m?. The maximal rate was much higher in the age
group 40—49 than in the age groups 50 and older in both males
and females. We may be underestimating the rate of GFR
decline in study subjects with a lower initial GFR because
some of the study subjects may already be introduced to renal
replacement therapy by the time of the later health examina-
tion program of 10 years later and may be excluded from the
study.

Furthermore, patients with CKD had a significantly slower
decline of GFR in the Japanese cohort of our study than in the

US cohort of a previous study; the rate of GFR decline in the
MDRD Study was higher 7.8 mL/min/1.73 m*/year (2.6 mL/
min/1.73 m*/4 months) in the patients with an average GFR of
38.6 mL/min/1.73 m? and 4.0 mL/min/1.73 m*year in the
patients with the GFR of 18.5 mL/min/1.73 m? (/7). In a 25-
year follow-up study of a US population, Ishani et a/. reported
that men with high risk of heart disease and GFR <60 mL/
min/1.73 m? but without kidney disease had significantly
higher hazard ratio of 3.85 for a risk of ESRD (/2). Taken
together, these results indicate that a risk of progressive CKD
and ESRD can be associated with different GFR values in dif-
ferent ethnic populations.

In the present study, hypertension defined by a mean arte-
rial blood pressure =106 mmHg was a marginal risk factor for
faster decline in renal function in men but not in women. Sim-
ilar observation was reported in the Multiple Risk Factor
Intervention Trial (MRFIT) with a 16-year follow-up, where
hypertension was a risk for developing ESRD in men in the
US population (/3). In a large community-based epidemio-
logical study of 98,759 subjects with a 17-year follow-up in
Okinawa, Japan, hypertension was the risk factor in both men
and women (/4). Furthermore, Yamagata et al. recently
reported that hypertension defined by a blood pressure of 140/

Fig. 4. The rate of decline in GFR was compared among the groups categorized with initial GFR. White columns indicate tenta-
tive values of decline rate because the individuals with higher initial eGFR were underestimated their GFR and may often be
reduced the value in the second measurement by the effect of regression to the means. A: Rate of decline in GFR in age group
4049 in males and females. The average GFR at age 40—49 was 77 +10 mL/min/1.73 m? in male (n=9,331) and 74+11 mL/
min/1.73 m? in females (n=21,533). B: Rate of decline in GFR in age group 50-59 in males and females. The average GFR at
age 50-59 was 72+11 mL/min/1.73 m? in males (n=10,555) and 69+10 mL/min/1.73 m’ in females (n=27,293). C: Rate of
decline in GFR in age group 60—69 in males and females. The average GFR at age 60—69 was 77 +10 mL/min/1.73 m’ in males
(n=15,823) and 74 +11 mL/min/1.73 m’ in females (n=26,746). D: Rate of decline in GFR in age group 70-79 in males and
females. The average GFR at age 70-99 years old was 64 +11 mL/min/1.73 m’ in males (n=3,801) and 61+11 mL/min/1.73 m?
in females (n=5,645). Data are shown as the means +SEM. *p<0.01, **p<0.001 vs. initial GFR 60—69 mL/min/1.73 m’.
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90 mmHg or higher was an independent risk for developing
CKD in a 10-year follow-up study of a general population in
Japan (15). In a study of 504 African-American and 218 Cau-
casian men between 1976 and 1999, hypertension was a
strong risk factor for early decline in kidney function; hyper-
tensive patients (BP >160/95 mmHg) had a 5 times greater
decline in GFR, (2.67 mL/min/1.73 m*/year) compared with
patients with blood pressure <140/90 mmHg (76).

The effect of hypertension on the rate in GFR decline in the
elderly is controversial. In a longitudinal study, Eriksen et al.
(6) showed that creatinine clearance declined more rapidly
with age in hypertensive elderly than in normotensive elderly,
where the rate of GFR decline was 0.92+0.32 mL/min/year in
hypertensives, vs. 0.75+£0.12 mL/min/year in normotensives.
In contrast, another cross-sectional study reported that values
of GFR measured by inulin clearance were not different
between elderly hypertensives and elderly normotensives
17).

Being male has been reported to have a negative effect on
the progression of CKD (78). Eriksen et al. reported that the
rate of GFR decline was lower in female than in male patients
with CKD 3 (male vs. female: 1.39 vs. 0.88 mL/min/1.73 m?/
year) (6).

In hypertensive males whose mean blood pressure were
over 106 mmHg, GFR declined with significantly faster rate
at age 50 and older, while the rate of GFR decline was not
affected by the blood pressure at age 40-49. The systemic
vascular lesion caused by hypertension may influence the rate
of GFR decline after age 50 and older. A previous study
reported that the mean common carotid intima-media thick-
ness (IMT) increased in a linear manner with age in healthy
subject, and the increase was more significant in the subjects
with age 50 and older than in subjects with younger age (79).
The carotid IMT was greater in patients with CKD than
healthy controls at age 50 and older; however, the IMT in the
patients was not different from that of healthy controls at age
40—49 (20). These results may support our results that the
impact of hypertension on renal function may become appar-
ent after age 50.

The prevalence of overt proteinuria was higher 2.6% in this
study compared to 1.4% in the NHANES III in male (2.6% vs.
1.4%), but the incidence was similar between the two studies
in female (1.3% vs. 1.5%) (21). In studies on diabetic patients,
proteinuria including microalbuminuria has been shown to
increase a risk for progression of renal disease (22). A higher
risk for ESRD has also been demonstrated in patients with
proteinuria in two large cohort studies with long-term follow-
up. The hazard ratio of developing ESRD in patients with pro-
teinuria was 3.1 in a sub-analysis of the MRFIT study with a
25-year follow-up of a total of 12,866 men, and was 3.09 in a
study in Okinawa, Japan (23). Yamagata et al. also presented
evidence that proteinuria is a risk factor for developing stage
3 CKD in the Japanese general population (75).

When creatinine is measured by the enzymatic method,
estimated GFR (eGFR) is generally calculated by the isotope

dilution mass spectrometry (IDMS)-traceable creatinine
based 4-variable MDRD (IDMS-MDRD) Study equation
(24). In the present study, we did not use the IDMS-MDRD
Study equation with the Japanese Society of Nephrology—
Chronic Kidney Disease Initiatives (JSN-CKDI) coefficient,
although the modified equation is recommended for Japanese
by the Japanese Society of Nephrology (25). The creatinine
measurements in the participating laboratories were made by
the Jaffe method in early 1990s, and some laboratories
changed to the enzymatic method after 2000. Since most of
the serum creatinine values in the present study were mea-
sured by Jaffe method, it was necessary to use the modified
original MDRD Study equation with the Japanese coefficient
which was created using values measured by the Jaffe
method. The serum creatinine values measured by the enzy-
matic method were converted to the value obtained by the
Jaffe method.

Our study has the advantages of large sample size and 10-
year longitudinal follow-up. However, it also has several lim-
itations. First, the data of this study were derived from health
examination program run by community and hospital.
Approximately 40% of the total participants of the first health
examination program participated in the program 10 years
later. Since a set of serum creatinine measurements over 10
years was required for evaluation of the rate of GFR decline,
a survival bias may have been exist in the study. Additional
bias may have arisen from patients with serious diseases who
had already been examined in hospital visits and thus would
not have participated in the health examination program. Sec-
ond, although the two sets of creatinine values measured 10
years apart were measured in the same individuals in the same
laboratories, the values of the serum creatinine may have
drifted. We calibrated the value of serum creatinine for each
laboratory based on the values in the central laboratory each
year for either gender. Third, although we have adjusted the
effect of regression to means, residual effects may be present.
Fourth, systolic blood pressure is a stronger risk for ESRD
than diastolic blood pressure (73).The risk of blood pressure
should therefore be analyzed separately for systolic and dias-
tolic blood pressure rather than by using the mean blood pres-
sure. However, these data were not available in the present
study.

In conclusion, the average rate of GFR decline in the Japa-
nese general population was 0.36 mL/min/1.73 m*/year, con-
siderably slower compared with that of the Caucasian general
population. Hypertension was a marginal risk factor for a
faster decline in renal function in men, and proteinuria was a
risk factor in both men and women. Patients younger than age
70 are at risk when they have GFR less than 50 mL/min/1.73
m?, while patients aged 70-79 are at risk when their GFR is
less than 40 mL/min/1.73 m?. From the results, we are pro-
posing the current definition for CKD, a GFR less than 60
mL/min/1.73 m?, to be re-evaluated for the Japanese popula-
tion.
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